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EXECUTIVE SUMMARY 
 

This document is the baseline ecological risk assessment (BERA) report for Operable 

Unit (OU) 1 of the Linden Chemical and Plastics (LCP) Superfund Site (Site), located in 

Brunswick, Georgia.  Site owner Honeywell International, Inc. (Honeywell), formerly 

Allied Signal, Inc., submitted numerous versions of the BERA to the Environmental 

Protection Agency (EPA) for approval, starting in June 1997.  EPA, the State of Georgia 

(the State) and the National Oceanic and Atmospheric Administration (NOAA) reviewed 

each draft and provided successive sets of comments and instructions to Honeywell.  

After a thorough review of the most recent submission in July 2009 by EPA, the State 

and NOAA, EPA disapproved the draft BERA for the reasons outlined in EPA’s letter to 

Honeywell dated July 2, 2010.  

 

This BERA report presents the results of the “Site Investigation/Analysis” Phase and 

“Risk Characterization” Phase (Steps 6 and 7) of the BERA conducted for the estuary at 

the LCP Site, located in Brunswick, Georgia. This document addresses the extensive 

amount of environmental information generated for the estuary at the LCP Site from 

2000 through 2007 and includes a comprehensive evaluation of major potential sources 

of uncertainty pertaining to ecological conditions in the estuary at LCP Site. 

 

General Issues 
Major chemicals of potential concern (COPCs) addressed in the BERA are mercury 

(including methylmercury), Aroclor 1268, lead, and total polynuclear aromatic 

hydrocarbons (PAHs). These are the chemicals identified as COPCs in the initial 

documents developed for this BERA. However, other chemicals considered to be COPCs 

are also addressed in the risk assessment.  

 

Ecological conditions in the LCP estuary were monitored by Honeywell on an annual 

basis from 2000 through 2007 (except for 2001). Data derived from each of these years 

are evaluated in the BERA using mean COPCs concentrations and the 95th upper 

confidence limit of the mean (95UCL) concentrations for major areas of the estuary and 

grand mean values for the whole estuary, as suggested by scientists from NOAA during 

an initial review of the BERA (Dillon, 2008). In addition, uncertainty in the results of the 

BERA is addressed partly through a discussion of results from other scientific studies 
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pertinent to the LCP estuary including investigations conducted prior to 1998-1999, 

when sediment remediation (removal) occurred in selected parts of the estuary. 

 

Temporal Trends of Chemicals of Potential Concern in Surface Sediment 

during 2000 - 2007 
There were no discernable trends in the concentrations of COPCs in surface sediment at 

continuously monitored sentinel stations in major creeks of the LCP estuary, with the 

possible exception of total mercury at the mouth of the Main Canal. In the case of 

sentinel marsh stations, the only possible COPC to exhibit attenuation was total 

mercury, in the Marsh Grid of Domain 1. 

 

Surface Water Chemistry 
The highest concentration of total mercury in surface water of major creeks in the LCP 

estuary was 188 nanograms per liter (ng/L) (in the Eastern Creek during 2000), which 

was less than the EPA chronic ambient water quality criterion of 940 ng/L. 

Methylmercury concentrations in surface water at the Site ranged from 0.15 to 10 ng/L 

and were usually greater than levels at reference locations (0.008 – 0.22 ng/L). Mean 

and maximum ratios of methylmercury/total mercury were, respectively, 3.05 and 10.1 

percent. Aroclor 1268 was infrequently detected in creeks or at reference locations. 

Dissolved lead concentrations at the Site never exceeded criteria developed for that 

form of the metal. 

 

Surface Sediment Chemistry 
Concentrations of total mercury and Aroclor 1268 in surface sediment of the LCP 

estuary exceeded their site-specific sediment effect concentrations (SECs) (e.g., 

probable effect levels [PELs]) for aquatic invertebrates in most portions of the Eastern 

Creek, Main Canal, and Domain 1.  Lead exceeded PEL concentrations in portions of 

Eastern Creek, and Domains 2 and 3, and Feasibility Study (FS) locations. The PELs for 

PAHs were exceeded in the Eastern Creek, Domain 3 and in portions of other areas. 

Mean and maximum ratios of methylmercury to total mercury in sediment were 0.08 

and 11 percent, respectively. 
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Total mercury and Aroclor 1268 appeared to exhibit similar distribution patterns of 

elevated sediment concentrations throughout the Site (and possibly origin). A similar 

pattern was suggested for lead and total PAHs.   

 

Of 21 additional metals that were also evaluated, screening-level ecological effects 

values (EEVs) for sediment were available for eight of the metals – antimony, arsenic, 

cadmium, chromium, copper, nickel, silver, and zinc. Of these eight metals, arsenic 

occurred at similar concentrations at both Site and reference locations. Of the 

remaining seven metals, chromium and nickel occasionally exceeded their respective 

EEVs at the Site.  

 

All of the 21 metals were evaluated for aquatic hazard by all available and appropriate 

protocols. The metals were first screened for toxicity as discussed above. Following this 

screening, “whole” sediment toxicity tests were conducted that reflected the toxicity of 

the sediment mixtures. In addition, an estimate was made of the relative contribution to 

sediment toxicity of the COPCs and other factors that may have influenced the toxicity 

test results. 

 

Body Burdens of Biota 
Body burdens of COPCs in biota key to the functioning of the estuarine system at the 

LCP Site – cordgrass (Spartina alterniflora), Eastern oysters (Crassostrea virginica), grass 

shrimp (Palaemonetes pugio), fiddler crabs (Uca spp.), blue crabs (Callinectes sapidus), 

mummichogs (Fundulus heteroclitus), and various large finfish –  were typically higher in 

the LCP estuary as compared to biota at reference locations.  

 

Percentage of total mercury occurring as methylmercury in body burdens of biota was – 

cordgrass: ~10%, Eastern oysters: 70%, fiddler crabs: 68%, blue crabs: 100%, 

mummichogs: 92%, silver perch (Bairdiella chrysoura): 100%, red drum (Sciaenops 

ocellatus): 89%, black drum (Pogonias cromis): 91%, spotted seatrout (Cynoscion 

nebulosus): 100%, and striped mullet (Mugil cephalus): 37%. 

 

Chronic Toxicity of Surface Water 
Surface water from the LCP estuary was nontoxic to mysids (Mysidopsis bahia) and 

sheepshead minnows (Cyprinodon variegatus) as measured by survival and growth of 

both species. 
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Chronic Toxicity of Surface Sediment 
Amphipods (Leptocheirus plumulosus) and grass shrimp (Palaemonetes pugio) were 

evaluated for chronic toxicity of surface sediment from the LCP estuary. The two types 

of tests generated similar results in terms of the number of tests of sediment from the 

LCP estuary that were characterized by toxicity significantly greater (from a statistical 

perspective) than toxicity for reference locations – 51% of 90 tests for amphipods and 

46% of 71 tests for grass shrimp. 

 

Using all valid toxicity test data, sediment effect concentrations were calculated 

separately for each of the assessment endpoints for amphipods and grass shrimp.  The 

SECs included apparent effects thresholds (AETs), threshold effect levels (TELs), PELs, 

effects range low (ER-L), and effects range medium (ER-M).  These SECs provided a 

range of values to assess potential toxicity.  Measures of accuracy and reliability of the 

SECs were also performed for each endpoint and species. 

 

For amphipods, survival was the most sensitive endpoint, followed by reproductive 

response.  The amphipod TELs (based on all toxicity tests since 2000) for total mercury, 

Aroclor 1268, lead, and total PAHs in sediment were 4.9, 6.5, 45, and 0.8 milligrams per 

kilograms (mg/kg) dry weight (dw), respectively. 

 

For grass shrimp, the most sensitive endpoint was embryo development. Calculated 

sediment TELs for this endpoint for total mercury, Aroclor 1268, lead, and total PAHs in 

sediment were 1.4, 3.2, 139, and 1.6 mg/kg (dw), respectively.   

 

Probable causes of sediment toxicity were evaluated in 2006 by a comprehensive set of 

amphipod studies that included a site-specific toxicity identification evaluation (TIE), 

equilibrium partitioning study for metals, and an AET study.  However, based on these 

evaluations, there was no discernable COPC exposure-response relationship of high 

predictive value.  Detailed analysis of the toxicity test results indicate that other factors 

such as the COPC mixtures, total organic carbon, sulfide content, and sediment grain 

size confounded predictions of sediment toxicity to amphipods and grass shrimp.   

 

Health of Indigenous Grass Shrimp 
Health of indigenous grass shrimp (Palaemonetes pugio) in major areas of the LCP 

estuary was evaluated for hatching success of embryos of adult female shrimp and 
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deoxyribonucleic acid (DNA) strand damage of the embryos. Throughout the 2002-2007 

monitoring period for grass shrimp, these measurement endpoints deviated statistically 

(and negatively) from control conditions in the Main Canal, the bank of the Main Canal, 

and the Eastern Creek. Relationships (logarithmic r2 values) were defined in 2006 

between body burdens of COPCs in adult shrimp and biological responses of embryonic 

shrimp. 

 

Characteristics of Benthic Macroinvertebrate Community 
A study of the benthic invertebrate community was based on sampling of macrobenthos 

in surface sediment at four stations in the LCP estuary and at two reference locations in 

2000. The potentially negative major differences in vital statistics of the macrobenthos 

community between site and reference areas were a lesser number of taxa, individuals, 

and density of individuals at two of the four Site stations. Dominance by polychaetes 

was characteristic of all reference locations and site stations. In addition, there were no 

problematic “shifts” in feeding habits between Site vs. reference benthos. However, 

because benthic community data were not collected as part of the long-term 

contaminant monitoring program after 2000, any potential contaminant-related effects 

are unknown. 

 

A preliminary study of the abundance of fiddler crabs (U. spp.) observed to inhabit the 

AB seep location (at a single sampling location), and characterized by high mean body 

burdens (in dry weight) of total mercury (1.00 mg/kg), Aroclor 1268 (2.54 mg/kg), and 

lead (8.78 mg/kg) observed in biota indigenous to the LCP estuary, found that they were 

present in numbers (200 young and adult crabs per square meter) that might be 

expected to occur in a relative pristine marsh.  However, co-located surface water and 

sediment chemistry samples to assess potential exposures were not collected. In 

addition, because fiddler crab abundance data were not collected during the long-term 

monitoring program (2000 - 2007), any potential contaminant related effects to their 

abundance are unknown. 

 

Development of Hazard Quotients for Finfish and Wildlife 
Hazard quotients (HQs) were developed for higher trophic level fish based on food-web 

exposure models and from field-collected data. HQs were developed for red drum 

(Sciaenops ocellatus), silver perch (Bairdiella chrysoura), black drum (Pogonias cromis), 

spotted seatrout (Cynoscion ocellatus), and striped mullet (Mugil cephalus) based on 
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actual field-collected tissue data. Major results of these modeling and field studies are 

presented in the following section of this summary that pertains to risk characterization 

for finfishs (Assessment Endpoint 8). 

 

HQs were also developed by modeling for wildlife representing various assessment 

endpoints – diamondback terrapin (Malaclemys terrapin) representing omnivorous 

reptiles, red-winged blackbird (Agelaius phoeniceus) and clapper rail (Rallus longirostris) 

for omnivorous birds, green heron (Butorides striatus) for piscivorous birds, marsh 

rabbit (Sylvilagus palustris) for herbivorous mammals, raccoon (Procyon lotor) for 

omnivorous mammals, and river otter (Lutra canadensis) representing piscivorous 

mammals. The HQs sometimes referenced in food-web exposure modeling are based on 

toxicity reference value (TRVs) predicated on lowest-observed-adverse-effect-levels 

(LOAELs) and no-observed-adverse-effect-levels (NOAELs) of COPCs for finfish and 

wildlife.  

 

Major results of these modeling studies are presented in the following sections of this 

summary that pertain to Assessment Endpoints 2 through 7. 

 

Risk Characterization for Assessment Endpoints 
The BERA was primarily designed to address potential risk pertaining to the following 

eight fundamental assessment endpoints according to a “strength-of-evidence” 

approach. 

 

Benthic Estuarine Community (Assessment Endpoint 1)  

Three basic measurement endpoints were employed to evaluate the viability of the 

structure and function of the benthic estuarine community in the LCP estuary.  These 

endpoints were: 1) comparisons of concentrations of COPCs in surface sediment with 

site-specific effects levels; 2) results of toxicity tests conducted with sensitive life stages 

of benthic biota exposed to surface sediment; and 3) evaluation of the indigenous  

benthic community.  For this BERA, there is a wealth of sediment chemistry and 

sediment toxicity data available for many locations in the LCP marsh developed during 

eight years of field investigations.  In contrast, the benthic community information is 

limited to a single study conducted in 2000 at four tidal creek stations in the LCP marsh. 
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Concentrations of total mercury and Aroclor 1268 in creek and marsh surface sediment 

exceeded their site-specific SECs in most segments of the Eastern Creek, the Main Canal, 

and Domain 1.  Levels of lead in surface sediment exceeded the site-specific effects 

range low (ER-L) of 60 mg/kg (Table 4-20) in portions of Domain 2 and in Domain 3, 

including some FS Areas.  Total PAHs occurred in excess of their site-specific survival ER-

L of 1.5 mg/kg in the Eastern Creek, and in portions of Domains 2 and 3. 

 

In a comprehensive chronic (28-day) toxicological study detailed in this document, 

survival, growth, and/or reproduction of amphipods (Leptocheirus plumulosus) exposed 

to surface sediment obtained throughout the LCP estuary were often significantly 

reduced relative to controls and some reference areas.  This toxicity appeared to be 

caused by COPCs, and to a limited extent, from other metals.  Toxic expression also 

appears to be substantially influenced by other factors including total organic carbon 

(TOC), sulfide, and grain size. This conclusion supports the findings of others (EPA, 2001; 

Dillon, 2006a) who have noted the toxicological importance of COPCs and other 

stressors in the LCP estuary. 

 

Toxicity test results with lab-cultured grass shrimp (Palaemonetes pugio) evaluated with 

collocated COPCs sediment concentrations suggest that grass shrimp may be more 

sensitive than amphipods.  For example, reproductive TELs for embryo development 

and hatching success from exposure to mercury in sediments ranged from 1.4 to 3.9 

mg/kg, while the reproductive TEL for amphipods exposed to mercury was 4.9 mg/kg. 

 

Hatching success and DNA strand damage of embryos produced from indigenous grass 

shrimp throughout their 2002-2007 study period deviated statistically (and adversely) 

from control conditions in the Main Canal, the bank of the Main Canal, and the Eastern 

Creek.  Furthermore, in a preliminary unreplicated study of fiddler crabs characterized 

by relatively high body burdens of COPCs, abundance of crabs was similar to that 

reported over 30 years ago in the Duplin Estuary Marsh, Georgia (Wolf et al., 1975).  

However, exposure to COPCs was not quantified in this study. 

 

An evaluation of the indigenous benthic community in the LCP estuary suggested a 

hazard less than that predicted by laboratory-based studies. In a single field evaluation 

conducted in 2000, the potentially negative major differences in vital statistics of the 

macrobenthos community between Site and reference areas were a lesser number of 
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taxa, individuals, and density of individuals at two of the four Site stations. Dominance 

by polychaetes was characteristic of all Site and reference stations.  Benthic community 

structure was not evaluated in subsequent field investigations. 

 

These above-discussed lines of evidence (LOE) for collectively evaluating the viability of 

the structure and function of the benthic estuarine community in the LCP estuary 

indicate that the potential for risk associated with COPCs and non-COPCs is evident, 

especially in the southeastern part of the estuary (in particular, the Main Canal and 

Eastern Creek).  

 

Omnivorous Reptiles (Assessment Endpoint 2) 

The single LOE available for evaluating the viability of omnivorous reptilian species 

utilizing the LCP marsh consisted of HQs derived from food-web exposure models for 

diamondback terrapins (Malaclemys terrapin). 

 

In the modeling study, all HQs derived for diamondback terrapins indigenous to the LCP 

estuary were substantially less than unity (1). Consequently, there is no potential risk to 

the viability of omnivorous reptiles utilizing the LCP estuary. 

 

Omnivorous Birds (Assessment Endpoint 3) 

There were two LOE generated to evaluate the viability of omnivorous avian species 

utilizing the LCP estuary. These LOE were: 1) HQs derived from food-web exposure 

models for red-winged blackbirds (Agelaius phoeniciceus); and 2) HQs derived from 

food-web exposure models for clapper rails (Rallus longirostris).  

 

Red-winged blackbirds and clapper rails exposed to COPCs at the Site exhibited a basic 

similarity in that none generated HQs for inorganic mercury, Aroclor 1268, or lead that 

indicated a potential for risk. For methylmercury, there was a NOAEL HQ of 1.0 in 

Domain 1 for red-winged blackbirds. All of the LOAEL HQs were less than 1.0, suggesting 

no risk to red-winged blackbirds. 

 

For clapper rails modeled for exposure to methylmercury, all Site LOAEL HQs were less 

than 1.0: however, NOAEL HQs were slightly greater than 1.0 (1.7 – 3.0) in Domain 1, 

Eastern Creek, and the Main Canal. The overall potential for risk to omnivorous birds in 

the LCP estuary is judged to be minimal. 
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Piscivorous Birds (Assessment Endpoint 4)   

Only one LOE was available to evaluate the viability of piscivorous avian species utilizing 

the LCP estuary: HQs derived from food-web exposure models for green herons 

(Butorides striatus). 

 

Green herons modeled for exposure to inorganic mercury, Aroclor 1268, and lead at the 

Site presented no potential for risk. However, all Site NOAEL HQs generated by the 

green heron modeled for exposure to methylmercury were in excess of unity (1), with 

NOAEL HQs (1.4 – 10.6) being most clearly distinguishable from reference HQ (0.6). 

LOAEL HQs for green herons modeled for methylmercury exposure at the Site were 

greater than 1.0 in Domain 1 (2.8), Eastern Creek (3.5), and the Main Canal (1.5). This 

suggests that potential risk to the viability of piscivorous avian species in the LCP estuary 

is moderate.  

 

Herbivorous Mammals (Assessment Endpoint 5)  

The single LOE available for evaluating the viability of herbivorous mammalian species 

utilizing the LCP marsh consisted of HQs derived from food-web exposure models for 

marsh rabbits (Sylvilagus palustris).  

 

The modeling study for marsh rabbits generated a site-related NOAEL HQ for Aroclor 

1268) of 3.0 in Domain 1. No LOAEL-based HQ for Aroclor 1268 was greater than unity 

(1). In addition, no risk potential was associated with mercury or lead. 

 

Consequently, the potential for risk to the viability of herbivorous mammals utilizing the 

LCP estuary is judged to be minimal. 

 

Omnivorous Mammals (Assessment Endpoint 6)  

The only LOE generated for assessing the viability of omnivorous mammals utilizing the 

LCP estuary consisted of HQs derived from food-web exposure models for raccoons 

(Procyon lotor).  

 

In the modeling study, all HQs for inorganic mercury, methylmercury, and lead derived 

for raccoons indigenous to the LCP estuary were less than unity (1).  The NOAEL HQ for 

Aroclor 1268 of 2.6 was estimated for Domain 1 and an HQ of 1.1 for Domain 2. None of 
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the LOAEL HQs exceeded unity. Consequently, the potential for risk to the viability of 

omnivorous mammals utilizing the LCP estuary is judged to be minimal. 

 

Piscivorous Mammals (Assessment Endpoint 7) 

The sole LOE for evaluating the viability of piscivorous mammals utilizing the LCP estuary 

consisted of HQs derived from food-web exposure models for river otters (Lontra 

canadensis). 

 

The modeling study for river otters generated site-related NOAEL HQ for Aroclor 1268 

(based on a TRV for Aroclor 1254) that ranged from 0.1 to 3.9.  No LOAEL-based HQ for 

Aroclor 1268 was greater than unity (1).  In addition, no potential for risk was associated 

with mercury or lead. 

 

The potential risk to the viability of piscivorous mammalian species utilizing the LCP 

estuary is judged to be minimal. 

 

Finfish (Assessment Endpoint 8)   

There were five basic measurement endpoints available for evaluating the viability of 

finfish utilizing the LCP estuary. These endpoints, most of which are characterized by 

similar strength of evidence, were: 1) comparisons of concentrations of COPCs in surface 

water to general literature-based effects levels; 2) results of toxicity tests conducted 

with early (and sensitive) life stages of aquatic biota exposed to COPCs in surface water; 

3) HQs derived from food-web exposure models for upper trophic-level fish; 4) HQs 

derived from measured residues in field-collected finfish; and 5) evaluation of the 

benthic macroinvertebrate community (as a food source for juvenile and adult fishes).  

 

The highest concentration of total mercury measured in surface water of the LCP 

estuary was 188 ng/L in the Eastern Creek during 2000, as compared to the EPA chronic 

ambient water quality criterion of 940 ng/L.  The highest concentration of dissolved lead 

in water was 2.5 micrograms per liter (µg/L) in the Main Canal during 2000, as 

contrasted to the EPA chronic criterion of 8.1 µg/L. (No criteria have been developed 

specifically for Aroclor 1268.) 

 

Laboratory toxicity tests designed to evaluate chronic toxicity of “whole” surface water 

from the LCP estuary to mysids (Mysidopsis bahia) and sheepshead minnows (Coleonyx 
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variegatus) generated similar results. Mean survival of mysids exposed to surface water 

from the Site and two reference locations ranged from 92.4 to 100%, which was greater 

than the minimum acceptable survival for control organisms (80%). Mean growth 

(weight) of mysids exposed to Site and reference waters was from 0.50 to 0.84 mg (dw), 

which exceeded the weight of control organisms (0.48 mg). Survival of sheepshead 

minnows exposed to the same surface water ranged from 80 to 100%, which was at 

least equal to the minimum acceptable survival for control organisms (80%).  Mean 

growth (weight) of fish exposed to Site water was statistically similar to weight observed 

for at least one reference location. 

 

Finfish bioaccumulation modeling generated a mean LOAEL-based HQ of 2.9 for 

methylmercury, which is considered to be over-predictive relative to field-collected 

finfish from the LCP estuary. However, LOAEL HQs exceeded 1 in silver perch (HQ=1.3) 

and spotted seatrout (HQ=1.9) collected from the field. 

 

Based on three bioaccumulation model approaches to finfish for effects attributable to 

Aroclor 1268 in the LCP estuary, generated mean LOAEL-based HQs ranged from 0.5 to 

1.4 (Table 4-28).  The mean LOAEL HQ for field collected finfish was 1.1 for silver perch 

and black drum, 0.95 for and spotted seatrout, suggesting relatively comparable results 

with the modeled HQs.  The mean HQ for striped mullet was 2.5.  The HQs are all higher 

when the upper-bound tissue residue concentrations are used.  Because the fish TRVs 

were largely based on reproductive and growth endpoints to assess potential chronic 

problems and or long-term decline in viability of fish populations, the LOAEL HQs 

suggest chronic risk. The absence of gross abnormalities in finfish collected from Purvis 

Creek during the empirical study and the absence of reported fish kills during years of 

intensive interest and monitoring at the LCP Site suggest that there are no acute toxicity 

concerns to finfish. 

 

Evaluation of the benthic macroinvertebrate community in the LCP estuary did not 

identify a limitation of this source of food to fishes (refer to information presented for 

Assessment Endpoint 1), although toxicity to benthic organisms may limit food for fish in 

portions of the Main Canal, Eastern Creek, and Western Creek Complex. 

 

The overall conclusion derived from the five above-discussed measurement endpoints is 

that there is no risk to finfish in the LCP estuary from direct exposure to COPCs in the 
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water column.  The modeling and field data for finfish suggest that chronic risk to 

viability of finfish indigenous to the LCP estuary is of concern. 

 

Ecologically Protective Media Concentrations 
Ecological risks from hazardous substances released to the LCP estuary create a need to 

evaluate measures that would reduce the incidence of adverse growth and reproductive 

effects to benthic organisms, fish, and wildlife.  The receptors at risk include: 

 

• omnivorous and piscivorous birds from methylmercury; 

• herbivorous, omnivorous, and piscivorous mammals from Aroclor 1268; 

• fish from methylmercury and Aroclor 1268; 

• benthic invertebrates from methylmercury, Aroclor 1268, lead, and PAHs. 

 

The development of protective sediment concentrations is dependent on sediment to 

biota bioaccumulation factors (BAFs) which are measurements of COPCs in biota tissue 

divided by the sediment COPCs concentrations. The methodologies used for each 

receptor are described in detail in Section 7 of the report. The overall approach to 

derive BAFs for organisms in the LCP estuary focused on addressing the variability in 

sediment concentrations while maximizing the biota tissue data relative to habitat use 

areas for each of the receptors. The estimated BAFs were then used in the wildlife 

exposure models to back-calculate protective NOAEL and LOAEL sediment 

concentrations when the hazard quotients are set to 1.0. 

 

Protective Sediment Concentrations for Wildlife Receptors 

The most sensitive modeled receptors from exposure to mercury are piscivorous birds 

as represented by the green heron, with protective sediment concentrations ranging 

from about 0.5 to 2.8 mg/kg dw. The least sensitive receptors to mercury are 

omnivorous birds (clapper rail).  Although the piscivorous river otter was not considered 

to be at risk from any specific exposure area (all HQs were less than 1), overall exposure 

to the entire Site (approximately 790 acres) results in protective sediment mercury 

concentrations between 1.7 and 4.2 mg/kg dw. 

 

The most sensitive modeled receptor from exposure to Aroclor 1268 is the river otter 

with protective sediment concentrations ranging from 0.27 to 4.6 mg/kg dw. The least 

sensitive receptors to Aroclor 1268 are herbivorous mammals (e.g., marsh rabbit). 
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Protective Sediment Concentrations for Finfish 

The protective mercury sediment concentrations for finfish generally ranged from about 

1 to 3 mg/kg, with the exception of the striped mullet. Protective concentrations based 

on field-collected striped mullet tend to fall outside these general ranges because 

mercury residues were lower and Aroclor 1268 residues higher compared to the other 

four species of fish.  The reason why mullet residues vary from the other species is 

currently unknown but may be related to different feeding strategies, feeding behaviors 

and in situ exposure scenarios.  The other finfish have protective sediment 

concentrations for Aroclor 1268 ranging from about 1 to 8 mg/kg. 

 

Protective Sediment Concentrations for Benthic Invertebrates 

Due to the lack of any significant COPCs exposure-response relationships based on the 

results of over 200 sediment toxicity tests, the establishment of “safe” levels for benthic 

invertebrates is highly uncertain.  It appears that the interactions between COPCs, 

organic carbon, sulfides, grain size, and other factors such as oxidization/reduction 

changes in sediment chemistry, collectively confounded the toxicity test results.  Based 

on the amphipod and grass shrimp toxicity studies, the following COPCs concentration 

ranges protective of benthic invertebrates were determined in mg/kg (dw):  

 

Mercury  1.4 – 3.2   

 Aroclor 1268  3.2 – 12.8 

 Total PAHs  0.8 – 1.5 

 Lead    41 – 60 

 

Protective Surface Water Concentrations  

Mercury and Aroclor 1268 in surface water of the LCP estuary occasionally exceed their 

respective State water quality standards and may pose a risk to aquatic life (Section 

4.2.1).  The risk to wildlife from the surface water pathway is minimal relative to prey 

and sediment ingestion. Although there may be seeps or contaminated groundwater 

upwelling into estuary component, there is no indication that State of Georgia water 

quality standards would not be protective of aquatic life. 
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1.0     INTRODUCTION 
 

Honeywell, formerly AlliedSignal, Inc. is currently conducting a Remedial 

Investigation/Feasibility Study (RI/FS) for the LCP Superfund Site (Site) in Brunswick, 

Glynn County, Georgia (Figure 1-1).  The RI/FS is being conducted pursuant to an 

Administrative Order by Consent, EPA Docket Number 95-17-C, dated July 6, 1995. 

Because the Site presented a variety of geographical features and contaminated media, 

the Site has been divided into three OUs:  the estuary is designated OU1; the 

groundwater is designated OU2; and the uplands portion of the Site is OU3. 

 

One integral part of the RI/FS, especially for OU1, is the BERA. Honeywell first submitted 

a draft BERA report for OU11 to the EPA in June 1997.  EPA and the State of Georgia 

(State) reviewed the BERA, disapproved it in October 1997, and provided comments for 

Honeywell to address.  After several successive iterations, Honeywell submitted its last 

revised BERA report to EPA on July 6, 2009.  This revised report, which was also 

reviewed by EPA, the State and the NOAA, was also disapproved on July 2, 2010.  At this 

time, EPA provided Honeywell with all final comments and included an EPA-revised 

BERA report, along with explanations of the modifications.  Following an August 10, 

2010 meeting with Honeywell and review of its August 18 and September 10, 2010 

letters, EPA modified the BERA, where necessary and appropriate, to address 

Honeywell’s concerns. 

 

This BERA Report is EPA contractor Black & Veatch’s finalized revision of the 

Honeywell’s July 6, 2009 report.  Completed in accordance with all EPA guidance, this 

BERA report has been reviewed and approved by EPA and the State.  It incorporates 

very significant amounts of information provided by Honeywell.  While the accuracy of 

the information provided by Honeywell is accepted for purposes of this BERA report, it 

has not been independently verified by either Black & Veatch or EPA.  EPA therefore 

reserves the right to correct or amend any information provided by Honeywell if 

warranted by the discovery of new or different information. 

 

The major COPCs addressed in the BERA are mercury (including methylmercury), Aroclor 

1268, lead, and total PAHs. These are the chemicals identified as COPCs in the initial 

documents developed for the BERA. However, other chemicals that were later 

considered to be COPCs are also addressed in the risk assessment.  
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Two key and related elements of the BERA merit emphasis. First, ecological conditions in 

the LCP estuary were monitored by Honeywell on an annual basis from 2000 through 

2007 (except for 2001). Data derived from each of these years are evaluated in the 

BERA. 

 

Second, an historical perspective of ecological conditions in the LCP estuary is presented 

by a review of the results of numerous investigations conducted by independent (non-

Honeywell) scientists, many of which were peer-reviewed and presented in the scientific 

literature. This review is presented in the “Uncertainty Section” of this document since 

some of these investigations were conducted prior to 1998-1999, when sediment 

remediation (removal) occurred in selected parts of the estuary, and are believed to 

reflect a “worst-case” baseline for the estuary. 

 

The BERA consists of a main text, as well as associated figures and tables. A series of 

appendices are also presented that support the main body of the BERA. All 

environmental data pertaining to the estuary at the LCP Site are maintained in an 

electronic data base (Environmental Planning Specialists, 2007a). This data base 

contains data generated as early as 1970, as well as data generated during more recent 

environmental monitoring investigations. 

 

 

 

 

 

 

 

 

 

________________________________ 
1This BERA supersedes an earlier BERA conducted in 2000 (CDR Environmental Specialists and GeoSyntec 
Consultants, 2001) for the estuary at the LCP Site. This new BERA addresses the extensive amount of 
environmental information generated for the estuary at the LCP Site since that time. 
 
Initial components of the risk assessment process – in particular, “Problem Formulation” (Step 3; 
Honeywell International, 2001a) and “Study Design and Data Quality Objectives” (Step 4; Honeywell 
International, 2001b) – are referenced, but not presented in their entirety, in this document.  
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2.0     INDUSTRIAL HISTORY 
 

Industrial activities began at the LCP Site in 1836, when a segment of the Brunswick-

Altamaha Canal was constructed. This canal segment (approximately 1,220 meters or 

4,000 feet) ran in a north-south direction along the interface between the upland and 

estuarine parts of the Site. The canal eventually extended about 19 kilometers (km) (12 

miles) from Academy Creek (Brunswick Harbor) north to the Altamaha River. The canal 

opened in 1854, but operated only until 1855. Waste-disposal and soil-filling activities 

appear to have occurred along parts of the canal that traversed the Site (i.e., in the 

north and south disposal areas). 

 

The Atlantic Refining Company, a predecessor of Atlantic Richfield Company (ARCO), 

used the Site as a petroleum refinery from 1919 through 1929. The refinery processed 

Gulf Coast and Mexican crude oil into finished products that included light asphalt, fuel 

oil, lubricating oil, gas oil, kerosene, and gasoline. The boiler at the refinery was fueled 

by coal until 1922, after which oil was employed.  

 

Georgia Power purchased part of the Site from ARCO and operated an oil-fired power-

generating facility from 1937 through 1950 that reached a generating capacity of 5,500 

kilowatts (kW) in 1941 (GeoSyntec Consultants, 1996). The Dixie Paint and Varnish 

Company (which eventually became the Dixie O’Brien Corporation and, subsequently, a 

subsidiary of the O’Brien Corporation) purchased another part of the Site from ARCO in 

1941, where it operated a paint and varnish manufacturing facility until 1955 

(GeoSyntec Consultants, 1996). 

 

Allied Chemical and Dye Company (the predecessor to AlliedSignal, which has now 

merged with Honeywell) purchased the Site in 1955, with the exception of a 1.2-

hectares (ha) (2.9-acres) parcel still owned by Georgia Power (GeoSyntec Consultants, 

1996). AlliedSignal constructed and operated a chlor-alkali facility at the Site, utilizing 

the Solvay (mercury-cell) process. Primary products of the chlor-alkali operation were 

chlorine gas, hydrogen gas, and sodium-hydroxide solution. 

 

LCP Chemical-Georgia (which became a division of the now defunct Hanlin Group, Inc.) 

purchased all of AlliedSignal’s part of the Site in 1979 and continued to operate the 

chlor-alkali facility until 1994, when operations were discontinued (GeoSyntec 
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Consultants, 1996).   In May 1998, Allied Signal (Honeywell) purchased the LCP property 

from the estate in bankruptcy. 
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3.0     PROBLEM FORMULATION 
 

Problem Formulation establishes the goals, extent, and focus of the BERA.  An initial 

Problem Formulation document was developed in 2001 (Honeywell International, 

2001a).  This section describes the environmental setting, ecosystem characteristics, the 

ecosystem potentially at risk, identifies chemicals of potential ecological concern, and 

develops assessment and measurement endpoints that will be used to assess potential 

risks to ecological receptors.     

 

3.1 Environmental Setting 
The LCP Site is located immediately northwest of the City of Brunswick, in Glynn County, 

Georgia (Figure 1-1). The Site, which has an area of about 222 ha (550 acres), consists of 

approximately 28 ha (70 acres) of largely developed (industrialized) upland and 194 ha 

(480) acres of estuary. The Site was later expanded to include the area west of Purvis 

Creek to the Turtle River for a total of 320 ha (790 acres) in Operable Unit 1, the estuary 

at the LCP Site.  

 

The estuary, situated west of the industrialized area, drains into Purvis Creek, which, in 

turn, discharges to the Turtle River. A ditch, termed the LCP Ditch or Main Canal, runs 

from the industrialized upland part of the Site to Purvis Creek. A secondary road 

parallels the ditch along its northern bank and, at one time, connected with a boardwalk 

(now in ruins) that crossed Purvis Creek and the most western marsh to the Turtle River. 

The Turtle River/Purvis Creek estuarine system is tidally influenced, with tidal range 

being about 2 to 3 m (7 to 10 foot [ft]) in the vicinity of the LCP Site. 

 

The LCP Site is bordered by a County landfill and police firing range on the north, Ross 

Road on the east, and Brunswick Celluose, Inc., on the south side. The Brunswick 

Cellulose pulp operation discharges effluent to the Turtle River, as does the City of 

Brunswick Academy Creek Wastewater Treatment Plant (via Academy Creek), which is 

located south of the pulp company. 

 

The surface geology at the LCP Site consists of sandy beach and dune deposits in the 

upland area and organic-rich silty clays in the tidal marsh (GeoSyntec Consultants, 

1996). These surface sediments are about 15 meters (m) thick. Underlying the surface 

sediments is a layer of coarse sand, silty clay, and sandstone (deposited during the late 
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Miocene Epoch), which extends to a depth of approximately 55 m.  These late Miocene 

sediments are underlain by a sequence of silt, clay, phosphatic sand, and limestone of 

the Hawthorn Group (an early Miocene formation) that extends to a depth of about 150 

m. 

 

Storm water runoff from the industrial part of the LCP Site, which historically discharged 

to the estuary, is now contained by storm water diversion structures. Potentiometric 

surface measurements indicate that shallow-aquifer groundwater (0-15 m in depth) 

discharges to the estuary (GeoSyntec Consultants, 1996). 

 

OU1, the marsh at LCP, was divided into four domains for the purpose of 

characterization (Figure 3-1). Domain 1 is bounded by the uplands to the east, the Main 

Canal to the north, and Eastern creek to the west. The removal of contaminated 

sediments took place in the eastern portion of Domain 1 in 1998-1999. Domain 1 is salt 

marsh. Marsh grass has filled in the removal area. Domain 2 is bounded on the east by 

Domain 1, the south by uplands not part of the LCP property, and the west and north by 

Purvis Creek and the Main Canal. Domain 2 is salt marsh with tidal creeks. It contains 

the Western Creek Complex. Domain 3 is bounded to the south by the Main Canal, the 

east by the LCP uplands, and the west and north by Purvis Creek. It is a salt marsh with 

abundant small tidal creeks. Domain 4 is the area west of Purvis Creek to the Turtle 

River. Domain 4 is divided into an eastern and western portion by the flow divide 

between creek and river.  

 

Purvis Creek is a saltwater, tidal water body that flows adjacent to the Site and into the 

Turtle River.  Purvis Creek has a maximum width of 500 feet, a maximum depth of 11 

feet, and is approximately two miles long.  Large areas of salt marsh associated with 

Purvis Creek and tributaries to Purvis Creek are present in the western portion of the 

Site as well as throughout the immediate area.  Tributaries of Purvis Creek wind 

throughout these marshes and form a complex and extensive hydrologic system.  The 

salt marsh west of the Site is bisected by a narrow earthen causeway that extends from 

the Site to Purvis Creek.  The causeway separates the northern marsh from the southern 

marsh and surface hydrologic communication occurs only indirectly through the tidal 

cycling of Purvis Creek. 
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The Main Canal carried effluent from the LCP outfall to a tributary of Purvis Creek.  The 

Canal is situated along the southern margin of the causeway and ranges from 10 to 20 

feet wide. Purvis Creek discharges to the Turtle River, which is located approximately 

one mile downstream of the Site.  The Turtle River is tidally influenced and is considered 

salt water in the vicinity of the Site.  It is a relatively large water body, approximately 

2,000 feet wide at the Purvis Creek confluence with an average depth of approximately 

10 feet.  A 30-foot deep channel has been dredged in the Turtle River, up to a pulp and 

paper facility. 

 

The habitat present appears to follow a fairly abrupt topographic contour along the 

western portion of the facility area of the Site.  Although the elevation difference 

between "higher" and "lower" ground is only one and a half to two feet, it is perceptible 

in the hydrology and plant species composition.  The salt marsh present in the western 

portion of the Site is vegetated primarily with marsh grass (Spartina alterniflora), with 

occasional patches of black needle rush (Juncus roemerianus), and is entirely flooded 

during high tide.  The upland present in the eastern portion of the Site is subject to 

infrequent inundation and has a higher proportion of plant species that are adapted for 

less saturated conditions than those which dominate the wetland.  The Site area serves 

as a commercial and recreational fisheries resource.  

 

3.2 Ecosystem Characteristics 
The Brunswick River estuary, like most estuaries in the southeastern United States, is a 

highly productive ecosystem that consists of both salt marsh and associated tidal creeks. 

High productivity is believed to be at least partially caused by the mixing of fresh water 

flowing in the upper part of the water column towards the sea and denser salt water 

flowing in the lower part of the water column towards the land (Odum, 1961). These 

counter-moving currents produce a "nutrient trap," which retains and recirculates 

nutrients within the estuary. Although salinity and other environmental variables are 

intermediate between the conditions occurring in fresh water and salt water, almost all 

aquatic life inhabiting the estuary is of marine origin.  

 

The salt marsh in the Brunswick River estuary has five basic ecological zones (UGA, 

1996): 1) a border zone; 2) high marsh; 3) low marsh; 4) marsh levees (or creek banks); 

and 5) tidal creeks. The border zone is covered by tidal water only during spring and 

storm tides. Consequently, the soil is relatively low in salt content, thereby permitting 
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the growth of a variety of plants. The border zone is also the habitat for the red-jointed 

fiddler crab (Uca minax), which is the largest of the fiddler crabs and is often found 

living well above the high-tide line at the edge of the transition zone. 

 

The high marsh is covered by tidal water for only about an hour or less each day. 

However, sediment in the high marsh is high enough in salt content to support only salt-

tolerant plants such as smooth cordgrass, which possess special glands on their leaves 

that excrete excess salt. However, because of the salty sediment, the cordgrass grows to 

only about 8 to 30 centimeters (cm) in height. The dominant fiddler crab in the high 

marsh is the sand fiddler (Uca pugilator), which, as its common name implies, tends to 

be found more in sandy sediment than in muddy substrates. 

 

The low marsh is inundated by tides for several hours each day. The substrate of the low 

marsh is typically dark, anaerobic mud. Smooth cordgrass dominates plant life in this 

zone and provides substrate and nutritional support for a number of animals. The 

dominant fiddler crab in the low marsh is the mud fiddler (Uca pugnax), which feeds 

upon plant detritus and algae that cover the surface of the mud flats. The marsh 

periwinkle (Littorina irrorata) lives on the cordgrass stalks, moving up and down the 

stalks in response to changing tidal conditions and feeding on detritus and algae. The 

ribbed mussel (Geukensia demissus) anchors itself by threads to the base of the 

cordgrass, where it filters particulate matter from passing water. The mud snail 

(Illynassa obsolete) and colonies of the Eastern oyster (Crassostrea virginica) also inhabit 

the low marsh. 

 

Marsh levees are characterized by the continuous movement of water across their 

surfaces during high tides. The movement of water in this narrow zone of the salt marsh 

precludes sediment from being anaerobic or having a high salt content. Marsh levees 

form when sediment particles carried by the tides are filtered out by marsh grasses 

adjacent to the tidal creeks. Steady supplies of nutrients are delivered to the marsh 

levees by tides. The constant supply of nutrients results in the formation of a narrow 

zone of high productivity known as “marsh edge” (Kneib 2003, Minello and Rozas, 

2002). Consequently, smooth cordgrass, the only plant found on the levees, grows at a 

maximum rate to its greatest height (about 3 m) adjacent to tidal creeks. In the fall, 

cordgrass leaves turn from the color of green to a yellow-brown or golden color, giving 

Georgia's coastal islands the nickname "The Golden Isles." The leaves then die, break 
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into small pieces, and commence the decomposition process that results in detritus, 

which, in turn, forms an attachment Site for microscopic organisms such as bacteria, 

fungi, and algae. 

 

Tidal creeks experience the full amplitude (about 3 m) of the semidiurnal tides that 

occur in the Brunswick River estuary. These creeks support a variety of water-column 

and benthic organisms. Water-column organisms include phytoplankton (which is less 

important than detritus as a basic food source in the estuary; Pomeroy and Wiegert, 

1981), zooplankton (both holoplankton and meroplankton), and fishes characteristic of 

estuaries in the southeastern United States. 

 

An endangered fish species - the shortnose sturgeon (Acipenser brevirostrum) - may 

pass through the estuary, but is not known to frequent the Turtle River or Purvis Creek. 

Benthic plants commonly found in the estuary include emergent smooth cordgrass 

(Spartina alterniflora)) and black needlerush (Juncus roemerianus), which, after death, 

are major sources of detritus. Some of the more common benthic animals are 

polychaete worms, periwinkles, Eastern oysters, amphipods, barnacles, mysids 

(Mysidopsis bahia), penaeid shrimp, grass shrimp (Palaemonetes pugio), fiddler crabs, 

and blue crabs (Callinectes sapidus). 

 

Two fish indigenous to the estuary are the mummichog (Fundulus heteroclitus) and red 

drum or channel bass (Sciaenops ocellatus). The mummichog is one of the most 

stationary of all fish. Fish over 6 cm in length typically maintain a summer home range of 

36-38 m along one bank of a tidal creek, although some fish may move as much as 375 

m (Lotrich, 1975). Mummichogs forage for food primarily during daylight near the upper 

limit of the high-tide zone (Weisberg and Lotrich, 1980). The fish are omnivores, feeding 

on a variety of detritus, algae, zooplankton, and benthos (including fiddler crabs). The 

population density of larger (>4 cm in length) mummichogs during the summer may 

range as high as 6 individuals/m2 (Kelso, 1979). The number of fish in the largest size 

class (>7 cm in length) peaks in August and declines dramatically by October due to 

movement to the mouths of tidal channels and mortality (Meredith and Lotrich, 1979). 

 

Red drum normally do not move far from the estuary to which they recruited (Sea-Stats, 

2000a). Indeed, a tagging study on Florida's west coast indicated that 50-85% of fish 

were captured within 11 kilometers km (6 nautical miles) of their original release Site. 
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Red drum, which can have a life span of 40 years, spawn in the fall near ocean passes 

and inlets. The newly spawned young then begin their journey into estuarine nursery 

areas, where they may remain for up to four years and reach a weight of about 6 

kilograms (13 lbs). Red drum feed primarily in the early morning and late afternoon on 

benthic organisms. Diet of late juvenile and adult red drum includes crabs, shrimp, and 

other fishes. 

 

Other fish in the Turtle/Brunswick River estuary are black drum (Pogonias cromis), 

sheepshead (Archosargus probatocephalus), silver perch (Bairdiella chrysoura), spotted 

seatrout (Cynoscion nebulosus), striped mullet (Mugil cephalus), Atlantic croaker 

(Micropogonias undulatus), Southern kingfish (Menticirrhus americanus), and spot 

(Leiostomus xanthurus).  

 

Benthic aquatic life inhabiting the tidal creeks include the previously referenced fiddler 

crabs and Eastern oyster and, in addition, various polychaete worms, amphipods, 

barnacles, mysids, penaeid shrimp, grass shrimp (Palaemonetes pugio), and blue crabs 

(Callinectes sapidus). Grass shrimp and mummichogs (Fundulus) constitute the most 

important food supply for secondary consumers in the estuary. Grass shrimp are 

normally found at low tide near the water's edge and move within the tidal estuary. 

Penaeid shrimp - the pink shrimp (Penaeus duorarum), white shrimp (Penaeus setiferus), 

and brown shrimp (Peromyscu aztecus) - spawn in offshore waters, but young postlarval 

shrimp move during early spring and summer into the estuary. Shrimp reside in the 

estuary for two to three months before becoming young adults and migrating back to 

offshore waters. Of the three penaeid shrimp species, the brown shrimp normally 

migrates furthest offshore to spawn and, consequently, is the least reliable indicator of 

environmental conditions in the estuary. 

 

Blue crabs inhabit the upper (landward) part of the estuary from the megalopal stage to 

adulthood. Mating of crabs then typically occurs during all but the coldest months of the 

year. After mating, male crabs usually remain in the upper estuary, while females 

migrate to higher salinity water in the lower estuary or ocean to ensure egg 

development. After eggs hatch, the crabs pass through a number of larval stages before 

reaching the megalopal stage, which then begins their shoreward movement to the 

estuarine nursery grounds. Blue crabs feed on a variety of plant and animal materials, 

both alive and dead. Blue crabs may live for as many as three years, but most die within 
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a year (Sea Science, 2000). Tagging studies have documented that female crabs can 

migrate 800 km (500 miles) in 100 days (Sea-Stats, 2000b). 

 

Wildlife inhabiting the general vicinity of the LCP Site includes a variety of reptiles, birds, 

and mammals. The most common reptile in Atlantic coast salt marshes is the 

diamondback terrapin (Malaclemys terrapin). In addition, several species of threatened 

or endangered Atlantic sea turtles, the green turtle (Chelonia mydas), Kemp's ridley 

turtle (Lepidochelys kempi), hawksbill turtle (Eretmochelys imbricata), loggerhead turtle 

(Caretta caretta), and leatherback turtle (Dermochelys coriacea), may visit the Site.  

 

Birds indigenous to the estuary include a variety of grebes, cormorants, herons and 

bitterns, ibises, geese, marsh ducks, mergansers, vultures, hawks, ospreys, falcons, rails 

(including the clapper rail [Rallus longirostris]), stilts, plovers, sandpipers, gulls and 

terns, pelicans, skimmers, kingfishers, and passeriform birds. The wood stork (Mycteria 

americana), an endangered species, has been observed foraging in tidal creeks of the 

salt marsh and breeding at several colonies in the vicinity of Brunswick. The upland bird 

fauna is likely to consist mostly of species adapted to abandoned industrial sites, but 

may also include various species of hawks foraging in the grassy areas of the upland 

(USDOI, 1995).  

 

Mammals found in the estuary include various shrews, bats, raccoons (Procyon lotor), 

mink (Mustela vison), river otters (Lutra canadensis), marsh rice rats (Oryzomys 

palustris), and marsh rabbits (Sylvilagus palustris). The West Indian manatee (Trichechus 

manatus), an endangered species, and the Atlantic bottle-nosed dolphin (Tursiops 

truncatus), both of which are protected under the Marine Mammal Protection Act, 

occur in the Brunswick estuary and have been observed in Purvis Creek. West Indian 

manatees have been observed feeding on smooth cordgrass on the banks of the Turtle 

River, and a manatee has been seen near the LCP Site. Upland mammals are likely to 

include raccoons, various shrews and rodents, Eastern cottontails (Sylvilagus floridanus), 

opossums (Didelphis marsupialis), and nine-banded armadillos (Dasypus novemcinctus) 

(USDOI, 1995).  

 

3.3 Ecosystem Potentially at Risk 
Previous risk assessments conducted at the Site concluded that there were risks to 

ecological receptors inhabiting the estuary. A Conceptual Site Model (Figure 3-2) 
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provided a basis for evaluating contaminant migration pathways to ecological receptors. 

Elevated concentrations of mercury and polychlorinated biphenyls (PCBs) were detected 

in fish tissue samples from Turtle River, Gibson Creek, and Purvis Creek by the Georgia 

Department of Natural Resources (GADNR, 1995). An EPA Emergency Response Team 

(ERT) field study found mercury and PCB contamination in most abiotic and biotic 

samples (Sprenger, 1997). Mercury and PCBs were found in fiddler crabs, blue crabs, 

killifish, marsh periwinkles, marsh grass, diamondback terrapins, clapper rails, brown 

shrimp, grasshoppers, spot, and rats.  The highest concentration of mercury (330 mg/kg) 

was found in a terrapin liver sample. The highest concentration of Aroclor 1268 (3,500 

mg/kg) was found in a terrapin liver sample. Elevated levels of persistent organic 

pollutants were detected in bottlenose dolphins in the Turtle River/Brunswick Estuary 

(Pulster et al., 2009).  

 

Early indications from sediment toxicity testing by ERT were that the contaminants at 

the Site were not acutely toxic to benthic invertebrates in 10-day tests conducted with 

brown shrimp (Penaeus vannamei), amphipods (Leptocheirus plumulosus), and Japanese 

medaka (Oryzias latipes) embryos (Sprenger, 1997). However, hydrophobic organic 

compounds like PCBs require time to accumulate in test organisms before they reach 

toxic levels. It is more likely that toxicity tests would show effects on growth or 

reproduction in longer-term tests than mortality in a 10- or 14-day test. For instance, 

hatching of medaka embryos was delayed in all test sediments relative to reference 

sediments (Sprenger 1997).  Hence, the ecological risk assessment had its initial focus on 

risks to fish and wildlife through bioaccumulation into tissues of organisms or their 

potential to become exposed through ingestion of contaminated prey. The ecological 

risk assessment has focused on the prevalent and bioavailable chemicals among those 

chemicals identified as of potential concern at the Site. The most prevalent and 

bioavailable chemicals (mercury, Aroclor 1268, lead, and PAHs) were extensively 

monitored in abiotic media and biota. Multiple rounds of sediment toxicity testing have 

identified other chemical factors (e.g., organic carbon and sulfides) that affect 

bioavailability of these chemicals in sediment.   

 

3.4 Chemicals of Ecological Concern   
Since the preparation of the initial 2001 Problem Formulation document (Honeywell 

International, 2001a), Environmental Planning Specialists (2007b) and CDR 

Environmental Specialists and Environmental Planning Specialists (2009) identified 
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mercury, PCBs - specifically Aroclor 1268, PAHs, lead, and several other metals of 

concern at the LCP Site.  This section updates the screening-level process to identify 

other COPCs that may contribute to ecological risks based on all data collected between 

2000 and 2007.  The surface water screening benchmarks were obtained from Region 4 

and from State surface water standards. Sediment screening benchmarks were obtained 

from Region 4 and consensus sediment benchmarks (MacDonald et al. 2000). If the 

maximum concentration of chemicals exceeded its EEV, then the chemical was retained 

as a COPC to be evaluated further.  

 

A description of the screening process and results are presented in Appendix B and are 

summarized below.  

 

3.4.1 Chemicals of Potential Concern in Sediment 

Based on the ecological screening for COPCs presented in Appendix B (Table B-1), 

mercury, Aroclor 1268, lead, and PAHs were identified as the primary COPCs and will be 

evaluated quantitatively in this assessment. Inorganic chemicals were analyzed from at 

least 242 sediment samples; however, only a few occasionally exceeded their screening 

EEVs.  These, along with their maximum HQs, included: arsenic (HQ=3), chromium 

(HQ=3), copper (HQ=2), nickel (HQ=2), and zinc (HQ=1). These COPCs are not expected 

to be of significant concern since their maximum HQs are low and their frequencies 

above the screening EEVs were not widespread. Therefore, these metal COPCs will not 

be quantified in this risk assessment as bioaccumulators in the food web, but are 

evaluated for potential contribution to benthic organism risks. 

 

Metals that exceeded reference concentrations by three- to five-fold, yet lacked EEVs 

(beryllium, cobalt, manganese, thallium, and vanadium) could also contribute to benthic 

organism risk. Therefore, COPCs qualitatively evaluated for potential risks to benthic 

organisms include arsenic, beryllium, cobalt, chromium, copper, lead, mercury, 

manganese, nickel, thallium, vanadium, and zinc. 

 

A few pesticides were detected with dichlorodiphenyltrichloroethane (4,4'DDT) being 

most prevalent but only detected in four of 42 samples with a maximum HQ of 9 

(Appendix B). Therefore, pesticides are not expected to substantially contribute to risk 

and are not quantified. Bis(2-ethylhexyl)phthalate was detected in 22 of 25 samples but 

infrequently above the EEV with a maximum HQ of 4. 3,4-methylphenol, 
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butylbenzylphthalate, and hexachlorobenzene were each detected once in 25 samples.  

These chemicals will not be quantified further, but will be discussed qualitatively in the 

uncertainty section. 

 

Dioxins/furans were collected from three sediment samples in October 2000 at C-6, C-8, 

and C-15 in the LCP estuary. Two additional samples were collected from the Troup 

Creek and Crescent River reference stations. Using the mammalian toxicity equivalency 

factors for each of the dioxin/furan congeners (U.S. EPA, 2008a), the toxicity 

equivalence concentrations (TECs) at the LCP estuary stations ranged from 54 ng/kg to 

1,878 ng/kg.  At the two reference stations the dioxin TEC concentrations were less than 

10 ng/kg. The EPA Region 4 sediment screening-level for dioxins is 2.5 ng/kg which are 

based on the most toxic form of dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin [TCDD]). 

The maximum concentration of TCDD in the reference samples was 1.7 ng/kg while the 

highest concentration of TCDD from the three estuary samples was 53.7 ng/kg at C-6. 

Therefore, dioxins/furans are of concern.  However, no further sediment or biota 

samples were analyzed for dioxins/furans during the monitoring program. Therefore, 

potential risk cannot be adequately evaluated in this assessment based on the three 

sediment samples collected in 2000, but will be discussed further in the uncertainty 

section. 

 

3.4.2 Chemicals of Potential Concern in Surface Water 

The ecological screening for surface water (Appendix B) (Table 2) identified mercury as 

the COPC with the highest HQ of 20.  Out of 11 unfiltered water samples, aluminum, 

copper, and iron were identified as COPCs with maximum HQs of 1, 2, and 4, 

respectively. Dissolved copper and iron had maximum HQs of 1 and 2, respectively.  It 

appears unlikely that aluminum, copper, and iron will substantially contribute to 

ecological risks, and are therefore not quantified in this assessment. Mercury in the 

water column may pose a risk to aquatic organisms and is consequently retained for 

further evaluation. Aroclor 1268 was detected in 23 out of 75 water samples and is also 

retained as a COPC. Aroclor-1268 was detected at concentrations above the State 

standard for protection of marine life (0.03 µg/L) at almost all Site locations where 

Aroclor-1268 was detected in surface water. Aroclor-1268 was less frequently detected 

in 2000 – 2004 due to elevated detection limits in those years (ranging between 0.5 and 

1.2 µg/L), thereby introducing considerable uncertainty regarding actual concentrations 

during that time period. 
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A few other chemicals were infrequently detected (e.g., methylnaphthalene and bis[2-

ethylhexyl]phthalate) and are not considered to pose a substantial threat to aquatic 

receptors and are not evaluated further in this assessment. 

 

3.4.3 COPC Summary 

The primary COPCs in estuary sediments and in aquatic organism tissues to be evaluated 

quantitatively include mercury, methylmercury, Aroclor 1268, lead, and total PAHs.  

Primary surface water COPCs are mercury and Aroclor 1268. The principle routes of 

exposure are direct contact, ingestion of sediment, and food-web transfer through 

contaminated prey. 

 

3.5 Constituent Fate and Transport 
The fate and transport of chemicals in sediment and surface water will affect both the 

short- and long-term potential for ecological receptors to be exposed to constituents at 

the Site. Most of the chemicals detected at the Site are relatively insoluble and tend to 

be associated with suspended sediments in surface water or with bed sediments. COPCs 

such as mercury and Aroclor 1268 are highly persistent in the environment. Divalent 

metals bind strongly with sulfides in bed sediments. Organic compounds bind with 

organic carbon in sediments. The fate and transport of most of the constituents 

identified in Site samples is related most strongly to sediment transport. 

 

3.5.1 Fate and Transport in Surface Water and Sediment 

Chemicals in upland soils may have been transported to the estuary by surface runoff 

(including eroded soil). Another pathway for chemicals to be transported to the estuary 

was via the facility outfall ("LCP Ditch"), which received chemicals from the plant's 

wastewater treatment system and discharged them into Purvis Creek under a National 

Pollutant Discharge Elimination System (NPDES) permit (note that untreated 

wastewater was discharged directly through the outfall during the manufacturing 

operations preceding NPDES regulatory authority). At times, NPDES permit limits for 

COPCs were exceeded during the period of LCP Chemicals operations. Constituents 

dissolved in surface water or bound to suspended sediments can be transported by tidal 

cycles within the estuary and through the tidal creeks. Sediments in the tidal creeks can 

be transported back and forth within the creeks with the tides. Sediments in the creeks 
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can also be deposited in the marsh. Fate and transport processes can lead to 

widespread dispersal of contaminants within the estuary. 

  

3.5.2 Fate and Transport in Groundwater 

Groundwater in the upland area of the Site is shallow (1.5 to 3.3 m below ground surface 

[or 5 to 10.7 ft]). Chemicals associated with the various operations at the LCP Facility 

were in the past disposed of and/or released in both the subsurface and in surface spills on 

upland soils. The releases of chemicals in the upland area have impacted groundwater 

quality. Groundwater discharges to surface water have occurred in Purvis Creek and 

associated tidal channels and, to a lesser extent in surface sediment at near-shore 

locations in the estuary. Groundwater, originating in part from contaminated uplands of 

the LCP Site continues to discharge to the estuary. The points of greatest discharge are 

seeps which discharge to tidal creeks. An aerial infrared thermography survey conducted 

in 2009 identified a number of potential seeps. In the summer of 2010, sediment 

porewater (shallow groundwater) samples were collected from eight seeps in the LCP 

estuary.  One seep sample (located near the M-AB station) contained substantially 

elevated concentrations of COPCs and appears to serve as an ongoing source of 

contamination to the estuary. Seepsi can serve as an ongoing source of contamination to 

the estuary in cases where groundwater originating from the seeps is contaminated by the 

Site. Contaminants at the Site are relatively immobile and are not readily transported in 

groundwater. However, the mercury associated with the caustic brine pool might be more 

mobile than mercury in other settings due to changes in the chemistry associated with 

waste materials that tend to enhance solubility. PCBs can become mobilized in 

groundwater through colloidal transport or through co-solvency with other waste organic 

compounds. Once contamination is deposited and is present within the sediments in the 

marsh, groundwater flows through the subsurface sediment thus transporting 

contamination as the groundwater migrates up into tidal creeks. 

 

3.6 Ecotoxicity of Chemicals of Potential Concern 
This section provides a brief description of the potential ecotoxicity of the major COPCs 

groups. 

 

3.6.1 Lead and other Metals 

Elevated levels of lead and other metals in contaminated sediments have been 

associated with impacts to benthic communities. Consensus based sediment screening 

benchmarks for evaluating sediment quality were published by MacDonald et al. (2000). 
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Region 4 uses several sources of sediment benchmarks for evaluating the potential risk 

to benthic communities of contaminant levels in sediments. The dominant source is 

MacDonald (1996). The sediment benchmarks are based on observed changes to 

benthic communities or toxicity observed in natural sediments that contained a mixture 

of constituents. The benchmarks represent probabilities that sediments with the same 

levels of contamination will be toxic. The magnitude of actual toxicity of sediments will 

depend on site-specific factors affecting the bioavailability of contaminants.  Site-

specific metals speciation is affected by water quality parameters such as pH and 

hardness. Metals in surface water or sediment pore water can exist as free ions, 

inorganic complexes, or can precipitate as insoluble salts. Most metals do not 

bioaccumulate to a great degree. Predicting the bioconcentration of metals in an 

estuary is complex and depends on the organisms involved.  Some organisms such as 

algae can bioaccumulate certain metals while fish generally do not because they can 

regulate trace metal levels in their bodies.  Toxicity of metals in sediments to infaunal 

organisms is generally related to the toxicity of the metal dissolved in pore water.  

However, metals suspended in the water column can be a source of exposure to filter-

feeding benthic organisms and epibenthic organisms. 

 

Mercury 

Ecologically relevant physical characteristics of elemental mercury are a density of 

13.534 g/cm3 and a solubility in water of 0.056 mg Hg/L, while a methylated form of 

mercury (methylmercury chloride) is characterized by a density of 4.063 g/cm3 and 

water solubility of -1,016 mg Hg/L (Eisler, 1987a). Mercury is primarily a neurological 

poison, with methylmercury being the most hazardous mercury species because of its 

high stability, positive ionic properties that permit ready penetration of biological 

membranes, and high lipid solubility. Methylmercury is produced primarily by bacteria-

mediated methylation of inorganic mercury under aerobic and anaerobic conditions, 

although anaerobic conditions are favored (Eisler, 1987a). Methylmercury is relatively 

insoluble in water, but tends to form water soluble compounds with thiol-containing 

proteins and amino acids. The mercury body burdens of all organisms near the apex of 

the ecological food web are in the form of methylmercury, which usually is acquired by 

biomagnification of methylmercury present in prey. 

 

Ecotoxicity of mercury is characterized by at least three basic points (Eisler, 1987a). 

First, mercury is a mutagen, teratogen, and carcinogen that causes cytochemical, 
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histopathological, and embryocidal effects in biological organisms.  Second, forms of 

mercury with relatively low toxicity (e. g., inorganic mercury) can be transformed by 

biological and other processes into forms with exceptionally high toxicity (e. g., 

methylmercury).  Last, biomagnification of methylmercury through the ecological food 

web can lead to extremely high concentrations of the metal in apex predators.  

 

In general, methylmercury is more toxic than inorganic mercury. Plants are typically 

resistant to the toxic effects of mercury.  Young animals (including larvae of aquatic life) 

are more sensitive to mercury than older animals. Mercury commonly affects the 

reproductive capacity of birds and mammals. Bioaccumulation of methylmercury is 

rapid and depuration is slow (297 - 1,200 days for marine organisms to reduce their 

mercury body burden by one-half). Among the numerous symptoms of mercury 

poisoning in fishes is the inability to capture prey or avoid predators. 

 

3.6.2 Polychlorinated Biphenyls (PCBs) 

The dominant PCB at the LCP Site is Aroclor 1268, which has been less investigated than 

some of the other Aroclors (in particular, Aroclor 1254). However, Aroclor 1268 is 

characterized by various general properties that are common to all PCBs. All PCBs are 

extremely hydrophobic. Volatilization and sedimentation are the major processes that 

determine the fate of PCBs in aquatic systems (Eisler, 1986). Both processes remove 

PCBs from the water, but the amount of transferred chemicals is dependent on 

dissolved-particulate phase partitioning, which determines the relative sizes of the 

soluble pool available for volatilization and the particulate pool available for 

sedimentation. 

 

All PCBs remaining in the aquatic environment are extremely stable compounds that are 

slow to degrade. All PCBs are more toxic (direct toxicity) to embryonic and juvenile 

organisms than to adult organisms. All PCBs are highly lipophilic and, as a consequence, 

have the potential to biomagnify in the ecological food web. Aroclor 1268 is one of only 

two Aroclors (the other being Aroclor 1270) to exist in its unaltered form as a solid, as 

contrasted to a viscous liquid (Aroclor 1254), mobile oil (Aroclors 1221, 1232, 1242, and 

1248), or sticky resin (Aroclors 1260 and 1262). Aroclor 1268 is less soluble in water and, 

hence, less mobile than other Aroclors, because of the inverse relationship that exists 

between degree of chlorination of PCBs (68% for Aroclor 1268) and water solubility.  
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Toxicity of Aroclor 1268 to several types of aquatic life has been evaluated.  A unicellular 

freshwater alga (Chlorella pyrenoidosa) exposed to 1 mg/L of Aroclor 1268 for 191 hr 

was characterized by a population growth that was 94% of control growth, as 

contrasted to 61% for Aroclor 1242 and 100% for Aroclor 1254 (Hawes et al., 1976). A 

freshwater copepod (Daphnia magna) exposed to Aroclor 1268 under static test 

conditions (Nebeker and Puglisi, 1974) exhibited a three-week Lethal Concentration (LC) 

50 of 253 µg/L and 50% reproductive impairment at 206 µg/L. This was the least toxicity 

observed for eight evaluated Aroclors. (For example, Aroclor 1254 was characterized by 

an LC50 of 31 µg/L and 50% reproductive impairment at 28 µg/L.) 

 

Toxicity of Aroclor 1268 to several species of domestic and wild birds has been assessed. 

Chickens exposed to 2 mg/kg Aroclor 1268 in the diet produced normal embryos, 

whereas chickens exposed to several other Aroclors (Aroclors 1232, 1242, 1248, and 

1254) produced fewer, and often abnormal, embryos (Cecil et al., 1974). White leghorn 

hens exposed to 20 mg/kg Aroclor 1268 in the diet for nine weeks displayed no adverse 

effects on survival, body weight, food consumption, fertility, egg production, 

hatchability of eggs, egg weight, or thickness of egg shell (Lillie et al., 1974). However, 

many of these vital processes were deleteriously affected by other evaluated Aroclors, 

including Aroclor 1254. Lastly, several species of birds - Japanese quail, mallards, 

pheasants, and bobwhite quail (which ultimately proved to be the most sensitive 

species) - exposed to various Aroclors in food were least sensitive to Aroclor 1268 and 

most sensitive to the less chlorinated Aroclors (Heath et al., 1972).  

 

Mammals evaluated for sensitivity to Aroclor 1268 are primarily rodents and rabbits. 

Rats orally exposed to a single dose of Aroclor 1268 were characterized by Lethal Dose 

(LD) 50 of 2.5 - 11.3 grams per kilogram (g/kg) (NAS, 1979), whereas Aroclor 1254 

(Hudson et al., 1984) was substantially more toxic (LD50: 0.5-1.4 g/kg). In vitro 

fertilization of mice eggs was impaired at Aroclor 1268 concentrations as low as one 

µg/mL, while impairment by Aroclor 1254 occurred as low as 0.1 µg/mL (Kholkute et al., 

1994).  Both Aroclors caused an increased incidence of degenerative ova and abnormal 

embryonic development at concentrations as low as 1 µg/mL. Finally, rabbits dermally 

exposed to a single dose of Aroclor 1268 were characterized by a LD50 of 10.9 grams 

per kilogram (g/kg) (EPA, 1980). 
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3.6.3 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs are ubiquitous in the environment. In general, PAHs exhibit high lipid solubility, 

although degree of solubility is, as in most other characteristics of PAHs, compound-

specific. Unsubstituted, low-molecular-weight PAHs exhibit substantial acute toxicity, 

but are noncarcinogenic (Eisler, 1987b).  Low-molecular-weight PAHs contain two to 

three benzene rings (e. g., 2-methylnaphthalene, acenaphthene, acenaphthylene, 

anthracene, fluorene, naphthalene, and phenanthrene). Alternatively, high-molecular-

weight PAHs containing four-to-seven benzene rings are significantly less toxic, but 

many (e. g., benzo[a]anthracene, benzo[a]pyrene, and chrysene) are carcinogenic, 

mutagenic, or teratogenic to a wide variety of organisms, including fishes and other 

aquatic life, birds, and mammals. In addition to the ones already mentioned, high-

molecular weight PAHs include benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(ghi)perylene, dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, and 

pyrene.  PAHs, despite their generally high lipid solubility, show little potential to 

biomagnify in the ecological food web, probably because most PAHs are rapidly 

metabolized by vertebrates and some invertebrates. (For example, the biological half 

life of benzo[a]pyrene in blood and livers of rats is initially on the order of 5 to 10 

minutes.) 

 

Most PAHs present in natural waters are associated with particulate matter, with only 

about one-third present in dissolved form (Eisler, 1987b). The most important 

degradation processes for PAHs in these waters are photooxidation, chemical oxidation, 

and biological transformation by bacteria and animals. PAHs may also become 

incorporated into bottom sediments, where their ultimate fate is believed to be 

biotransformation and biodegradation by benthic organisms. However, degradation of 

PAHs in sediments may occur very slowly in the absence of penetrating radiation and 

oxygen and may never occur in anoxic sediments. Photoactivation of PAHs in shallow 

waters can increase their toxicity to aquatic organisms.  

 

Acute toxicity has been reported for aquatic life exposed to approximately a dozen PAHs 

(Eisler, 1987b). The 96-hr LC50s reported for marine organisms exposed to PAHs that 

are COPCs ranged from 320 µg/L of naphthalene presented to grass shrimp vs. > 1,000 

µg/L of benzo[a]pyrene and, also, chrysene presented to sandworms. Sublethal toxicity 

of PAHs to aquatic organisms includes inhibition of photosynthesis in algae and 
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macrophytes exposed to various concentrations of anthracene, fluorene, naphthalene, 

phenanthrene, and pyrene. 

  

Elevated levels of PAHs in sediments tend to be of most concern for the potential to 

affect benthic communities. PAHs tend not to accumulate to high levels in upper-trophic 

level aquatic organisms due to the ability of these to break down and eliminate these 

compounds. Among fish, only those such as flounder, which bury themselves within the 

sediments, have been found to accumulate detectable levels of PAHs.  PAHs can 

accumulate in polychaetes and mussels. However, PAHs do not biomagnify up the food 

chain. Sediment screening levels have been reported for PAHs in sediments. PAHs bind 

to organic carbon in sediments, a mechanism that reduces their bioavailability and 

reduces the exposure to benthic organisms. The low-molecular-weight PAH compounds 

have a greater water solubility and tend to be more toxic to benthic communities than 

the high-molecular-weight PAH compounds. 

 

3.7 Complete and Potentially Complete Exposure Pathways and 

 Receptors 
The primary origin of the COPCs - mostly mercury, PCBs (particularly Aroclor 1268), lead, 

and PAHs is from the industrialized part of the LCP Site. In the pre-regulatory period, 

wastewater was discharged directly to the estuary and, during both the pre-regulatory 

and regulatory periods, process wastes were disposed of in the upland part of the Site 

(GeoSyntec Consultants, 1996). These upland sources of COPCs served as a secondary 

source of COPCs to both groundwater and, via erosion and surface-water runoff, to 

surface water in the estuary.  However, removal actions in the upland source areas are 

now complete and risk assessments for the Site’s uplands are being conducted.  

 

In the estuary, COPCs can be transferred between abiotic media by adsorption and 

sedimentation (surface water to sediment) and dissolved flux (sediment pore water to 

surface water). COPCs in water can be transferred to both water-column and benthic 

organisms (e.g., plankton, benthic invertebrates, and fishes) via direct contact and, 

secondarily, by direct or ancillary ingestion. Aquatic organisms can be directly exposed 

to contaminants dissolved in surface water and to contaminants bound to sediment 

particles suspended in the water column (Bosch et al. 2009). 
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COPCs in sediment can be transferred by the same routes to benthic organisms. In 

addition, all COPCs can be transferred among water-column organisms and benthic 

organisms by ingestion of prey. Most importantly, some COPCs (e. g., mercury and PCBs) 

have the potential, through food-chain transfer, to accumulate - i.e., biomagnify – at 

substantially higher concentrations in tissues of high-trophic-level aquatic organisms. 

Finally, indigenous estuarine wildlife may be exposed to COPCs. Wildlife exposure may 

involve all of the environmental pathways described above. Routes of wildlife exposure 

for all COPCs include direct contact with surface water and surface sediment, ingestion 

of water and sediment, and uptake from food. However, for mercury and PCBs, dietary 

intake as a result of biomagnification in the food web is the dominant wildlife exposure 

route. Wildlife exposed at the Site consists of dietary guilds such as herbivores, 

insectivores, piscivores, carnivores, and omnivores. Exposure to piscivores and 

carnivores is expected to be significant in OU1 because PCBs and mercury accumulate to 

high levels in the tissues of fish, especially in the larger finfish. 

 

3.8 Assessment and Measurement Endpoints 
Assessment endpoints are the ecological resources or receptors whose protection from 

adverse effects is the goal of risk management actions. Measurement endpoints are 

environmental parameters that can be measured through field and laboratory analysis, 

and provide a good indication of the condition of an assessment endpoint. 

 

The initial Problem Formulation (Honeywell International, 2001a) and “Study Design and 

Data Quality Objectives” Phase (Honeywell International, 2001b) of the BERA provided 

the basis for developing the endpoints which are summarized below. 

 

Assessment Endpoint 1 – Viability of the benthic estuarine community is evaluated by 

three measurement endpoints: 1) comparisons of concentrations of COPCs in surface 

sediment to site-specific effects levels; 2) results of toxicity tests conducted with 

sensitive life stages of benthic biota exposed to surface sediment; and 3) evaluation of 

the indigenous benthic community.  

 

Assessment Endpoint 2 – Viability of omnivorous reptiles utilizing the estuary, as 

evaluated by hazard quotients (HQs) derived from food-web exposure models for 

diamondback terrapins (Malaclemys terrapin).  

 



 23 

Assessment Endpoint 3 – Viability of omnivorous avian species utilizing the estuary, as 

evaluated by two basic measurement endpoints: 1) HQs derived from food-web 

exposure models for red-winged blackbirds (Agelaius phoeniceus); and 2) HQs derived 

from food-web exposure models for clapper rails (Rallus longirostris).  

 

Assessment Endpoint 4 – Viability of piscivorous avian species utilizing the estuary, as 

evaluated by HQs derived from food-web exposure models for green herons (Butorides 

striatus).  

 

Assessment Endpoint 5 – Viability of herbivorous mammalian species utilizing the 

marsh, as estimated by HQs derived from food-web exposure models for marsh rabbits 

(Sylvilagus palustris).  

 

Assessment Endpoint 6 – Viability of omnivorous mammalian species utilizing the 

estuary, as estimated by HQs derived from food-web exposure models for raccoons 

(Procyon lotor).  

 

Assessment Endpoint 7 – Viability of piscivorous mammalian species utilizing the 

estuary, as estimated by HQs derived from food-web exposure models for river otters 

(Lutra canadensis).  

 

Assessment Endpoint 8 – Viability of finfish utilizing the estuarine system, as evaluated 

by five measurement endpoints: 1) comparisons of concentrations of COPCs in surface 

water to general literature-based effects levels; 2) results of toxicity tests conducted 

with early (and sensitive) life stages of aquatic biota exposed to COPCs in surface water; 

3) tissue residue HQs derived from finfish bioaccumulation models; 4) tissue residue 

HQs derived from field-collected finfish; and 5) evaluation of the benthic community as 

a food source for juvenile and adult fish. 

 

The above-identified assessment and measurement endpoints were evaluated by a 

sampling framework that distinguished between creek and marsh habitats of the 

estuary. The creek habitat consists of four major creeks – the Main Canal (or LCP Ditch), 

Eastern Creek (or North-South Tributary), Western Creek Complex, and Purvis Creek 

(Figure 3-1). The marsh habitat consists of four domains separated from each other by 

major hydrological features.  
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The basic experimental design for the BERA is reviewed in Table 3-1. Years during which 

various studies (measurements) were conducted are documented in the table, as well as 

in the figures and tables contained in this document. Surface sediment was considered 

to be sediment between 0 and 15 cm in depth. Body burdens of COPCs in biota were 

determined for “whole bodies” of organisms.  

 

Locations of sampling stations in the LCP estuary for surface water and associated biota 

of the four major creeks are illustrated in Figure 3-3, with details of sampling efforts 

presented in Table 3-2. Similar information for surface sediment and biota in the four 

creeks is contained in Figure 3-4 and Table 3-3. Information for marsh in the four 

domains is presented in Figure 3-5 and Table 3-4. This figure and table also present 

information for Blythe Island, a marsh area that was evaluated to allow environmental 

information generated at the LCP Site to be interpreted in a broader geographic context. 

Reference locations for the investigation were primarily the Crescent River (located west 

of Sapelo Island) and Troup Creek (on the eastern side of the Brunswick Peninsula). 
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4.0     ECOLOGICAL EXPOSURE AND EFFECTS EVALUATION 
 

This section of the document addresses temporal trends of COPCs in surface sediment 

of the estuary at the LCP Site during 2000 – 2007; the presence of chemicals in various 

environmental media of the LCP estuary; laboratory- and field-based chronic toxicity of 

environmental media; characteristics of the benthic macroinvertebrate community; and 

development of HQs for finfish and wildlife.  

 

Environmental conditions are frequently presented for Blythe Island and areas near 

point-source discharges from non-LCP sources, which are not part of the LCP Site. These 

data are often included because they increase the sample size employed to generate 

various relationships between selected environmental variables and, together with 

reference data, provide a context for evaluating environmental conditions in the LCP 

estuary. 

 

4.1 Temporal Trends in Concentrations of Chemicals of Potential 

 Concern in Surface Sediment during 2000 – 2007 
A temporal evaluation of COPCs concentrations during the period of 2000 – 2007 (after 

remediation of selected parts of the LCP estuary in 1998 and 1999) is of primary 

importance from the general perspective of evaluating ecological risk. This primary 

objective, in turn, is predicated on selection of the most contemporary ecological 

baseline generated during this eight-year time period consistent with maximizing the 

number of samples (or years) that constitute the baseline. 

 

Attenuation of selected COPCs (all COPCs except total PAHs, which exhibited 

concentrations of extreme variability) in surface sediment at continuously monitored 

sentinel stations in major creeks of the LCP estuary did not appear to occur (Figure 4-1). 

In the case of sentinel marsh stations (Figure 4-2), the only possible COPCs to exhibit 

attenuation was total mercury, in the Marsh Grid of Domain 1. Aroclor 1268 did not 

show any trends in the Marsh Grid, as there were much higher levels in 2002 and 2005 

than other years (Figure 4-2). 
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At the AB Seep Station, concentrations of all COPCs, except for occasional high “spikes” 

of lead and, to a lesser degree, total mercury, were relatively low. A high “spike” of lead 

also characterized the station near the old oil-processing Site in Domain 3. 

 

Since attenuation of COPCs in sediment, water, or biota is not readily apparent over the 

last several years, this baseline risk assessment incorporates data generated throughout 

the entire 2000 – 2007 time period. 

 

4.2 Presence of Chemicals in Environmental Media 
Creek surface water, creek and marsh surface sediment, and associated biota in the 

estuary at the LCP Site are sequentially evaluated to provide estimates of COPCs 

concentrations in each media and each exposure area by using standard statistics for 

the major COPCs based on all data from 2000 through 2007, i.e., minimum, maximum, 

average, 95UCL. In addition, data are also presented as yearly average concentrations in 

each medium and exposure area.  Non-detects were treated as half the detection limit. 

Tables in the “a” series provide summary statistics of individual data by exposure area 

for use in the risk assessment. “Grand means” that were identified in a-series tables 

were calculated by assigning weights to individual exposure area means based on the 

size of the exposure area.  Tables in the “b” series show COPCs concentrations based on 

annual means (averages).  PAHs were not included in a-series tables for biota because 

they were for the most part not detected in biota and therefore were not evaluated for 

exposure to wildlife via bioaccumulation.  

 

4.2.1 Creek Surface Water 

General water quality characteristics for Purvis Creek were relatively consistent for the 

duration of the field study (fall of all years) and were similar to characteristics observed 

at the reference locations (Table 4-1). Some notable differences include low salinities in 

2004 and especially in 2007.  Hypoxic conditions (2.3 – 3.0 mg O2/L) occurred in Purvis 

Creek in 2004, and elevated creek temperatures (>30 degree Celsius [ºC]) in 2002.   

  

The highest concentration of total mercury in surface water of major creeks at the Site 

(Table 4-2a) was 188 ng/L (in the Eastern Creek during 2000), which was less than the 

EPA recommended chronic water quality criterion of 940 ng/L. Concentrations of total 

mercury in all evaluated creeks at the Site often exceeded the State of Georgia water 

quality criterion 25 ng/L, but that ecological screening value (ESV) pertains to 
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marketability of fish as contrasted to health of marine biota.  Table 4-2b shows yearly 

average concentrations at the major creek stations. 

 

Methylmercury concentrations in water at the Site ranged from 0.15 to 2.2 ng/L and 

were usually greater than levels at reference locations (0.008 – 0.22 ng/L). The 

logarithmic relationship between total mercury and methylmercury concentrations in 

creek surface water was defined by a coefficient of determination (r2) of 0.23 (Figure 4-

3). (Values of r2 indicate the amount of variation in one variable [in this case 

methylmercury] that can be explained in terms of variation in the other variable [i.e., 

total mercury]. Determination of statistical significance of non-linear r2 values are 

problematic, especially for small sample sizes, and not addressed in this document.) 

Mean and maximum ratios of methylmercury/total mercury were, respectively, 3.05 

and 10.1 percent. 

 

Aroclor 1268 was detected in 47 percent of the creek samples and in 23 percent of the 

reference samples (Table 4-2a).  The highest mean concentration (0.83 μg/L) occurred in 

the Main Canal in 2005 (Table 4-2b).  The State water quality criterion for total PCBs in 

coastal and marine estuarine waters is 0.03 µg/L.  Dissolved lead concentrations in creek 

samples never exceeded the State water quality standard of 8.1 µg/L. 

 

In summary, mercury and total PCBs (mostly Aroclor 1268) in surface water of the LCP 

estuary generally exceeded their respective State criteria for protection of aquatic life.  

 

4.2.2 Creek and Marsh Surface Sediment 

Table 4-3a provides summary statistics on the concentrations of mercury, Aroclor 1268 

and lead in all sediment samples (2000 – 2007) collected in each exposure area. (Area A 

includes the Main Canal, Eastern Creek, and Domain 1). The lowest mean concentration 

of total mercury in surface sediment at the Site (0.63 mg/kg [dw], in Domain 4) was 

higher than the highest mean concentration at the Troup Creek reference location (0.08 

mg/kg). The highest mean total mercury concentrations in surface sediment at the Site 

were found in Eastern Creek (20.28 mg/kg) and the Main Canal (7.40 mg/kg).  Mean 

concentration of total mercury in creek sediment generally exceeded those found in 

marsh sediment.  Similar relative concentrations are observed for Aroclor 1268 (Table 4-

3a). The highest yearly mean total PAHs generally occurred in Domain 2 and in Eastern 

Creek (range of 0.35 to 14 mg/kg); whereas, the total PAHs in Troup Creek were usually 
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< 0.12 mg/kg (Table 4-3b). For lead, the highest mean lead concentration (90.7 mg/kg) 

was observed in Domain 3 (North Marsh).  The next highest levels were observed in 

Domain 2 (40.9 mg/kg) and the adjacent Eastern Creek (35.7 mg/kg).  Mean 

concentrations of lead in the remaining areas of the Site ranged between 17.4 mg/kg 

(Purvis Creek) and 29.0 mg/kg (Western Creek Complex).  Mean lead concentration at 

the Troup Creek reference location was 17.6 mg/kg. 

 

The overall Site mean for silt/clay content was 77.6 percent, compared to the Troup 

Creek/Crescent River mean of 58.2 (Table 4-3b). Total organic carbon in Site sediment 

(that included creek and marsh sediment) ranged from 0.1% to 14.9 % with a mean of 

4.6%; whereas the range TOC of Troup Creek and Crescent River sediment ranged from 

0.2% to 6.0% with a mean of 2.9%. Sediment TOC is important in the context of highly 

organic sediments often complexing with chemicals causing them to have limited 

bioavailability. 

 

Based on 31 paired creek sediment samples and 27 paired marsh sediment samples, 

statistically significant linear r2 values characterized the relationship between silt/clay 

content and TOC content of surface sediment of major creeks (r2 = 0.43) and marsh (r2 = 

0.41) at the Site (Table 4-4). Total mercury and Aroclor 1268 appeared to exhibit similar 

patterns of distribution throughout the Site (and possibly origin) as evidenced by 

statistically significant r2 values for both creeks (r2 = 0.13) and marsh (r2 = 0.27). A 

similar pattern was suggested for lead and total PAHs, with an r2 value of 0.42 for both 

creek and marsh habitats. 

 

The relationship between total mercury and methylmercury concentrations in surface 

sediment was defined by an r2 value of 0.12 (Figure 4-4) where the data are highly 

skewed toward the origin. Mean and maximum ratios of methylmercury/total mercury 

were, respectively, 0.08 and 11 percent. 

 

The coloration scheme in Table 4-3b provides an comparison of the yearly averages of 

concentrations of COPCs in surface sediment with initial site-specific effects benchmarks 

based solely on amphipod and grass shrimp toxicity test results (Tables 4-20 and 4-22). 

The TEL below which harmful effects are considered unlikely; and the probable effect 

level (PEL) above which harmful effects are considered likely.  The significance of these 

initial effect levels will be evaluated in more detail in Section 4.6.  At all areas in the Site, 
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mean concentrations of total mercury and Aroclor 1268 were greater than their 

respective conservative literature-based TELs of 0.13 mg/kg and 0.022 mg/kg, 

respectively. However, mercury and Aroclor 1268 did not exceed their site-specific TELs 

in Domains 3 and 4 or in Purvis Creek and Blythe Island.  Lead exceeded benchmarks in 

the Eastern Creek, Domains 1, 2, and 3 (and the FS locations). In the case of total PAHs, 

its PEL was exceeded in Eastern Creek, Domain 2, Domain 3, and the FS locations.  Both 

reference locations exhibited mean levels that were less than their TEL for all COPCs 

except Aroclor 1268 in surface sediment. 

 

Table 4-5 provides summary data of other metals associated with selected sediment 

samples collected from 2004 through 2006. As discussed in Section 3.4.1, arsenic, 

chromium, copper, nickel, and zinc slightly exceeded their screening-level EEVs and may 

contribute some risk: however, quantifying such risks would likely be masked by the 

primary COPCs. Chromium and nickel were elevated at or above their conservative EEVs 

in approximately 50 percent and 30 percent of the samples listed in Table 4-5, 

respectively.  Many of the arsenic samples were within background levels. Copper was 

elevated in about 10 percent of the samples and zinc in one percent of the samples.  

 

4.2.3 Biota 

Body burdens (residue) of COPCs in key biota of the estuarine ecosystem at the Site are 

addressed. Special attention is directed toward those biota that are later employed in 

food-web exposure models for upper-trophic level fish and wildlife (Section 4.6 of this 

document). In these cases, body burdens of selected COPCs that have the potential to 

biomagnify in the ecological food web (mercury, Aroclor 1268, and to a lesser degree, 

lead) are presented. Exposure (body burden) statistics are provided and the a-series 

tables for each Site area where data were available and then prorated according to size 

of the areas to identify estuary-wide (OU-1) Site means. Additional body burden 

information based on year-specific averages, are presented in the b-series tables.  

 

4.2.3.1     Cordgrass 

Cordgrass (Spartina alterniflora) was characterized by concentrations of total mercury 

that ranged from a mean of 0.02 mg/kg (dw) in the Purvis Creek area to a mean of 0.147 

mg/kg (dw) in the Main Canal area vs. 0.005 mg/kg in the Troup Creek reference 

location (Table 4-6a).  Methylmercury frequently could not be detected in cordgrass 
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and, when detected, averaged just 9.93 percent of concentration of total mercury 

(Appendix F).  

 

Aroclor 1268 concentrations in cordgrass from the Site ranged from a mean of 0.096 to 

0.261 mg/kg, in comparison to 0.0134 mg/kg at the reference location. The maximum 

concentration of 0.614 mg/kg occurred in Domain 1 at the AB Seep Location.   

 

Lead concentrations in cordgrass from the Site ranged from a mean of 1.98 to 3.51 

mg/kg (in Domain 3) vs. a mean of 1.6 mg/kg in the Troup Creek reference location. 

Lead often was not detected in cordgrass (Tables 4-6a and 4-6b). 

 

4.2.3.2     Eastern Oysters  

Eastern oysters (Crassostrea virginica) collected from the Site in 2006 contained mean 

body burdens of total mercury that ranged from 0.187 to 2.367 mg/kg (dw) vs. 0.089 to 

0.097 mg/kg in oysters at the Troup Creek reference location (Table 4-7).  About 70 

percent of total mercury in oysters was reported to be in the form of methylmercury 

(NOAA, 1998).  Mean body burdens of Aroclor 1268 in Site oysters ranged from 0.048 to 

0.853 vs. 0.00783 to 0.00807 mg/kg at Troup Creek.  For lead, Site oysters contained 

mean body burdens that varied from 0.357 to 1.167 mg/kg vs. 0.333 to 0.523 mg/kg at 

Troup Creek. 

 

There were no statistically significant differences in concentrations of mercury or 

Aroclor 1268 in young-of-year (Year 0) vs. older (Year I – II) oysters, as determined by 

parametric paired “t” tests of differences in mean values for all sampling stations. 

However, lead concentrations were significantly greater in young oysters. This 

difference in lead concentrations may be the result of “dilution” of lead levels in young 

oysters by an increase in body mass as they grow (Kennedy et al., 1996). Consequently, 

the mass of lead in both age groups of oysters could well be similar. 

 

In addition to the 2006 data discussed above, oyster data were collected in 1997 and 

2007.  The Table below compares the 2006 and 2007 data.  The concentrations of 

mercury were greater in 2007 than 2006 which may be reflective of relatively higher 

mercury sediment concentrations at these stations in 2007. Aroclor 1268 levels were 

also higher in 2007 at the NOAA-3 and NOAA-5 stations.  The long-term trend in oyster 
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COPCs levels and the effects of these elevated concentrations to the reproductive 

health of oysters are unknown.  

 
Comparison of 2006 and 2007 Oyster data  in LCP estuary 

    Age Mercury Aroclor 1268 Lead 
Station Location Class 2006 2007 2006 2007 2006 2007 

NOAA 4/25 
Main Ditch @ E. Creek 
junction 

YOY 0.773 
1.433 

0.230 
0.223 

0.767 
0.603 Year I-

II 1.013 0.167 0.580 

NOAA 5 Main Ditch (near mouth) 
YOY 0.390 

1.067 
0.223 

0.213 
0.647 

0.600 Year I-
II 0.520 0.183 0.450 

NOAA 3 E. Creek - mid reach 
YOY 2.367 

2.433 
0.853 

1.400 
1.167 

1.167 Year I-
II 1.733 0.630 0.743 

NOAA 
10/28 

 
Purvis Creek - near mouth 
 

YOY 0.187 
0.350 

0.048 
0.254 

0.633 
0.523 Year I-

II 0.187 0.063 0.357 

Troup 
Creek 

Reference area  
YOY 0.089 

0.127 
0.008 

<0.193 
0.523 

0.637 Year I-
II 0.097 0.008 0.333 

YOY – Young of Year       
 
4.2.3.3     Fiddler Crabs 

Fiddler crabs (Uca spp.) from the Site were characterized by concentrations of total 

mercury that ranged from a mean 0.13 mg/kg dw in Purvis Creek to 0.95 in Domain 1 

relative to 0.04 mg/kg at the reference location (Table 4-8a).  Methylmercury averaged 

about 68 percent of concentration of total mercury (Appendix F). 

 

Aroclor 1268 concentrations in fiddler crabs from the Site ranged from a mean of 0.61 

mg/kg dw in Domain 4 to 2.86 mg/kg in the Main Canal vs. 0.22 mg/kg at the Troup 

Creek reference location.  The highest concentration of 17 mg/kg was collected in 2004 

at Station 5-NOAAG. 

 

Lead concentrations in fiddler crabs from the Site ranged from a mean of 0.5 to 7.93 

mg/kg (in Domain 1) compared to 0.71 mg/kg at the reference location.  However, lead 

often was not detected in fiddler crabs.  There was no discernable trend in COPCs body 

burdens in fiddler crabs over time in any area (Table 4-8b). 
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4.2.3.4     Blue Crabs 

Blue crabs (Callinectes sapidus) from both north and south Purvis Creek were 

characterized by concentrations of total mercury with a mean of 1.59 mg/kg (dw) vs. 

0.15 mg/kg at Troup Creek (Table 4-9a).  Methylmercury constituted about 100 percent 

of concentration of total mercury (Appendix F).  Table 4-9b shows that the total mercury 

concentrations from blue crabs in North Purvis Creek was virtually the same as crabs 

collected from South Purvis Creek.    

 

Aroclor 1268 concentrations in blue crabs from Purvis Creek had a mean of 1.61 mg/kg 

compared to 0.13 mg/kg at the reference location.   

  

Lead concentrations in blue crabs from Purvis Creek had a mean of 0.82 mg/kg vs. 0.73 

mg/kg at the reference location. Lead often was not detected in blue crabs. 

 

4.2.3.5     Mummichogs  

Mummichogs (Fundulidae heteroclitus) from the Site were characterized by 

concentrations of total mercury that ranged from a mean 0.2 (Domain 4) to 0.87 mg/kg 

(dw) (Area A) vs. 0.09 mg/kg at the reference location (Table 4-10a). The maximum 

individual-sample mummichog concentration of 9.1 mg/kg occurred in Eastern Creek 

which contributed to the mean value of 0.87 mg/kg in Area A (Table 4-10a).  

Methylmercury constituted about 92 percent of concentration of total mercury 

(Appendix F). 

 

Aroclor 1268 concentrations in mummichogs from the Site ranged from a mean of 1.01 

to 6.06 mg/kg vs. 0.15 mg/kg at the reference location. The highest mean concentration 

of 6.06 mg/kg occurred for the Eastern Creek.  A mean value of 4.28 mg/kg occurred in 

the Main Canal (Table 4-10a). 

 

Lead concentrations in mummichogs from the Site ranged from a mean of 0.43 in 

Domain 4 to 2.41 mg/kg in Domain 3 vs. 0.87 mg/kg at the Troup Creek reference 

location (Table 4-10a).  There were no discernable body burden differences between 

years for the three COPCs (Table 4-10b).    
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4.2.3.6     Large Finfish 

Silver perch (Bairdiella chrysoura), red drum (Sciaenops ocellatus), black drum (Pogonias 

cromis), spotted seatrout (Cynoscion nebulosus), and striped mullet (Mugil cephalus) 

captured in Purvis Creek displayed mean whole body burdens of total mercury that 

were elevated in comparison to levels in Troup Creek reference fishes (Table 4-11a). 

Comparative mean values of total mercury (mg/kg dw) in fishes from Purvis Creek vs. 

reference fishes from Troup Creek and the Crescent River are provided below, along 

with the percentage of total mercury that occurred in the form of methylmercury:  

 

    Site Mean                 %  

    (mg/kg dw)  Reference Areas Methylmercury 

 Silver perch  1.6   0.16 - 0.29  100 

 Red drum   1.14  0.18 - 0.30  89 

 Black drum  0.84  0.05 - 0.11  91 

 Spotted seatrout  2.27  0.11 - 0.34  100 

 Striped mullet  0.23  0.02 - 0.05  37 

 

See Appendix F for the calculation of percent methylmercury content. 

  

The same basic differences described above for mercury in finfish from Purvis Creek 

compared to reference fishes occurred for Aroclor 1268. Comparative mean values of 

Aroclor 1268 in fishes from Purvis Creek vs. reference fishes were: 

 

        Site Mean (mg/kg dw)   Reference Areas  

 Silver perch  5.67    0.02 - 0.19 

 Red drum   1.43   0.02 - 0.10 

 Black drum  5.51   0.02 - 0.10 

 Spotted seatrout  4.92   0.02 - 0.16 

 Striped mullet  13.2   0.02 - 0.18 

 

There were no clearly discernable patterns in lead body burdens of finfish from Purvis 

Creek relative to reference fishes. Lead frequently was not detected in the fishes and 

therefore no meaningful statistics for lead are presented in Table 4-11a.  
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A review of yearly averages presented in Table 4-11b suggest no discernable increase or 

decrease in finfish COPCs body burdens. 

 

4.3 Surface Water Toxicity Studies 
Mysids and sheepshead minnows were evaluated for chronic toxicity of surface water.  

 

4.3.1 Mysids  

Mean survival of mysids (Mysidopsis bahia) exposed in the laboratory for seven days to 

surface water collected from four sampling stations at the Site and two reference 

locations (Table 4-12) ranged from 92.4 to 100 percent, which was greater than the 

minimum acceptable survival for control organisms (80%). Mean growth (weight) of 

mysids exposed to Site and reference waters was from 0.41 to 0.84 mg (dw), which was 

greater than weight of control organisms (0.48 mg). 

 

4.3.2 Sheepshead Minnows 

Mean survival of sheepshead minnows (Cyprinodon variegatus) exposed for seven days 

to surface water obtained from the same four above-described sampling stations at the 

Site and two reference locations (Table 4-13) ranged from 80 to 100 percent, which was 

greater than the minimum acceptable survival for control organisms (80%). Mean 

growth (weight) of fish exposed to Site water near the old oil-processing Site (Station C-

33) was statistically different from the control and the Crescent River reference station.  

Although mean survival at this same station was 80%, two of the four replicates 

exhibited survival less than 80%. 

 

4.4 Annual Sediment Toxicity Tests with Amphipods 
This section provides an overview of the laboratory-based evaluation of sediment 

toxicity conducted with amphipods followed by a detailed description of the annual 

toxicity test results, relationships to sediment chemistry, and probable causes. 

 

Amphipod toxicity tests with Leptocheirus plumulosus were conducted each year during 

2000 – 2006, with the exception of 2001. Measurement endpoints were survival, growth 

(weight), and reproductive response (calculated as one-half of the number of juveniles 

produced in a replicate divided by the number of surviving adult females).  These annual 

tests followed method EPA/600/R-01/020.  In general, sediment was collected from 

several of the same stations each monitoring year and analyzed for COPCs, other 
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metals, and occasionally for other parameters such as TOC.  The toxicity test reports are 

presented in Appendix C. 

 

Table 4-14 summarizes the results of the annual sediment toxicity tests with 

Leptocheirus plumulosus.  In 2000, the average control survival was only 71 percent 

which did not meet the test acceptability requirement of ≥ 80 percent.  In 2002, 

reproductive response was statistically different than controls at all stations, including 

the reference areas. Five of the eight tests for the survival endpoint were also 

considered toxic. 

 

The 2003 reproductive endpoint control did not meet the test acceptability requirement 

where there was no response in one of the control replicates. Survival and growth were 

statistically different than controls at all eight test stations.  Survival at the Troup Creek 

reference area was also significantly different from the control (Table 4-14). 

 

The amphipod toxicity test results from 2004 indicated that survival was the most 

sensitive endpoint and growth, the least sensitive.  It is unclear why survival at the two 

reference stations were approximately 40 percent, their associated reproduction and 

growth did not suggest toxicity. 

 

In 2005, the amphipod toxicity tests were expanded to 25 locations, plus the two 

reference stations (Table 4-14).  The three test endpoints at both reference stations 

were significantly less than controls. Again, it is unclear what factors may contribute to 

the observed effect in these two areas. All test stations were toxic to the reproductive 

endpoint relative to the control (Table 4-14). 

 

The 2006 annual toxicity test results indicate that the percent survival was better in this 

year than in the previous tears.  This 2006 study is evaluated in more detail below than 

previous years because of its importance in the special set of studies to assess probable 

causes of sediment toxicity in the 2006 samples, and to detail the statistical protocols 

employed to interpret results of amphipod tests.  An evaluation of potential exposure-

response relationships from all years are quantified in Section 4.6.  
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4.4.1 Evaluation of 2006 Amphipod Toxicity Tests 

This subsection evaluates the results of the survival, growth, and reproduction 

endpoints, and provides some overall conclusions from the 2006 tests. 

  

Survival 

Survival of amphipods (Leptocheirus  plumulosus) exposed in 2006 to control sediment 

for the 28-day testing period (Table 4-15; Part A) averaged 95% (19 individuals / 20 

individuals at start of test), which was greater than the 80% criterion for acceptability of 

test results. Survival of amphipods exposed to reference sediment collected from 

Crescent River and Troup Creek averaged, respectively, 88% and 72%.  The Troup Creek 

sediment was statistically different from the control and the Crescent River.  

 

Survival of amphipods exposed to surface sediment collected from 22 sampling stations 

at (or in the vicinity of) the Site was lowest at FS Areas 1 and 2. Survival at 15 of the 22 

Site stations was statistically similar to survival at the Crescent River reference location. 

These 15 stations included four FS areas (Areas 3, 4, 5, and 6), the AB seep location, the 

station in the mouth of the Main Canal (C-5), one of two stations in the Eastern Creek 

(C-7; the mid-stretch station), the station in the mouth of the Western Creek Complex 

(C-15), all three stations in Purvis Creek (C-16, C-29, and C-36), station D in the 

northwest inlet of the Turtle River, and the three Blythe Island stations (C-103, C-104, 

and C-105).  

 

Growth 

Growth (mean weight) of amphipods employed in the test (at Day 0) was 0.140 mg (dw). 

Mean weight of control organisms at the end of the 28-day exposure period was 0.740 

mg.  The 60% lower confidence interval for the controls was 0.687 mg, and growth had 

occurred in all control replicates (Table 4-15; Part B) except in Area 2. Growth in the two 

reference stations was significantly different from the control. Those stations similar to 

the control that have both high survival and high average mass are Mouth of Main Canal 

(C-5), Eastern Creek Mid-stretch (C-7), Mouth of Western Creek complex (C-15), Blythe 

Island Northern Boundary (C-103), and FS Area 4. Amphipods from other stations that 

had growth greater than the reference stations could be explained by the relatively low 

survival at these stations, which may have resulted in greater resources for surviving 

organisms. Other areas that are similar to FS Area 2 (in terms of having both low survival 
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and low growth) are stations FS Area 1, Domain 4 Southeastern boundary (C-45), and 

marsh grid H7. 

 

Reproduction 

Reproductive response (mean response) of control amphipods at the end of the tests 

was 0.562 (Table 4-15; Part C; refer to Footnote “e” for definition of this unit of 

measurement); and the 60% lower confidence interval was 0.453.  Four of the five 

replicates in the Troup Creek reference location did not show any reproductive 

response, which prevents reliable comparisons to Troup Creek data.     

 

Cochran’s Test (C) for homogeneity of variances of amphipod reproduction data 

indicated heteroscedasticity, and the nonparametric test subsequently performed on 

the data (Kruskal-Wallis Test) identified statistically significant differences among data. 

However, this test (and many other nonparametric tests) is incapable of identifying the 

specific sources (causes) of such “overall” differences. Consequently, the Site stations 

judged to have deleteriously impacted amphipod reproduction were those stations at 

which reproduction was substantially less than reproduction at the Crescent River 

reference location. 

 

Use of the above-described criterion to determine reproductive success of amphipods 

identified deleterious impacts at the upstream station in the Eastern Creek (C-6), the 

mid-stretch station in Purvis Creek (C-29), the three stations in Domain 1 (the AB seep 

location and the two stations in the Marsh Grid; K7 and H7), the station at the 

southeastern boundary of Domain 4 (C-45), one of three stations at Blythe Island (C-

103), and four FS areas (Areas 1, 2, 4, and 6). Conversely, five other stations were 

characterized by mean amphipod reproduction that was greater than reproduction 

observed at the Crescent River reference location. 

 

2006 Amphipod Toxicity Test Conclusions  

Based on a collective evaluation of three above-identified measurement endpoints, and 

largely governed by the reproduction endpoint, 12 of the 22 evaluated Site sediments 

affected amphipod reproduction in a harmful manner as being statistically different 

than the Crescent River reference. Ten (10) of these stations were located in areas 

where impacts from COPCs might be anticipated: upstream Eastern Creek (C-6), mid-

stretch in Purvis Creek (C-29), the AB seep location, Stations K7 and H7 in the Marsh 
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Grid, the southeastern boundary of Domain 4 (C-45), and FS Areas 1, 2, 4, and 6. 

Alternatively, two of the 13 stations were located in an area where COPCs reproductive-

related impacts might not be expected at Blythe Island (C-103 and C-104). 

 

From the opposite perspective, seven of the 22 Site sediments that did not harm 

amphipods were from stations located in areas where COPCs reproductive-related 

impacts might be expected: the mouth of the Main Canal (C-5), mid-stretch of Eastern 

Creek (C-7), upstream and mouth of Purvis Creek (C-36 and C-16), an area near the old 

oil-processing Site in Domain 1 (C-33), and FS Areas 3 and 5. 

 

4.4.2 Probable Causes of 2006 Amphipod Toxicity 

Probable causes of toxicity of sediment to amphipods were evaluated by a detailed 

assessment of the above-presented survival data (as contrasted to statistical 

comparisons of Site sediments to reference sediments), a TIE conducted with a different 

cohort of amphipods exposed to subsamples of two (2) of the 22 samples of Site 

sediment employed in the above-discussed amphipod tests, and an equilibrium 

partitioning study of selected metals present in sediment samples employed in the 

above-discussed amphipod tests. 

 

4.4.2.1     General Statistical Relationships between Amphipod Survival and   

     Chemical Data 

The role of COPCs in affecting survival of amphipods exposed to the above-identified 22 

samples of sediment was evaluated with and without consideration of other metals or 

other factors present in sediment because of statistical reasons pertaining to variance 

inflation factors (VIFs). 

 

Evaluation of Chemicals of Potential Concern and other Metals 

Linear r2 values for COPCs and various metals (also, silt/clay content) in surface 

sediment were compared to survival of amphipods (Table 4-16; Part A.3). The attempt 

to define a relationship between a chemical variable in sediment and the toxicological 

response of an organism by linear techniques can be problematic, in great part, because 

of differences in bioavailability of the chemical in sediment (e. g., Dillon, 2006a). 

Consequently, linear r2 values may have more usefulness in suggesting the general 

“direction” of chemical-toxicological relationships (i.e., a positive or negative correlation 

between chemical concentration in sediment and toxicological response of organism) in 
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underlying "r" value.  For cadmium, copper, and lead (Table 4-16), a negative statistical 

significant linear relationship is shown to exist. Cadmium is not considered a COPC 

(Section 3.4.1) and the elevated levels of copper and lead at FS-Areas 2 and 3 (relative to 

the other 20 samples) contributed to the statistical outcome (see Table 4-17). 

 

Survival of amphipods (Table 4-16; Part A.4) could not be explained as a function of all 

22 independent chemical variables considered collectively when evaluated by a 

parametric analysis of variance (ANOVA). Consequently, the associated squared multiple 

correlation coefficient (R2) is not statistically significant, despite its seemingly high value 

(Table 4-16; Part A.5) 

 

Kruskal’s test for index of importance (Table 4-16; Part A.6) evaluates the effect of each 

independent variable with the other variables held constant and does not address 

statistical significance. Although Kruskal’s test also identified cadmium, copper, and lead 

as potential contributors to reduced amphipod survival, the concentrations of these 

chemicals were all lower than their respective threshold benchmarks except in FS Areas 

2 and 3 (see Table 4-17). 

 

Evaluation of Chemicals of Potential Concern Independent of Other Metals 

This evaluation was performed, in addition to the above-presented evaluation, because 

results of multiple regression involving numerous independent variables can be 

substantially biased because of intercorrelations among the independent variables. This 

potential for bias is generally of concern if VIFs – which would bias unexplained (or 

error) variance on the high side, thereby decreasing the probability of detecting real 

effects on the dependent variable – are in excess of 100 (Snee, 1973). The largest VIF in 

the preceding assessment was an extremely high 14,330 (which occurred for cadmium 

and total PAHs), while all VIFs in the following evaluation were less than about 10. 

 

In this evaluation, linear r2 values for COPCs (i.e., total mercury, Aroclor 1268, lead, and 

total PAHs) in surface sediment vs. survival of amphipods are naturally the same as r2 

values presented in the preceding assessment, with only lead generating a statistically 

significant value (Table 4-16; Part B.3), which is due to the high lead concentrations in FS 

Areas 2 and 3. 
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Survival of amphipods is also tested as a function of concentrations of COPCs in the 22 

sediment samples when evaluated by a parametric ANOVA (Table 4-16; Part B.4). 

However, only lead contributed to this statistical significance. The associated R2, which 

pertains to “overall” explained variation, was also statistically significant (Table 4-16; 

Part B.5). 

  

Kruskal’s test for index of importance (Table 4-16; Part B.6) also identified lead as an 

important contributor to reduced amphipod survival in this 2006 study.  Again, due to 

the high concentrations of lead in only two of the 24 samples (Table 4-17). 

 

Table 4-17 shows the concentrations of the more important constituents that may 

contribute to the observed effect on survival and reproductive response of the 

amphipods.  It appears that high sulfide content and TOC ameliorate the toxic effects at 

C-5, FS-Area 3, and at FS-Area 5.  Low sulfide content, particularly at C-6, FS-Area 1, and 

FS-Area 6, appears to have contributed to the toxic responses.  It is well known that 

sulfides tend to bind metals and can play a significant role in the bioavailability of metals 

(e.g., U.S. EPA, 2005). Higher levels of TOC are also well known to bind PAHs in 

sediments and limit their bioavailability (U.S. EPA, 2003).  

 

Unfortunately, sulfide was not analyzed in most of the other sediment toxicity tests, 

including the AET tests described in Section 4.5, nor was sulfide included in the Kruskal’s 

test for importance.  Other factors potentially affecting the toxicity test results may 

include TOC, sediment pH, ammonia, grain size, bacteriological contamination, and algal 

toxins. 

 

4.4.2.2     Toxicity Identification Evaluation and Pore Water Analysis 

The TIE study was conducted with subsamples of two samples of surface sediment 

(sediment from Stations C-6 and C-7 in the Eastern Creek) that were characterized by 

relatively high concentrations of COPCs and, in one case (C-6), relatively high toxicity 

when chronically tested with amphipods (Table 4-15). However, when the two 

subsamples of sediment were tested for toxicity in acute (10-day tests) with amphipods 

(Leptocheirus  plumulosus), they were essentially nontoxic (mean survival of organisms = 

88.0 – 93.0% and mean reburial responses = 86.0–92.0%). Under these conditions 

(absence of toxicity of bulk sediment), TIEs are normally terminated.  
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However, in this TIE, pore water from the sediments was also analyzed for chemical 

characteristics. These analytical results were then compared to State of Georgia chronic 

water quality criteria (refer to following embedded table). The detected metals in pore 

water suggest a potential route of exposure to biota.  Many other metals were not 

detected in pore water, suggesting that, except possibly at concentrations below their 

detection limits, they are bound to sediment and are biologically unavailable via pore 

water. 

 

Concentration of chemicals in pore water of sediment  
as compared to State of Georgia water quality criteria 

 
 
 
 
 
 
 

Chemical 
(µg/L) 

Pore Water C-6 
 

Bulk sediment 
characteristics 

(mg/kg dw) – total 
mercury: 9.9; Aroclor 

1268: 26; lead: 35; 
total PAHs: 0.44; 

sulfide: 380 

Pore Water C-7 
 

Bulk sediment 
characteristics (mg/kg 
dw) – total mercury: 
3.0; Aroclor 1268: 13; 
lead: 27; total PAHs: 

0.49; sulfide: 367 

 
 
 
 
 

Georgia Water 
Quality Criterion 

(µg/L) 

Total mercury <0.20 <0.20 
0.025 ( for food-web) 
0.94 * (excludes food-

web uptake) 

Aroclor 1268 1.0 0.65 0.03  (total PCBs) 

Lead <1.0 <1.0 8.1  
 
Total PAHs 

0.175 ( total for  7 
detected PAHs) and 

<0.011 (for each of 17 
nondetected PAHs) 

 
<0.022 (for each of 24 

PAHs) 

 
------- 

Aluminum <250 <250 ------- 
Antimony <2.5 2.8 ------- 
Arsenic (total) 19 14 36 (total As) 
Barium 31 <1.0 ------- 
Beryllium <1.0 <1.0 ------- 
Cadmium <1.0 <1.0 8.8 
Calcium 330,000 340,000 ------- 
Chromium <1.0 <1.0 50 (Cr+6) 
Cobalt <1.0 <1.0 ------- 
Copper 4.2 4.0 3.1 
Iron <100 <100 ------- 
Magnesium 1,000,000 1,000,000 ------- 
Manganese 9,000 12,000 ------- 
Nickel <2.0 <2.0 8.2 
Potassium 270,000 300,000 ------- 

Selenium <0.56 <0.56 71 (excludes food-web 
uptake) 
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Concentration of chemicals in pore water of sediment  
as compared to State of Georgia water quality criteria 

 
 
 
 
 
 
 

Chemical 
(µg/L) 

Pore Water C-6 
 

Bulk sediment 
characteristics 

(mg/kg dw) – total 
mercury: 9.9; Aroclor 

1268: 26; lead: 35; 
total PAHs: 0.44; 

sulfide: 380 

Pore Water C-7 
 

Bulk sediment 
characteristics (mg/kg 
dw) – total mercury: 
3.0; Aroclor 1268: 13; 
lead: 27; total PAHs: 

0.49; sulfide: 367 

 
 
 
 
 

Georgia Water 
Quality Criterion 

(µg/L) 

Silver <0.50 <0.50 ------- 
Sodium 8,200,000 8,300,000 ------- 
Thallium <0.50 <0.50 ------- 
Vanadium <020 <20 ------- 
Zinc <20 90 81 
Note: Concentrations of most metals and associated water quality criteria pertain to dissolved 
metals. 
* - EPA National recommended criterion. 

 

These TIE results suggest that Aroclor 1268, copper, and zinc in pore water emanating 

from the two sediment samples may represent a potential hazard to benthic biota.  

Although this analysis suggests that pore water may contribute to chronic amphipod 

toxicity, data from these two samples (C-6 and C-7) is statistically insufficient to apply to 

the estuary.  In addition, the actual magnitude or extent of pore water toxicity is 

unknown because no pore water toxicity tests were conducted. 

 

4.4.2.3     Equilibrium Partitioning of Selected Metals 

Protocols employed in the equilibrium partitioning study are presented, followed by 

results of the study and a discussion of the reliability of results. 

 

Protocols 

The equilibrium partitioning study addressed the collective relationships of six metals 

(cadmium, copper, lead, nickel, silver, and zinc) simultaneously extracted with weak 

hydrochloric acid from surface sediment (∑SEM) and the acid volatile sulfide (AVS) 

content of the sediment. The study was performed with all samples of sediment tested 

for chronic toxicity to amphipods (Table 4-17), with the objective of providing an 

additional LOE, to be interpreted in the context of other studies, regarding potential 

contributors to sediment toxicity. 
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One criterion for evaluating if the six metals collectively contributed to direct toxicity of 

amphipods (or any benthic biota) is based on the ratio of ∑SEM) / AVS.  If this ratio ≤ 1, 

it can generally be assumed that toxicity from these metals is unlikely to occur. 

However, if the ratio >1, the opposite conclusion can only tentatively be drawn since 

factors other than sulfide (e. g., organic materials, carbonates) can also bind these 

metals to sediment, causing them to be biologically unavailable. 

 

Another criterion for assessing the toxicological potential of the six metals relates to the 

difference between ∑SEM and AVS. If ∑SEM is ≤ 5 µmol/g of AVS, the absence of direct 

toxicity is supported (Science Applications International Corp. (SAIC), 2003). A difference 

of > 5 µmol/g allows only a tentative conclusion of toxicity for the reason stated above 

(SAIC, 2003). The rationale for use of this “difference” criterion is that the “ratio” 

method tends to misrepresent available concentrations of ∑SEM at low AVS levels 

(SAIC, 2003). 

 

Results 

Use of the “ratio” method (Table 4-18) suggests that the combination of the six metals 

in sediment from five stations – C-6, C-16, K7, H7, and FS Area 6 – were influenced by 

low sulfide content and were likely sufficiently bioavailable to contribute to the toxic 

responses to amphipods. Indeed, sediment from four of these five stations (all but C-16) 

was judged to be toxic in the chronic amphipod toxicity tests. (Table 4-15; Part C). At FS-

Area 4, the concentration of Aroclor 1268 of 5.8 mg/kg was toxic in the presence of low 

TOC and low concentrations of mercury and lead (Table 4-17). Higher concentrations in 

Table 4-17 of Aroclor 1268 that were non-toxic (C-5 and FS-Area 5) appear to be 

associated by high sulfide content and TOC. Hence, a value of between 3 and 6 mg/kg is 

an initial professional judgment assumption for an effects range in Table 4-17.  Similarly, 

for samples where mercury appears to be the source of toxicity, the range of mercury in 

toxic samples is 1.82 mg/kg at H-7, 2.03 mg/kg at FS Area 6, and 2.36 mg/kg at Station K-

7. Stations having mercury above about 2 mg/kg that were non-toxic can be explained 

by the presence of high levels of sulfides, such as at stations FS Area 3 and FS Area 4, or 

C-7. Therefore, in absence of ameliorating factors, such as high TOC or sulfides, an initial 

effects range for mercury based only on this study would be about 2-5 mg/kg. 

Furthermore, the data in Table 4-18 is consistent with Table 4-17 in that toxicity should 

be interpreted in terms of sulfides, especially with the fact that lead was likely a cause 

for toxicity at FS-Area 2 but not at FS-Area 3. 
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Reliability of ∑SEM/AVS Approach  

The following bullets list several factors that confound interpretation of the ∑SEM/AVS 

approach for identifying causes of sediment toxicity: 

 

• The approach collectively addresses just the six above-identified metals, as 

recommended by the U. S. EPA (2005). However, other studies (e. g., Patton and 

Crecelius, 2001) have additionally included mercury in the evaluation and 

numerous references are made in the scientific literature to “divalent metals.” If 

additional metals can justifiability be included as ∑SEMs, there is an increased 

probability of identifying toxicity. 

• The approach considers only AVS as an agent capable of binding metals to 

sediment, thereby increasing the probability of identifying overall toxicity. 

• The ∑SEM/AVS approach does not account for antagonistic, additive, or 

synergistic effects of other sediment contaminants acting in combination with 

the metal mixtures.  

• The approach is based on a theory that toxicity of metals to benthos is controlled 

primarily by concentrations of metals in pore water of sediment, as contrasted 

to an empirical approach in which benthos are exposed to contaminants in 

whole sediment, thereby accounting for all direct routes of contaminant 

exposure. 

• The ∑SEM/AVS approach is “calibrated” on results of acute toxicity tests with 

benthos. Consequently, there is an uncertain relationship regarding  the chronic 

amphipod toxicity tests conducted during this investigation, which often 

identified sediment toxicity. 

 

4.5 2006 Amphipod Apparent Effects Threshold Study 
Protocols employed in the site-specific AET study are presented, followed by results of 

the study, a discussion of the reliability of the results, and an assessment of the relative 

contribution of evaluated chemicals to sediment toxicity.  

 

4.5.1 Protocols 

This specific study conducted in 2006 was based on chronic (28-day) toxicity tests 

derived for amphipods (Leptocheirus  plumulosus) exposed to a total of 150 samples of 

surface sediment collected from three areas of the LCP Site – the Main Canal, Eastern 
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Creek, and Western Creek Complex.  These 150 sediment samples were analyzed for 

concentrations of COPCs and, as recommended by Region 4 of the EPA (Thoms, 2006b), 

the ∑SEM/AVS metals (cadmium, copper, lead, nickel, and zinc).  This separate 

amphipod toxicity study followed the same EPA method mentioned in Section 4.4 above 

except that only one replicate (one set of 20 organisms) was used instead of five 

replicates as used in the other annual studies. 

 

The AET protocol provides one measurement endpoint that identifies the sediment 

concentration above which a particular adverse biological effect (e.g., survival rate, 

embryo development rate) is always toxic relative to appropriate reference conditions 

(Cubbage, et. al, 1997). To determine if toxicological responses of amphipods were 

statistically significant, the responses of amphipods exposed to Site sediment were 

compared to responses of control organisms. Control organisms, which were evaluated 

with 10 replicates of 20 organisms each, generated the following statistics:  (1) mean 

survival = 97.5% with a lower limit of the 60% confidence interval (CI) at 96.4%; (2) 

mean growth (i.e. weight) = 0.444 mg (dw) with a lower 60% CI of 0.418 mg; and (3) 

mean reproductive response (i.e., one half the number of observed juveniles ÷ number 

of females) = 1.836 with a lower 60% CI of 1.55. 

 

Values for growth and reproduction of amphipods exposed to each sample of Site 

sediment were compared to the lower limit of the 60% CI for the mean values for 

control sediment, after correction for the random component associated with single 

values (Steel and Torrie, 1980), to determine if statistically significant toxicity 

characterized Site sediment. A 60% CI was selected for use because it encompassed the 

majority (~2/3 or 1 standard error) of control data and was a more conservative 

approach for determining AETs than would be the case if, for example, a 95 or 99% CI 

were employed (i.e., a fewer number of toxic sediment samples would have been 

identified with use of the wider CIs). The lower limit of the 60% CI for survival of 

amphipods exposed to control sediment was unusually high (93.6%). Consequently, 

survival of organisms exposed to Site sediment was considered poor if it was ≤85%. 

 

4.5.2 Results 

The 2006 site-specific AETs derived for COPCs in sediment are 19 mg/kg (dw) for total 

mercury, 28 mg/kg for Aroclor 1268, 37 mg/kg for lead, and 2.534 mg/kg for total PAHs 

(Table 4-19a).  
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Sediment AETs derived for the other analyzed metals are (concentrations in sediment): 

0.295 mg/kg (dw) for cadmium, 18.4 mg/kg for copper, 22.1 mg/kg for nickel, 0.272 

mg/kg for silver, and 90.5 mg/kg for zinc (Table 4-19b). 

 

4.5.3 Reliability of Results 

The AET approach for specifying concentrations of chemicals in sediment at which 

toxicological effects on benthos are identified is an empirically based approach in that it 

accounts for all direct routes of contaminant exposure by benthos. Additional 

advantages of the AET approach are (Jones et al., 1997): 

 

• all types of chemicals and biological effects can be evaluated; 

• combined effects of all chemicals are considered; 

• non-contradictory evidence of biological effects is generated because toxic 

effects always occur above the AET; and 

• the potential for toxicological hazard is evaluated on a site-specific basis.  

 

Disadvantages to the AET approach are (Jones et al., 1997): 

 

• likely to be under-protective when biological effects occur at chemical 

concentrations below the AET. 

• the inability to isolate single chemical effects from combined chemical effects; 

• the need for a large data base (sample size); and 

• the site-specific characteristics. 

 

This study was predicated upon a relatively large data base (150 samples of sediment) 

and intended to be site-specific in character. Accordingly, isolation of effects associated 

with a single chemical, acting in the absence of other chemicals, was not an objective. 

 

A review of Table 4-19a indicates that for each COPCs, over 80 percent of the samples 

less than their respective AETs for reproduction and survival were toxic. This suggests 

that other chemical and physical factors in the sediment such as other chemicals, sulfide 

content, TOC, grain size, sediment pH, and sediment oxidization-reduction potential, 

may be affecting bioavailability and contributing to toxic expression. The 150 AET 

samples were not analyzed for sulfides, TOC, or grain size. 
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The AET results do not provide a reliable means to assess the numerous toxic responses 

below the AET levels. Given the high number of toxicity tests performed, it would be 

expected that an exposure-response relationship (sediment concentration related to the 

measured toxic effect) could be obtained for at least one of the COPCs.  This is explored 

in the next section. 

 

4.6 Sediment Effect Concentrations for Amphipods 
In this section, all available amphipod (Leptocheirus plumulosus) toxicity test results are 

evaluated relative to the concentrations of COPCs in the sediment, in an effort to obtain 

exposure-response relationships and to derive SECs, in addition to the 2006 AET study 

described in the previous section. 

 

The test results were used to develop several SECs for prediction of toxicity to the 

amphipod.  These SECs consist of the following: 

 

• Effects Range-Low (ER-L): 10th percentile of the sediment concentration 

distribution for the effects data (Long and Morgan, 1990). 

• Effects Range-Median (ER-M): Median of the sediment concentration 

distribution for the effects data (Long and Morgan, 1990). 

• Threshold Effect Level (TEL): The geometric mean of the 15th percentile of the 

concentration distribution for the no-effects data (MacDonald et al., 1996). 

• Probable Effects Level (PEL): Geometric mean of the ER-M and the 85th 

percentile of the concentration distribution for the no-effects data (MacDonald 

et al., 1996). 

• Apparent Effects Threshold (AET): The sediment concentration above which a 

particular adverse biological effect (e.g., survival rate, embryo development rate) 

is always toxic relative to appropriate reference conditions (Cubbage, et. al, 

1997). 

 

The effects data set for each COPC is defined as those stations at which the biological 

effect is observed (statistically different from controls) and the associated COPCs 

concentration is greater than or equal to twice the mean concentration of the no-effect 

stations.  It is desirable for both the effects and no-effects distributions to include at 

least 20 data entries (MacDonald et al., 1996). 



 48 

 

A major distinction between the various SECs is the manner in which effects and no-

effects data are used.  As shown by the definitions above, the ER-L and ER-M values are 

based only on the effects data set; whereas, the TEL and PEL values are based on both 

the effects and no-effects data.  The AETs are based only on the no-effects data. 

 

The ER–L and TEL represent a lower level below which adverse effects are not expected.  

The ER-M and PEL represent levels above which effects are likely to occur, and the AET 

represents the threshold where adverse effects would always be expected. 

 

All of the amphipod toxicity test endpoint results (i.e., survival, reproductive response, 

and growth weight) were paired with the COPCs concentrations in the test sediment 

samples.  Table 4-14 shows the results of the amphipod toxicity tests and they indicate 

that 85 percent of the sediment samples were toxic to the reproductive endpoint and 

that amphipod growth was least sensitive with 55 percent of the samples considered 

toxic. Next, the data were sorted by those samples that were considered toxic 

(significantly different from the controls at p=0.05).  Then, the effects data sets were 

then generated and the SECs calculated per their definitions above.  Appendix D 

provides the calculation of SECs for each COPCs for each effect endpoint. 

 

In order to assess the accuracy with which the various sets of SECs predict the presence 

or absence of toxic effects to amphipods, the following performance criteria were also 

calculated: 

 

• False Positives (Type I Error):  The percentage of stations predicted to have 

effects (based on exceedance of a SEC) that actually had no observed effects. 

• False Negatives (Type II Error):  The percentage of stations predicted to have no 

effects (based on exceedance of a SEC) that actually had observed effects. 

• Overall Accuracy:  The percentage of all samples that were correctly predicted to 

have effects or not to have effects based on the SEC. 

 

The SEC calculations in Appendix D also provide the associated error types and 

accuracies.   
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The SECs for each endpoint are summarized in Table 4-20 and Appendix D provides the 

detail.  A reliability rank was calculated to adjust for the accuracy based on a few 

samples in the effects data set relative to numerous samples in the effects data set.  The 

higher the rank, the more reliable the results are.  Based on the SEC concentrations and 

reliability rank, the data in Table 4-20 indicate that the survival endpoint is more 

sensitive than the reproductive response endpoint.   

 

Organic carbon normalized SECs for Aroclor 1268 and PAHs demonstrated low reliability 

relative to total Aroclor 1268 and total PAHs, in large part due to the lower number of 

samples in the effects data set.  The reliability of the lead SECs is also low due to the low 

number of samples in the effects data set (≤ 10 samples out of 240).  

 

It can be concluded that no one of the SEC methodologies accurately describes or 

predicts threshold concentrations of toxicity in the sediments.  The data further 

confirms that various factors may be influencing the tests such as multiple contaminant 

effects, redox conditions, sulfides, TOC, sediment pH, grain size, pathogens in the test 

chambers, lack of replicates in some samples, or other chemical and physical factors. 

 

Figures 4-5 and 4-6 show the exposure-response relationship for reproductive responses 

of amphipod exposure to total mercury and Aroclor 1268, respectively.  The figures also 

show their respective TELs for the reproductive endpoint (4.9 mg/kg for total mercury 

and 6.5 mg/kg for Aroclor 1268).  The TELs were selected for comparative purposes 

based on their relatively greater accuracies.  Due to the highly variable toxic responses, 

the approximate sediment concentration where 20 percent of the samples are toxic 

(excluding toxic reference samples) is also shown.  For example, the concentration of 

mercury that results in 20 percent of the samples being toxic is approximately 1.5 

mg/kg, which is substantially lower than the TEL. 

 

Based on the exposure-response relationships and the relatively poor SEC accuracies, 

the ability to predict sediment concentrations that result in adverse effects to 

Leptocheirus plumulosus is highly limited. It appears that the levels of mercury and 

Aroclor 1268 are likely major contributors to amphipod toxicity (refer to Table 4-3b), 

particularly in Domain 1, Eastern Creek, and the Main Canal.  Lead and total PAHs also 

contribute to toxicity; however, their predictability is much less than mercury and 

Aroclor 1268. 
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4.7 Grass Shrimp Toxicity 
4.7.1 Toxicity to Laboratory Cultured Grass Shrimp 

The two month chronic test to the grass shrimp (Palaemonetes pugio) was based on the 

protocols outlined in Lee et al., (2000) using three replicates for each sediment station.  

Measurement endpoints included embryo development rate, embryo hatching rate, 

ovary maturation rate, survival, and DNA strand damage in embryos. In general, 

sediment was collected from several of the same stations each monitoring year (2000, 

2002, 2003, 2004, 2005).  Toxicity test reports from all the years are presented in 

Appendix C. 

 

Table 4-21 shows the results of the tests.  The data indicate that toxic effects to 

reproductive and survival endpoints ranged from 26 to 69 percent of all tests.  Embryo 

hatching was least sensitive with 26 percent of the samples considered toxic.  The 

embryo development rate endpoint was most sensitive. 

 

Based on the SEC concentrations and reliability rank, the data in Table 4-22 indicate that 

the embryo development endpoint is more sensitive and reliable than the other 

endpoints.   

 

Organic carbon normalized SECs for Aroclor 1268 and PAHs demonstrated comparable 

reliability relative to total Aroclor 1268 and total PAHs.  The reliability of the lead SECs is 

very low due to only one sample in the effects data set (out of 77 samples). 

 

The data indicate that overall reliability of the tests is low.  Similar to the amphipod 

tests, this also suggests a variety of factors may be influencing the grass shrimp tests 

such as multiple contaminant effects, other stressors such as pathogens in the test 

chambers, redox conditions, sulfides, TOC, grain size, or other chemical and physical 

factors. 

 

The mercury and Aroclor 1268 SECs for grass shrimp are slightly lower than for 

amphipods, suggesting that grass shrimp are more sensitive to these COPCs levels in the 

sediment. 
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To visualize the potential exposure-response relationship for grass shrimp, the 

reproductive endpoint results for embryo development rates are compared to the 

concentrations of mercury and Aroclor 1268 in the sediment and presented in Figures 4-

7 and 4-8, respectively.  These figures also show their respective TELs for embryo 

development rate: 1.4 mg/kg for total mercury and 3.2 mg/kg for Aroclor 1268, and the 

approximate sediment concentration where 20 percent of the samples are toxic 

(excluding toxic reference samples).  No discernable exposure-response relationships for 

these two COPCs were obtained.  Exposure-response relationships for the other COPCs 

(total PAHs and lead) have similar distributions with even less reliability. Therefore, the 

power to predict sediment concentrations that result in adverse effects to grass shrimp 

is highly limited. 

 

Table 4-23 compares the concentrations of the primary COPCs to the embryo 

development endpoint. The data indicate that mercury and Aroclor 1268 likely 

contribute to most of the effects, although there were several stations that displayed 

toxic effects but did not have elevated concentrations of COPCs.  For example, embryo 

development toxicity was observed in reference tests: at Troup Creek in 2000 and 2005; 

and at the Crescent River station in 2003.  This again suggests other stress factors or 

variables associated with the tests contributed to the observed effects. 

 

4.7.2 Toxicity to Field-Collected Indigenous Grass Shrimp 

The same chronic toxicity tests were conducted on grass shrimp (Palaemonetes pugio) 

indigenous to the LCP estuary and Blythe Island during 2002 – 2007 (Table 4-24), except 

using only two measurement endpoints – hatching success of embryos of adult female 

shrimp, and DNA strand damage of the embryos. Throughout this 2002-2007 time 

period, the only cases in which these measurement endpoints deviated statistically (and 

adversely) from reference conditions (Skidaway River sediment) were in the Main Canal, 

the bank of the Main Canal, and the Eastern Creek.  

 

In 2006, concentrations of COPCs in surface sediment and adult shrimp were measured 

(Table 4-24), thereby permitting identification of BAFs and, also, relationships between 

body burdens of COPCs in shrimp and associated biological responses. For total 

mercury, a logarithmic r2 of 0.5955 for sediment and shrimp levels was associated with 

a mean BAF of x0.11.  
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In the case of Aroclor 1268, an r2 of 0.3584 for sediment and shrimp levels was related 

to a mean BAF of x0.050. Lead generated an r2 of 0.346 for sediment and shrimp levels 

and a mean BAF of x0.0075. 

 

4.8 Comparison of SECs to Literature-Based Effect Levels 
The embedded table below compares the site-specific SECs for reproductive responses 

to literature-based effect levels. Except for mercury and Aroclor 1268, the SECs appear 

reasonable when compared to the other toxicological benchmarks.  However, the 

mercury and Aroclor 1268 TEL/PEL range is comparable to the Dillon (2006a) 

benchmarks which were threshold concentrations identified from “scatterplots” 

developed for the amphipod and grass shrimp bioassays conducted between 2000 and 

2004.  Thus, the values are more analogous to TELs than to PELs.  The mercury and 

Aroclor EEVs and screening quick reference table (“SQuiRT”) benchmarks include 

potential food chain effects to consumers of benthic organisms.  Although the 

literature-based Aroclor benchmarks are primarily based on studies with Aroclor 1254, 

invertebrates generally do not possess the Ah receptor that would otherwise tend to 

influence greater toxicity of Aroclor 1254 relative to Aroclor 1268 as observed in many 

vertebrates.  

 

Toxicological benchmarks derived for benthos exposed to 
chemicals of potential concern (COPCs in Sediment 

(mg/kg, dw) 
 
 
 
 
 
 

COPCs 

Generic Benchmarks Site-Specific Benchmarks 

EEVs (Region 
4, EPA) 

NOAA “SQuiRT” 
TEL / PEL  Marine 

Values 

“Scatterplot” 
Interpretation 
(Dillon, 2006a; 

n = 22) 

Amphipod 
SECs a  

TEL / PEL 

Grass Shrimp 
SECs b 

TEL / PEL 

Total 
mercury 

0.13 0.13 / 0.696 ~ 1 - 5 4.2 / 15.4 1.4 – 4.8 

Aroclor 
1268 

0.022 
(based on 

other PCBs) 

0.022 / 0.189 
(for other PCBs)  

~ 5 - 10 6.2 / 20.3 3.2 –  12.8 

Lead 30.2 30.2 / 112 ~ 40 - 50 41 / 88 139 – 189 
Total  
PAHs 

1.684 1.684 / 16.77  ~ 1 - 2 0.8 / 2.1 1.6 – 4.8 

Note:  TEL = Threshold Effect Level; PEL = Probable Effect Level; EEV = Ecological Effects Value; SECs = sediment 
Effect Concentrations 
a – based on most sensitive endpoint (survival)        b - based on most sensitive endpoint (embryo development)   
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For total PAHs, the TEL/PEL SECs are not substantially different from the other generic 

and the Dillon benchmarks. The amphipod SEC for lead is comparable to the literature 

effect benchmarks.  The grass shrimp SEC for lead had poor reliability due to the very 

low number of effects data used to calculate the lead SEC. 

 

It is noteworthy that SECs could not be calculated for any of the five ∑SEM/AVS metals 

(cadmium, copper, nickel, silver, and zinc) due to the lack of a defined effects data set.  

This suggests that these particular metals do not significantly affect overall sediment 

toxicity in the estuary, but may occasionally contribute to localized effects. 

 

Another alternative look to see if other metals may have substantially contributed to 

amphipod toxicity in the 2006 tests is presented in Appendix I, Table 1, where various 

sediment metal concentrations are presented along with their respective effect 

concentrations. In this analysis, cadmium, silver, and zinc are not considered to 

contribute any risk; whereas, lead, nickel, and copper appear to contribute some risks 

but none of their concentrations were above their respective literature-based PELs.  

Most of the risk appears to be driven by mercury and Aroclor 1268 (Appendix I,  Table 

1).  Therefore, the site-specific SEC approach indicates that the major COPCs are likely 

the cause of sediment toxicity; whereas,, the other metals, appear to play a limited role 

in causing direct toxicity to benthos. 

 

4.9 Characteristics of Benthic Macroinvertebrate Community 
Community characteristics of macrobenthos are described, followed by a preliminary 

evaluation of abundance of fiddler crabs in the LCP estuary. The above-presented 

evaluation of grass shrimp is also a measurement of the impact of COPCs on the benthic 

macroinvertebrate community. 

 

4.9.1 Community Characteristics 

This study of the benthic invertebrate community was based on a one-time sampling of 

macrobenthos in surface sediment (0 - ~15 cm in depth) at four stations at the Site and 

at two reference locations (Crescent River and Troup Creek) in 2000. Three replicate 

samples were collected at each station.  Table 4-25 summarizes the data.  There was 

wide variation in the substrate type (from <10% to 90% silt and clay) and for TOC 

content (from 0.33% to 6.5%) across the six stations.  This alone likely affects the 

taxonomic composition between stations.  There also was considerable variation in the 
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density of organisms in the replicate samples as evidenced by the large mean standard 

deviation for diversity.    

 

Potentially negative major differences in the macrobenthos community between Site 

and reference areas (Table 4-25) were a lesser number of taxa, individuals, and density 

of individuals at two of the four Site stations (C-5 and C-33).  Polychaetes were the 

dominant group at all sites; however, oligochaetes were substantially less in the 

reference samples compared to Site samples.  Given the relatively high variability of 

substrate type, TOC, and density among replicates, it cannot be ascertained if any 

“shifts” in the benthic community between stations have actually occurred from this 

one study. 

 

Since benthic community data were not collected during the long-term monitoring 

program (2002 – 2007), any potential contaminant-related effects are unknown.    

 

Other studies that assessed potential impacts to the LCP estuary included Wall et al., 

(2001) that evaluated the health of cordgrass microbes (fungal biomass) and grass 

shrimp; and the Newell et al., (2000) study that assessed the relationship between 

fungal biomass and contaminants in the LCP estuary.  These are briefly described in 

Appendix J     

 

4.9.2 Fiddler Crab Abundance 

This section provides some background of the crab abundance preliminary study, 

protocols used, and the results. 

 

Background 

The objective of this study was to determine if the numerous fiddler crabs (U. spp.) 

observed to inhabit the M-AB seep location (Figure 3-5) were present in numbers that 

might be expected to occur in a relative pristine marsh despite being characterized by 

the highest mean body burdens of total mercury (1.00 mg/kg dw), Aroclor 1268 (2.54 

mg/kg), and lead (8.78 mg/kg) observed in biota indigenous to the LCP Site (Table 4-8b). 

 

The pristine marsh constituting the baseline for this study was the Duplin Estuary 

Marsh, located on Sapelo Island, Georgia. Populations of fiddler crabs (mud fiddlers, Uca 

pugnax) in that marsh were estimated for several types of habitats (Wolf et al., 1975). 
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The greatest mean number of crabs, 196 individuals / m
2
 of substrate, was reported in a 

habitat characterized by medium-sized Spartina (0.5 -1.49 m in height), while 176 and 

94 individuals / m
2
 were observed, respectively, in short Spartina (<0.5 m tall) and on 

essentially barren substrate (absence of vegetation). The habitat at the M-AB seep 

location was a combination of short Spartina and barren substrate. 

 

Protocols 

At the M-AB seep location, fiddler crabs were collected and counted as described below. 

A 1-m
2
 sampling frame with high sides constructed of metal was inserted several 

centimeters into the marsh to prevent crabs from escaping during and between 

sampling efforts. It was initially intended to excavate sediment within the sampling 

frame down to 1 m in depth, as was done in the Sapelo Island investigation. However, 

this plan was modified when a tough webbed plastic membrane (installed during 

removal activities at the Site) was encountered about 40 cm below the marsh surface 

and when it became apparent that numerous crabs could be collected by excavating just 

part of the upper 30 cm of sediment or by capturing them as they emerged at the 

surface of the marsh.  

 

Results 

Two hundred (200) fiddler crabs, ranging in size from about 2 to 20 millimeters (mm) in 

carapace width, were ultimately collected from the sampling frame, at which time the 

study was terminated.  This number of crabs is marginally greater than the maximum 

number of crabs (196 individuals) encountered during the Sapelo Island investigation, 

and many more crabs are likely to have been collected if a complete 1 m
2 

of marsh 

sediment had been sampled.  This large number of fiddler crabs, which consisted of 

about 75% small (young) crabs, indicates that the AB seep location may be characterized 

by a normal standing crop of crabs.  However, the webbed plastic membrane 

encountered at the sampling station may have affected fiddler crab exposure to 

contaminated sediment and/or surface water.   Uncertainties of this preliminary study 

were: 

 

• the study did not address the ability of these particular crabs to reproduce; 
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• the use of only a single sampling location (although it was situated in the center 

of the area where fiddler crabs generally displayed the highest body burdens of 

COPCs); 

• the comparison of standing crops of several species of fiddler crabs in this study 

(mostly sand fiddlers, Uca pugilator) to the single species (mud fiddlers, Uca 

pugnax) in a study of the Duplin Estuary Marsh, Georgia by Wolf et al. (1975); 

and, 

• the lack of co-located surface water and sediment chemistry to assess potential 

exposures. 

 

4.10 Development of Hazard Quotients for Finfish 
Hazard quotients (HQs) for upper trophic-level finfish based on modeling studies are 

initially presented, followed by HQs for field-collected finfish. 

 

4.10.1     Modeling Studies 

Methylmercury Model 

To model higher trophic level finfish exposure to methylmercury, the bioaccumulation 

model developed by Evans and Engel (1994) for the red drum was modified for use in 

this BERA. Details of this model and input parameters are provided in Appendix H - 

Finfish Worksheet. The results of the model are provided in Table 4-28.  The mean 

LOAEL-based HQ was 2.9, indicating a potential for aquatic hazard (Table 4-28). The 

estimated environmental exposure (EEE) generating this HQ was 0.87 mg/kg ww of 

methylmercury (3.48 mg/kg dw) in whole bodies of red drum. Service loss for red drum 

and other finfish associated with this level of mercury residue has been estimated to be 

20% (Dillon, 2006b). 

 

The mean LOAEL-based methylmercury HQ for red drum from the Troup Creek 

reference location was 0.4.  Since this value was ≤ than unity (1), both the suitability of 

Troup Creek for reference purposes and ability to discriminate between reference and 

“treatment” conditions was documented. 

 

Aroclor 1268 Model 

To model higher trophic level finfish exposure to Aroclor 1268, the bioaccumulation 

model developed by Gobas (1993) for Great Lake salmonids was modified for use in this 

BERA. Details of the model and the input parameters are described in Appendix H – 
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Finfish Worksheet. Three variations of the model are provided to account for different 

assumptions in the estimation of certain input parameters. Results of the three 

variations of the Aroclor 1268 bioaccumulation model are provided in Table 4-28.  

Approaches 1 and 2 generated similar mean NOAEL-based HQs of 2.3 and 2.1, 

respectively for finfish exposed to Aroclor 1268 in the LCP estuary, (both of which have 

been related to a service loss of 10% (Dillon, 2006b).  Approach 3 resulted in HQs about 

twice as high (NOAEL HQs approximately 5) as the other two approaches (Table 4-28).  

The associated mean EEE for Approach 3 was 1.767 mg/kg ww (7.07 mg/kg dw).  

 

4.10.2     Field-Collected Finfish 

Finfish captured in Purvis Creek and analyzed for body burdens of mercury and Aroclor 

1268 (Tables 4-11a,b) were assessed for potential hazards (Table 4-29). In this 

assessment, mean and 95UCL LOAEL-based HQs for exposure to methylmercury in the 

LCP estuary exceeded unity (1) in the case of the silver perch (Bairdiella chrysoura) and 

spotted seatrout (Cynoscion nebulosus). These HQs ranged from 1.33 to 2.21 (Table 4-

29). 

 

For Aroclor 1268 in field-collected finfish, 95UCL LOAEL-based HQs greater than unity 

occurred for the silver perch (1.36); black drum, Pogonias cromis (1.24); spotted 

seatrout (1.14); and striped mullet, Mugil cephalus (4.04).  Mean HQs for these finfish 

were slightly lower.  

 

None of the above-indicated cases of potential hazard were confounded by hazard also 

being identified at reference locations. The use of a NOAEL TRV derived for other 

Aroclors to represent the toxicity of Aroclor 1268 is a source of uncertainty that may 

over-predict the hazard.  The TRVs for finfish were derived from a conservative growth 

endpoint for Aroclor 1268. 

 

4.10.3   Comparison of Modeled Finfish with Field-Collected Finfish 

The relationships between mean EEEs generated by the bioaccumulation models 

relative to the field-collected tissue residues are presented in the following embedded 

table, and the following points emerge from the information presented in the data 

table: 
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• Predicted or modeled tissue concentrations are not too different from residues 

observed in most field-collected finfish with the mercury model over-predicting 

by a modest amount. 

• Both the mercury and the PCB models over-predict residues in fish from the 

reference area. This is probably driven by the preponderance of analytical results 

frequently below detection limits from that location. 

• Both the mercury and the PCB models appear better at predicting 

concentrations in seatrout.  

• The mercury and PCB models grossly over- and under-predict, respectively, 

residues in field-collected striped mullet. It appears these models, which were 

designed for higher trophic level fish, are not appropriate for estimating mullet 

bioaccumulation. 

• About twice as high Aroclor 1268 tissue concentration is predicted when 

Approach 3 is used relative to Approaches 1 or 2.  This appears to be the related 

to estimates of aqueous dissolved PCB concentrations.  

 

The finfish collected from Purvis Creek during the field study did not exhibit gross 

abnormalities, and fish kills have not been reported in the LCP estuary during many 

years of intensive interest and monitoring at the LCP Site.  However, based on the HQs, 

reproductive impairment appears to be occurring in the LCP estuary, but the actual 

extent of such impairment is unknown. 

 

Modeled Estimated Environmental Exposure (EEE) generated by the 
bioaccumulation models for higher trophic level fish compared to residues 
observed in 5 species of fish collected in the LCP estuary and Troup Creek 

reference location 

COPCs Location 
Mean 

Modeled EEE a 

mg/kg dw 

Mean Residues in Field-Collected Finfish 
(mg/kg dw) (Table 4-29) 

Spotted 
Seatrout 

Silver 
Perch 

Red 
Drum 

Black 
Drum 

Striped 
Mullet 

Methylmercury Troup Creek 0.44 0.34 0.20 0.10 0.10 0.02 
 LCP estuary 3.48 2.27 1.60 1.01 0.76 0.09 

 
A 1268 Troup Creek 0.31 - 0.34 0.16 0.19 0.10 0.10 0.18 
 LCP estuary 2.86 - 7.07 4.92 5.67 1.43 5.51 13.2 
a - From Table 4-28 originally modeled in wet weight and converted to dry weight assuming 75% fish 
moisture content. 
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4.11 Development of Hazard Quotients for Wildlife 
HQs based on food-web exposure models were developed for seven representative 

species of wildlife – diamondback terrapin (Malaclemys terrapin), red-winged blackbird 

(Agelaius phoeniceus), clapper rail (Rallus longirostris), green heron (Butorides striatus), 

marsh rabbit (Sylvilagus palustris), raccoon (Procyon lotor), and river otter (Lontra  

canadensis) – that might frequent the LCP Site. 

 

The basic equation used to calculate HQs (employed most directly for wildlife) was: 

 

HQ =  {[(CF1 x P1) + (... x ...) + (CF4 x P4)] [FIR] + [CS] [SIR] + [CW] [WIR]} {AUF} {TUF} / BW 

TRV 

 

with CF1, ..., CF4 = concentrations of COPCs in various food items of wildlife (mg/kg, 

dw); P1, ..., P4 = percentage of each food item in diet of wildlife (total for all food items 

= 100%); FIR = food ingestion rate (kg dw/day); CS = concentration of COPCs in sediment 

(mg/kg, dw); SIR = sediment ingestion rate (kg dw/day); CW = concentration of COPCs in 

water (mg/L); WIR = water ingestion rate (L/day); AUF = area-use factor; TUF = time-use 

factor; BW = body weight of wildlife (kg ww); and TRV = toxicity reference value (mg/kg 

BW/day). 

 

Exposure assumptions on which food-web models are based are presented in Table 4-

26, and TRVs are presented in Table 4-27.  Life histories of selected species employed as 

food items in modeling studies are reviewed in Appendix E, and life histories of red 

drum and wildlife are contained in Appendix G.  Work sheets employed in the modeling 

efforts are presented in Appendix H. COPCs exposure concentrations for each area were 

based on the mean and 95UCL concentrations presented in the a-series tables described 

in Section 4.2. 

 

All HQs for diamondback terrapins exposed to three COPCs (methylmercury, Aroclor 

1268, and lead) at various parts of the LCP Site were substantially less than unity in all 

cases, denoting the absence of potential risk (Table 4-30). Although the terrapins had 

some of the highest levels in COPCs in liver tissue samples, this did not translate to any 

apparent reproductive effects.  
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Birds (red-winged blackbirds, clapper rails, and green herons) exposed to COPCs at the 

Site exhibited a basic similarity, in that none generated HQs for inorganic mercury, 

Aroclor 1268, or lead that indicated a potential for risk.  For methylmercury, red-winged 

blackbirds were characterized by one Site NOAEL and LOAEL HQs of 1.0 and 0.33, 

respectively in the Domain 1 exposure area.  For clapper rails modeled for exposure to 

methylmercury, Site NOAEL HQs (1.74 – 2.96) could be discriminated from the 

associated reference HQ (0.16). LOAEL HQs for the clapper rail were all less than 1. All 

Site NOAEL HQs generated by the green heron modeled for exposure to methylmercury 

were in excess of 1 (1.39 – 10.6) being most clearly distinguishable from reference HQ 

(0.61). Comparative LOAEL HQs for green herons modeled for methylmercury exposure 

at the Site and reference area ranged from 0.46 at Blythe Island to 3.53 in the Eastern 

Creek area (Table 4-30). 

 

In the case of mammals, potential risk occurred for marsh rabbits exposed to Aroclor 

1268 in Area A (inclusive of Domain 1, Main Canal, and Eastern Creek) with a NOAEL HQ 

of 3.31. All of the LOAEL HQs for the marsh rabbit were less than 1.  Similarly, LOAEL 

HQs for raccoons were less than 1 and the NOAEL HQ in Area A was 3.53.  For the river 

otters, none of the COPCs exceeded a HQ of 1, suggesting no risk in specific areas. This is 

primarily due to the large area use factor for the otters of 729 acres as a feeding range.  

The highest NOAEL HQ for Aroclor 1268 was 3.94 in Domain 4. These HQs were also 

based on Aroclor 1254, which is considered more toxic to mammals than Aroclor 1268 

(Section 6.2.1 of this document). 

 

The wildlife species most sensitive to Aroclor 1268 was the river otter (Lontra 

canadensis). The species judged to be most sensitive to mercury was the green heron 

(Butorides striatus). The green heron was also considered the most sensitive to lead, 

particularly in Domain 3; however the maximum lead HQ was 0.95.  

 

Food-web modeling and associated HQs for wildlife can vary dramatically as a function 

of: 

• Assumptions used to estimate environmental exposure to chemicals (e. g., Table 

4-26); 

• Aggregation of data to represent exposure concentrations of chemicals in 

environmental media (i.e., food items, sediment, and water); and 

• Selection of TRVs (e. g., Table 4-27). 
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Probably the greatest level of uncertainty in the modeling study for mammals is the TRV 

that is based on Aroclor 1254. This Aroclor is generally accepted to be more toxic to 

mammals through the Ah receptor pathway than Aroclor 1268 (Section 6.2.1).  

However, it is unknown what the level of non-Ah toxic effects from Aroclor 1268 may 

be. 
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5.0 RISK CHARACTERIZATION 
 

This risk estimation for the LCP estuary addresses each of the eight previously identified 

assessment endpoints by a “strength-of-evidence” approach, in which different 

measurement endpoints or lines of evidence may be accorded different levels of 

ecological significance depending on the types and quality of the data. The importance 

of different measurement endpoints is judged to be least in the case of generic, 

laboratory-based and/or theoretical studies and greatest for site-specific, empirical 

studies.  

 

This risk characterization is based solely on studies conducted for the LCP estuary by 

Honeywell during 2000 - 2007 and reported in Section 4 of this document. Studies of the 

LCP estuary conducted by other investigators are reviewed in Appendix J of this 

document since they contribute substantially to a full and reliable understanding of 

potential risk in the estuary. The uncertainty of the results of both sets of studies is 

addressed in Section 6 of this document.   

 

5.1 Benthic Estuarine Community (Assessment Endpoint 1)  
Three basic measurement endpoints were employed to evaluate the viability of the 

structure and function of the benthic estuarine community in the LCP estuary. These 

endpoints were: 1) comparisons of concentrations of COPCs in surface sediment with 

site-specific effects levels; 2) results of toxicity tests conducted with sensitive life stages 

of benthic biota exposed to surface sediment; and 3) evaluation of the indigenous 

benthic community. For this BERA, there is a plethora of sediment chemistry and 

sediment toxicity data available for many locations in the LCP marsh during eight years 

of field investigations.  In contrast, the benthic community information is limited to a 

single study conducted in 2000 at four tidal creek stations in the LCP marsh.  

 

Concentrations of total mercury and Aroclor 1268 in creek and marsh surface sediment 

exceeded their site-specific SECs in most segments of the Eastern Creek, the Main Canal, 

and Domain 1.  Levels of lead in surface sediment exceeded the overall site-specific 

survival ER-L of 60 mg/kg (Table 4-20) in portions of Domain 2 and in Domain 3, 

including some FS Areas.  Total PAHs occurred in excess of their site-specific survival ER-

L of 1.5 mg/kg in the Eastern Creek, and in portions of Domains 2 and 3. 
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In a comprehensive chronic (28-day) toxicological study detailed in this document, 

survival, growth, and/or reproduction of amphipods (Leptocheirus  plumulosus) exposed 

to surface sediment obtained throughout the LCP estuary were often significantly 

reduced relative to controls and some reference areas (e.g., Table 4-14).  This toxicity 

appeared to be caused by COPCs, and to a limited extent, other metals. Toxic expression 

also appears to be substantially influenced by other factors including TOC, sulfide, grain 

size, and other factors. This conclusion supports the findings of others (EPA, 2001; 

Dillon, 2006a) who have noted the toxicological importance of COPCs and other 

stressors in the LCP estuary. 

 

Toxicity test results with lab-cultured grass shrimp (Palaemonetes pugio) evaluated with 

collocated COPCs sediment concentrations suggest that grass shrimp may be more 

sensitive than amphipods.  For example, reproductive TELs for embryo development 

and hatching success from exposure to mercury in sediments ranged from 1.4 to 3.9 

mg/kg; whereas, the reproductive TEL for amphipods exposed to mercury was 4.9 

mg/kg (Tables 4-20 and 4-22). 

 

Hatching success and DNA strand damage of embryos produced from indigenous grass 

shrimp throughout the 2002-2007 time period deviated statistically (and adversely) 

from control conditions in the Main Canal, the bank of the Main Canal, and the Eastern 

Creek (Table 4-24). Finally, in a preliminary unreplicated study of fiddler crabs 

characterized by relatively high body burdens of COPCs abundance of crabs was similar 

to that reported over 30 years ago in the Duplin Estuary Marsh, Georgia (Wolf et al., 

1975).  

 

A single field evaluation of the indigenous benthic community in the LCP estuary was 

conducted in 2000 (Table 4-25).  Potential differences of the macrobenthos community 

between Site and reference areas were a lesser number of taxa, individuals, and density 

of individuals at two of the four Site stations. However, substantial variability was 

observed between substrate types, TOC, and number of organisms per replicate 

(Section 4.9.1). Since benthic community data were not collected during the long-term 

monitoring program (2002 – 2007), potential contaminant-related effects associated 

with benthic community structure are unknown. 

 



 64 

Based on the primary LOE (sediment chemistry and toxicity tests) the viability of the 

structure and function of the benthic estuarine community in the LCP estuary is at risk 

from COPCs, especially in the southeastern part of the estuary (in particular, the Main 

Canal and Eastern Creek). 

 

5.2 Omnivorous Reptiles (Assessment Endpoint 2) 
The single measurement endpoint available for evaluating the viability of omnivorous 

reptilian species utilizing the LCP marsh consisted of HQs derived from food-web 

exposure models for diamondback terrapins (Malaclemys terrapin). 

   

In the modeling study (Table 4-30), all HQs derived for diamondback terrapins 

indigenous to the LCP estuary were substantially less than unity (1). Consequently, there 

is no potential risk to the viability of omnivorous reptiles utilizing the LCP estuary. 

 

5.3 Omnivorous Birds (Assessment Endpoint 3) 
There were two measurement endpoints generated to evaluate the viability of 

omnivorous avian species utilizing the LCP estuary. These LOE were: 1) HQs derived 

from food-web exposure models for red-winged blackbirds (Agelaius phoeniciceus); and 

2) HQs derived from food-web exposure models for clapper rails (Rallus longirostris). 

 

Red-winged blackbirds and clapper rails exposed to COPCs at the Site exhibited a basic 

similarity in that none generated HQs for inorganic mercury, Aroclor 1268, or lead that 

indicated a potential for risk (Table 4-30). For methylmercury, red-winged blackbirds 

were characterized by a NOAEL HQ of 1.00 in Domain 1.  All of the LOAEL HQs were less 

than 1.0, suggesting no risk to red-winged blackbirds.   

 

For clapper rails modeled for exposure to methylmercury, all Site LOAEL HQs were less 

than 1.0; however, NOAEL HQs were slightly greater than 1.0 (1.74 – 2.96) in Domain 1, 

Eastern Creek, and the Main Canal. The overall potential for adverse risk to omnivorous 

birds in the LCP estuary is judged to be minimal. 
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5.4 Piscivorous Birds (Assessment Endpoint 4)   
Only one measurement endpoint was available to evaluate the viability of piscivorous 

avian species utilizing the LCP estuary: HQs derived from food-web exposure models for 

green herons (Butorides striatus). 

 

Green herons modeled for exposure to inorganic mercury, Aroclor 1268, and lead at the 

Site presented no potential for risk (Table 4-30). However, all Site NOAEL HQs generated 

by the green heron modeled for exposure to methylmercury were in excess of unity (1), 

with NOAEL HQs (1.39 – 10.6) being distinguishable from the reference HQ (0.61). 

LOAEL HQs for green herons modeled for methylmercury exposure at the Site were 

greater than 1.0 in Domain 1 (2.77), Eastern Creek (3.53), and the Main Canal (1.48).  

 

The above-referenced methylmercury HQs suggest that potential adverse risk to the 

viability of piscivorous avian species in the LCP estuary is moderate.  

 

5.5 Herbivorous Mammals (Assessment Endpoint 5)  
The single measurement endpoint available for evaluating the viability of herbivorous 

mammalian species utilizing the LCP marsh consisted of HQs derived from food-web 

exposure models for marsh rabbits (Sylvilagus palustris).  

 

The modeling study for marsh rabbits generated a site-related NOAEL HQ for Aroclor 

1268 of 3.01 in Domain 1 (Table 4-30). No LOAEL-based HQ for Aroclor 1268 was greater 

than unity (1).  In addition, no risk potential was associated with mercury or lead. 

 

Consequently, risk to the viability of herbivorous mammals utilizing the LCP estuary is 

judged to be minimal. 

 

5.6 Omnivorous Mammals (Assessment Endpoint 6)  
The only measurement endpoint generated for assessing the viability of omnivorous 

mammals utilizing the LCP estuary consisted of HQs derived from food-web exposure 

models for raccoons (Procyon lotor).  

 

In the modeling study (Table 4-30), all HQs for inorganic mercury, methylmercury, and 

lead derived for raccoons indigenous to the LCP estuary were less than unity (1). NOAEL 
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HQs for Aroclor 1268 of 2.61 and 1.11 were estimated for Domain 1 and Domain 2, 

respectively.  None of the LOAEL HQs exceeded unity. Consequently, risk to the viability 

of omnivorous mammals utilizing the LCP estuary is judged to be minimal. 

 

5.7 Piscivorous Mammals (Assessment Endpoint 7) 
The sole measurement endpoint for evaluating the viability of piscivorous mammals 

utilizing the LCP estuary consisted of HQs derived from food-web exposure models for 

river otters (Lontra canadensis). 

 

The modeling study for river otters generated site-related NOAEL HQs for Aroclor 1268 

(based on a TRV for Aroclor 1254) that ranged from 0.01 to 3.94 (Table 4-30).  No 

LOAEL-based HQ for Aroclor 1268 was greater than unity (1). In addition, no potential 

for risk was associated with mercury or lead. 

 

The potential for adverse risk to the viability of piscivorous mammalian species utilizing 

the LCP estuary is judged to be minimal. 

 

5.8 Finfish (Assessment Endpoint 8)  
There were five basic measurement endpoints available for evaluating the viability of 

finfish utilizing the LCP estuary. These endpoints were: 

 

• comparisons of concentrations of COPCs in surface water to general literature-

based effects levels; 

• results of toxicity tests conducted with early (and sensitive) life stages of aquatic 

biota exposed to surface water; 

• HQs derived from food-web exposure models for upper trophic-level fish; 

• HQs derived from measured residues in field-collected finfish; and 

• evaluation of the benthic macroinvertebrate community (as a food source for 

juvenile and adult fishes).  

 

The highest concentration of total mercury measured in surface water of the LCP 

estuary was 188 ng/L in the Eastern Creek during 2000 (Table 4-2b), as compared to the 

EPA chronic ambient water quality criterion of 940 ng/L. The highest detected 

concentration of dissolved lead in water was 1.9 µg/L at the mouth of Purvis Creek 
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during 2000, as contrasted to the EPA chronic criterion of 8.1 µg/L. (No criteria have 

been developed specifically for Aroclor 1268.) 

 

Laboratory toxicity tests designed to evaluate chronic toxicity of “whole” surface water 

from the LCP estuary to mysids (Mysidopsis bahia) and sheepshead minnows (Coleonyx 

variegatus) generated similar results (Tables 4-12 and 4-13). Mean survival of mysids 

exposed to surface water from the Site and two reference locations ranged from 92.4 to 

100%, which was greater than the minimum acceptable survival for control organisms 

(80%). Mean growth (weight) of mysids exposed to Site and reference water was from 

0.50 to 0.84 mg (dw), which exceeded the weight of control organisms (0.48 mg). 

Survival of sheepshead minnows exposed to the same surface water ranged from 80 to 

100%, which was at least equal to the minimum acceptable survival for control 

organisms (80%). Mean growth (weight) of fish exposed to Site water was statistically 

similar to weight observed for at least one reference location. 

 

Finfish methylmercury bioaccumulation modeling generated a mean LOAEL-based HQ of 

2.9 for methylmercury (Table 4-28) which is over-predictive relative to field collected 

finfish from the LCP estuary (Table 4-29).  However, LOAEL HQs exceeded 1 in silver 

perch (HQ=1.3) and spotted seatrout (HQ=1.9) collected from the field.  

 

Based on three modeled approaches to finfish for effects attributable to Aroclor 1268 in 

the LCP estuary, generated mean LOAEL-based HQs ranged from 0.5 to 1.4 (Table 4-28). 

The mean LOAEL HQ for field collected finfish was 1.1 for silver perch and black drum, 

and 0.95 for spotted seatrout, suggesting relatively comparable results with the 

modeled HQs.  The mean HQ for striped mullet was 2.5.  The HQs are all higher when 

the 95UCL exposure concentration is used. 

 

Since the fish TRVs were largely based on reproductive and growth endpoints to assess 

potential chronic problems and/or long-term decline in viability of fish populations, the 

LOAEL HQs suggest chronic risk.  The absence of gross abnormalities in finfish collected 

from Purvis Creek during the empirical study and the absence of reported fish kills 

during many years of intensive interest and monitoring at the LCP Site suggest that 

there are no acute toxicity concerns to finfish. 
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Evaluation of the benthic macroinvertebrate community in the LCP estuary did not 

identify a limitation of this source of food to finfish (refer to information presented for 

Assessment Endpoint 1), although toxicity to benthic organisms may limit food for fish in 

portions of the Main Canal, Eastern Creek, and Western Creek.  

 

The overall conclusion derived from the five above-discussed measurement endpoints is 

that there is no potential for risk to finfish in the LCP estuary from direct exposure to 

COPCs in water.  The modeling and field data for finfish suggest that chronic risk to 

viability of finfish indigenous to the LCP estuary is of concern. 
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6.0 UNCERTAINTY ANALYSIS 
 

A discussion of the major potential sources of uncertainty in the BERA provides a means 

to further evaluate ecological conditions and risks in the LCP estuary.  This includes the 

extent to which results of the BERA may be consistent with results of other independent 

investigations of the estuary.  These issues are addressed in the following subsections, 

followed by overall conclusions pertaining to uncertainty associated with both sources 

of information related to ecological conditions in the estuary. 

 

6.1 Uncertainties in the Baseline Ecological Risk Assessment 
Uncertainty associated with the formal BERA pertains to the conceptual model for the 

assessment, as well as the experimental design and interpretation of the assessment, 

including the modeling studies.  

 

6.1.1 Conceptual Model 

The conceptual model for the BERA is not likely to contribute any substantial 

uncertainty that would tend to over-estimate or under-estimate exposure pathways and 

risks. The LCP estuary has been the subject of numerous investigations. COPCs are well 

known, as are exposure pathways, and biota at potential risk. The eight assessment 

endpoints comprehensively addressed the various taxonomic and trophic categories of 

biota that are indigenous to the estuary. Measurement endpoints LOE employed to 

evaluate the assessment endpoints included, whenever possible, a combination of field, 

laboratory, and modeling studies.  

 

The conceptual model for the BERA, which is the product of numerous detailed 

discussions among many private and government scientists, is based on environmental 

data collected over the 2000 – 2007 time period. The approach employed to present 

these data in a coherent format included the development of area-specific values for 

environmental variables during this period, followed by grand mean values for the 

whole estuary (Dillon, 2008). 

 

6.1.2 Experimental Design and Interpretation 

Implementation of the experimental design of the BERA introduced a number of mostly 

unavoidable uncertainties. The most basic uncertainty is the extent to which sampling 

data, which were generated by authoritative (not random) sampling over the 2000 – 
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2007 time period, are representative of (not biased indicators of) environmental 

conditions in the LCP estuary.  

 

Integration of environmental data over the 2000 – 2007 time period introduces some 

temporal uncertainty as to whether the combined data are always representative of the 

most contemporary environmental baseline.  Similarly, the selection of only one year of 

data vs. several monitoring years may not adequately define the contemporary 

baseline.  

 

The number of environmental samples collected during the BERA is a source of 

uncertainty as it affects the statistical precision of resulting data. Other sources of 

uncertainty, as discussed in detail in Section 4 of this document, include interpretation 

of the equilibrium-partitioning, AETs, SEC calculations, benthic macroinvertebrate, and 

fiddler-crab abundance studies. 

 

6.1.3 Modeling Studies 

The preponderance of uncertainty in this BERA is associated with results of food-web 

modeling studies, as best evidenced by the different approaches taken in the wildlife 

modeling detailed in this document and that employed by Thoms (2006a). Within each 

approach, important uncertainties pertain to selection of various exposure-related 

statistics (in particular, composition of the diet of fish and wildlife, as well as AUFs) and, 

additionally, selection of LOAEL and NOAEL TRVs.  

 

Three TRV-related uncertainties are of particular importance. First, TRVs used for avian 

exposure to methylmercury were based on values for growth effects to captive great 

egrets (LOAEL and NOAEL TRVs of, respectively, 0.06 and 0.02 mg/kg BW/day; Spalding 

et al., 2000) and are relatively comparable to the Heinz (1979) paper (LOAEL of 0.051 

mg/kgBW/day) which was based on a three-generation reproductive study of mallard 

ducks; and also comparable to the LOAEL and NOAEL TRVs of, respectively, 0.078 and 

0.013 mg/kg BW/day based on U.S. EPA (1995). Slightly different risks would occur 

depending on the selected TRV. For example, using the methylmercury LOAEL TRV of 

0.06 mg/kgBW/day results in a HQ of 2.77 in Domain 1 for piscivorous birds (Table 4-

30); whereas, with a TRV of 0.078 mg/kgBW/day, the HQ would be 2.13.  
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Second, TRVs utilized for exposure of reptiles and mammals to Aroclor 1268 are 

surrogate values that actually pertain to Aroclor 1254, which is generally more toxic 

than Aroclor 1268 (refer to Appendix J, Section J.2.1).  

  

A “hidden” uncertainty in wildlife food-web exposure models was the need to 

sometimes employ prey species collected at nearby but different areas when prey did 

not occur in the targeted area. Also, the diet of a wildlife species in a particular area was 

sometimes altered from its hypothetical diet if one (or more) of its food items could not 

be obtained in the targeted area. Furthermore, AUFs less than unity (1) were employed 

for just the raccoon (based on its primarily upland habitat preference) and river otter 

(based in its large territory in comparison to all areas in the Site).  

 

Some of the major uncertainties associated with the upper trophic level finfish 

bioaccumulation modeling studies included: 

 

• sensitivities in the numerous model input parameters; 

• use of different estimates of aqueous dissolved PCB (Aroclor 1268) 

concentrations; 

• a tendency to over-predict tissue concentrations, particularly from reference 

areas, which is somewhat attributable to non-detected data (especially in the 

water column); 

• assumptions of dry weight to wet weight conversions, that assume fixed 

percentages of tissue solids in each prey item and in the finfish; 

• the application of single model outputs to several different species of finfish; and 

• the difficulty of chronic effects interpretation to finfish (reproduction and 

growth) relative to actual impacts on the long-term viability of fish communities 

and populations in the LCP estuary. 

 

6.1.4 Other COPCs Not Quantified 

As mentioned in Section 3.4, and Section 4.4, a few metals slightly and infrequently 

exceeded screening-level EEVs (e.g., chromium, copper, and nickel).  When elevated 

above their EEVs, these metals may contribute additional risks to benthic organisms, 

especially in sediment with low sulfide content.  In addition, it appears that other 

parameters have substantially affected the sediment toxicity test results and may 
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include pathogens, TOC, substrate type, sediment pH, and redox condition. Several of 

these parameters were either measured occasionally or not measured at all. 

 

Other chemicals that are generally associated with chlor-alkali facilities include 

pesticides such as hexachlorobenzene, 4,4’ Dichlorodiphenyltrichloroethane (DDTs), and 

chlordanes and on occasion laboratories erroneously identify PCBs as other chlorinated 

compounds (e.g., Bosch et al, 2009). Although these chemicals were infrequently 

detected in the estuary sediments, they were not quantified because they were 

indirectly assessed through the risk assessment of polychlorinated biphenyls, namely 

Aroclor 1268. 

 

Dioxins and furans were identified as COPCs in sediment based on 3 samples from the 

LCP estuary collected in 2000. All 3 samples exceeded the screening-level EEV. However, 

no further data were collected. The Toxicological Profile for PCBs (Table 4-6, pg. 465, 

and Section 5.1, pg. 467) states that “During production, Aroclor mixtures were 

contaminated by small amounts of polychlorinated dibenzofurans (PCDFs) as 

impurities,” (ATSDR, 2000). In addition, Aleiandro et al., (2006) states that some of the 

Clapper Rail effects observed may be attributable to “organochlorides other than PCBs 

(e.g. dioxins).” Kannan et al., (1998a,b) also associate dioxin-like compounds to the Site. 

These papers suggest dioxins/furans may be associated with the Aroclors at LCP. The 

magnitude of the TEC-dioxin concentrations particularly in Eastern Creek suggests co-

located contamination with Aroclor 1268.  In the absence of TEC-dioxin data in sediment 

elsewhere in the estuary or in biota samples, the potential contribution of TEC dioxins to 

existing risk is unknown. 

 

6.2 Independent (Other) Investigations  
The other investigations of the estuary (Appendix J) addressed the relative toxicity of 

Aroclor 1268 and five of the eight assessment endpoints that constituted the basis of 

this BERA. Although differences between this BERA and other independent 

investigations do not necessarily imply uncertainty, they may provide additional lines of 

evidence that relate to the assessment endpoints.  Each of the independent studies has 

its own unique uncertainties and direct comparisons may either add support to, or 

conflict with the BERA data. 
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6.2.1 Relative Toxicity of Aroclor 1268 

The following embedded table (2008b) reviews dioxin-like toxicity of Aroclor 1268 as 

compared to Aroclor 1254, an Aroclor on which PCB TRVs presented in this document 

for fishes and mammals are based: 

 

The relative potency (REP) factors referenced above indicate that Aroclor 1268 is 

substantially less toxic to biota than Aroclor 1254. However, dioxin-like toxicity is only a 

measure of the extent to which dioxin-like congeners (non-ortho and mono-ortho 

coplanar PCBs) bind with and disrupt the aryl hydrocarbon (Ah) receptor in cells of 

organisms, resulting in toxicological responses that include dermal toxicity, 

immunotoxicity, carcinogenicity, and adverse effects on endocrine, development, and 

reproduction functions.  

 

Modes of toxicity other than that affecting the Ah receptor include effects on calcium, 

ion (Ca2+) homeostasis and subsequent neurotoxic effects caused by congeners such as 

di-ortho non-coplanar PCBs, which have the potential to be evaluated by a Neurotoxic 

Equivalent (NEQ) scheme being developed by Simon et al. (2007). These authors noted 

that the congeners present in Aroclor 1268, in addition to possessing a low Ah receptor 

binding affinity, have a limited ability to interfere with Ca2+– dependent intracellular 

signaling pathways. The authors also stated that reduced PCB toxicity to fishes, birds, 

and mammals has been observed at the extremes of mean mixtures of chlorination (i.e., 

lowly and highly chlorinated Aroclors). They specifically concluded that Aroclor 1268 is 

approximately 22 times less toxic than Aroclor 1254 in terms of NEQs.   

 

Several uncertainties characterize the degree to which Aroclor 1268 is less toxic than 

Aroclor 1254 to biota. Chlorinated naphthalenes have been identified in PCBs (Ruzo et 

al., 1976) and can affect the Ah receptor. However, the World Health Organization 

(WHO) has not established TEQ factors for these chemicals. Also, the relative potency of 

Relative Potency (REP) of Aroclor 1268 vs. Aroclor 1254  
for fish, birds, and mammals based on dioxin-like total toxic equivalents (TEQs)  (U. S. 
Environmental Protection Agency – Region 4, 2008; from  Burkhard and Lukasewycz, 

2008) 

Aroclor 1254 
 

Aroclor 1268 
Relative Potency (REP) of 

Aroclor 1268 vs. Aroclor 1254 
Fishes Birds Mammals Fishes Birds Mammals Fishes Birds Mammals 

4.18E-07 2.00E-05 7.87E-06 3.14E-07 2.5E-06 4.89E-07 0.75 0.125 0.06 
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the two Aroclors after weathering in the environment is uncertain. In particular, the 

octa-, nona- and deca-PCB congeners in Aroclor 1268 are especially resistant to 

weathering. Some of these congeners, in particular di-ortho congeners, have relatively 

little affinity for the Ah receptor, but may have non-dioxin-like toxicity (Sajwan et al. 

2008).   

 

6.2.2 Assessment Endpoints 

The investigations reviewed in Appendix J are of particular importance in evaluating the 

uncertainty inherent in assessment endpoints based on limited (often single) and 

theoretical LOE; in particular, food-web exposure models for wildlife. In some cases, 

these investigations evaluated ecological conditions in the LCP estuary prior to the 1998 

- 1999 remediation of parts of the estuary and, consequently, are likely to represent 

“worst-case” conditions with regard to the present environmental baseline. 

 

6.2.2.1     Benthic Estuarine Community (Assessment Endpoint 1) 

Acute toxicity tests (Sprenger et al., 1997) were conducted before the 1998-1999 

remediation of the LCP estuary with brown shrimp (Penaeus vannamei) and amphipods 

(Leptocheirus plumulosus)  acutely exposed (for 10 days) to sediment from the most 

contaminated part of the Site. These tests did not identify statistically significant 

harmful effects on either organism. In another set of acute toxicity tests conducted 

before the estuarine remediation (Horne et al., 1999), amphipods (Leptocheirus  

plumulosus) exposed for 14 days to sediment from the same part of the Site exhibited 

no statistically significant adverse effects. In the final pre-remediation acute toxicity 

study, Winger et al. (1993) reported that another species of amphipod (Hyalella azteca) 

exposed for 10 days to sediment from various locations throughout the Site exhibited 

no statistically significant mortality, but displayed reduced feeding rates. In the same 

study, amphipods exposed to pore water from the sediment displayed statistically 

significant mortality, as well as reduced feeding rates; and low median effective 

concentration (EC50) values appeared to characterize bacteria (Photobacterium 

phosphoreum) exposed to pore water from the sediment. 

 

The indigenous benthic community in the LCP estuary has been studied in several 

investigations, with results often suggesting a hazard less than that predicted by 

laboratory-based studies. In studies conducted before the 1998-1999 estuarine 

remediation, Wall et al. (2001) concluded that, despite high levels of contamination, 
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there were few effects on microbes (primarily fungal standing crop), cordgrass (Spartina 

alterniflora), or grass shrimp (Palaemonetes pugio). Newell et al. (2000) also noted the 

resistance of fungi and cordgrass to potentially toxic pollutants. Horne et al. (1999) 

reported that the density of individual macrobenthos species showed no consistent 

patterns in response to pollutants, but noted contamination-related shifts of 

macrobenthos at higher taxonomic levels and a shift in feeding habits of the benthos. 

(However, these two shifts were not observed in a similar study detailed in Section 4.5.1 

of this document). 

 

6.2.2.2     Omnivorous Reptiles (Assessment Endpoint 2) 

In a study conducted in 1995 (Sprenger et al., 1997), eggs taken from three female 

diamondback terrapins obtained in the LCP estuary were characterized by apparently 

elevated mean concentrations of mercury and Aroclor 1268. Although eggs from one of 

the females did not hatch; eggs from the other females, which contained higher 

concentrations of mercury (in one case) and Aroclor 1268 (in both cases), did hatch. 

Consequently, elevated concentrations of mercury and Aroclor 1268 in terrapin eggs 

(even levels that existed in 1995) cannot be implicated as causing failed reproduction in 

terrapins. Also, histopathological examinations of terrapins did not indicate any 

degeneration or abnormality known to be associated with COPCs.  

 

In a study not referenced in Appendix J (Cobb and Wood, 1997),  the eggs of loggerhead 

sea turtles (Caratta caratta) from South Carolina were evaluated for body burdens of 

several higher-chlorinated homolog groups characteristic of Aroclor 1268 (octa- and 

deca- homologues). The presence of these homolog groups was significantly correlated 

(P ≤ 0.05) with  length of resulting embryos. However, the authors reported the 

relationships to be highly uncertain. 

 

The results of these independent investigations support the results of the BERA that 

there is no potential risk to the viability of omnivorous reptiles 

 

6.2.2.3     Omnivorous Birds (Assessment Endpoint 3) 

Livers of clapper rails collected in 1995 from the southern part of the LCP estuary 

(Sprenger et al., 1997) contained a mean mercury concentration of 3.84 mg/kg (ww), as 

compared to the following liver-based concentrations that have been reported to cause 

mortality in omnivorous birds: 126.5 mg/kg for red-winged blackbirds, and 54.5 mg/kg 
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for grackles. In addition, histopathological examinations did not indicate specific toxicity 

or specific uniform degeneration of tissues of clapper rails. In particular, myelin sheath 

and axonal degeneration, characteristic of mercury toxicity, were not observed except in 

one case, which was reported to be a possible artifact. Also, liver necrosis and fatty 

change, typical of PCB toxicity, were not noted.  

 

The above-referenced mean mercury concentration of 3.84 mg/kg in livers of clapper 

rails can also be compared to the mercury values (3 to 13.7 mg/kg)  reported by Barr 

(1986) to decrease hatchability of eggs of the common loon (Gavia immer).  

 

Finally, in a study of the mineral chemistry of bones of clapper rails (Aleiandro et al., 

2006), exposure to contaminants in the LCP marsh did not affect the length or weight of 

leg bones of clapper rails evaluated in 2000. However, bone maturation was accelerated 

as evidenced by a high calcium/phosphorous ratio and lower carbonate and acid-

phosphate content of the bones. The authors noted the difficulty in determining the 

specific toxicant(s) that caused these effects although they specifically referenced 

Aroclor 1268, organochlorides other than PCBs (e. g., dioxins), and heavy metals 

including mercury. 

 

The results of these independent investigations do not contradict the judgment reached 

in the BERA that potential risk to omnivorous avian species is minimal.  

 

6.2.2.4     Piscivorous Birds (Assessment Endpoint 4) 

The independent studies are of particular importance in addressing this assessment 

endpoint since only a single LOE – food-web exposure models for the green heron 

(Butorides striatus) – was employed in the BERA to evaluate the potential risk to 

piscivorous birds. It is important to note that a food-web exposure model for the green 

heron, which is a wading bird, was initially employed (EPA, 2001) to establish a 

preliminary remedial sediment goal for mercury in the LCP estuary of 4 mg/kg. This 

sediment goal was then lowered to 1 mg/kg to provide protection for the federally-

endangered wood stork (Mycteria americana).  

 

However, a survey of wading birds (PTI and CDR Environmental Specialists, 1998), which 

was conducted in 1996, indicated that most wading birds that utilized the LCP estuary 

were found at the extreme northern boundary of the estuary (including tributaries of 
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the Turtle River), far distant from the center of the LCP estuary. In a survey of wood 

storks (Mazama americana) inhabiting inland and coastal areas of Georgia during 1997 

– 1999, Gariboldi et al. (2001) reported that the highest observed reproductive success 

(mean number of wood stork fledglings per nest) occurred in the St. Simons colony and 

that storks typically forage for food within 10 to 15 km of their colony. (The St. Simons 

colony is located at least 20 km from the LCP Site.) 

 

The results of these independent investigations support the conclusion reached in the 

BERA of a moderate ecological risk to piscivorous avian species in the LCP estuary.  

 

6.2.2.5     Piscivorous Mammals (Assessment Endpoint #7) 

Preliminary data from NOAA have indicated that PCBs have been detected in bottlenose 

dolphins (Tursiops truncatus) from the Turtle/Brunswick River Estuary at high 

concentrations (geometric mean of 401 µg/g lipid) relative to dolphins sampled from 

Beaufort, North Carolina (31.7 µg/g lipid) or from Charleston, South Carolina (42.1 µg/g 

lipid)(Sanger et al. 2008). In addition, the same research suggested that the PCB 

congener profiles from the Turtle/Brunswick Estuary were indicative of an Aroclor 1268 

signature, with a high prevalence of octa- and nonachlorobiphenyls. Further research is 

being conducted by NOAA to determine how the elevated levels of these PCBs may 

affect dolphin health (Schwacke, 2010). An important source of uncertainty associated 

with this assessment endpoint is how well the river otter exposure model that 

represents a top-level piscivorous mammal could be extrapolated to dolphins and 

whether the TRV (based on Aroclor 1254 effects to mink) could reasonably be applied to 

dolphins. Based on PCB toxicity equivalency, the octa- and nonachlorobiphenyls are 

generally less toxic; however, specific effects to marine mammals are largely unknown. 

Consequently, risks to piscivorous marine mammals cannot be estimated at this time. 

 

6.2.2.6     Finfish (Assessment Endpoint 8) 

An acute laboratory toxicity study was conducted (Sprenger et al., 1997) in which 

embryos of Japanese medaka (Oryzias latipes) were exposed to sediment obtained from 

the most contaminated areas of the LCP estuary during 1995 (before the 1998-1999 

remediation). These embryos were reported to have developed lesions known to be 

associated with dioxins, furans, PCBs, and, possibly, mercury. 
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In a laboratory study that addressed the effects of contaminated food on fish (Matta et 

al., 2001), three generations of mummichogs (Fundulidae heteroclitus) evaluated for 13 

possible effects attributable to Aroclor 1268 exhibited, from a statistical perspective, 

only an increase in growth by the second (F1) generation. In the case of fish assessed for 

13 possible effects associated with mercury-contaminated food, the only statistically 

significant effects were increased mortality of F0 fish (just males), increased weight of F1 

fish, altered sex ratios of F1 fish, and reduced fertilization success of F1 fish. No 

statistically significant effects occurred in the F2 generation. Of the 26 possible effects 

evaluated in the three generations of fish, only three (3) effects, all associated with 

mercury-contaminated food (mortality of male F0 fish, as well as altered sex ratios and 

reduced fertilization success of F1 fish), appear to have possible ecological significance. 

These effects (and all mercury-related effects) were associated with a “worst-case” 

(lowest) MATC in bodies of F0 fish of 1.2 mg/kg (dw) mercury. The highest mean and 

95UCL body burdens of total mercury measured in mummichogs from the LCP estuary 

over the 2000-2007 time period was 0.71 and 2.03 mg/kg, respectively (in the Eastern 

Creek - Table 4-10a).  

 

The results of these independent investigations are basically consistent with the 

judgment reached in the BERA that potential risk to the viability of finfish indigenous to 

the LCP estuary is of concern.  Although the study by Matta et al. (2001) provides 

information that directly addresses the impact of contaminated food on lower-trophic-

level fish (i.e., mummichogs), the biomagnification of mercury and Aroclor-1268 in 

upper-trophic-level finfish from the LCP estuary and potential associated effects has not 

been studied to confirm the model predictions. Field fish may respond differently if 

burdened with both Aroclors and mercury (and other COPCs) over the long term. Such 

long-term exposure may result in sufficient stress to induce negative effects on 

reproductive fitness.  

 

6.3 Uncertainty Conclusions 
The convergence of risk estimates generated by the BERA and the independent 

investigations provides a basis for concluding that the evaluation of ecological 

conditions in the LCP estuary is not characterized by gross uncertainty and is basically 

reliable. This is to be expected since the ecology of the estuary has been investigated 

over a period of at least 15 years by numerous organizations and scientists. The 

importance of the independent investigations is especially noteworthy in those cases 
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where evaluation of an assessment endpoint would otherwise have been based on a 

single LOE involving food-web exposure modeling. 

 

The ultimate judgments of the risk posed by COPCs to the vitality of the benthic 

estuarine community, wildlife, and finfish are broad and qualitative – ranging from no 

risk to moderate risk for modeled receptors, and from zero percent to 100 percent 

survival of benthic organisms. Since there is a broad range of risk to various ecological 

receptors, this necessitates an evaluation of sediment and surface water concentrations 

that should be protective of benthic invertebrates, fish, and wildlife that inhabit the LCP 

estuary.  
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7.0 DEVELOPMENT OF ECOLOGICALLY PROTECTIVE 

MEDIA CONCENTRATIONS  
 

This section provides a link between risk assessment and risk management and includes 

the development of a range of COPCs concentrations that are protective of ecological 

receptors. The ecological risks from hazardous substances released to the LCP estuary, 

as assessed in the previous sections, create a need to evaluate measures that would 

reduce the incidence of adverse growth and reproductive effects to benthic organisms, 

fish, and wildlife. 

 

In this section, the food chain bioaccumulation models and the TRVs were used to 

“back-calculate” the COPCs sediment concentrations considered protective for each 

receptor of concern (i.e., those receptors where a hazard quotient exceeded 1 [from 

Tables 4-29 and 4-30]).  This back calculation necessitates the need to establish the 

relationship between field-collected biota and sediment (i.e., BAFs), which is described 

in detail below.  The NOAEL and LOAEL HQs are also used in the back calculation to 

provide a range of concentrations protective of each receptor.  Finally, a “rule of 5” 

approach is discussed that enables one to look across the results for all receptors of 

concern to identify sediment remedial goal options (RGOs). 

 

7.1 Sediment to Biota Bioaccumulation Factors 
The development of protective sediment concentrations and RGOs is relatively complex 

and usually requires the use of sediment to BAFs.  This section presents the 

methodology for deriving BAFs and their eventual use in developing RGOs for those 

receptors considered at risk (i.e., those receptors that had HQs ≥ 1, refer to Sections 

4.10.2 and 4.11): 

 

• fish from methylmercury and Aroclor 1268; 

• omnivorous and piscivorous birds from methylmercury; 

• herbivorous, omnivorous, and piscivorous mammals from Aroclor 1268; 

• benthic invertebrates from methylmercury, Aroclor 1268, lead, and PAHs; 

  

Since lead did not contribute to risk in wildlife or fish, calculation of lead BAFs is 

unnecessary. 
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A bioaccumulation factor is an operationally defined relationship between the 

concentration in the biota and the concentration in the sediment. It is assumed that the 

concentration in biota can be expressed as a function of the sediment concentration.  

 

 Concentration in biota  Cbiota =  Function of the sediment concentration f (Csed) 

 

A linear function results in a simple ratio: 

 

 BAF = Cbiota/Csed 

 

This ratio is commonly used where average biota concentrations are divided by the 

average sediment concentrations. Non-linear BAFs can also be developed based on site-

specific relationships between the biota and sediment data. 

  

For organic chemicals that strongly partition to organic carbon (OC) and tissue lipids 

such as PCBs, a biota sediment accumulation factor (BSAF) may provide a better 

measure of chemical bioaccumulation to sediment-dwelling organisms depending on 

Site conditions and data quality. 

 

The BSAF is only used to assess Aroclor-1268 and is provided by the following ratio:  

 

 BSAF = Cbiota ÷ %Lipid / Csed ÷ % OC 

 

Plots of the concentration in biota versus the concentration measured in sediments are 

typically used to assess bioaccumulation.  These plots require measurements of biota 

over a gradient of contamination in sediments.  Methods of treating the data and 

estimating a BAF are discussed by Burkhard (2006). 

 

Graphing data in this manner and fitting a standard curve assumes perfect knowledge of 

the sediment concentrations to which biota were exposed. Unfortunately, this is seldom 

possible. Biota are often collected in the field over transects or within an area to obtain 

sufficient mass. Biota can be mobile and move in and out of sample transects. Also, 

sediment concentrations can vary substantially over the sampling transect or within the 
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area to which biota are exposed and complicated by factors affecting bioavailability 

(e.g., TOC and sulfides). 

 

Long-term monitoring at the LCP estuary has revealed a high degree of variability in 

sediment concentrations measured at the same locations over multiple years, with no 

discernable temporal trends.  The variability can confound estimates of the 

bioaccumulation factor by causing scatter in the bioaccumulation plots.  Scatter arises 

when a single sediment sample is taken to represent the concentration in sediment to 

which a biota sample was exposed. Biota collected at a hotspot might not have been 

exposed entirely to the hot spot, if the hot spot is small relative to the foraging area of 

the organism. Hot spots can also cause scatter in the bioaccumulation plots. 

Furthermore, the scatter in bioaccumulation plots can be caused by mobile biota; 

however, the high degree of variability in the sediment concentrations may mask this 

effect. 

 

The approach to derive bioaccumulation factors of organisms in the LCP estuary focuses 

on addressing the variability in sediment concentrations while attempting to maximize 

the biota tissue data relative to habitat use areas for each of the receptors. This was 

done by averaging sufficient sediment chemistry data for stations near biota sampling 

stations. Spatial polygons were selected throughout the estuary based on professional 

judgment to maximize relevant exposure data in various habitat areas of the estuary.  At 

least 10 polygons were needed to provide adequate statistical data to develop BAFs and 

to ensure reasonable coverage of the estuary. For mummichogs there were some years 

where intensive sampling of creeks resulted in sufficient sediment data for yearly 

estimates.  Sediment near most fiddler crab stations were sampled less densely and 

therefore it was necessary to average sediment concentration over all years in order to 

obtain enough data to estimate the sediment concentrations that the fiddler crabs 

would be exposed to.  Because most of the sampling stations were non-random and 

biased toward pre-selected areas, these exposure areas or “polygons” with higher data 

density tend to skew overall exposure concentrations.  To account for spatial and 

temporal influences on exposure within a polygon, all individuals at a sample station 

were averaged to "normalize" the spatial and temporal effects between stations within 

a polygon. This spatial and temporal averaging provides a more useful evaluation of 

exposure within a polygon relative to combining all data irrespective of these factors.  
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The BAF curve fits were selected based on the highest reasonable r2 value.  Most of the 

best BAF curve fits were based on the power distribution, more so than the linear or 

logarithmic distribution.   

 

7.1.1 Fiddler Crab Bioaccumulation Factors 

The data for mercury and Aroclor-1268 bioaccumulation in fiddler crabs were evaluated 

in several ways to maximize exposure relevance and reduce the scatter in the 

bioaccumulation plots.  Fiddler crabs were collected annually in all sampling years.  

There was insufficient sediment data in the vicinity of fiddler crab collection stations in 

most years to obtain an estimate of the exposure concentration by averaging stations 

within a fixed radius, averaging data within customized polygons taking into account 

spatial features in data, or by separately evaluating marsh and creek stations. Therefore, 

data for fiddler crabs and sediments from all years were grouped together and averaged 

within polygons that represented sample collection areas.  Sometimes the polygons 

included multiple fiddler crab sampling stations. Multiple biota sampling stations within 

a polygon were averaged. Larger polygons containing multiple biological sampling 

stations were used when spatial variation in biota and sediment concentrations was 

minimal, as was observed as distance from secondary sources increased. Creek 

sediment and marsh sediments were also combined to more fully assess exposure.  

 

Ten polygons were used to average fiddler crab data and are shown in Figure 7-1.  In 

areas where clusters of sampling stations were spatially separated from other sampling 

locations, e.g., Blythe Island and reference stations, the size and shape of the polygons 

was irrelevant as long as all samples in the cluster were included in the polygon. Some 

sample points were used in more than one average when polygons overlapped. The 

fiddler crab and sediment sampling stations within each polygon are listed in Table 7-1.  

Although data were collected at the M-AB seep area, this station was not included in the 

analysis because of extremely variable sediment mercury concentrations (e.g., in 2003 

sediment mercury was 0.03 mg/kg and 29 mg/kg in 2005) relative to other years and 

other stations within the polygon. In addition, exposure to the water pathway appears 

to dominate at this seep relative to sediments and the polygon only represents a very 

small area adjacent to the upland. 
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All concentration data were obtained from the baseline Ecological Risk Assessment 

Database dated October 5, 2009 obtained from Honeywell.  Appendix K includes a data 

CD with a file entitled “Fiddler Crab BAFs” and provides all of the relevant database 

information for calculating the BAFs. Table 7-2 provides the arithmetic mean 

concentrations for total mercury and Aroclor 1268 in wholebody fiddler crab tissue and 

sediment (in mg/kg dry weight) for each polygon. In addition, percent tissue lipids in 

biota and percent TOC in sediments are provided to evaluate the BSAF results relative to 

the BAF results. 

 

Figures 7-2 through 7-4 show the fiddler crab BAFs for mercury and Aroclor 1268 and 

the BSAF curve for Aroclor 1268. The graphs show that the BSAF approach (with an r2 

value of 0.326) does not appear to be a good predictor of Aroclor 1268 bioaccumulation 

relative to the BAF (r2 = 0.917). This is primarily due to the lack of lipid data from some 

of the monitoring events, which precluded the use of BSAFs for data from those events.  

Therefore, the BSAF approach is not adopted; whereas, the fiddler crab BAF correlations 

are considered usable for estimating sediment/tissue relationships. 

 

7.1.2 Mummichog Bioaccumulation Factors 

The development of polygons for mummichogs was very similar to the methods 

described above for fiddler crabs. Thirteen exposure polygons were selected to 

maximize exposure relevance with respect to available mummichog tissue and co-

located or nearby sediment data.  The relative home ranges were considered and the 

Creek and marsh sediment stations were combined in some areas to more fully assess 

exposure.  Figure 7-5 shows the locations and data points used for each polygon and 

Table 7-3 lists the sediment and mummichog sampling stations within each polygon.  

These data were spatially and temporally averaged to assess BAFs to the mummichog. 

All of the relevant data used to calculate BAFs for these polygons are provided in the file 

“Mummichog BAFs” on the attached CD in Appendix K. 

 

Figures 7-6 and 7-7 show the BAF curve plots for Aroclor 1268 and mercury, 

respectively.  Two of the more Aroclor 1268-contaminated polygons (C-6 and C-9) tend 

to bend the curves downward to the right; however, this is somewhat counter-balanced 

by some of the less contaminated polygons and contributes to overall r2 of 0.812 for 

Aroclor 1268 and 0.884 for mercury, respectively. 
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Although the BSAF approach was also applied to the mummichogs, the curves and 

correlation coefficients were poor relative to the BAFs and consequently not shown.  In 

summary, the mummichog BAFs are considered usable for estimating sediment/tissue 

relationships for these fish. 

 

7.1.3 Blue Crab Bioaccumulation Factors 

The development of polygons for the blue crab is much more problematic than with 

fiddler crabs or mummichogs in that there were only a few stations from which to plot 

data.  Therefore, two approaches were evaluated.  The first “yearly average approach” 

plots the yearly sediment and blue crab tissue averages from all of stations (including 

reference stations) resulting in 16 data pairs for Aroclor 1268 and 20 data pairs for 

mercury. The second “grand mean approach” calculates grand mean sediment 

concentrations for mercury and Aroclor 1268 from all Purvis Creek stations sampled 

between 2000-2007 (71 samples – see Table 4-3a). Grand mean blue crab tissue 

concentrations for mercury and Aroclor 1268 in all Purvis Creek samples are also 

calculated (91 samples – see Table 4-9a).  A single BAF is calculated for mercury and 

Aroclor 1268 based on these grand means.  Below is a summary of the results of the 

grand mean approach. 

 

Media n Grand Mean 

Hg (mg/kg dw) 

Hg 

BAF 

Grand Mean A-

1268 (mg/kg dw) 

Aroclor 1268 

BAF 

Blue crab tissue 91 1.59 
1.30 

1.61 
0.43 

Sediment 71 1.22 3.78 

 

Figures 7-8 and 7-9 show the BAF plots for the “yearly average approach” which 

generated r2 values of 0.674 and 0.606 for Aroclor 1268 and mercury, respectively.  

Included in these figures is a linear line representing the grand mean BAFs extending 

throughout the range of concentrations used to calculate the yearly average BAFs. 

Although both approaches produce similar curves, the grand mean BAFs were selected 

to be more representative of blue crab exposure in Purvis Creek, relative to the yearly 

average approach that included more reference area data.  All of the sediment and blue 

crab tissue data are provided in Appendix K. 
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7.1.4 Finfish Bioaccumulation Factors 

Two approaches were considered for the development of field-collected finfish BAFs. 

The first “area-weighted approach” was based on the following assumptions: 

 

• that the fish are highly mobile and that they may visit various portions of the 

affected estuary (creek tributaries), 

• that fish do not feed in the marsh interior during high tides, 

• that the source of all Aroclor 1268 and mercury in finfish is from Site sediment 

(regardless of exposure route), 

• assume that exposure is based on an area-weighted average for each major 

creek in the LCP estuary. 

 

The sediment concentrations in the affected area were developed by averaging the 

concentrations in each of the major creeks and multiplying by the percent of the total 

creek area. For example, Purvis Creek represents 87 percent of the exposure habitat. 

Table 7-4 shows the area-weighted sediment concentrations of the LCP estuary that is 

assumed to be the source of contaminants acquired in finfish that were collected in the 

LCP estuary (from Purvis Creek). 

 

The finfish BAFs are calculated by dividing the measured tissue concentrations in each 

fish species by the area-weighted sediment concentration and are also presented in 

Table 7-4. 

 

The second “yearly average approach” calculated mean sediment and tissue 

concentrations from Purvis Creek, Troup Creek, and the Crescent River, resulting in 8 to 

11 data pairs for Aroclor 1268 and mercury, depending on fish species.  Table 7-5 

summarizes the data used to develop the BAF curve plots. Supporting finfish tissue data 

are provided on the data CD in Appendix K with a file entitled “Finfish Tissue Data”.  

Figures 7-10 through 7-19 show the resulting curves and r2 values for each fish. The r2 

values are relatively good, ranging between 0.721 and 0.913. 

 

Both of these approaches have their inherent uncertainties. The area-weighted 

approach results in lower BAFs because approximately 60 percent of the sediment 

concentration comes from only 13 percent of the total exposure area. In addition, the 
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average sediment concentrations particularly in the Main Canal and Eastern Creek are 

driven by a few highly contaminated samples.  The BAF curves derived from the yearly 

average approach result in higher BAFs because one-third to one-half of the finfish data 

pairs are from the reference area, rather than from the affected areas of the LCP 

estuary where exposure is most relevant.  Because of these uncertainties, both 

approaches will be used to provide a range of protective sediment concentrations to 

finfish. 

 

7.1.5 Cordgrass Bioaccumulation Factors 

Sediment to cordgrass BAFs are used to estimate Aroclor 1268 exposures to herbivorous 

mammals as represented by the marsh rabbit. Mercury BAFs are not developed as 

mercury did not result in any risk to the rabbit. Figure 7-20 shows the Aroclor 1268 BAF 

and the data are provided in Appendix K.  The best r2 value that could be obtained was 

0.085 which was deemed unusable.  Instead, a mean BAF derived from 35 data pairs 

was calculated to be 0.022 (Figure 7-20).   

 

7.2 Protective Sediment Concentrations for Receptors at Risk 
This section presents estimates of the concentrations in sediment that are considered 

protective of ecological receptors of concern (Section 7.1) that use the LCP estuary and 

are based on the NOAEL and LOAEL toxicological reference values.  

 

7.2.1 Wildlife 

For the food-web assessment endpoints, the protective sediment concentrations or 

RGOs are calculated as follows: 

 

RGO = {[IR * ( Csed * BAF * ffood) + (IRsed * Csed)] /BW} ÷ TRV 

 

Where: RGO = remedial goal option 

 TRV = toxicity reference value  

 BW = body weight of receptor 

 IR  = Ingestion rate of COPCs  

 ffood = dietary food fraction of each prey item 

 BAF = bioaccumulation factor(s) of each prey item 
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 IRsed = Ingestion rate of COPCs from sediment 

 Csed = concentration in sediment 

 

Table 7-6 summarizes the bioaccumulation factors as derived above.  The second set of 

fish BAFs in this table are based on the area-weighted method.  Table 7-7 provides the 

food chain model intake parameters and Table 7-8 lists the TRVs.  Table 7-9 is the 

percent of methylmercury in each receptor and originates from Appendix F. 

 

Tables 7-10 through 7-15 show the calculated sediment concentrations that would 

result in various hazard quotients for the modeled wildlife receptors. When a hazard 

quotient of 1 is obtained, the table row is highlighted in yellow and the resulting 

sediment concentration is considered protective. 

 

Table 7-16 provides an overall summary of the protective sediment concentrations for 

each receptor. The most sensitive modeled wildlife from exposure to mercury are 

piscivorous birds as represented by the green heron, with protective sediment 

concentrations ranging from about 0.44 to 2.7 mg/kg dw.  The least sensitive receptors 

to mercury are omnivorous birds (clapper rail).  Although the piscivorous river otter was 

not considered to be at risk from any specific exposure area (all HQs were less than 1), 

overall exposure to the entire Site (approximately 790 acres) results in protective 

sediment mercury concentrations between 1.7 and 4.2 mg/kg dw. 

 

With respect to wildlife exposure to Aroclor 1268, the river otter was most sensitive 

with protective sediment concentrations ranging from 0.27 to 4.6 mg/kg dw.  The least 

sensitive wildlife receptors to Aroclor 1268 are herbivorous mammals (e.g., marsh 

rabbit). 

 

7.2.2 Finfish 

Table 7-16 provides a summary of finfish HQs based on modeled EEEs and on residues 

observed in field-collected fish.  Tables 7-17 (mercury) and 7-18 (Aroclor 1268) provide 

detailed calculation results and identify the protective sediment concentrations based 

on the models.  Based on the mercury model, protective sediment concentrations are 

lower than those of field-collected finfish, which is consistent with the general over-

prediction of mercury residues as discussed in Section 4.10.3.  The finfish model for 
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Aroclor 1268 predicted protective sediment concentrations ranging from 1.5 to 10 

mg/kg and is relatively comparable to the field-collected finfish results.   

 

Tables 7-19 through 7-28 provide detailed calculation results for HQs based on mercury 

and Aroclor 1268 residues in field-collected fish.  Protective mercury and Aroclor 1268 

sediment concentrations based on field-collected fish generally ranged from about 1 to 

3 mg/kg and from about 1 to 8 mg/kg, respectively.  Protective concentrations based on 

field-collected striped mullet tend to fall outside these general ranges because mercury 

residues were lower and Aroclor 1268 residues higher compared to the other four 

species of fish.  The reason why mullet residues vary from the other species is currently 

unknown but may be related to different feeding strategies, feeding behaviors and in 

situ exposure scenarios. 

 

7.2.3 Benthic Invertebrates 

Due to the lack of significant COPCs exposure-response relationships based on the 

results of over 200 sediment toxicity tests (Figures 4-5 through 4-8), the establishment 

of “safe” levels for benthic organisms is highly uncertain. It appears that the interactions 

between COPCs, organic carbon, sulfides, grain size, and other factors such as 

oxidization/ reduction changes in sediment chemistry, collectively confound the toxicity 

test results. Based on the amphipod and grass shrimp SECs (Tables 4-20 and 4-22, 

respectively), and in consideration of their low accuracy and predictability of adverse 

effects, conservatism is used to develop a range of COPCs sediment concentrations 

protective of invertebrates. These protective levels are weighted to the most sensitive 

endpoint TELs even though up to approximately 30 percent of the Site samples below 

the TEL still demonstrated toxicity (see Figures 4-5 through 4-8).  The most sensitive 

endpoint for grass shrimp was embryo development rate; whereas the most sensitive 

endpoint for amphipods was survival.  The protective sediment COPCs ranges are 

presented in Table 7-29.  The higher end of the range is based either on the PEL or the 

ER-L, whichever was lowest. 

 

Given the chemical mixtures in sediment and the confounding factors mentioned above, 

it is concluded that concentrations between 1.4 and 3.2 mg/kg of mercury; 3.2 to 12.8 

mg/kg of Aroclor 1268; 0.8 to 1.5 mg/kg of total PAHs; and 41 to 60 mg/kg lead should 

be protective of benthic invertebrates. 
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7.3 Remedial Goal Options for Wildlife and Aquatic Receptors 
7.3.1 RGOs for Wildlife 

To help facilitate the selection of sediment RGOs that would be protective of the 

assessment endpoints, a “rule of 5” approach is used (Charters and Greenburg, 2004).  

This approach is based on dividing the broad range between the NOAEL and LOAEL 

concentrations (as presented in Table 7-16) into five intervals based on a logarithmic 

progression as follows: 

 

 x1 = NOAEL * a 

 x2 = NOAEL * a2 

 x3 = NOAEL * a3 = geometric mean between NOAEL and LOAEL 

 x4 = NOAEL * a4 

 x5 = NOAEL * a5 

 

 Where:    a = exp[(ln LOAEL – ln NOAEL) / 6]   

 

Table 7-30 and also imbedded with the text below, provides the results of the “rule of 

five” approach for sediment. Ideally, the mid-point between the NOAEL and LOAEL 

concentrations would be a starting point as a potential cleanup value. However, a higher 

or lower concentration is usually selected depending on the weight of evidence and 

uncertainties associated with the receptor groups exposed to each medium and a 

variety of risk management factors such as criteria used to evaluate remedial 

alternatives and the potential for remedial actions themselves to cause adverse 

ecological impacts.  For this risk assessment, the selected RGOs to protect wildlife are 

recommended for application to each of the specific exposure areas or domains. The 

selected RGOs for finfish are recommended as area-wide averages as defined in Table 7-

4 (i.e., the Main Canal, Eastern Creek, the Western Creek complex and Purvis Creek 

combined). 

 

For wildlife exposed to mercury, piscivorous birds and mammals are the most affected 

receptors.  Sediment mercury concentrations from the midpoint within the “rule of 5” 

for piscivorous birds (e.g., herons and wood storks) are considered protective. For 

exposure to Aroclor 1268, piscivorous mammals are considered most sensitive. The RGO 
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range was identified at the LOAEL and above because of the uncertainty of the less toxic 

effects of Aroclor 1268 relative to Aroclor 1254 from which the TRV was based (refer to 

Section 6.2.1 and Appendix J.2.1).  Although Aroclor 1268 alone is less toxic than Aroclor 

1254, it is unknown what the combined toxic effect of Aroclor 1268 with mercury and 

other chemical stressors would be to piscivorous mammals. 

 

The two approaches used to estimate protective sediment concentrations in field-

collected finfish (i.e., using the BAF curves and the area-weighted BAFs) resulted in a 

reasonable range of protective sediment concentrations between the NOAEL and LOAEL 

for mercury (RGO between 1 and 3 mg/kg). For Aroclor 1268, the RGO was selected 

near the LOAEL due to the uncertainty associated with the growth endpoint TRV relative 

to reproductive endpoints.  Striped mullet appears to be sensitive to Aroclor 1268 and 

the selected RGO may not be fully protective of this species. 

 

Sediment Remedial Goal Options 
for Protection of Wildlife and Finfish 

LCP Chemical, Brunswick, GA 

COPCs 
Receptor Group 

NOAEL Rule of 5 Range LOAEL 
Selected 

RGO Range  
      Mercury  mg/kg  
Omnivorous Birds 2.2 3.2 4.7 7 10 15 22 

1 - 3 Piscivorous Birds 0.44 0.6 0.8 1.1 1.5 2.0 2.7 
Piscivorous Mammals 1.7 2.0 2.4 2.8 3.3 3.9 4.2 
      Aroclor 1268   mg/kg  
Herbivorous Mammals 8 12 17 25 37 55 80 

5 - 10 Omnivorous Mammals 4.3 6 10 14 21 32 47 
Piscivorous Mammals 0.27 0.4 0.7 1.1 1.8 2.9 4.6 
     Mercury  mg/kg 
Red Drum 0.73 1.0 1.3 1.7 2.2 3.0 3.95 

 1 - 3 
Black Drum 0.85 1.1 1.5 2.0 2.6 3.5 4.65 
Silver Perch 0.43 0.6 0.8 1 1.4 1.9 2.55 
Spotted Seatrout 0.42 0.5 0.7 0.9 1.1 1.4 1.85 
Striped Mullet 11 14 17 21 26 32 39 
     Aroclor 1268   mg/kg 
Red Drum 2.5 3.7 5.6 8.3 12.4 18.4 27.6 

3 - 6 
Black Drum 0.55 0.8 1.3 2 3 4.6 7.1 
Silver Perch 0.58 0.9 1.3 2 3.1 4.6 7 
Spotted Seatrout 0.67 1 1.5 2.3 3.5 5.3 8 
Striped Mullet 0.39 0.5 0.8 1.1 1.5 2.1 3 
Finfish RGOs are based on residues in field-collected finfish. 



 92 

 
7.3.2 RGOs for Benthic Invertebrates 
Benthic invertebrates in the LCP estuary provide important ecological structure and 

function. Based on the discussion in Section 7.2.3, the recommended RGOs (in mg/kg 

dw) are:  

 

• Mercury  1.4 – 3.2 (2.1)  

• Aroclor 1268  3.2 – 12.8 (6.4) 

• Total PAHs  0.8 – 1.5 (1.1) 

• Lead    41 – 60 (50) 

 

The values in parentheses represent the geometric mean on the range. 

 

As mentioned previously, the development of protective levels and RGOs for benthic 

invertebrates is highly uncertain with poor accuracies. Consequently only conservative 

assumptions were used to estimate protective levels.  

 

Final implementation or modification of the wildlife and/or finfish RGOs to reduce 

ecological risks will be dependent on the feasibility study of remedial alternatives. 

 

Of primary concern to the LCP estuary is the reduction of long-term chronic risks to fish 

populations and consumers of fish. Because mercury and Aroclor 1268 tend to 

biomagnify up the food chain, predictions of protective sediment concentrations 

necessitate conservatism.  The TRVs applied to methylmercury and Aroclor 1268 (which 

is largely based on other more toxic forms of aroclors) are conservative. These TRVs, 

along with other conservative assumptions used in this risk assessment, are expected to 

minimize the high uncertainties of biotransformation (in the case of methylmercury) 

and biomagnification to the highest sensitive trophic levels that may utilize the LCP 

estuary. 

 

Continued long-term monitoring of fish tissues should provide trends related to risk-

reduction activities. Sediment toxicity tests may continue every few years as they could 

demonstrate trends in toxic effects; however, such tests should be accompanied by a 

full suite of sediment chemistry that includes other chemical/physical parameters (e.g., 

sulfides, TOC, paste pH, oxidation/reduction potential, grain size) to assist in better 
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interpretative value.  Although benthic community monitoring has not been performed 

on a regular basis, it could, if properly designed and well executed, provide another line 

of evidence for community recovery. 

 

7.4 Protective Surface Water Concentrations  
Mercury and Aroclor 1268 in surface water of the LCP estuary occasionally exceed their 

respective State water quality standards and may pose a risk to aquatic life (Section 

4.2.1). The risk to wildlife from the surface water pathway is minimal relative to prey 

and sediment ingestion (Section 4.11). Although there may be seeps or contaminated 

groundwater upwelling into the estuary, there is no indication that State of Georgia 

water quality standards would not be protective of aquatic life. Therefore, it is 

unnecessary to establish an RGO for surface water that would be more protective than 

the State standards.  
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Figure 3-1_ Domains and selected features of estuary at LCP Site. 
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Figure 3-2.   Historical conceptual site model (including exposure pathways) for chemicals of 
potential concern (COPC) in the estuary at LCP Site. 
 
Aquatic life and wildlife identified by regular print will be directly evaluated for their 
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Figure 3-3.  Locations of sampling stations for surface water of major 
creeks and associated biota in estuary at LCP Site.  
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Figure 4-1_Concentrations of total organic carbon (TOC) and chemicals of 
potential concern (COPCs) in surface sediment at continuously monitored 
 sentinel stations in major creeks of estuary at LCP Site (2000 - 2007 data)
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Figure 4-2_Concentrations of total organic carbon (TOC) and chemicals of 
potential concern (COPCs) in surface sediment at continuously monitored 

                sentinel stations in marsh of estuary at LCP Site (2000 - 2007 data)

Marsh Grid in Domain 1 (Stations N2, K7, H7, D9, and B7; mean)
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Figure 4-3_ Relationship between concentrations of total mercury and methylmercury in 
surface water of major creeks of estuary at LCP Site (2000 - 2005 data)

n = 26
y = 0.6977Ln(x) - 0.9448

r2 = 0.2272 
Mean MeHg/tHg Ratio = 3.05%

(Maximum Ratio = 10.1%)

-2

0

2

4

6

8

10

12

0 20 40 60 80 100 120 140 160 180 200

X --Total mercury (ng/L)

Y 
-- 

M
et

hy
lm

er
cu

ry
 (n

g/
L)



Figure 4-4_ Relationship between concentrations of total mercury and methylmercury in 
creek and marsh surface sediment of estuary at LCP Site (2000, 2005 and 2007 data)
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* Reproductive response is calculated as 1/2 the number of juveniles produced divided by the number of surviving adult females.
** The circles represent toxic reference stations.

Figure 4-5 
Amphipod reproductive response - mercury exposure
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* Reproductive response is calculated as 1/2 the number of juveniles produced divided by the number of surviving adult females.
** The circles represent toxic reference stations.

Figure 4-6
Amphipod reproductive response - Aroclor 1268 
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* The circles represent toxic reference stations.

Figure 4-7
Grass shrimp embryo development rate - mercury exposure
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* The circles represent toxic reference stations.

Figure 4-8
Grass shrimp embryo development rate - Aroclor 1268 exposure

0

10

20

30

40

50

60

70

80

90

0.01 0.1 1 10 100 1000

Sediment Aroclor 1268 concentration (mg/kg) Log Scale

%
 E

m
br

yo
 D

ev
el

op
m

en
t

Non Toxic

Toxic

TEL = 3.2

20% of all toxic samples 
= 0.9 mg/kg



M-25
5-NOAA

7-NOAA
M-AB

M-108

8-NOAA

M-204

M-100

M-104

6-NOAA

9-NOAA

C
:\W

or
ks

pa
ce

\R
is

k 
A

ss
es

sm
en

t\B
ru

ns
w

ic
k\

G
IS

\B
ru

ns
w

ic
k 

W
or

ki
ng

 F
ile

.m
xd

Inset Map of 
Troup Creek Polygon

Approx. 22,900 Ft from Site

Figure 7-1 - LCP estuary sampling stations for fiddler crab polygons

Inset Map of M-25

0 500 1,000

Feet

Legend

Fiddler Crab/Sediment Stations
Sediment Stations



Figure 7-2
Fiddler crab mercury BAF
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Figure 7-3
Fiddler crab Aroclor 1268 BAF
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Figure 7-4
Fiddler crab Aroclor 1268 BAF
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Figure 7-6
Mummichog Aroclor 1268 BAF
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Figure 7-7
Mummichog mercury BAF
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Figure 7-8
Blue crab Aroclor 1268 BAF
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Figure 7-9
Blue Crab mercury BAF
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Figure 7-10
Red drum Aroclor 1268 BAF
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Figure 7-11
Red drum mercury BAF
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Figure 7-12
Black drum Aroclor 1268 BAF
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Figure 7-13
Black drum mercury BAF

y = 0.9084x1.0323

R2 = 0.8967
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Figure 7-14
Silver perch Aroclor 1268 BAF

y = 2.4556x0.8834

R2 = 0.8876
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Figure 7-15
Silver perch mercury BAF

y = 1.6511x0.7371

R2 = 0.7917
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Figure 7-16
Spotted seatrout Aroclor 1268 BAF

y = 2.1172x0.8997

R2 = 0.913
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Figure 7-17
Spotted seatrout mercury BAF

y = 1.9818x0.8641

R2 = 0.7301
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Figure 7-18
Striped mullet Aroclor 1268 BAF

y = 3.9936x1.0458

R2 = 0.8887
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Figure 7-19
Striped mullet mercury BAF

y = 0.2144x0.8472

R2 = 0.8657
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Figure 7-20
Cordgrass Aroclor 1268 BAF

y = 0.0022x + 0.0885

R2 = 0.0854  
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Table 3-1_Basic experimental design for data generation and analysis in baseline ecological risk   

assessment (BERA) of estuary at LCP Site (2000 - 2007)

Typical 
Study Year(s) Analytica detection

(measurement) of study method
a

limit Other details (for each sampling station)

General water quality 2000 - 2007 Hydrolab ----- Temperature, salinity, specific conductance, turbidity,
   characteristics pH, and dissolved oxygen evaluated

Total mercury 2000 - 2007 1631E 0.07 ng/L Evaluated by "clean-hands" technique 

Methylmercury 2000 - 2005 Bloom, 1989 0.02 ng/L Evaluated by "clean-hands" technique 

Aroclor 1268 2000 - 2007 8082 0.001 ug/L -----

Lead 2000 - 2007 200.8 0.002 ug/L -----

Mysids 2000 1007 ----- 7-day test designed to evaluate chronic effects; 8 replicates per
sampling station; evaluation of survival and growth of mysids
exposed to water in laboratory

Sheepshead minnows 2000 1004 ----- 7-day test designed to evaluate chronic effects; 4 replicates per
sampling station; evaluation of survival and growth of fish
exposed to water in laboratory

Grain-size distribution 2000-2007 ASTM  D-422 1% passing sieve -----

Total organic carbon 2000-2007 ASTM D4129-82M 0.02% (dry wt) -----

Total mercury 2000-2007 1631E 0.001 mg/kg (dry wt) -----

Methylmercury 2000, 2005, and 2007 Bloom, 1989 0.008 µg/kg (dry wt) -----

Aroclor 1268 2000-2007 8082 0.003 mg/kg (dry wt) -----

Lead 2000-2007 6020 0.02 mg/kg (dry wt) -----

Total PAHs 2000-2007 8270C 0.001 mg/kg (dry wt) 18 different PAHs evaluated

Secondary metals 2004 - 2006 6010B/6020 <1 mg/kg (dry wt) 21 different metals evaluated

Simultaneously ex- 2006 6010B-SEM 1 mg/kg (dry wt) 6 different metals (Cd, Cu, Pb, Ni, Ag, and Zn) evaluated
   tracted metals (SEM)

Acid-volatile sulfide 2006 EPA (1991) 0.5 mg/kg (dry wt) -----
   (AVS)

Amphipods 2000 - 2006 EPA/600/R-01/020 ----- Main Amphipod Study: 28-day chronic test; 5 replicates per 
sampling station; evaluation of survival, growth, and 
reproduction of amphipods exposed to sediment in laboratory

2006 EPA/600/R-01/020 ----- Apparent Effects Threshold (AET) Study: As above
except only 1 replication per sampling station

2006 ----- Equilibrium Partitioning Study: evaluation of SEM/AVS ratio
in the context of 2006 amphipod toxicity

2006
Metals: usually 
6020A; Arolors: 

8082; Total 
Various Toxicity Identification Evaluation (TIE): Analytical methods pertain to 

pore-water analyses

Grass shrimp 2000 - 2005 Special Lee ----- Evaluation of survival, reproduction (three different measurements
laboratory test and DNA strand damage (Comet test) of shrimp exposed for 

2 months in the laboratory to estuarine sediment

2002 - 2007 Special Lee ----- Direct evaluation of reproduction and DNA strand damage 
field test (Comet test) of embryos of gravid female shrimp collected in field  

Surface Water Chemistry 

Surface Sediment Chemistry
b

Surface Sediment Toxicity
b

Surface Water Toxicity 



Table 3-1_Continued 

Typical 
Study Year Analytical detection

(measurement) of study method
a

limit Other details (for each sampling station)

Benthic macro- 2000 Relative numerical ----- Evaluation of number of taxa, taxonomic groups, and individuals;
   invertebrates abundance density of individuals; diversity and equitability indices

Insects 2000 ----- ----- 1 replicate (11 g) of combined grasshoppers, butterflies, and moths 
(from southwestern corner of Domain 3) 

Cordgrass 2005 ----- ----- 1 replicate (>100 g) per sampling station collected above 15 cm 
from ground

Eastern oysters 2006 ----- ----- 3 replicates of about 100 composited young-of-year (Year 0) 
. oysters and 20 composited older (Years I and II) oysters

Fiddler crabs 2000-2007 ----- ----- 2 - 7 replicates of about 8 - 50 composited crabs (mostly males)  
replicate weight = about 7 - 63 g   

Grass shrimp 2000-2007 ----- ----- 3 replicates of individual gravid female shrimp plus about 50 
composited male and female shrimp shrimp for body burden 
analysis (performed only in 2006)

Blue crabs 2000-2007 ----- ----- 6 - 7 replicates of individual male crabs; crab length (point-to-point
. on carapace) = about 70 - 240 mm (32 - 375 g) 

Mummichogs 2000-2007 ----- ----- 1 to 4 replicates of 1 - 40 composited fish (about 35 - 110 mm 
in length); replicate weight = 5 - 100 g 

Silver  perch 2000-2007 ----- ----- 8 replicates of individual silver perch; fish length (total length)
 = 113 - 207 mm (15 - 122 g)

Red drum 2000-2007 ----- ----- 1 - 8 replicates of individual red drum; fish length (total length) = 
320 - 475 mm (431 - 1,083 g)

Black drum 2000-2007 ----- ----- 8 replicates of individual black drum; fish length (total length) = 
155 - 320 mm (52 - 541 g)

Spotted seatrout 2000-2007 ----- ----- 8 replicates of individual spotted seatrout; fish length (total length) =
 210 - 450 mm (100 - 852 g)

Striped mullet 2004 - 2007 ----- ----- 2 - 8 replicates of individual striped mullet; fish length (total length) = 
200 - 340 mm (106 - 568 g)

Total mercury 2000 - 2007 1631E 0.0001 mg/kg (wet wt) -----

Methylmercury 2000, 2005, and 2007 1630 (mod) 0.0004 mg/kg (wet wt) -----

Aroclor 1268 2000 - 2007 8082 0.0006 mg/kg (wet wt) -----

Lead 2000 - 2007 6020 0.001 mg/kg (wet wt) -----

Lipids 2000 - 2007 NOAA NOS ORCA 71 0.05% (wet wt) Evaluated in just blue crabs and large finfishes (not reported).

   
a
Analytical methods are U. S. EPA methods unless otherwise indicated.

   
b
Surface sediment is defined as between 0 and 15 cm in depth.

(Whole Bodies Typically Analyzed)
Chemical (Residue) Analyses Performed on Biota 

 Biota Collected for Evaluation of Chemical Body Burdens (Residue) 

Benthic Community -- Surface Sediment
b



Table 3-2_Sampling stations and associated environmental media for surface water  
of major creeks of estuary at LCP Site during 2000 - 2007

a

Environmental 
media 2000 2002 2003 2004 2005 2006 2007

Surface water (for chemistry 
and/or toxicity testing in 2000) C-1 to C- 5 ---------- ---------- ---------- C-1 to C- 5 C-5 C-5

Mummichogs (for body burden 
analysis) ---------- C-5 C-5 C-5 C-5 C-5 C-5

Surface water (for chemistry 
and/or toxicity testing in 2000) C-6 to C-9 ---------- ---------- ---------- C-6 to C-9 C-9 C-9

Mummichogs (for body burden 
analysis) C-6, C-9 C-6, C-9 C-6, C-9 C-6, C-9 C-6, C-9 C-6, C-9 C-6, C-9

Surface water (for chemistry) C-10 to C-15 ---------- ---------- ---------- C-10 to C-15 C-15 C-15
Mummichogs (for body burden 

analysis) C-13 C-13 C-13 C-13 C-13 ---------- ----------

Surface water (for chemistry 
and/or toxicity testing in 2000)

C-16, C-29, 
C-36

C-16, C-29, 
C-36

C-16, C-29, 
C-36

C-16, C-29, 
C-36

C-16, C-29, 
C-36

C-16, C-29, 
C-36

C-16, C-29, 
C-36

Blue crabs (for body burden 
analysis)

Large finfishes (for body burden 
analysis)

a
These creek locations are illustrated in Figure 3-3. Coordinates of the locations are presented  

in Appendix A.

--------------------------------------North and South Purvis Creek --------------------------------------- 

----------------------------------------------------- Purvis Creek ---------------------------------------------------

Main Canal

Eastern Creek

Western Creek Complex

Purvis Creek



Table 3-3_ Sampling stations and associated environmental media for surface sediment 
of major creeks of estuary at LCP Site during 2000 - 2007

a, b

Environmental 
media 2000 2002 2003 2004 2005 2006 2007

Surface sediment (for 
chemistry and/or toxicity 

testing)
C-1 to C- 5 C-1 to C- 5 C-1 to C- 5 C-1 to C- 5 C-5 C-5 C-5

Benthic 
macroinvertebrates (for 

community study)
C-5 ---------- ---------- ---------- ---------- ---------- ----------

Grass shrimp (for toxicity 
testing and/or body burden 

analysis)
---------- C-5 C-5 C-5 C-5 C-5 C-5

Surface sediment (for 
chemistry and/or toxicity 

testing)
C-6 to C-9 C-6 to C-9 C-6 to C-9 C-6 to C-9 C-6, C-7, C-9 C-6, C-7, C-9 C-6, C-9

Benthic 
macroinvertebrates (for 

community study)
C-7 ---------- ---------- ---------- ---------- ---------- ----------

Grass shrimp (for toxicity 
testing and/or body burden 

analysis)
---------- ---------- ---------- ---------- C-6 C-6 C-6

Surface sediment (for 
chemistry and/or toxicity 

testing)
C-10 to C-15 C-13, C-15 C-13, C-15 C-13, C-15 C-10, C-12 to   

C-15 C-15 C-15

Grass shrimp (for toxicity 
testing and/or body burden 

analysis)
---------- ---------- ---------- ---------- C-15 C-15 C-15

Surface sediment (for 
chemistry and/or toxicity 

testing)

C-16, C-29,    
C-36, M-44,    

M-28/NOAA10

C-16,         
M-28/NOAA10

C-16,         
M-28/NOAA10

C-16,         
M-28/NOAA10

C-16, C-29,    
C-36, M-44,    

M-28/NOAA10

C-16, C-29,    
C-36,              M-

28/NOAA10
M-28/NOAA10

Benthic 
macroinvertebrates (for 

community study)
C-16 ---------- ---------- ---------- ---------- ---------- ----------

Cordgrass (for body 
burden analysis) M-28/NOAA10 ---------- ---------- ---------- ---------- ---------- ----------

Eastern oysters (for body 
burden analysis) ---------- ---------- ---------- ---------- ---------- M-28/NOAA10 ----------

Fiddler crabs (for body 
burden analysis) M-28/NOAA10 M-28/NOAA10 M-28/NOAA10 M-28/NOAA10 ---------- M-28/NOAA10 M-28/NOAA10

 aThese creek locations are illustrated in Figure 3-4. Coordinates of the locations are presented in Appendix A. 

b
In addition to these sampling stations for surface sediment in major creeks, 50 sediment samples were collected 

in 2006 from the Main Canal, Eastern Creek, and Western Creek Complex (a total of 150 samples; refer to Appendix G) 
to derive apparent effects thresholds (AETs) for chemicals of potential concern (COPC).   
c
Locations identified as marsh stations (M-44 and M-28/NOAA10) reflect conditions in Purvis Creek.

Main Canal

Eastern Creek

Western Creek Complex

Purvis Creek
c



 Table 3-4_Sampling stations and associated environmental media for surface sediment 
of marsh in estuary at LCP Site during 2000 - 2007

a, b

Environmental 
media 2000 2002 2003 2004 2005 2006 2007

Surface sediment (for 
chemistry and/or toxicity 

testing)

C-18,  C-B7,    
C-D9,  C-H7,    
C-K7, C-N2,  
M-25/NOAA4, 
M-19, M-AB,  
M-B7, M-D9,  
M-H7, M-K7,  
M-N2

C-B7, C-D9,    
C-H7,C-K7,       
C-N2,                
M-25/NOAA4, 
M-AB

C-B7, C-D9,    
C-H7, C-K7,      
C-N2,             
M-25/NOAA4, 
M-AB

C-B7, C-D9,    
C-H7, C-K7,      
C-N2,             
M-25/NOAA4, 
M-AB

M-25/NOAA4,  
M-B7, M-D9,       
M-H7, M-K7,       
M-N2, M-AB

M-25/NOAA4, 
M-B7, M-D9,  
M-H7, M-K7,  
M-N2, M-AB

M-25/NOAA4, 
M-AB

Cordgrass (for body 
burden analysis)

M-25/NOAA4, 
M-19 ---------- ---------- ---------- M-25/NOAA4, M-

AB ---------- ----------

Eastern oysters (for body 
burden analysis) ---------- ---------- ---------- ---------- ---------- M-25/NOAA4 ----------

Grass shrimp (for toxicity 
testing and/or body 

burden analysis)
---------- M-25/NOAA4 M-25/NOAA4 M-25/NOAA4 M-25/NOAA4 M-25/NOAA4 M-25/NOAA4

Fiddler crabs (for body 
burden analysis and/or 

population estimate)

M-25/NOAA4, 
M-AB

M-25/NOAA4, 
M-AB

M-25/NOAA4, 
M-AB

M-25/NOAA4, 
M-AB

M-25/NOAA4,  
M-AB

M-25/NOAA4, 
M-AB

M-25/NOAA4, 
M-AB

Surface sediment (for 
chemistry and/or toxicity 

testing)

M-20 to M-24, 
M-27

M-21, M-23,   
M-27

M-21, M-23,   
M-27

M-21, M-23,   
M-27,        

M-NOAA3,    
M-NOAA5,    
M-NOAA6,    
M-NOAA7,    
M-NOAA8,    
M-NOAA9

M-20, M-22,     
M-24,          

M-NOAA3,     
M-NOAA5,     
M-NOAA6,     
M-NOAA7,     
M-NOAA8,     
M-NOAA9

M-NOAA3,    
M-NOAA5,    
M-NOAA6,    
M-NOAA7,    
M-NOAA8,    
M-NOAA9

M-NOAA3,     
M-NOAA5,     
M-NOAA6,     
M-NOAA7,     
M-NOAA8,     
M-NOAA9

Cordgrass (for body 
burden analysis) M-22, M- 27 ---------- ---------- ----------

M-NOAA3,     
M-NOAA5,     
M-NOAA6,     
M-NOAA7,     
M-NOAA8,     
M-NOAA9

---------- ----------

Eastern oysters (for body 
burden analysis) ---------- ---------- ---------- ---------- ----------

M-NOAA3,    
M-NOAA5,    
M-NOAA6,    
M-NOAA7,    
M-NOAA9

----------

Fiddler crabs (for body 
burden analysis) ---------- ---------- ----------

M-NOAA3,    
M-NOAA5,    
M-NOAA6,    
M-NOAA7,    
M-NOAA8,    
M-NOAA9

M-NOAA3,     
M-NOAA5,     
M-NOAA6,     
M-NOAA7,     
M-NOAA8,     
M-NOAA9

M-NOAA3,    
M-NOAA5,    
M-NOAA8

M-NOAA3,     
M-NOAA5,     
M-NOAA8

Domain 1

Domain 2



Table 3-4_Continued
Environmental 

media 2000 2002 2003 2004 2005 2006 2007

Surface sediment (for 
chemistry and/or toxicity 

testing)

C-30 to C-35, 
M-26,             
M-37 to M-43

C-33 C-33
C-33, C-100,  
C-101, M-100,  
M-101, M-102

C-30,                
C-32 to C-35,   
C-39, C-100,       
C-204, M-37,      
M- 38, M-41,       
M-100, M-101, 
M-102, M-204 

C-30,C-33,      
C-34, C-39,       
C-100, M-37, 
M-41, M-100, 
M-204

C-33, C-34,       
C-39, M-37     

Benthic 
macroinvertebrates (for 

community study)
C-33 ---------- ---------- ---------- ---------- ---------- ----------

Cordgrass (for body 
burden analysis)

M-26, M-40,   
M-42 ---------- ---------- ----------

M-37, M-100,    
M-101, M-102, 
M-204

---------- ----------

Grass shrimp (for toxicity 
testing and/or body 

burden analysis)
---------- ---------- ---------- ---------- C-100 C-100 ----------

Fiddler crabs (for body 
burden analysis) ---------- ---------- ---------- M-100, M-101, 

M-102

M-37, M-100,    
M-101, M-102, 
M-204

M-37, M-100, 
M-204 M-37

Mummichogs (for body 
burden analysis) C-33 C-33 C-33 C-33, C-100 C-33, C-39,      

C-100, C-204
C-33, C-34,     
C-39, C-100

C-33, C-34,     
C-39, 

Surface sediment (for 
chemistry and/or toxicity 

testing)
C-45, M-46

C-45, C-A,     
C-B, C-C,       
C-D,  M-46,       
M-A, M-B,       
M-C, M-D

C-45, C-A,      
C-B, C-C,       
C-D, M-46,       
M-A, M-B,       
M-C, M-D

C-45, C-A,      
C-B, C-C,       
C-D, C-102,   
M-46, M-A,       
M-B, M-C,      
M-D, M-103,  
M-104, M-105

C-45, C-C,       
C-D, C-102,        
M-103,  M-104, 
M-105

C-45, C-C,      
C-D, C-102,      
M-103, M-104

----------

Cordgrass (for body 
burden analysis) M-46 ---------- ---------- ---------- M-103, M-104 ---------- ----------

Grass shrimp (for toxicity 
testing and/or body 

burden analysis)
---------- ---------- ---------- ---------- C-D C-D ----------

Fiddler crabs (for body 
burden analysis) ---------- ---------- ---------- M-103, M-104, 

M-105 M-103, M-104 M-103, M-104 ----------

Mummichogs (for body 
burden analysis) ---------- C-45, C-C C-45, C-C C-45, C-C,    

C-102
C-45, C-C, C-D, 

C-102 C-C, C-D ----------

Domain 3

Domain 4
c



Table 3-4_Continued
Environmental 

media 2000 2002 2003 2004 2005 2006 2007

Surface sediment (for 
chemistry and/or toxicity 

testing)
---------- ---------- ----------

C-103, C-104, 
C-105, M-106, 
M-107, M-108

C-103, C-104,  
C-105, M-106, 
M-107, M-108

C-103, C-104, 
C-105, M-106, 
M-107, M-108

----------

Cordgrass (for body 
burden analysis) ---------- ---------- ---------- ---------- M-106, M-107, 

M-108 ---------- ----------

Grass shrimp (for toxicity 
testing and/or body 

burden analysis)
---------- ---------- ---------- ---------- C-103, C-104,  

C-105
C-103, C-104, 

C-105 ----------

Fiddler crabs (for body 
burden analysis) ---------- ---------- ---------- M-106, M-107, 

M-108
M-106, M-107, 

M-108
M-106, M-107, 

M-108 ----------

Mummichogs (for body 
burden analysis) ---------- ---------- ---------- C-103, C-104 C-103, C-104,  

C-105
C-103, C-104, 

C-105 ----------

Surface sediment (for 
chemistry and/or toxicity 

testing)
---------- ---------- ---------- ---------- Areas C-1 to C-

5, Area M-6
Areas C-1 to C-

5, Area M-6
Areas C-1 to C-

5, Area M-6

Surface sediment (for 
chemistry and/or toxicity 

testing)
---------- ---------- ---------- ---------- C-200 to C-203, 

M-200 to M-203 ---------- ----------

Cordgrass (for body 
burden analysis) ---------- ---------- ---------- ---------- M-200 to M-203 ---------- ----------

Grass shrimp (for toxicity 
testing and/or body 

burden analysis)
---------- ---------- ---------- ---------- ---------- ---------- Areas C-2 to C-

5, Area M-6

Fiddler crabs (for body 
burden analysis) ---------- ---------- ---------- ---------- M-200 to M-203 ---------- ----------

Mummichogs (for body 
burden analysis) ---------- ---------- ---------- ---------- C-200 to C-203 ---------- ----------

aThese marsh locations, with the exception of those for other local sources (Glynn County Landfill, Brunswick 
Cellulose, Georgia Power Company, and Academy Creek Wastewater Treatment Plant) and the 
FS locations, are illustrated in Figure 3-5. Coordinates of the locations are presented in Appendix A.  
bMarsh locations identified by the "C" prefix, unlike those identified by the "M" prefix, exhibited drainage  
from creek water at time of sampling. 
cAn additional 50 sediment samples were collected from Domain 4 to determine differences in concentrations of 
chemicals of potential concern (COPC) between eastern and western parts of the domain (refer to Appendix I).

Feasibility Study (FS) Locations

Discharges from Local Sources

Blythe Island



Table 4-1_ General water quality characteristics of Purvis Creek in estuary at 

LCP Site (2000 - 2007 data)a - yearly averages

Specific Dissolved
Temperature Salinity conductance Turbidity pH oxygen

Year (0C) (ppt) (mS/cm) (NTU) (pH units) (mg/L)

2000 22.1 29.3 42.4 ------- ------- 5.8
2002 31.2 29.8 46.4 ------- 6.9 4.2
2003 24.6 21.0 33.3 ------- 7.1 6.1
2004 24.2 11.5 19.4 ------- 6.6 2.4
2005 20.1 24.7 27.3 3.2 7.4 6.9
2006 22.8 31.6 48.4 14.1 7.3 4.4
2007 25.8 1.2 19.3 >10 7.4 4.6

Mean: 24.40 21.30 33.79 >9.10 ------- 4.91

2000 22.4 29.3 45.5 ------- ------- 6.4
2002 31.0 30.0 47.2 ------- 7.0 4.5
2003 24.8 21.0 33.7 ------- 7.0 6.9
2004 24.3 11.6 19.6 ------- 7.0 2.8
2005 19.9 25.7 28.0 7.8 7.4 6.6
2006 23.0 31.6 48.0 25.5 7.6 4.2
2007 25.7 1.2 19.3 10 7.3 5.0

Mean: 24.44 21.49 34.47 >14.43 ------- 5.20

2000 22.4 25 33.3 ------- ------- 7.2
2002 30.8 30.3 47.6 ------- 7.0 4.1
2003 25.2 22.0 34.2 ------- 7.2 7.4
2004 24.2 11.9 20.1 ------- 7.1 3.0
2005 20.1 27.6 30.4 8.6 7.5 6.8
2006 22.8 31.6 48.4 21.3 7.6 4.2
2007 25.7 1.2 19.4 >10 7.4 3.5

Mean: 24.46 21.37 33.34 >13.30 ------- 5.17

2000 19.1 16.8 27.4 ------- 7.5 6.7
2002 30.2 25.0 39.6 ------- 7.0 4.6
2003 22.9 10.0 18.4 ------- 6.6 6.5
2004 23.4 2.8 5.1 ------- 7.4 4.1
2005 19.4 15.5 17.3 24.1 7.1 6.6
2006 22.7 25.3 39.6 83.0 7.8 4.2
2007 23.35 0.91 15.6 >10 7.2 3.6

Mean: 23.01 13.76 23.29 >39.03 ------- 5.19

2000 18.5 34.3 52.0 ------- 7.5 5.5
2002 30.0 30.6 48.1 ------- 7.1 3.2
2003 23.0 25.0 39.5 ------- 6.9 6.2
2004 23.9 17.0 27.7 ------- 7.0 4.2
2005 19.3 24.1 27.0 64.4 7.0 6.8
2006 19.8 32.6 49.8 16.6 7.7 6.0

Mean: 22.42 27.27 40.68 40.50 ------- 5.32

a
Creek surface water was typically collected during ebb tide.

Upper Purvis Creek (Station C-36)

Mid-stretch of Purvis Creek (Station C-29)

Mouth of Purvis Creek (Station C-16)

Crescent River (Reference) 

Troup Creek (Reference)



Table 4-2a_Concentrations of chemicals of potential concern (COPCs) in surface water
in OU-1 LCP estuary (2000 - 2007 data) for exposure estimates

OU-1 Stations a

Total Mercury (ng/L) Dissolved Mercury (ng/L) Methyl Mercury (ng/L) Total Lead (ug/L) Dissolved Lead (ug/L) Aroclor-1268 (ug/L)
Count 33 15 20 30 15 30
Min 8.08 0.1 0.15 0.22 0.01 0.01
Max 188 5 2.23 2.50 2.50 1.0

Mean 43.68 3.15 0.70 1.33 0.49 0.30  (0.26) c

Std Dev 43.88 1.68 0.55 0.95 0.95 0.28
Coeff Var. 1.00 0.54 0.79 0.72 1.95 0.92
95 UCL 57.24 3.8 0.96 1.60 0.87 0.38

Approx. Gamma 95% Bootstrap Approx. Gamma 95% Bootstrap 95% Bootstrap 95% Bootstrap
Non-Detects 0 3 0 14 0 16

Reference Stations b
Total Mercury (ng/L) Dissolved Mercury (ng/L) Methyl Mercury (ng/L) Total Lead (ug/L) Dissolved Lead (ug/L) Aroclor-1268 (ug/L)

Count 13 5 10 11 5 13
Min 0.7 0.01 0.01 0.21 0.01 0.0005
Max 78 2.5 0.22 25.0 2.50 1.45

Mean 7.9 1.01 0.05 5.66 1.01 0.422  (0.0018) c

Std Dev 21.1 1.36 0.06 9.61 1.36 0.38
Coeff Var. 2.7 1.35 1.16 1.7 1.35 0.90
95 UCL 17.43 1.13 0.10 10.08 1.8 0.6

Standard Bootstrap Students Approx Gamma 95% Bootstrap 95% Bootstrap 95% Bootstrap
Non-Detects 0 2 3 8 2 10

a - Includes stations C-5 mouth of Main Canal b - Includes Troup Creek and Cresent River
        C-9 mouth of Eastern Creek
        C-15 mouth of Western Creek Complex c - mean of detected values used in exposure calculations.
        C-16 mouth of Purvis Creek
        C-29 mid Purvis Creek
        C-36 upper Purvis Creek



Table 4-2b_Chemicals of potential concern (COPCs) in surface water of major creeks in estuary 

at LCP Site (2000 - 2007 data)a, b - yearly averages 

Aroclor
1268

Year Total
c

Dissolved (ng/L)
% of total 
mercury

Total 

(μg/L)
d,e

Total Dissolvedf

2000 59 0.1 ------- ------- 0.50 2.5 2.5
2002 ------- ------- ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- ------- ------- -------
2005 71 ------- 0.59 0.83 0.83 ------- -------
2006 37 4.4 ------- ------- 0.082 0.393 0.046
2007 120 4.2 ------- ------- 0.79 1.0 0.026

2000 188 ------- 0.94 0.49 0.19 2.5 -------
2002 ------- ------- ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- ------- ------- -------
2005 13 ------- 0.22 1.7 ------- ------- -------
2006 160 5.0 ------- ------- 0.18 0.449 0.027
2007 43 3.4 ------- ------- 0.44 0.079

2000 12 ------- 0.22 1.8 0.50 2.5 -------
2002 ------- ------- ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- ------- ------- -------
2005 36 ------- 0.89 2.5 ------- ------- -------
2006 15 3.8 ------- ------- 0.026 0.441 0.025
2007 49 2.9 ------- ------- 0.22 1.1 0.021

2000 99 0.1 10 10 0.50 2.5 0.50
2002 11 ------- 0.28 2.6 0.50 25 -------
2003 48 ------- 1.2 2.5 0.25 2.5 -------
2004 49 ------- 2.2 4.5 0.60 0.60 -------
2005 8.4 ------- 0.35 4.2 0.010 0.58 -------
2006 12 4.6 ------- ------- 0.021 0.363 0.014
2007 23 3.2 ------- ------- 0.024 0.41 0.018

2000 24 ------- 0.38 1.6 0.50 2.5 -------
2002 8.1 ------- 0.15 1.9 0.50 25 -------
2003 44 ------- 1.0 2.3 0.25 2.5 -------
2004 46 ------- 1.6 3.5 0.60 0.60 -------
2005 9.8 ------- 0.36 3.7 0.010 0.22 -------
2006 17 3.7 ------- ------- 0.044 0.575 0.019
2007 29 4.7 ------- ------- 0.031 0.50 0.029

Mercury (ng/L) Lead (μg/L)Methylmercury

Mouth of Main Canal (C-5)

Mouth of Eastern Creek (C-9)

Upper Purvis Creek (Station C-36)

Mid-stretch of Purvis Creek (Station C-29)

Mouth of Western Creek Complex (C-15)



Aroclor
1268

Year Total
c

Dissolved (ng/L)
% of total 
mercury

Total 

(μg/L)
d,e

Total Dissolvedf

2000 16 0.1 0.20 1.2 0.50 1.8 1.9
2002 11 ------- 0.18 1.6 0.50 25 -------
2003 33 ------- 0.61 1.8 1.0 2.5 -------
2004 21 ------- 1.6 7.6 0.60 0.60 -------
2005 9.6 ------- 0.25 2.6 0.010 0.56 -------
2006 25 3.4 ------- ------- 0.029 0.561 0.022
2007 50 3.6 ------- ------- 0.037 1.2 0.15

2000 3.3 0.1 0.036 1.1 0.50 2.5 2.5
2002 1.1 ------- 0.050 4.5 0.50 25 -------
2003 2.1 ------- 0.012 ------- 0.25 2.5 -------
2004 4.6 ------- 0.22 4.8 0.60 0.60 -------
2005 4.7 ------- 0.088 1.9 0.50 ------- -------
2006 1.8 1.0 ------- ------- 0.0012 0.213 0.010
2007 78 1.3 ------- ------- 0.0024 0.43 0.025

2000 1.7 0.1 0.012 ------- 0.33 2.5 2.5
2002 1.2 ------- 0.043 3.6 0.50 25 -------
2003 1.2 ------- 0.012 ------- 0.25 2.5 -------
2004 1.6 ------- 0.047 2.9 0.60 0.60 -------
2005 1.2 ------- 0.008 ------- 1.4 ------- -------
2006 0.70 0.60 ------- ------- 0.0005 0.371 0.010

a
Creek surface water was typically collected during ebb tide.

b
Concentrations of COPC identified by underlining  were non-detected values that were assigned a value 

 of 1/2 of detection limit.

does not account for food-web uptake by biota.) The State of Georgia chronic ecological screening value 
(ESV) is 25 ng/L (based on marketability of fishes).
d
The State of Georgia water quality standard for total PCBs in coastal and marine estuarine waters 

is 0.03 µg/L.   

f
The State of Georgia water quality standard for lead (dissolved lead) is 8.1 µg/L. 

Troup Creek (Reference)

Methylmercury

Mouth of Purvis Creek (Station C-16)

c
The U. S. EPA chronic ambient water quality criterion for mercury (total mercury) is 940 ng/L. (This value 

e
There are no U. S. EPA or Region 4 toxicological benchmarks for Aroclor 1268.

Table 4-2b_Continued 

Mercury (ng/L) Lead (μg/L)

Crescent River (Reference) 



     All concentrations in mg/kg dw

Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 63 63 37 111 111 86 48 48 48
Min 0.01 0.053 2.1 0.196 0.25 3.9 0.01 0.028 2.6
Max 62 300 210  55 570 69.9 1.99 0.67 38
Mean 4.85 11.45 31 7.40 27.64 26.1 0.30 0.20 16.5
Std Dev 10.69 39.83 32.5 8.951 70.67 11.18 0.37 0.166 7.27
CoVariation 2.205 3.478 1.046 1.21 2.556 0.429 1.232 0.829 0.441
95 UCL 11.51 23.43 40.7 8.72 41.71 28.1 0.39 0.25 18.3
UCL Statistic H-UCL H-UCL 95% Bootstrap Approx gamma H-UCL Students-t 95% Bootstrap Approx gamma Students-t
Non-Detects 1 1 0 0 0 0 2 14 0

Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 71 71 71 116 114 90 14 14 14
Min 0.18 0.0465 11 0.0437 0.0074 5.74 0.026 0.015 8
Max 62.9 65 765 145 460 238 0.197 0.165 27.1
Mean 3.85 3.75 40.9 20.28 49.57 35.7 0.08 0.05 17.6
Std Dev 9.247 8.784 108.8 29.43 98.8 30.95 0.0438 0.0416 5.838
CoVariation 2.4 2.324 2.663 1.451 1.993 0.867 0.533 0.819 0.331
95 UCL 5.84 5.05 63.0 25.04 65.28 41.5 0.10 0.08 20.4
UCL Statistic 95% Bootstrap H-UCL 95% Bootstrap 95% Bootstrap 95% Bootstrap 95% Bootstrap Students-t H-UCL Students-t
Non-Detects 0 2 0 0 1 0 0 9 0

Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 90 90 90 101 101 101 290 288 213
Min 0.044 0.013 8.9 0.043 0.0079 13 0.01 0.0074 2.1
Max 8.37 9 1590 16.3 25 51.8 145 570 238
Mean 1.88 1.67 90.7 2.75 3.18 29.0 12 32.78 31
Std Dev 1.747 1.949 234.9 3.288 4.02 6.802 21.13 79.51 25.5
CoVariation 0.928 1.17 2.589 1.194 1.266 0.235 1.761 2.426 0.823
95 UCL 2.23 2.04 133 3.31 3.84 30.1 14.05 40.14 34.1
UCL Statistic Approx gamma Approx gamma 95% Bootstrap 95% Bootstrap Approx gamma Students-t 95% Bootstrap 95% Bootstrap 95% Bootstrap
Non-Detects 0 1 0 0 2 0 1 2 0

Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead Mercury Aroclor-1268 Lead
Count 99 99 99 71 71 71 Mean 1.70 2.49 38.6
Min 0.03 0.0445 8.8 0.00711 0.007 2.03 95UCL 2.56 3.42 52.0
Max 4.62 8.8 52.7 6.83 28 34.6
Mean 0.63 1.14 21.7 1.22 3.78 17.4
Std Dev 0.756 1.323 7.338 1.283 5.479 10.96
CoVariation 0.856 1.161 0.339 1.056 1.451 0.629
95 UCL 1.07 1.36 22.9 1.53 5.07 23.1
UCL Statistic H-UCL 95% Bootstrap Students-t Approx gamma Approx gamma 95 Chebyshev
Non-Detects 0 11 0 0 5 0

CoVariation - Coefficient of Variation
Area A = Main Canal, Eastern Creek, and Domain 1

Concentrations of COPC greater than site-specific most sensitive threshold effects levels (TELs) but less than probable effects levels (PELs). 
(Table 4-3b and Sections 4.6, 4.7) are indicated by yellow background; and concentrations greater than PELs are identified 
by red background. 

Domain 4 Estuary Area Weighted Grand Mean and UCL

Domain 3 Western Creek Complex

Purvis Creek

Troup Creek Reference

Area A

Table 4-3a_Concentrations of COPCs in sediment for major areas in estuary at LCP Site (2000 - 2006 data) for exposure estimation 

Domain 1

Domain 2

Main Canal

Eastern Creek

Blythe Island



major areas and years in estuary at LCP Site (2000 - 2007 data)a, b, c - yearly averages

Size of areas in
LCP Estuary
(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample

Major area of 789.26 acres) Year % (dw) size (n) % (dw) size (n)
(mg/kg, 

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)

Domain 1 20.28 acres 2000 76.1 14 5.1 14 11 14 3.4 13 35 14 1.3 13
(marsh) (2.6%) 2002 61.5 7 3.3 7 20 7 32 7 21 7 0.40 7

2003 74.4 7 3.5 7 7.2 7 5.5 7 26 7 1.7 7
2004 62.5 7 3.4 7 3.3 7 10 7 27 7 2.2 7
2005 71.9 7 5.8 7 12 7 66 7 38 7 0.89 7
2006 60.0 7 4.4 7 1.8 7 3.9 7 24 7 0.29 7
2007 20.1 2 1.6 2 0.44 2 0.58 2 12 2 0.49 2

Main Canal 1.54 acres 2000 60.0 5 3.4 5 4.5 5 5.8 5 23 5 0.95 5
(creek) (0.2%) 2002 50.4 5 2.4 5 4.8 5 14 5 17 5 0.84 5

2003 65.6 5 2.6 5 6.7 5 10 5 23 5 0.82 5
2004 60.3 5 4.1 5 3.9 5 12 5 23 5 2.5 5
2005 87.7 1 3.7 1 1.1 1 4.2 1 26 1 1.1 1
2006 70.8 1 4.7 1 7.0 (9.2*) 1 (50) 31 (51*) 1 (50) 41* (28) 1 (50) 2.2* (.98) 1 (50)
2007 85.7 1 4.9 1 2.7 1 10 1 20 1 0.60 1

Eastern Creek 4.42 acres 2000 96.0 4 5.7 4 37 4 6.4 4 47 4 3.0 4
(0.6%) 2002 73.1 4 3.5 4 20 4 230 4 23 4 1.5 4

2003 83.3 4 3.7 4 34 4 14 4 43 4 3.5 4
2004 80.0 4 4.3 4 10 4 22 4 27 4 4.8 4
2005 75.6 3 4.3 3 57 3 52 3 38 3 2.7 3
2006 67.9 3 5.8 3 5.0 (21*) 3 (50) 18 (54*) 3 (50) 31 (34*) 3 (50) 0.84 (1.6*) 3 (50)
2007 79.9 2 5.0 2 4.8 2 10 2 110 2 4.4 2

Western 2.15 acres 2000 97.7 6 5.5 6 5.5 6 0.70 6 26 6 0.23 6
Creek (0.3%) 2002 97.5 2 4.6 2 1.4 2 2.4 2 32 2 0.098 2
Complex 2003 89.9 2 3.6 2 1.6 2 1.0 2 26 2 2.0 2

2004 92.6 2 4.4 2 1.4 2 2.6 2 27 2 0.23 2
2005 87.4 5 4.0 5 1.6 5 4.5 5 28 5 1.0 5
2006 92.1 1 4.2 1 0.46 (3.5*) 1 (50) 1.0 (3.9*) 1 (50) 26 (33*) 1 (50) 0.43 (0.91*) 1 (50)
2007 91.2 1 4.8 1 1.8 1 2.5 1 22 1 0.32 1

Domain 2 130.12 acres 2000 91.0 6 4.0 6 22 6 2.5 6 32 6 0.35 6
(marsh) (16.5%) 2002 95.4 3 5.1 3 9.0 3 27 3 25 3 0.50 3

2003 95.0 3 4.2 3 13 3 10 3 31 3 1.4 3
2004 81.7 9 5.3 9 1.4 9 2.5 9 27 9 0.41 9
2005 77.3 9 6.1 9 2.3 9 6.2 9 87 9 9.6 9
2006 67.0 6 5.8 6 1.1 6 3.7 6 29 6 0.21 6
2007 73.2 6 6.7 6 0.88 6 1.2 6 140 6 14 6

Total PAHs

Table 4-3b_General sediment quality characteristics and initial chemicals of potential concern (COPCs in surface sediment for  

Total mercury Aroclor 1268 LeadSilt and clay Total organic carbon



Table 4-3b_Continued

Size of areas in
LCP Site

(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample

Major area of 789.26 acres) Year % (dw) size (n) % (dw) size (n)
(mg/kg, 

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)

Domain 3 156.21 acres 2000 76.6 14 5.2 14 1.5 14 0.53 14 110 14 2.6 14
(marsh) (19.8%) 2002 12.3 1 0.91 1 0.10 1 0.14 1 16 1 0.12 1

2003 9.0 1 0.94 1 0.34 1 0.32 1 50 1 0.67 1
2004 75.8 6 4.6 6 0.97 6 1.5 6 17 6 0.37 6
2005 74.4 11 5.2 15 2.8 15 3.3 15 74 15 2.2 15
2006 58.7 9 5.4 9 2.5 9 2.4 9 75 9 0.49 9
2007 68.5 4 7.9 4 3.9 4 2.4 4 490 4 9.50 4

Domain 4  417.24 acres 2000 97.5 2 4.6 2 0.42 2 0.12 2 19 2 0.16 2
(marsh) (52.9%) 2002 81.1 10 4.7 10 0.80 10 1.8 10 15 10 0.29 10

2003 89.6 10 3.6 10 1.3 10 0.72 10 22 10 0.66 10
2004 95.0 14 5.1 14 0.63 14 1.5 14 19 14 0.95 14
2005 81.7 7 6.3 7 0.99 (1.3*) 7 (25) 1.6 (1.7*) 7 (25) 28* (28*) 7 (25) 2.2* (0.67) 7 (25)
2006 74.4 6 5.8 6 0.77 6 0.64 6 26 6 2.0 6

North Purvis  31.27 acres 2000 66.7 3 4.6 3 1.4 3 0.75 3 22 3 0.41 3
Creek (4.0%) 2002 --- --- --- --- --- --- --- --- --- --- ----- 0

2003 --- --- --- --- --- --- --- --- --- --- ----- 0
2004 --- --- --- --- --- --- --- --- --- --- ----- 0
2005 86.5 3 4.6 3 1.4 (2.0*) 3 (25) 2.6 (4.9*) 3 (25) 27* (21) 3 (25) 0.95* (0.72) 3 (25)
2006 82.6 2 5.0 2 0.89 2 1.2 2 28 2 0.54 2

South Purvis 26.03 acres 2000 54.5 2 3.0 2 0.40 2 0.46 2 13 2 0.13 2
Creek (3.3%) 2002 51.4 2 2.4 2 0.62 2 3.0 2 16 2 0.30 2

2003 63.4 2 3.7 2 0.44 2 0.60 2 18 2 0.20 2
2004 57.4 2 3.4 2 1.8 2 9.4 2 16 2 0.12 2
2005 48.7 2 2.7 2 0.76* (0.71) 2 (25) 2.8 (3.9*) 2 (25) 16* (12) 2 (25) 0.61 (0.93*) 2 (25)
2006 49.4 2 3.5 2 0.35 2 1.0 2 18 2 1.4 2
2007 82.2 1 5.8 1 0.59 1 1.1 1 20 1 0.20 1

Lead Total PAHsSilt and clay Total organic carbon Total mercury Aroclor 1268



Table 4-3b_Continued

Size of areas in
LCP Site

(total area Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample Conc. Sample

Major area of 789.26 acres) Year % (dw) size (n) % (dw) size (n)
(mg/kg, 

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)
(mg/kg,          

dw) size (n)

Blythe ---------- 2004 66.3 6 5.0 6 0.28 6 0.36 6 17 6 0.089 6
Island 2005 83.7 6 5.5 6 0.84 6 0.38 6 24 6 0.80 6

2006 67.0 6 5.2 6 0.38 6 0.23 6 21 6 0.18 6

Feasibility ---------- 2005 49.4 5 4.5 6 2.8 6 4.8 6 280 6 11 6
Study (FS) 2006 52.0 6 5.1 6 2.3 6 3.9 6 96 6 1.0 6
Locations 2007 43.5 5 4.8 6 2.3 6 3.0 6 59 6 ----- 0

Point Source ---------- 2005 62.70 3 6.6 8 1.1 8 1.6 8 48 8 1.28 8
Discharges from
Non-LCP Sources

Troup Creek ---------- 2000 71.5 2 3.4 2 0.26 2 0.038 2 18 2 0.84 2
(reference) 2002 81.0 2 3.4 2 0.066 2 0.048 2 19 2 0.060 2

2003 66.8 2 2.8 2 0.060 2 0.13 2 15 2 0.080 2
2004 69.8 2 2.9 2 0.037 2 0.034 2 10 2 0.060 2
2005 76.2 2 4.4 2 0.15 2 0.045 2 20 2 0.12 2
2006 51.6 2 4.0 2 0.082 2 0.028 2 22 2 0.040 2
2007 82.3 2 4.2 2 0.10 2 0.047 2 19 2 0.039 2

Crescent ---------- 2000 21.1 2 0.30 2 0.0054 2 0.022 2 4.0 2 0.31 2
River 2002 87.6 2 3.6 2 0.028 2 0.11 2 14 2 0.060 2
(reference) 2003 47.3 2 1.4 2 0.024 2 0.11 2 9.8 2 0.079 2

2004 3.9 1 0.2 1 0.010 1 0.060 1 2.2 1 0.060 1
2005 --- 0 2.7 2 0.062 2 0.00050 2 12 2 0.128 2
2006 46.2 2 1.4 2 0.031 2 0.0018 2 12 2 0.032 2

Total PAHsSilt and clay Total organic carbon Total mercury Aroclor 1268 Lead



Table 4-3b_Continued

a
Minor creeks (creeks other than Main Canal, Eastern Creek, Western Creek Complex, North Purvis Creek, and South Purvis Creek) are

considered part  of the marsh in Domains 1, 2, 3, and 4 of LCP estuary. For North Purvis Creek and South Purvis Creek, creek and  
associated "marsh" stations are combined.
b
Non-detected concentrations of COPC (primarily PAHs)  identified by underlining  consisted of at least one non-detected value that was  

assigned a value of 1/2 of detection limit. 
c
Concentrations of COPC greater than or equal to the most sensitive site specific threshold effect level (TEL) but less than the

site-specific probable effect levels (PELs) or effects range low (ER-L) based on toxicity test results are indicated by yellow background;
and concentrations greater than site-specific PELs or ER-Ls are identified by red background. 

TEL - Threshold Effect Level
1 EPA Region 4 Sediment Screening Levels
2 McDonald et al., 1996
3 Most sensitive endpoint - embryo development of grass shrimp (See Table 4-22) a - based on ER-L; b - based on PEL 
4 Most sensitive endpoint - survival of amphipods (See Table 4-20) a - based on ER-L  

        ● Lead:

        ● Total PAHs:

30.24

        ●Total mercury:

        ● Aroclor 1268:

Literature TEL 
(mg/kg, dw) 1

0.13

0.022 (derived for 
other PCBs)

Literature PEL 
(mg/kg, dw) 2

Site-specific TEL 
(mg/kg, dw)

1.4 3

3.2 3

41 4

1.684

0.7

0.189 (Total PCBs)

112

6.68 0.8 4 1.5 4a

Site-specific PEL 
or ER-L (mg/kg, 

dw)

3.2 3a

12.8 3b

60 4a



Table 4-4_Linear coefficients of determination (r2) for basic physical/chemical characteristics 
and initial chemicals of potential concern (COPCs) in surface sediment of major creeks and 
marsh in estuary at LCP Site (2000 - 2007 data)a,b

Total
organic

Silt/clay carbon Total Aroclor Total

content
c

(TOC) mercury 1268 Lead PAHs

Silt/clay content: ----- +0.43 ** +0.026 ns +0.00015 ns +0.099 ns +0.014 ns

Total organic carbon (TOC): +0.016 ns - 0.0097 ns +0.15 * +0.018 ns

Total mercury: +0.13 * +0.081 ns +0.28 **

Aroclor 1268: +0.00015 ns +0.029 ns

Lead: +0.42 **

Total PAHs:

Total
organic

Silt/clay carbon Total Aroclor Total

content
c

(TOC) mercury 1268 Lead PAHs

Silt/clay content: ----- +0.41 ** +0.069 ns +0.0088 ns -0.000066 ns +0.0062 ns

Total organic carbon (TOC): -0.0000017 ns +0.0090 ns +0.26 ** +0.28 **

Total mercury: +0.27 ** -0.0026 ns +0.0036 ns

Aroclor 1268: -0.0088 ns -0.013 ns

Lead: +0.42 **

Total PAHs:

a
Surface sediment is from 0 - 15 cm in depth.

b
Linear coefficients of determination (r

2
) are statistically nonsigificant (based on "t" tests) when associated with the 

symbol "ns."Statistical significance at P criterion = 0.05 and 0.01 is indicated, respectively, by the symbols "*" and "**." 

The r
2
 values are preceded by a positive or negative sign to indicate the "direction" of the underlying "r" values.

c
Silt/clay was considered to be particles less than 75 µ in size.

Major Creeks (from Table 4-3b; n = 31, Special Study data excluded)

Marsh (from Table 4-3b; n = 27,  Special Study data excluded)



(2004 - 2006 data)
Table 4-5_Other metals (including some COPCs) in surface sediment for major areas and years in estuary at LCP Site

Metals (mg/kg, dw)
a, b

Sampling station Alum
inu

m
Anti

mon
y

Arse
nic

Bari
um

Bery
lliu

m
Cad

mium
Calc

ium
Chro

mium
Cob

alt
Copper
Iro

n

Mag
ne

siu
m

Man
ga

ne
se

Nick
el 

Pota
ss

ium
Sele

niu
m

Silve
r

Sod
ium

Tha
lliu

m
Van

ad
ium

Zinc

K7 in Marsh Grid  2004 33,000 2.7 12 33 1.6 0.25 2,300 50 7.1 13 28,000 6,200 320 14 3,700 0.5 0.5 11,000 2.5 65 65
2005 45,000 0.5 11 45 1.8 0.5 3,100 92 7.1 17 24,000 7,700 190 19 4,400 0.5 0.5 14,000 0.5 95 80
2006 25,000 0.07 11 28 1.6 0.14 3,700 62 6.3 12 23,000 8,000 330 12 4,000 0.82 0.13 22,000 0.23 73 72

Mean: 34,000 1.1 11 35 1.7 0.30 3,000 68 6.8 14 25,000 7,300 280 15 4,000 0.61 0.38 16,000 1.1 78 72

H7 in Marsh Grid 
2004 36,000 1.0 14 36 1.9 0.25 2,400 57 7.6 12 33,000 7,600 300 16 4,800 0.5 0.5 15,000 1.2 77 63
2005 46,000 0.5 12 47 1.8 0.5 9,800 76 9.6 17 29,000 9,200 280 20 4,600 0.5 0.5 15,000 0.5 89 89
2006 22,000 0.06 9.9 24 1.4 0 3,600 56 5.2 11 21,000 7,800 260 11 3,600 0.70 0.12 24,000 0.20 66 64

Mean: 35,000 0.52 12 36 1.7 0.29 5,300 63 7.5 13 28,000 8,200 280 16 4,300 0.57 0.37 18,000 0.63 77 72

AB Seep 2004 8,000 1.0 4.9 17 0.54 0.25 770 14 2.6 3.5 7,600 1,700 45 4.8 960 0.5 0.5 3,600 0.5 22 22
2005 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2006 940 0.11 0.84 6.3 0.07 0.01 460 1.9 0.24 0.470 1,000 1,300 11 0.59 400 0.16 0.0035 8,700 0.01 2.8 2.7

Mean: 4,500 0.56 2.9 12 0.31 0.13 620 8.0 1.4 2.0 4,300 1,500 28 2.7 680 0.33 0.25 6,200 0.26 12 12

Mouth (C-5) 2004 30,000 2.5 13 35 1.6 0.25 6,100 68 7.5 12 28,000 7,700 510 16 4,100 0.5 0.5 16,000 2.0 75 84
2005 49,000 0.5 14 51 1.9 0.5 15,000 82 10 16 36,000 9,800 640 22 4,300 0.5 0.5 12,000 5.3 92 86
2006 23,000 0.02 10 28 1.3 0.23 8,600 57 6.6 11 25,000 8,600 450 13 4,000 0.39 0.13 28,000 0.26 53 70

Mean: 34,000 1.0 12 38 1.6 0.33 9,900 69 8.0 13 30,000 8,700 530 17 4,100 0.46 0.38 19,000 2.5 73.3 80

Upstream (C-6) 2004 19,000 1.0 7.5 34 1.1 0.25 8,400 50 6.1 11 19,000 3,700 260 11 2,100 0.5 0.5 9,400 3.4 44 59
2005 42,000 0.5 13 41 1.7 0.5 2,800 120 10 27 32,000 7,200 380 21 3,700 0.5 0.73 12,000 4.6 86 89
2006 16,000 0.06 12 23 1.3 0.22 5,700 50 6.2 13 22,000 8,200 330 11 3,800 0.59 0.14 29,000 0.22 56 72

Mean: 26,000 0.52 11 33 1.4 0.32 5,600 73 7.4 17 24,000 6,400 320 14 3,200 0.53 0.46 17,000 2.7 62 73

Mid-stretch (C-7) 2004 34,000 2.5 9.3 34 1.6 0.25 3,100 100 8.0 18 28,000 7,900 410 16 4,400 0.5 0.5 20,000 2.5 79 86
2005 49,000 0.5 16 47 1.8 0.69 3,600 63 9.2 20 37,000 7,300 360 21 4,000 0.5 0.83 12,000 3.8 85 72
2006 21,000 0.06 11 26 1.4 0.19 7,200 50 6.4 12 23,000 8,600 400 12 4,000 0.62 0.12 25,000 0.26 58 73

Mean: 35,000 1.0 12 36 1.6 0.38 4,600 71 7.9 17 29,000 7,900 390 16 4,100 0.54 0.48 19,000 2.2 74 77

Mouth (C-15) 2004 36,000 2.5 14 40 1.8 0.25 7,300 94 8.8 15 33,000 9,200 780 18 5,000 1.0 0.5 20,000 3.6 87 96
2005 44,000 0.5 14 44 1.8 0.5 6,800 110 8.8 15 35,000 8,700 840 20 4,500 0.5 0.86 20,000 0.5 86 80
2006 24,000 0.03 11 31 1.5 0.21 12,000 55 7.6 12 25,000 10,000 730 14 4,600 0.18 0.12 35,000 0.28 57 76

Mean: 35,000 1.0 13 38 1.7 0.32 8,700 86 8.4 14 31,000 9,300 780 17 4,700 0.56 0.49 25,000 1.5 77 84

Eastern Creek

Main Canal (Creek)

Western Creek Complex (in Domain 2)

Domain 1 (Marsh)
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                                                           Metals (mg/kg, dw)
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Near old oil-processing site (C-33) 2004 970 1.0 0.5 3.0 0.20 0.25 360 2.1 0.50 1.0 330 200 5.5 2.0 50 0.5 0.5 950 0.5 1.8 4.9
2005 5,000 0.5 0.5 11 0.16 0.15 1,400 9.8 1.4 5.4 2,900 730 40 2.4 320 0.5 0.5 1,400 0.5 9.1 32
2006 2,500 0.02 0.89 9 0.18 0.12 1,100 5.4 0.63 4.8 1,600 940 14 1.8 260 0.14 0.02 4,400 0.05 5.0 27

Mean: 2,800 0.51 0.63 7.7 0.18 0.17 950 5.8 0.84 3.7 1,600 620 20 2.1 210 0.38 0.34 2,200 0.35 5.3 21

Northern domain (C-100) 2004 27,000 1.0 8.1 27 1.3 0.52 2,300 130 5.9 13 23,000 5,800 340 13 3,300 0.5 0.5 12,000 1.9 58 71
2005 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 27,000 1.0 8.1 27 1.3 0.52 2,300 130 5.9 13 23,000 5,800 340 13 3,300 0.50 0.50 12,000 1.9 58 71

Mid-western domain (C-101) 2004 26,000 1.0 10 24 1.2 0.51 1,700 38 5.6 10 24,000 4,700 220 11 3,000 0.5 0.5 9,700 2.3 55 50
2005 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 26,000 1.0 10 24 1.2 0.51 1,700 38 5.6 10 24,000 4,700 220 11 3,000 0.50 0.50 9,700 2.3 55 50

Northern domain (C-102) 2004 21,000 2.5 7.2 21 1.0 0.25 2,300 53 4.5 8.8 19,000 4,700 230 10 2,700 0.5 0.5 10,000 1.3 48 55
2005 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 21,000 2.5 7.2 21 1.0 0.25 2,300 53 4.5 8.8 19,000 4,700 230 10 2,700 0.50 0.50 10,000 1.3 48 55

Northwestern Inlet from Turtle River 2004 32,000 1.0 17 30 1.5 0.25 2,200 51 8.2 14 32,000 6,200 220 15 3,800 0.5 0.5 13,000 2.5 77 58
(C-D) 2005 56,000 0.5 14 52 2.1 0.95 3,300 84 11 21 40,000 8,800 300 25 5,000 0.5 0.62 16,000 4.4 120 90

2006 17,000 0.07 11 19 1.2 0.24 3,800 87 5.6 11 23,000 7,500 210 11 3,600 1.1 0.17 28,000 0.23 53 61

Mean: 35,000 0.52 14 34 1.6 0.48 3,100 74 8.3 15 32,000 7,500 240 17 4,100 0.70 0.43 19,000 2.4 83 70

Northeastern stretch of "U" creek 2004 21,000 1.0 8.1 21 1.0 0.25 2,500 56 4.9 8.4 19,000 4,800 240 10 2,800 1.0 0.50 9,900 1.0 50 50
(C-A) 2005 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 21,000 1.0 8.1 21 1.0 0.25 2,500 56 4.9 8.4 19,000 4,800 240 10 2,800 1.0 0.50 9,900 1.0 50 50

Southeastern boundary  (C-45) 2004 24,000 2.5 11 24 1.2 0.25 2,500 52 5.3 7.4 23,000 5,300 360 10 3,300 0.5 0.5 11,000 1.0 55 46
2005 43,000 0.5 15 47 1.8 0.5 22,000 71 9.6 16 32,000 9,800 530 20 4,400 0.5 0.5 13,000 0.5 83 89
2006 19,000 0.10 14 25 1.5 0.22 6,600 57 7.4 12 26,000 8,400 630 13 4,300 0.16 0.15 28,000 0.25 70 72

Mean: 29,000 1.0 13 32 1.5 0.32 10,400 60 7.4 12 27,000 7,800 510 14 4,000 0.39 0.38 17,000 0.58 69 69

Domain 3 (Marsh)

Domain 4 (Marsh)
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Upstream (C-36) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 43,000 0.5 16 44 1.8 0.5 12,000 83 8.7 18 34,000 9,100 440 20 4,100 4.3 0.5 17,000 0.5 80 90
2006 26,000 0.08 11 31 1.5 0.28 9,600 60 7.2 13 27,000 10,000 420 14 4,800 0.18 0.16 35,000 0.28 60 79

Mean: 34,000 0.29 14 38 1.7 0.39 10,800 72 8.0 16 30,000 9,600 430 17 4,400 2.2 0.33 26,000 0.39 70 85

Mid-stretch (C-29) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

2005 50,000 0.5 14 48 1.9 0.89 8,400 88 10 16 38,000 9,100 580 22 4,800 0.5 0.75 18,000 4.4 100 90
2006 18,000 0.06 12 26 1.4 0.24 16,000 50 7.0 12 24,000 10,000 480 13 4,300 0.71 0.12 27,000 0.24 56 79

Mean: 34,000 0.28 13 37 1.7 0.57 12,200 69 8.5 14 31,000 9,600 530 18 4,600 0.61 0.44 22,000 2.3 78 85

Mouth (C-16) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 9,300 0.5 3.1 10 0.40 0.5 1,900 26 2.1 3.3 7,400 1,800 120 4.2 890 0.5 0.5 4,100 0.5 18 17
2006 5,700 0.02 2.9 9.8 0.41 0.06 2,400 14 2.0 3.2 6,400 2,200 130 3.8 1,000 0.14 0.02 7,200 0.08 16 18

Mean: 7,500 0.26 3.0 9.9 0.41 0.28 2,200 20 2.1 3.3 6,900 2,000 120 4.0 940 0.32 0.26 5,600 0.29 17 18

Northern boundary (C-103) 2004 7,000 1.0 1.3 29 0.20 0.25 2,200 15 1.2 2.6 5,700 3,300 66 2.0 1,000 0.5 0.5 9,700 0.5 17 14
2005 47,000 0.5 14 43 1.7 0.30 3,100 80 8.8 14 35,000 7,100 230 20 4,200 0.5 0.5 14,000 0.5 89 68
2006 28,000 0.07 19 31 1.6 0.19 5,300 68 7.8 12 25,000 8,800 220 16 4,400 0.42 0.13 27,000 0.31 75 77

Mean: 27,000 0.52 11 34 1.2 0.25 3,500 54 5.9 10 22,000 6,400 170 12.7 3,200 0.47 0.38 17,000 0.44 60 53

Northeastern boundary (C-104) 2004 28,000 1.0 10 28 1.4 0.25 2,300 68 6.2 10 26,000 5,700 250 13 3,400 0.5 0.5 12,000 0.5 69 62
2005 55,000 0.5 15 49 1.9 0.50 2,700 62 10 16 36,000 7,100 320 22 4,500 0.5 0.5 13,000 0.5 87 70
2006 15,000 0.12 11 16 1.0 0.13 1,900 35 5.2 7.5 21,000 4,300 240 9.6 2,300 0.30 0.08 15,000 0.17 46 43

Mean: 33,000 0.54 12 31 1.4 0.29 2,300 55 7.1 11 28,000 5,700 270 15 3,400 0.43 0.36 13,000 0.39 67 58

Southern location (C-105) 2004 18,000 1.0 7 20 0.96 0.25 1,900 42 4.7 6.4 17,000 4,100 190 8.4 2,300 0.5 0.5 8,300 1.2 43 41
2005 49,000 0.5 12 480 1.9 0.50 11,000 79 9.7 15 34,000 9,300 450 21 4,700 0.5 0.5 13,000 0.5 95 87
2006 23,000 0.05 9.4 23 1.2 0.17 4,100 44 5.8 8.2 22,000 5,800 260 11 3,000 0.72 0.08 18,000 0.25 52 51

Mean: 30,000 0.52 9.5 170 1.4 0.31 5,700 55 6.7 9.9 24,000 6,400 300 13 3,300 0.57 0.36 13,000 0.65 63 60

Blythe Island (Marsh)

Purvis Creek
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Area 1 (Creek) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 25,000 0.5 8.9 33 1.1 0.5 16,000 41 6.0 9.1 22,000 3,600 150 10 2,000 0.5 0.5 4,700 0.5 46 75
2006 14,000 0.02 6.1 18 0.94 0.15 2,500 27 3.5 6.6 15,000 3,100 120 6.6 1,800 0.30 0.06 6,800 0.14 25 30

Mean: 19,000 0.26 7.5 26 1.0 0.33 9,200 34 4.8 7.9 18,000 3,400 140 8.3 1,900 0.40 0.28 5,800 0.32 36 53

Area 2  (Creek) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 22,000 0.5 4.1 52 1.0 0.79 5,500 31 4.1 26 14,000 2,900 97 11 1,400 0.5 0.5 5,800 4.0 42 130
2006 16,000 0.13 6.8 51 0.93 0.75 9,000 27 4.3 25 14,000 3,400 110 10 1,300 0.84 0.12 7,200 0.20 38 130

Mean: 19,000 0.32 5.5 52 1.0 0.77 7,200 29 4.2 26 14,000 3,200 100 11 1,350 0.67 0.31 6,500 2.1 40 130

Area 3  (Creek) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 33,000 0.5 8.3 61 1.2 0.40 1,800 31 4.0 42 15,000 2,800 99 12 1,800 0.5 0.5 2,100 0.5 43 51
2006 28,000 0.04 9.0 96 1.8 0.40 4,900 82 6.8 21 29,000 6,300 310 15 3,200 0.20 0.17 20,000 0.33 64 110

Mean: 30,000 0.27 8.7 79 1.5 0.40 3,400 57 5.4 32 22,000 4,600 200 13.5 2,500 0.35 0.34 11,000 0.42 54 81

Area 4  (Creek) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 30,000 0.5 7.5 30 1.1 0.22 4,900 48 6.1 9.5 18,000 5,300 240 12 2,700 0.5 0.5 7,800 0.5 56 54
2006 14,000 0.02 5.2 17 0.73 0.08 3,400 28 3.5 6.1 12,000 4,200 160 6.9 2,000 0.27 0.05 13,000 0.14 32 36

Mean: 22,000 0.26 6.35 24 0.92 0.15 4,200 38 4.8 7.8 15,000 4,800 200 9.5 2,400 0.39 0.28 10,000 0.32 44 45

Area 5  (Creek) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 51,000 0.5 12 50 1.9 0.5 13,000 84 9.6 16 33,000 9,200 550 21 4,800 0.5 0.66 15,000 0.5 92 93
2006 25,000 0.05 11 28 1.4 0.21 11,000 67 7.0 12 25,000 8,400 430 13 4,000 0.38 0.13 25,000 0.27 58 73

Mean: 38,000 0.28 12 39 1.7 0.36 12,000 76 8.3 14 29,000 8,800 490 17 4,400 0.44 0.40 20,000 0.39 75 83

Area 6  (Marsh) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 49,000 0.5 11 46 1.6 0.37 4,000 99 8.8 18 30,000 8,600 280 21 4,900 0.5 0.5 18,000 5.8 100 87
2006 24,000 0.06 12 29 1.5 0.18 4,700 80 6.3 12 24,000 8,800 360 12 4,400 0.15 0.13 28,000 0.24 70 75

Mean: 36,000 0.28 12 38 1.6 0.28 4,400 90 7.6 15 27,000 8,700 320 16.5 4,600 0.33 0.32 23,000 3.0 85 81

Glynn County Landfill (C-200) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 42,000 0.5 18 42 1.8 0.5 2,300 64 9.5 19 44,000 6,400 310 19 3,900 0.5 0.5 8,400 0.5 73 92
2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 42,000 0.50 18 42 1.8 0.50 2,300 64 9.5 19 44,000 6,400 310 19 3,900 0.5 0.5 8,400 0.5 73 92

Georgia-Pacific Pulp and 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Paper  Company (C-201) 2005 34,000 0.5 10 35 1.3 0.5 9,300 46 6.7 10 24,000 6,600 500 15 3,600 0.5 0.5 12,000 0.5 60 50

2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 34,000 0.50 10 35 1.3 0.50 9,300 46 6.7 10 24,000 6,600 500 15 3,600 0.5 0.5 12,000 0.5 60 50

Georgia Power Company (C-202) 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
2005 32,000 0.5 8.6 30 1.2 0.30 2,300 48 5.9 13 23,000 5,200 180 14 3,000 0.5 0.5 9,700 0.5 56 52
2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 32,000 0.50 8.6 30 1.2 0.30 2,300 48 5.9 13 23,000 5,200 180 14 3,000 0.5 0.5 9,700 0.5 56 52

Academy Creek Wastewater 2004 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Treatment Plant (C-203) 2005 51,000 0.5 16 59 1.9 0.5 4,000 120 10 27 41,000 8,600 660 24 4,700 0.5 1.0 16,000 0.5 88 120

2006 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mean: 51,000 0.50 16 59 1.9 0.50 4,000 120 10 27 41,000 8,600 660 24 4,700 0.5 1.0 16,000 0.5 88 120

Point-Source Locations (Creek)

Feasibility-Study (FS) Locations
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Crescent River 2004 2,700 1.0 1.3 6.5 0.20 0.25 190 4.7 0.50 1.0 2,300 430 32 2.0 230 0.5 0.5 610 0.5 5.8 4.8
2005 25,000 0.5 12 27 0.98 0.5 2,000 34 5.1 8.4 21,000 4,500 180 10 2,700 0.5 0.5 11,000 0.5 46 38
2006 3,900 0.02 3.6 6.4 0.30 0.04 800 6.6 1.2 2.5 5,400 1,500 43 1.9 860 0.28 0.012 5,500 0.06 10 11

Mean: 10,000 0.51 5.6 13 0.49 0.26 1,000 15 2.3 4.0 9,600 2,100 85 4.6 1,300 0.43 0.34 5,700 0.35 21 18

Troup Creek 2004 14,000 1.0 5.3 15 0.70 0.25 2,300 20 3.3 5.3 14,000 2,800 190 6.0 1,400 0.5 0.5 3,400 1.4 28 29
2005 36,000 0.5 8.7 37 1.40 0.5 3,800 43 7.2 14 25,000 5,600 460 14 3,000 0.5 0.60 9,700 0.5 59 56
2006 18,000 0.02 9.0 20 1.10 0.14 3,400 27 5.0 8 23,000 5,000 470 8 2,400 1.4 0.07 12,000 0.20 42 46

Mean: 23,000 0.51 7.7 24 1.1 0.30 3,200 30 5.2 9.2 21,000 4,500 370 9 2,300 0.80 0.39 8,400 0.70 43 44

aConcentrations of metals identified by underlining were non-detected values that were assigned a value of 1/2 of detection limit.

bMetals for which screening-level ecological effects value (EEV) have been established by Region 4, U. S. EPA, are identified by bold print are 
concentrations of metals that exceed applicable EEVs (antimony: 12 mg/kg; arsenic: 7.24 mg/kg; cadmium: 1 mg/kg; chromium: 52.3 mg/kg; 
copper: 18.7 mg/kg; nickel: 15.9 mg/kg; silver: 2 mg/kg; and zinc: 124 mg/kg). 

Reference Locations



Table 4-6a_Concentrations of chemicals of potential concern (COPCs) in cordgrass for major areas in estuary   
at LCP Site (2000 - 2006 data) for exposure estimates
All concentrations in mg/kg dw

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 7 -- -- 4 4 9 -- -- 6 6
Min 0.022 0.002 0.02 0.054 1.99 0.014 0.001 0.013 0.016 0.38
Max 0.453 0.045 0.41 0.614 2.90 0.050 0.005 0.045 0.185 3.60
Avg 0.097 0.010 0.09 0.261 2.50 0.028 0.003 0.025 0.096 1.98
Std Dev 0.158 -- -- 0.244 0.40 0.010 -- -- 0.067 1.385
Coefficent of Variation 1.635 -- -- 0.935 0.159 0.342 -- -- 0.698 0.698
95 UCL 0.21 0.02 0.19 0.55 2.88 0.034 0.003 0.031 0.151 3.12
UCL Statistic 95% Bootstrap -- -- 95% Students 95% Bootstrap 95% Students -- -- 95% Students 95% Students
Non-Detects 0 -- -- 2 0 0 -- -- 3 2

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 24 -- -- 15 15 7 -- -- 4 4
Min 0.015 0.001 0.014 0.017 0.38 0.079 0.008 0.071 0.068 2.612
Max 0.210 0.021 0.189 0.360 4.80 0.290 0.029 0.261 0.221 4.300
Avg 0.049 0.005 0.044 0.152 1.95 0.147 0.015 0.132 0.143 3.328
Std Dev 0.052 -- -- 0.100 1.51 0.095 -- -- 0.079 0.709
Coefficent of Variation 1.068 -- -- 0.655 0.773 0.644 -- -- 0.553 0.213
95 UCL 0.09 0.01 0.08 0.20 2.74 0.759 0.075 0.684 0.236 4.163
UCL Statistic 95% Bootstrap -- -- 95% Students 95% Bootstrap 95% Bootstrap -- -- 95% Students 95% Students
Non-Detects 0 -- -- 4 6 0 -- -- 0 0

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 18 -- -- 12 12 7 -- -- 4 4
Min 0.017 0.002 0.015 0.025 0.38 0.02 0.002 0.01 0.02 0.38
Max 0.067 0.007 0.060 0.215 10.0 0.03 0.003 0.03 0.19 3.1
Avg 0.038 0.004 0.034 0.091 3.51 0.02 0.002 0.019 0.11 2.02
Std Dev 0.014 -- -- 0.051 3.09 0.005 -- -- 0.08 1.23
Coefficent of Variation 0.37 -- -- 0.560 0.88 0.23 -- -- 0.69 0.61
95 UCL 0.04 0.004 0.04 0.122 5.12 0.02 0.002 0.022 0.22 3.07
UCL Statistic 95% Students -- -- Approx Gamma 95% Students 95% Students -- -- 95% Bootstrap 95% Bootstrap
Non-Detects 0 -- -- 3 2 0 -- -- 4 1

Domain 4

Purvis Creek

Domain  1

Domain 2

Domain 3

Main Canal



Table 4-6a._ Continued

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 3 -- -- 3 3 21 -- -- 11 12
Min 0.013 0.001 0.011 0.016 0.39 0.002 0.0002 0.002 0.02 0.38
Max 0.030 0.003 0.027 0.051 1.83 0.45 0.04 0.41 0.61 4.30
Avg 0.023 0.002 0.021 0.028 1.08 0.08 0.008 0.074 0.18 2.47
Std Dev 0.009 -- -- 0.020 0.72 0.12 -- -- 0.16 0.96
Coefficent of Variation 0.401 -- -- 0.717 0.668 1.42 -- -- 0.88 0.39
95 UCL 0.030 0.003 0.027 0.039 1.56 0.15 0.014 0.131 0.31 2.97
UCL Statistic 95% Bootstrap -- -- 95% Bootstrap 95% Bootstrap Approx Gamma -- -- Approx Gamma 95% Students
Non-Detects 0 -- -- 2 1 0 -- -- 0 0

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 7 -- -- 3 4 0.035 0.003 0.032 0.110 2.30
Min 0.002 0.0002 0.002 0.016 0.38 0.049 0.005 0.044 0.168 3.42
Max 0.007 0.001 0.01 0.225 2.30
Avg 0.005 0.0005 0.004 0.134 1.60
Std Dev 0.002 -- -- 0.107 0.86
Coefficent of Variation 0.456 -- -- 0.802 0.54
95 UCL 0.006 0.001 0.006 0.203 2.15
UCL Statistic 95% Students -- -- 95% Bootstrap 95% Bootstrap
Non-Detects 0 -- -- 3 1

Notes:
Total Mercury was extracted from the database.  
a = Methyl Mercury is the total mercury value multiplied by a factor of 0.0993.
b = Inorganic Mercury is the total mercury value minus the methyl mercury value.  This is the remaining amount of mercury 
   available for exposure.

Estuary Area Weighted Grand Mean and UCL

Area A

Troup Creek Reference

Blythe Island



Table 4-6b_Yearly average body burdens of chemicals of potential concern (COPCs) in 
cordgrass (Spartina alterniflora ) for major areas in estuary at LCP Site (2005 data)a, b

Size of area

(percent of Total

evaluated site mercury % of total Aroclor 1268 Lead

Major area
of 723.85 acres)

(ug/kg, dw) (ug/kg, dw) mercury (mg/kg, dw) (mg/kg, dw)

Domain 1 20.28 acres
(2.8%)

Mid-stretch (M-25/NOAA 4) 102 0.85 ----- 0.220 2.61
Seep location (M-AB) 450 8.1 1.8 0.600 1.99

Domain 2 130.12 acres
(18.0%)

Mid-stretch (NOAA 3) 41.2 1.85 7.7 0.071 0.39
Mouth (NOAA 5) 44.2 0.47 ----- 0.240 0.38
Eastern branch (NOAA6) 24.0 0.86 ----- 0.060 0.38
Central branch (NOAA 7 28.0 6.85 24.5 0.016 0.39
Mouth (NOAA 8) 20.6 0.86 ----- 0.048
Northeast of mouth (NOAA 9) 22.3 0.47 ----- 0.048

Domain 3 156.21 acres
(21.6%)

Northern boundary (M-100) 40.3 3.73 9.3 0.071 1.09
Mid-western boundary (M-101) 54.2 5.85 10.8 0.074 1.77
Central location (M-204) 29.2 2.14 7.3 0.057 0.38
Southwestern corner (M-102) 41.1 1.39 3.4 0.075 2.40
Southeastern corner (M-37) 46.9 6.40 13.6 0.090 0.46

Domain 4 417.24 acres
(57.6%)

Northeastern corner (M-103) 49.7 1.34 2.7 0.100 1.74
Mid-eastern boundary (M-104) 24.3 3.07 12.6 0.061 0.38

Crescent River ----- 3.92 0.47 ----- 0.016 0.94
(reference)

Troup Creek ----- 7.08 0.47 ----- 0.016 0.38
(reference)

Mean MeHg/tHg ratio: 9.93%

a
Each sample of cordgrass consisted of >100 g of grass obtained above 15 cm from ground. 

b
Body burdens of cordgrass identified by underlining  were non-detected values that were assigned a 

value of 1/2 of detection limit. 

------------------------------------------------------------------------------------------------------------------------------

Mercury

Methylmercury



Table 4-7_ Body burdens of chemicals of potential concern (COPCs) in eastern oysters (Crassostrea

virginica ) for major areas in estuary at LCP Site (2006 data) 

Sampling station Mean Statistical

(Estimated oyster age) 1 2 3 (x) comparisons
b

Troup Creek
Young-of-year (Year 0) 0.11 0.082 0.076 0.089 No statistically significant difference (P = 0.05);

Year I - II 0.10 0.099 0.093 0.097 Parametric "t"(cal.) = 0.75 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 4/M-25)
Young-of-year (Year 0) 0.84 0.86 0.62 0.773 No statistically significant difference (P = 0.05);

Year I - II 0.96 1.1 0.98 1.013 Parametric "t"(cal.) = 2.71 vs. "t"(tab.) = 2.78 

Mouth (NOAA 5)
Young-of-year (Year 0) 0.39 0.35 0.43 0.390 No statistically significant difference (P = 0.05);

Year I - II 0.44 0.54 0.58 0.520 Parametric "t"(cal.) = 2.73 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 3)

Young-of-year (Year 0) 2.1 2.6 2.4 2.367 No statistically significant difference (P = 0.05);
Year I - II 1.0 2.1 2.1 1.733 Parametric "t"(cal.) = 1.61 vs. "t"(tab.) = 2.78 

Eastern Branch (NOAA 6)
Young-of-year (Year 0) 1.6 1.6 1.5 1.567 No statistically significant difference (P = 0.05);

Year I - II 1.3 1.6 1.5 1.467 Parametric "t"(cal.) = 1.06 vs. "t"(tab.) = 2.78 

Central Branch (NOAA 7)
Young-of-year (Year 0) 0.85 0.74 0.72 0.770 No statistically significant difference (P = 0.05);

Year I - II 0.89 0.87 0.98 0.913 Parametric "t"(cal.) = 2.72 vs. "t"(tab.) = 2.78 

Northeast of Mouth (NOAA 9)
Young-of-year (Year 0) 0.51 0.48 0.53 0.507 Statistically significant difference (P = 0.05);

Year I - II 0.70 0.60 0.73 0.677 Parametric "t"(cal.) = 4.06 vs. "t"(tab.) = 2.78 

Mouth (NOAA 10/M-28)
Young-of-year (Year 0) 0.18 0.17 0.21 0.187 No statistically significant difference (P = 0.05);

Year I - II 0.19 0.21 0.16 0.187 Parametric "t"(cal.) = <0.01 vs. "t"(tab.) = 2.78 

Total Mercury (mg/kg, dry wt)c

Replicate
a

Reference Location

Main Canal

Eastern Creek

Western Creek Complex

Purvis Creek

-------------------------------------------------------------------------------------------------------------------------------------

Parametric Paired "t" Test of Differences in Mean 

Mercury Content of Year 0 vs. Year I - II Oysters
d

"t"(cal.) = 0.05 ns vs. t(tab.) = 2.36 for 7 df and P  = 0.05

Correlation coefficient (r) = 0.96

Mean (x) values: Year 0 = 0.831 mg/kg; Year I - II = 0.826 mg/kg  



Table 4-7_Continued

Sampling station Mean Statistical

(Estimated oyster age) 1 2 3 (x) comparisons
b

Troup Creek
Young-of-year (Year 0) 0.019 0.0028 0.0024 0.00807 No statistically significant difference (P = 0.05);

Year I - II 0.0029 0.011 0.0096 0.00783 Parametric "t"(cal.) = 0.04 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 4/M-25)
Young-of-year (Year 0) 0.19 0.26 0.24 0.230 No statistically significant difference (P = 0.05);

Year I - II 0.13 0.18 0.19 0.167 Parametric "t"(cal.) = 2.27 vs. "t"(tab.) = 2.78 

Mouth (NOAA 5)
Young-of-year (Year 0) 0.23 0.25 0.19 0.223 No statistically significant difference (P = 0.05);

Year I - II 0.14 0.23 0.18 0.183 Parametric "t"(cal.) = 1.27 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 3)
Young-of-year (Year 0) 0.97 0.87 0.72 0.853 No statistically significant difference (P = 0.05);

Year I - II 0.62 0.56 0.71 0.630 Parametric "t"(cal.) = 2.64 vs. "t"(tab.) = 2.78 

Eastern Branch (NOAA 6)
Young-of-year (Year 0) 0.061 0.096 0.068 0.075 No statistically significant difference (P = 0.05);

Year I - II 0.069 0.040 0.059 0.056 Parametric "t"(cal.) = 1.39 vs. "t"(tab.) = 2.78 

Central Branch (NOAA 7)
Young-of-year (Year 0) 0.071 0.072 0.071 0.071 Statistically significant difference (P = 0.01);

Year I - II 0.047 0.054 0.055 0.052 Parametric "t"(cal.) = 7.62 vs. "t"(tab.) = 2.78 

Northeast of Mouth (NOAA 9)
Young-of-year (Year 0) 0.13 0.26 0.11 0.167 No statistically significant difference (P = 0.05);

Year I - II 0.077 0.062 0.096 0.078 Parametric "t"(cal.) = 1.84 vs. "t"(tab.) = 2.78 

Mouth (NOAA 10/M-28)
Young-of-year (Year 0) 0.039 0.060 0.046 0.048 No statistically significant difference (P = 0.05);

Year I - II 0.071 0.076 0.043 0.063 Parametric "t"(cal.) = 1.25 vs. "t"(tab.) = 2.78 

Replicate
a

Aroclor 1268 Content of Year 0 vs. Year I - II Oysters
d

"t"(cal.) = 2.05 ns vs. t(tab.) = 2.36 for 7 df and P = 0.05

Correlation coefficient (r) = 0.99

Mean (x) values: Year 0 = 0.209 mg/kg; Year I - II = 0.155 mg/kg  

Aroclor 1268 (mg/kg, dry wt)

Purvis Creek

Main Canal

Eastern Creek

Western Creek Complex

Parametric Paired "t" Test of Differences in Mean 

-------------------------------------------------------------------------------------------------------------------------------------

Reference Location



Table 4-7_Continued

Sampling station Mean Statistical

(Estimated oyster age) 1 2 3 (x) comparisons
b

Troup Creek
Young-of-year (Year 0) 0.39 0.52 0.66 0.523 No statistically significant difference (P = 0.05);

Year I - II 0.34 0.37 0.29 0.333 Parametric "t"(cal.) = 2.33 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 4/M-25)
Young-of-year (Year 0) 0.67 0.80 0.83 0.767 Statistically significant difference (P = 0.05);

Year I - II 0.55 0.60 0.59 0.580 Parametric "t"(cal.) = 3.63 vs. "t"(tab.) = 2.78 

Mouth (NOAA 5)
Young-of-year (Year 0) 0.60 0.57 0.77 0.647 Statistically significant difference (P = 0.05);

Year I - II 0.43 0.46 0.46 0.450 Parametric "t"(cal.) = 3.12 vs. "t"(tab.) = 2.78 

Mid-stretch (NOAA 3)
Young-of-year (Year 0) 1.1 1.3 1.1 1.167 Statistically significant difference (P = 0.05);

Year I - II 0.82 0.80 0.61 0.743 Parametric "t"(cal.) = 4.48 vs. "t"(tab.) = 2.78 

Eastern Branch (NOAA 6)
Young-of-year (Year 0) 1.0 1.1 0.83 0.977 No statistically significant difference (P = 0.05);

Year I - II 0.74 1.0 0.94 0.893 Parametric "t"(cal.) = 0.75 vs. "t"(tab.) = 2.78 

Central Branch (NOAA 7)
Young-of-year (Year 0) 0.62 0.64 0.65 0.637 Statistically significant difference (P = 0.01);

Year I - II 0.46 0.52 0.43 0.470 Parametric "t"(cal.) = 5.60 vs. "t"(tab.) = 2.78 

Northeast of Mouth (NOAA 9)
Young-of-year (Year 0) 1.2 0.76 0.71 0.890 No statistically significant difference (P = 0.05);

Year I - II 0.86 0.55 0.56 0.657 Parametric "t"(cal.) = 1.25 vs. "t"(tab.) = 2.78 

Mouth (NOAA 10/M-28)
Young-of-year (Year 0) 0.52 0.97 0.41 0.633 No statistically significant difference(P = 0.05);

Year I - II 0.34 0.45 0.28 0.357 Parametric "t"(cal.) = 1.55 vs. "t"(tab.) = 2.78 

a
Each replicate of oysters consisted of about 100 composited young-of-year (Year 0) oysters and 20

composited older (Years I and II) oysters.
b
All individual "t" tests are two-tailed tests with  P criterion = 0.05

c
Total mercury concentrations are estimated to consist of about 70% methylmercury (NOAA, 1998).

d
Paired "t" tests are two-tailed tests with the symbol "ns" indicating no statistically significant difference 

at P criterion = 0.05, and the symbol "**" indicating a significant difference at P criterion = 0.01.

Replicate
a

Lead (mg/kg, dry wt)

Purvis Creek

Western Creek Complex

Reference Location

Main Canal

Eastern Creek

"t"(cal.) = 6.26 ** vs. t(tab.) = 3.50 for 7 df and P = 0.01

Correlation coefficient (r) = 0.89

-----------------------------------------------------------------------------------------------------------------------------------

Parametric Paired "t" Test of Differences in Mean 

Lead Content of Year 0 vs. Year I - II Oysters
d

Mean (x) values: Year 0 = 0.780 mg/kg; Year I - II = 0.560 mg/kg  



Table 4-8a_Concentrations of chemicals of potential concern (COPCs) in fiddler crabs (Uca  spp.) for 
major areas in estuary at LCP site (2000 - 2007 data) for exposure estimates
All concentrations in mg/kg dw

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 61 -- -- 54 54 44 -- -- 44 44
Min 0.18 0.12 0.06 0.65 0.37 0.09 0.06 0.03 0.16 0.23
Max 1.8 1.22 0.58 6 52 0.41 0.28 0.13 1.66 0.89
Avg 0.95 0.65 0.30 2.22 7.93 0.22 0.15 0.07 0.61 0.53
Std Dev 0.31 -- -- 1.15 13.09 0.09 -- -- 0.38 0.14
Coefficent of Variation 0.323 -- -- 0.52 1.65 0.397 -- -- 0.62 0.27
95 UCL 1.02 0.69 0.33 2.49 10.85 0.24 0.16 0.08 0.71 0.57
UCL Statistic 95% Students -- -- Approx Gamma 95% Bootstrap Approx Gamma -- -- 95% Bootstrap 95% Students
Non-Detects 0 -- -- 0 13 0 -- -- 16 11

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 109 -- -- 109 106 43 -- -- 39 39
Min 0.07 0.05 0.02 0.17 0.12 0.26 0.18 0.08 1.1 0.37
Max 0.85 0.58 0.27 17 1.4 1.01 0.69 0.32 7.39 4.2
Avg 0.28 0.19 0.09 1.06 0.52 0.57 0.39 0.18 2.86 1.45
Std Dev 0.15 -- -- 1.8 0.22 0.15 -- -- 1.43 1.03
Coefficent of Variation 0.54 -- -- 1.7 0.42 0.27 -- -- 0.501 0.71
95 UCL 0.31 0.21 0.10 1.15 0.56 0.61 0.41 0.20 3.26 1.77
UCL Statistic 95% Students -- -- 95% H-UCL 95% Students 95% Students -- -- 95% Students 95% Students
Non-Detects 0 -- -- 28 37 0 -- -- 0 6

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 84 -- -- 84 73 42 -- -- 35 35
Min 0.15 0.10 0.05 0.17 0.31 0.02 0.01 0.01 0.18 0.12
Max 0.49 0.33 0.16 2.93 19.48 0.21 0.14 0.07 2.7 2.3
Avg 0.27 0.18 0.09 0.81 2.11 0.13 0.09 0.04 0.73 0.92
Std Dev 0.09 -- -- 0.63 4.41 0.05 -- -- 0.63 0.52
Coefficent of Variation 0.34 -- -- 0.77 2.09 0.37 -- -- 0.87 0.57
95 UCL 0.29 0.20 0.09 0.93 3.34 0.14 0.10 0.04 0.98 1.07
UCL Statistic 95% Students -- -- Approx Gamma 95% Students 95% Bootstrap -- -- 95% Bootstrap 95% Students
Non-Detects 0 -- -- 21 17 0 -- -- 11 2

Domain 3

Domain 4

Purvis Creek

Domain 1

Domain 2 Main Canal



Table 4-8a_Continued

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 63 -- -- 63 57 104 -- -- 93 93
Min 0.059 0.04 0.02 0.104 0.26 0.18 0.12 0.06 0.64 0.37
Max 0.48 0.33 0.15 0.76 1.01 1.8 1.22 0.58 7.39 52
Avg 0.19 0.13 0.06 0.22 0.504 0.79 0.54 0.25 2.49 5.21
Std Dev 0.086 -- -- 0.12 0.17 0.32 -- -- 1.31 10.47
Coefficent of Variation 0.443 -- -- 0.55 0.33 0.404 -- -- 0.53 2.008
95 UCL 0.21 0.14 0.07 0.24 0.54 0.84 0.57 0.27 2.75 7.58
UCL Statistic 95% Students -- -- 95% Students 95% Students 95% Students -- -- 95% H-UCL 95% Bootstrap
Non-Detects 0 -- -- 21 14 0 -- -- 0 19

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead  

Count 48 -- -- 41 41
Min 0.002 0.001 0.001 0.003 0.12
Max 0.13 0.09 0.04 1.8 2.3
Avg 0.04 0.027 0.01 0.22 0.71
Std Dev 0.03 -- -- 0.37 0.43
Coefficent of Variation 0.68 -- -- 1.71 0.604
95 UCL 0.05 0.03 0.02 0.38 0.84
UCL Statistic 95% Bootstrap -- -- 95% Bootstrap Approx Gamma
Non-Detects 1 -- -- 28 13

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead

Mean 0.25 0.17 0.08 0.77 1.06
95UCL 0.27 0.18 0.09 0.89 1.4

Includes Mercury and Inorganic mercury samples extracted from the database.  
a = Methyl Mercury is the total mercury value multiplied by a factor of 0.68.
b = Inorganic Mercury is the total mercury value minus the methyl mercury value.  This is the remaining amount of mercury available for exposure.

Area A (Main Canal + Domain 1)

Estuary Area Weighted Grand Mean and UCL

Troup Creek Reference

Blythe Island



(Uca spp.) for major areas and years in estuary at LCP Site (2000 - 2007 data)a, b

Size of area

(percent of

total site Body burden Sample Body burden Sample Body burden Sample

Major area of 789.26 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Domain 1 20.28 acres 2000 1.1 14 3.0 7 22 7
(marsh) -- (2.6%) 2002 0.95 7 2.8 7 1.8 7
AB Seep 2003 0.82 7 2.1 7 33 7
Station 2004 1.1 10 1.1 10 1.4 10

2005 1.0 13 1.8 13 0.38 13
2006 1.1 7 2.4 7 0.87 7
2007 0.96 3 4.6 3 2.0 3

Total 61 54 54

Main Canal 1.54 acres 2000 0.74 8 2.0 4 1.9 4
(0.2%) 2002 0.67 4 0.67 4 2.8 4

2003 0.41 7 1.8 7 1.6 7
2004 0.50 7 3.4 7 1.1 7
2005 0.39 7 2.7 7 0.61 7
2006 0.50 7 2.9 7 0.69 7
2007 0.42 3 1.3 3 1.5 3

Total 43 39 39

Eastern Creek 4.42 acres 2000 ----- 0 ----- 0 ----- 0
(0.6%) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 0.42 1 0.24 1 0.38 1
2005 0.19 1 1.6 1 0.38 1
2006 0.36 1 0.62 1 0.41 1
2007 0.45 1 0.54 1 0.86 1

Total 4 4 4

Western 2.15 acres 2000 ----- 0 ----- 0 ----- 0
Creek (0.3%) 2002 ----- 0 ----- 0 ----- 0

Complex
d 2003 ----- 0 ----- 0 ----- 0

2004 0.34 42 0.50 42 0.57 42
2005 0.19 38 0.90 38 0.38 35
2006 0.26 20 0.46 20 0.50 20
2007 0.15 9 0.50 9 0.57 9

Total 109 109 106

Domain 2 130.12 acres 2000 ----- 0 ----- 0 ----- 0

(marsh)
d (16.5%) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 0.34 42 0.50 42 0.57 42
2005 0.19 38 0.90 38 0.38 35
2006 0.26 20 0.46 20 0.50 20
2007 0.15 9 0.50 9 0.57 9

Total 109 109 106

Domain 3 156.21 acres 2000 ----- 0 ----- 0 ----- 0
(marsh) (19.8%) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 0.33 21 0.26 21 0.45 21
2005 0.22 35 1.1 35 0.44 31
2006 0.26 18 0.46 18 0.50 18
2007 0.26 3 1.5 3 1.60 3

Total 77 77 73

Domain 4  417.24 acres 2000 ----- 0 ----- 0 ----- 0
(marsh) (52.9%) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 0.24 21 0.42 21 0.61 21
2005 0.17 11 0.94 11 0.38 11
2006 0.25 12 0.71 12 0.54 12

Total 44 44 44

Table 4-8b_Body burdens of chemicals of potential concern (COPCs) in fiddler crabs 

Total mercury
c

Aroclor 1268 Lead



Table 4-8b_Continued

Size of area

(percent of
total site Body burden Sample Body burden Sample Body burden Sample

Major area of 789.26 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

North Purvis  31.27 acres 2000
Creek (4.0%) 2002

2003
2004
2005
2006
2007

Total

South Purvis 26.03 acres 2000 0.16 7 0.55 7 1.0 7
Creek (3.3%) 2002 0.13 7 0.1 7 1.5 7

2003 0.18 7 0.44 7 0.56 7
2004 0.13 7 0.28 7 0.30 7
2005 ----- 0 ----- 0 ----- 0
2006 0.13 4 0.3 4 0.91 4
2007 0.16 3 0.74 3 1.5 3

Total 35 35 35

Troup Creek ---------- 2000 0.031 14 0.15 14 0.96 7
(reference) 2002 0.027 5 0.18 5 1.4 5

2003 0.034 5 0.99 5 0.41 5
2004 0.029 7 0.27 7 0.49 7
2005 0.064 7 0.024 7 0.38 7
2006 0.10 7 0.018 7 0.66 7
2007 0.057 3 0.0042 3 0.77 3

Total 48 48 41

Crescent ---------- 2000 0.018 7 0.17 7 1.3 7
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.046 7 0.032 7 0.38 7
2006 ----- 0 ----- 0 ----- 0

Total 14 14 14

a
Each sample of fiddler crabs consisted of from two to seven replicates, with each replicate 

consisting of about 8-50 (mostly male) crabs.
b
Body burdens of fiddler crabs identified by underlining  consisted of at least one 

non-detected value that was assigned a value of 1/2 of detection limit.
c
Body burden of methylmercury in fiddler crabs consisted of about 68% of total mercury 

(Appendix F).
d
Western Creek Complex is in Domain 2, and data generated for the creek were also 

employed for the domain.

--------------------------------------------------------------------------------------------------------------------

Fiddler crabs were not sampled in North Purvis Creek. Mean values of COPC are 
assumed to approximate those for South Purvis Creek.

Total mercury
c

Aroclor 1268 Lead



Table 4-9a_Concentrations of chemicals of potential concern (COPCs) in blue crabs ( Callinectes sapidus ) 
for major areas and years in estuary at LCP Site for exposure estimation (2000 - 2007 data) 
All Concentrations in mg/kg dw

Total Mercury Methyl Mercury(a) Inorganic Mercury(b) Aroclor-1268 Lead
Count 91 -- -- 91 91
Min 0.07 0.07 0 0.12 0.12
Max 6.3 6.3 0 7.9 4
Avg 1.59 1.59 0 1.61 0.82
Std Dev 1.08 -- -- 1.47 0.87
Coefficent of Variation 0.68 -- -- 0.91 1.07
95 UCL 1.78 1.78 0 1.88 1.21
UCL Statistic Approx Gamma -- -- Approx Gamma 95% Chebyshev
Non-Detects 0 -- -- 1 40

Total Mercury Methyl Mercury(a) Inorganic Mercury(b) Aroclor-1268 Lead
Count 49 -- -- 49 49
Min 0.01 0.01 0 0.002 0.13
Max 0.49 0.49 0 2 14.3
Avg 0.15 0.15 0 0.13 0.73
Std Dev 0.11 -- -- 0.29 2.08
Coefficent of Variation 0.73 -- -- 2.22 2.85
95 UCL 0.19 0.19 0 0.30 4.21
UCL Statistic Approx Gamma -- -- 95% Bootstrap 95% Bootstrap
Non-Detects 2 -- -- 38 31

Notes:

Total Mercury was extracted from the database.  

a = Methyl Mercury is the total mercury value multiplied by a factor of 1.0.

b = Inorganic Mercury is the total mercury value minus the methyl mercury value.  There is no inorganic mercury remaining in the blue crab.

Purvis Creek

Troup Creek



(Callinectes sapidus ) for major areas and years in estuary at LCP Site (2000 - 2007 data)
a, b  

Size of area

(percent of

evaluated site Body burden Sample Body burden Sample Body burden Sample
Major area of 57.30 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

North Purvis  31.27 acres 2000 1.7 7 0.77 7 0.71 7
Creek (54.6%) 2002 1.0 7 1.9 7 2.3 7

2003 1.6 7 2.8 7 0.15 7
2004 1.2 7 1.2 7 0.28 7
2005 1.4 7 0.53 7 0.38 7
2006 1.0 7 1.2 7 0.49 7

2007c 1.7 7 1.0 7 0.44 7
Total 49 49 49

South Purvis 26.03 acres 2000 1.7 7 0.70 7 1.1 7
Creek (45.4%) 2002 0.97 7 2.4 7 2.7 7

2003 1.5 7 3.6 7 0.12 7
2004 1.7 7 1.3 7 0.24 7
2005 1.0 7 0.44 7 0.96 7
2006 1.1 7 0.59 7 0.47 7

Total 42 42 42

Troup Creek ---------- 2000 0.069 7 0.15 7 0.75 7
(reference) 2002 0.14 7 0.09 7 1.2 7

2003 0.073 7 0.43 7 0.12 7
2004 0.17 7 0.17 6 0.17 6
2005 0.18 7 0.02 8 0.38 8
2006 0.15 7 0.02 7 0.20 7
2007 0.15 7 0.0048 7 0.20 7

Total 49 49 49

Crescent ---------- 2000 0.08 7 0.21 7 1.1 7
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.18 7 0.03 7 0.80 7
2006 ----- 0 ----- 0 ----- 0

Total 14 14 14

a
Each sample of blue crabs consisted of from six to seven replicates, with each replicate 

 consisting of a single male crab.
b
Body burdens of blue crabs identified by underlining  consisted of at least one non-detected 

 value that was  assigned a value of 1/2 of detection limit.
c
2007 blue crab collections were not in north or south Purvis Creek but rather at a single  

location at the mouth of the Main Canal.

Table 4-9b_Yearly average body burdens of chemicals of potential concern (COPCs) in blue crabs  

Total mercury Aroclor 1268 Lead



Table 4-10a_Concentrations of chemicals of potential concern (COPCs) in mummichogs 
(Fundulus heteroclitus ) for major areas in estuary at LCP Site for exposure estimates (2000 - 2007 data) 
All concentrations in mg/kg dw

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 43 -- -- 43 41 10 -- -- 10 9
Min 0.34 0.31 0.03 0.95 0.12 0.15 0.14 0.02 0.21 0.12
Max 9.1 8.19 0.91 20.25 2.4 0.31 0.28 0.03 1.5 1.1
Avg 0.71 0.64 0.07 6.06 0.68 0.2 0.18 0.02 1.01 0.43
Std Dev 1.31 -- -- 4.28 0.61 0.05 -- -- 0.37 0.28
Coefficent of Variation 1.35 -- -- 0.71 0.903 0.27 -- -- 0.37 0.64
95 UCL 2.03 1.83 0.20 7.27 0.863 0.24 0.22 0.024 1.22 0.65
UCL Statistic 95% Bootstrap -- -- Approx Gamma 95% Bootstrap 95% Students -- -- 95% Students Approx Gamma
Non-Detects 0 -- -- 0 10 0 -- -- 0 3

 

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 15 -- -- 15 15 16 -- -- 16 16
Min 0.13 0.12 0.01 0.37 0.12 0.21 0.19 0.02 2.44 0.22
Max 0.56 0.50 0.06 3.3 2.4 2.1 1.89 0.21 9.1 1
Avg 0.29 0.26 0.03 1.62 0.93 0.58 0.52 0.058 4.28 0.46
Std Dev 0.11 -- -- 0.91 0.74 0.45 -- -- 1.7 0.19
Coefficent of Variation 0.39 -- -- 0.56 0.79 0.78 -- -- 0.39 0.43
95 UCL 0.35 0.32 0.04 2.13 1.26 0.78 0.70 0.078 5.06 0.55
UCL Statistic 95% Students -- -- Approx Gamma 95% Students Approx Gamma -- -- Approx Gamma 95% Students
Non-Detects 0 -- -- 0 7 0 -- -- 0 5

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead Total Mercury

Methyl 
Mercury(a)

Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 50 -- -- 50 48 74 -- -- 74 72
Min 0.1 0.09 0.01 0.43 0.12 0.13 0.12 0.01 0.37 0.12
Max 0.69 0.62 0.069 8.25 70 9.1 8.19 0.91 20.25 2.4
Avg 0.36 0.32 0.04 2.87 2.41 0.87 0.78 0.087 5.58 0.62
Std Dev 0.12 -- -- 1.69 10.01 1.15 -- -- 3.83 0.54
Coefficent of Variation 0.33 -- -- 0.59 4.15 1.33 -- -- 0.69 0.87
95 UCL 0.39 0.35 0.04 3.29 30.7 1.56 1.40 0.156 6.42 0.76
UCL Statistic 95% Students -- -- Approx Gamma 95% Bootstrap 95% Bootstrap -- -- Approx Gamma 95% Bootstrap
Non-Detects 0 -- -- 0 12 0 -- -- 0 15

Area A

Main Canal

Domain 4

Domain 3

Eastern Creek (NS tributary)

Western Creek Complex



Table 4-10a_Continued

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead

Count 22 -- -- 22 19
Min 0.03 0.03 0.003 0.02 0.12
Max 0.18 0.16 0.02 0.47 5.9
Avg 0.09 0.08 0.01 0.15 0.87
Std Dev 0.04 -- -- 0.15 1.33
Coefficent of Variation 0.44 -- -- 1 1.53
95 UCL 0.11 0.10 0.01 0.22 1.43
UCL Statistic 95% Students -- -- Approx Gamma Approx Gamma
Non-Detects 0 -- -- 15 5

Total Mercury
Methyl 

Mercury(a)
Inorganic 
Mercury(b) Aroclor-1268 Lead

Mean 0.25 0.23 0.02 1.57 0.88
95 UCL 0.32 0.29 0.03 1.88 6.66

Notes:
Mercury and inorganic mercury was extracted from the database.  
a = Methyl Mercury is the total mercury value multiplied by a factor of 0.90.
b = Inorganic Mercury is the total mercury value minus the methyl mercury value.  This is the remaining amount of mercury available for exposure.  
Area A = Main canal, Eastern Creek, and Western Creek Complex

OU-1 Area Weighted Grand Site Mean and UCL

Troup Creek Reference (N St Simons)



mummichogs (Fundulus heteroclitus ) for major areas and years in estuary at LCP Site

(2000 - 2007 data)
a, b 

Size of area

(percent of

evaluated site Body burden Sample Body burden Sample Body burden Sample

Major area
of 711.68 

acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Main Canal 1.54 acres 2000 ----- 0 ----- 0 ----- 0
(0.2%) 2002 1.0 4 3.7 4 0.62 4

2003 0.54 2 7.4 2 0.57 2
2004 0.91 1 2.8 1 0.12 1
2005 0.36 3 3.0 3 0.69 3
2006 0.26 3 3.8 3 0.41 3
2007 0.50 3 5.2 3 0.29 3
Total 16 16 16

Eastern Creek 4.42 acres 2000 0.60 6 1.8 6 1.1 6
(0.6%) 2002 2.2 7 8.3 7 1.7 7

2003 0.60 6 5.8 6 0.40 6
2004 1.0 6 3.5 6 0.19 6
2005 0.54 6 6.8 6 0.38 4
2006 0.70 6 7.0 6 0.43 6
2007 0.85 6 9.1 6 0.25 6
Total 43 43 41

Western 2.15 acres 2000 0.33 3 0.82 3 1.5 3
Creek (0.3%) 2002 0.43 3 2.8 3 1.8 3
Complexd 2003 0.17 3 1.3 3 0.79 3

2004 0.36 3 1.6 3 0.12 3
2005 0.21 3 1.6 3 0.48 3
2006 ----- 0 ----- 0 ----- 0
Total 15 15 15

Domain 2 130.12 acres 2000 0.33 3 0.82 3 1.5 3
(marsh)d (18.3%) 2002 0.43 3 2.8 3 1.8 3

2003 0.17 3 1.3 3 0.79 3
2004 0.36 3 1.6 3 0.12 3
2005 0.21 3 1.6 3 0.48 3
2006 ----- 0 ----- 0 ----- 0
Total 15 15 15

Domain 3 156.21 acres 2000 0.37 3 0.79 3 26 3
(marsh) (21.9%) 2002 0.34 3 2.2 3 2.0 3

2003 0.39 3 1.6 3 1.3 3
2004 0.37 6 2.1 6 0.54 6
2005 0.40 14 3.5 14 0.53 12
2006 0.27 12 2.2 12 1.0 12
2007 0.41 9 2.8 9 0.7 9
Total 50 50 48

Domain 4  417.24 acres 2000 ----- 0 ----- 0 ----- 0
(marsh) (58.6%) 2002 0.22 1 1.3 1 1.6 1

2003 0.14 3 1.1 3 0.48 3
2004 0.21 3 0.97 3 0.33 3
2005 0.21 3 1.2 3 0.36 2
2006 ----- 0 0.78 0 0.50 0
Total 10 10 9

Table 4-10b_Yearly average body burdens of chemicals of potential concern (COPCs) in 

Total mercury c Aroclor 1268 Lead



Size of area

(percent of
evaluated site Body burden Sample Body burden Sample Body burden Sample

Major area
of 711.68 

acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Troup Creek ---------- 2000 0.031 3 0.15 3 2.8 3
(reference) 2002 0.12 4 0.11 4 1.3 4

2003 0.077 3 0.45 3 0.54 3
2004 0.15 3 0.24 3 0.12 3
2005 0.14 3 0.04 3 ----- 0
2006 0.056 3 0.053 3 0.19 3
2007 0.097 3 0.070 3 0.18 3
Total 22 22 19

Crescent ---------- 2000 0.018 12  12 0.87 12
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.066 16 0.025 16 0.29 16
2006 ----- 0 ----- 0 ----- 0
Total 28 28 28

aEach sample of mummichogs consisted of from one to four replicates, with each replicate 
consisting of 1-40 fish.
 bBody burdens of mummichogs identified by underlining  consisted of at least one 
non-detected value that was assigned a value of 1/2 of detection limit.

cBody burdens of methylmercury in mummichogs consisted of about 92% of total
mercury (Appendix D).
dWestern Creek Complex is in Domain 2, and mummichog data collected from the creek 
complex were also used in Domain 2.

Total mercury c Aroclor 1268 Lead

Table 4-10b_Continued



Table 4-11a_Concentrations of chemicals of potential concern (COPCs) in large finfish for major 
areas in estuary at LCP Site  for exposure estimates (2000 - 2007 data)
All concentrations in mg/kg dw

Total Mercury
Methyl 

Mercury (a) Aroclor-1268 Total Mercury
Methyl 

Mercury (a) Aroclor-1268
Total 

Mercury
Methyl 

Mercury (a) Aroclor-1268
Count 50  -- 50 16  -- 16 8  -- 8
Min 0.31 0.28 1.1 0.04 0.04 0.01 0.034 0.03 0.017
Max 3.28 2.98 18 0.18 0.16 0.20 0.07 0.06 0.017
Mean 0.84 0.76 5.51 0.11 0.10 0.10 0.045 0.04 0.017
Std Dev 0.543  -- 3.567 0.035  -- 0.042 0.015  -- NA
Coeff Var. 0.644  -- 0.647 0.332  -- 0.428 0.336  -- NA
95 UCL 0.96 0.87 6.45 0.12 0.11 0.12 0.055 0.05 NA

H-UCL  -- Approx Gamma Student's-t  -- Student's-t Student's-t  -- NA
Non-Detects 0  -- 0 0  -- 1 0  -- 8

Total Mercury
Methyl 

Mercury (a) Aroclor-1268 Total Mercury
Methyl 

Mercury (a) Aroclor-1268
Total 

Mercury
Methyl 

Mercury (a) Aroclor-1268
Count 39  -- 39 13  -- 13 1  -- 1
Min 0.18 0.16 0.16 0.08 0.07 0.04 0.18 0.16 0.016
Max 3.5 3.12 8.76 0.87 0.77 0.26 0.18 0.16 0.016
Mean 1.14 1.01 1.43 0.30 0.27 0.10 0.18 0.16 0.02
Std Dev 0.833  -- 1.532 0.250  -- 0.067 NA NA NA
Coeff Var. 0.728  -- 1.071 0.845  -- 0.683 NA NA NA
95 UCL 1.41 1.25 1.87 0.45 0.40 0.13 NA NA NA

Approx Gamma  -- % Bootstrap Approx Gamma  -- Approx Gamma NA NA NA
Non-Detects 0  -- 1 0  -- 0 0 0

Total Mercury
Methyl 

Mercury (a) Aroclor-1268 Total Mercury
Methyl 

Mercury (a) Aroclor-1268
Total 

Mercury
Methyl 

Mercury (a) Aroclor-1268
Count 55  -- 56 32  -- 31 8  -- 8
Min 0.18 0.18 0.09 0.11 0.11 0.07 0.13 0.13 0.016
Max 4.7 4.7 22 0.6 0.6 0.65 0.19 0.19 0.051
Mean 1.6 1.6 5.67 0.29 0.29 0.19 0.16 0.16 0.024
Std Dev 0.997  -- 5.601 0.130  -- 0.130 0.027  -- 0.015
Coeff Var. 0.622  -- 0.988 0.455  -- 0.689 0.169  -- 0.612
95 UCL 1.85 1.85 7.05 0.33 0.33 0.23 0.18 0.18 0.033

Approx Gamma  -- Approx Gamma Approx Gamma  -- Approx Gamma Student's-t  -- % Bootstrap
Non-Detects 0  -- 0 0  -- 7 0  -- 6

Black Drum - Purvis Creek Black Drum - Crescent River 

Silver Perch - Troup Creek

Red Drum - Troup Creek

Black Drum - Troup Creek 

Red Drum - Purvis Creek Red Drum - Crescent River

Silver Perch - Purvis Creek Silver Perch - Cresent River



Table 4-11a_Continued

Total Mercury
Methyl 

Mercury (a) Aroclor-1268 Total Mercury
Methyl 

Mercury (a) Aroclor-1268
Total 

Mercury
Methyl 

Mercury (a) Aroclor-1268
Count 49  -- 49 21  -- 21 8  -- 8
Min 0.38 0.38 0.79 0.19 0.19 0.02 0.078 0.078 0.016
Max 5.3 5.3 19.38 0.53 0.53 0.47 0.156 0.156 0.016
Mean 2.27 2.27 4.92 0.34 0.34 0.16 0.108 0.11 0.016
Std Dev 1.352  -- 3.844 0.096  -- 0.109 0.033  -- NA
Coeff Var. 0.595  -- 0.781 0.280  -- 0.683 0.306  -- NA
95 UCL 2.65 2.65 5.91 0.38 0.38 0.21 0.13 0.13 NA

Approx Gamma  -- Approx Gamma Student's-t  -- Approx Gamma Student's-t  -- NA
Non-Detects 0  -- 0 0  -- 0 0  -- 8

Total Mercury
Methyl 

Mercury (a) Aroclor-1268 Total Mercury
Methyl 

Mercury (a) Aroclor-1268
Total 

Mercury
Methyl 

Mercury (a) Aroclor-1268
Count 27  -- 27 13  -- 13 4  -- 4
Min 0.10 0.04 0.04 0.01 0.004 0.01 0.015 0.006 0.016
Max 0.84 0.31 47.05 0.17 0.06 0.44 0.033 0.012 0.016
Mean 0.23 0.09 13.2 0.05 0.02 0.18 0.021 0.008 0.016
Std Dev 0.137  -- 9.338 0.045  -- 0.147 0.008  -- NA
Coeff Var. 0.596  -- 0.707 0.895  -- 0.810 0.399  -- NA
95 UCL 0.27 0.10 21.03 0.08 0.03 0.25 0.031 0.011 NA

Approx Gamma  -- Chebyshev Approx Gamma  -- Student's-t Student's-t  -- NA
Non-Detects 0  -- 0 0  -- 3 0  -- 4

(a) - Percentage of Total Mercury in the form of Methyl Mercury: 
       Black Drum - 91 %
       Red Drum - 89 %
       Silver Perch - 100 %
       Spotted Seatrout - 100 %
       Striped Mullet - 37 %

Spotted Seatrout - Troup Creek

Striped Mullet - Troup Creek

Spotted Seatrout - Purvis Creek

Striped Mullet - Purvis Creek Striped Mullet - Cresent River

Spotted Seatrout - Cresent River



for major areas and years in estuary at LCP Site (2000 - 2007 data)
a, b 

Size of area

(percent of

evaluated site Body burden Sample Body burden Sample Body burden Sample
Major area of 57.30 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Purvis  57.30 acres 2000 2.1 7 2.9 8 0.78 8
Creek (100%) 2002 1.1 8 16 8 1.2 8

2003 1.6 8 3.8 8 0.12 8
2004 1.3 8 3.6 8 0.14 8
2005 0.84 8 2.8 8 0.36 8
2006 1.6 8 3.7 8 0.089 8
2007 1.5 8 3.3 8 0.10 8

Total 55 56 56

Troup Creek ---------- 2000 0.15 8 0.33 8 1.1 8
(reference) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 ----- 0 ----- 0 ----- 0
2005 0.34 8 0.15 7 0.38 8
2006 0.42 8 0.15 8 0.20 8
2007 0.37 8 0.12 8 0.088 8

Total 32 31 32

Crescent ---------- 2000 ----- 0 ----- 0 ----- 0
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.17 8 0.03 8 0.37 8
2006 ----- 0 ----- 0 ----- 0

Total 8 8 8

Purvis  57.30 acres 2000 ----- 0 ----- 0 ----- 0
Creek (100%) 2002 0.81 8 1.2 8 0.50 8

2003 0.67 8 1.0 8 0.12 8
2004 1.1 8 0.92 8 0.16 8
2005 0.64 8 0.71 8 0.39 8
2006 1.0 3 3.5 3 0.17 3
2007 1.7 4 2.6 4 0.063 4

Total 39 39 39

Troup Creek ---------- 2000 ----- 0 ----- 0 ----- 0
(reference) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 ----- 0 ----- 0 ----- 0
2005 0.52 5 0.12 5 0.38 5
2006 ----- 0 ----- 0 ----- 0
2007 0.16 8 0.080 8 0.078 8

Total 13 13 13

Crescent ---------- 2000 ----- 0 ----- 0 ----- 0
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.22 1 0.018 1 0.38 1
2006 ----- 0 ----- 0 ----- 0

Total 1 1 1

-----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

Table 4-11b_ Body burdens of chemicals of potential concern (COPCs) in large finfish

Total mercury Aroclor 1268 Lead

Silver Perch (Bairdiella chrysoura )

Red Drum (Sciaenops ocellatus )



Table 4-11b_Continued

Size of area

(percent of
evaluated site Body burden Sample Body burden Sample Body burden Sample

Major area of 57.30 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Purvis  57.30 acres 2000 0.92 2 4.2 2 0.90 2
Creek (100%) 2002 0.41 8 7.3 8 1.0 8

2003 0.61 8 2.9 8 0.21 8
2004 0.92 8 3.1 8 0.12 8
2005 0.88 8 7.8 8 0.38 7
2006 0.54 8 4.8 8 0.41 8
2007 0.87 8 5.3 8 0.32 8

Total 50 50 49

Troup Creek ---------- 2000 ----- 0 ----- 0 ----- 0
(reference) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 ----- 0 ----- 0 ----- 0
2005 0.11 8 0.11 8 0.38 8
2006 0.12 8 0.091 8 0.31 8
2007 ----- 0 ----- 0 ----- 0

Total 16 16 16

Crescent ---------- 2000 ----- 0 ----- 0 ----- 0
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.06 8 0.016 8 0.38 8
2006 ----- 0 ----- 0 ----- 0

Total 8 8 8

Purvis  57.30 acres 2000 0.64 1 0.99 1 0.90 1
Creek (100%) 2002 0.90 8 5.8 8 0.94 8

2003 1.4 8 3.7 8 0.12 8
2004 2.0 8 3.7 8 0.14 8
2005 2.8 8 6.5 8 0.36 8
2006 1.7 8 2.8 8 0.069 8
2007 3.0 8 4.0 8 0.049 8

Total 49 49 49

Troup Creek ---------- 2000 ----- 0 ----- 0 ----- 0
(reference) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 ----- 0 ----- 0 ----- 0
2005 0.36 8 0.19 8 0.38 8
2006 0.31 8 0.18 8 0.077 8
2007 0.39 5 0.080 5 0.090 5

Total 21 21 21

Crescent ---------- 2000 ----- 0 ----- 0 ----- 0
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.021 8 0.016 8 0.39 8
2006 ----- 0 ----- 0 ----- 0

Total 8 8 8

Black Drum (Pogonias cromis )

Spotted Seatrout (Cynoscion nebulosus )

-----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

Total mercury Aroclor 1268 Lead



Table 4-11b_Continued

Size of area
(percent of

evaluated site Body burden Sample Body burden Sample Body burden Sample
Major area of 57.30 acres) Year (mg/kg, dw) size (n) (mg/kg, dw) size (n) (mg/kg, dw) size (n)

Purvis  57.30 acres 2000 ----- 0 ----- 0 ----- 0
Creek (100%) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 0.27 8 10 8 0.50 8
2005 0.23 8 12 8 0.38 8
2006 0.085 8 9.3 8 0.47 8
2007 0.16 3 12 3 0.84 3

Total 27 27 27

Troup Creek ---------- 2000 ----- 0 ----- 0 ----- 0
(reference) 2002 ----- 0 ----- 0 ----- 0

2003 ----- 0 ----- 0 ----- 0
2004 ----- 0 ----- 0 ----- 0
2005 0.10 6 0.019 6 0.38 6
2006 0.026 5 0.32 5 0.60 5
2007 0.019 2 0.22 2 0.18 2

Total 13 13 13

Crescent ---------- 2000 ----- 0 ----- 0 ----- 0
River 2002 ----- 0 ----- 0 ----- 0
(reference) 2003 ----- 0 ----- 0 ----- 0

2004 ----- 0 ----- 0 ----- 0
2005 0.021 4 0.016 4 0.38 4
2006 ----- 0 ----- 0 ----- 0

Total 4 4 4

a
Each sample of finfish consisted of from one to eight replicates, with each replicate 

consisting  of a single fish.
b
Body burdens of finfish identified by underlining  consisted of at least one non-detected 

value that was assigned a value of 1/2 of detection limit.

Striped Mullet (Mugil cephalus )

Total mercury Aroclor 1268 Lead

-----------------------------------------------------------------------------------------------------------------------



Table 4-12_Statistical analysis of survival and growth of mysids (Mysidopsis bahia) exposed
for 7 days to surface water in estuary at LCP Site ( 2000 data)  a 

Mean Variance
Water source (S) 1 2 3 4 5 6 7 8 (x) (s2)

Control
c

5 (0.39) 5 (0.32) 5 (0.57) 4 (0.45) 5 (0.41) 5 (0.33) 5 (0.52) 5 (0.85) 4.88 (0.48) 0.12 (0.029)

Crescent River 5 (0.46) 5 (0.54) 5 (0.69) 5 (0.79) 5 (0.52) 5 (0.84) 5 (0.54) 5 (0.46) 5.00 (0.60) 0 (0.023)
Troup Creek 5 (0.53) 5 (0.41) 5 (0.61) 5 (0.76) 5 (0.49) 5 (0.71) 5 (0.50) 5 (0.43) 5.00 (0.56) 0 (0.017)

Mouth (C-5) 5 (0.47) 4 (0.90) 5 (0.66) 5 (0.85) 5 (0.47) 4 (1.02) 5 (0.51) 4 (0.73) 4.62 (0.70) 0.27 (0.044)

Mouth (C-16) 5 (0.65) 4 (1.90) 5 (0.70) 4 (0.49) 5 (1.36) 5 (0.45) 5 (0.35) 5 (0.45) 4.75 (0.79) 0.21 (0.303)

Mid-stretch (C-7) 4 (0.58) 5 (0.59) 5 (1.11) 5 (0.75) 5 (0.53) 5 (1.29) 5 (1.06) 5 (0.78) 4.88 (0.84) 0.12 (0.078)

Near old oil-processing site 5 (0.57) 5 (0.76) 5 (0.75) 5 (0.42) 5 (0.33) 5 (0.44) 5 (0.40) 5 (0.36) 5.00 (0.50) 0 (0.029)
(C-33)

1. Mean survival of mysids exposed to all water sources was from 92.4 to 100%, which was
     greater than minimum acceptable survival for control organisms (80%).
2. Mean growth (weight) of mysids exposed to water from the site and reference locations
    was from 0.50 to 0.84 mg, which was greater than weight of control organisms (0.48 mg). 

aSurface water employed in mysid toxicity test was collected directly into sampling containers on 

October 11 (Days 1 and 2 of test), October 13 (Days 3, 4, and 5 of test), and October 16 (Days 6 and 7 of test), 2000.
bEach replicate (r) consisted of 5 mysids at start of test (i. e., 5 mysids at end of test = 100% survival).

cLaboratory control water consisted of deionized water to which commercial sea salts were added. 

1. Number of surviving mysids (mean weight; mg, dw)
b

Replicate -- r

No further statistical analysis required

Control

Reference Locations

Main Canal

Eastern Creek

Domain 3

Purvis Creek



       

Mean Variance
Water source (S) 1 2 3 4 (x) (s2)

Control
c

10 (1.22) 10 (1.01) 10 (1.14) 10 (1.16) 10.00 (1.13) 0 (0.008)

Crescent River 10 (1.17) 10 (1.57) 10 (1.22) 9 (1.01) 9.75 (1.24) 0.25 (0.056)
Troup Creek 8 (0.76) 9 (1.36) 9 (0.54) 8 (0.50) 8.50 (0.79) 0.34 (0.158)

Main Canal (C-5) 10 (1.51) 10 (1.24) 10 (0.99) 10 (1.33) 10.00 (1.27) 0 (0.047)

Eastern Creek (C-7) 10 (1.59) 9 (0.90) 8 (0.76) 9 (1.10) 9.00 (1.09) 0.67 (0.132)

Mouth (C-16) 10 (1.00) 10 (1.00) 9 (0.95) 8 (0.68) 9.25 (0.91) 0.92 (0.024)

Near old oil-processing site (C-33) 9 (0.40) 7 (0.50) 10 (0.68) 6 (0.48) 8.00 (0.52) 3.35 (0.014)

 
as compared to C(tab.) = 0.48   
for k = 7 and v = 3

Source of variation Sum of Mean
in weight squares (SS) square (MS) F(cal.)

Water source (S) 1.77 0.30 5.00 **,
Error (R) 1.31 0.06
Total (T) 3.08

6 numerator df, and 21
denominator df

Water source (S):

Mean (x) weight (mg, dry wt):              0.52                      0.79                 0.91                1.09             1.13                    1.24                 1.27
        _________________________________                                    ___________________________________________________________________

cLaboratory control water consisted of deionized water to which commercial sea salts were added. 

Main Canal

Eastern Creek

1.  Number of surviving fish (mean weight; mg, dw)
b

Replicate -- r

Control

Reference Locations

Tukey's (w) test of fish weight
e  

Degrees of

minimum acceptable survival for control organisms (80%

C(cal.) = s2(max.) / s2(total)

C(cal.) = 0.158 / 0.439 = 0.36 ns,

(as indicated by the symbol "**" for F [cal.]). Tukey's (w) test indicates that a major source of these differences is the

Table 4-13_Statistical analysis of survival and growth of sheepshead minnows ( Cyprinodon

aSurface water employed in fish toxicity test was collected directly into sampling containers on  
October 11 (Days 1 and 2 of test), October 13 (Days 3, 4, and 5 of test), and October 16 (Days 6 and 7of test), 2000.
bEach replicate (r) consisted of 10 fish at start of test (i. e., 10 fish at end of test = 100% survival).

Purvis Creek

variegatus) exposed for 7 days to surface water of estuary at LCP Site (based on 2000 data) a 

        Station 33            Troup Creek       Station 16        Station 7       Control       Crescent River       Station 5

   w(P = 0.05)  = q (square root of error MS / r)

    sr - 1 = 27

Domain 3

dCochran's (C) test, when applied to fish weight data indicated homogeneity of variances (as indicated by the symbol "ns"). 
Consequently, further statistical analyses were conducted with original (untransformed) data by parametric protocols.  

No further statistical analysis required for fish survival since mean survival of fis
exposed to all water sources was from 80 to 100%, which was at least equal to

freedom (df)

2.  Cochran's (C) test for homogeneity of variances of fish weight
d

s (r - 1) = 21
  s - 1 = 6

3.  Parametric one-way analysis of variance (ANOVA) followed by 

eA parametric ANOVA applied to fish weight data documented the presence of statistically significant differences in weight 

                     = 0.55

as compared to
F(tab.) = 3.81 for P = 0.01,

= 4.60 (square root of 0.06 / 4)

 whereas data not underscored by  the same horizontal line are significantly different (x1 - x2 > w value of 0.55). 

 relatively low weight of fish exposed to water from Station 33, although weight for that station is statistically
 similar to weight for Troup Creek (a reference location) and Station 16. In Tukey's test, weight data underscored
 by the same horizontal line are not significantly different (i. e., x1 - x2 < w value of 0.55),



Table 4-14_Results of sediment toxicity tests with amphipods
(Leptocheirus plumulosus ) exposed for 28 days to surface sediment 
of the LCP estuary (2000 - 2006 data)

1.  Annual Toxicity Tests

Location Year Domain
Reproductive 

Response

Average 
Survival 

Rate

Survivor's 
Average 
Weight

Control Control NA 71 NA
TC-C Troup Creek Reference NA 29 NA
MG-B7(C) Domain 1 NA 31 NA
MG-D9(C) Domain 1 NA 39 NA
MG-H7(C) Domain 1 NA 15 NA
MG-K7(C) Domain 1 NA 0 NA
MG-N2(C) Domain 1 NA 49 NA  
Control Control 1.16 86 0.79
TC-C Troup Creek Reference 0.025 80 0.63
CR-C Crescent River Reference 0.1 53 0.47
C-15 Western Creek Complex 0.47 77 0.70
C-45 Domain 4 0.29 71 0.60
C-5 Main Canal 0.07 54 0.42  
C-6 Eastern Creek 0 48 0.51
C-7 Eastern Creek 0 56 0.43
D-C Domain 4 0 63 0.61
MG-H7(C) Domain 1 0.01 80 0.46
MG-K7(C) Domain 1 0 68 0.46
Control Control 0.058 86 0.312
TC-C Troup Creek Reference 0.078 69 0.354
CR-C Crescent River Reference 0.048 76 0.366
C-15 Western Creek Complex 0.024 61 0.168
C-45 Domain 4 0.088 50 0.102
C-5 Main Canal 0.148 37 0.108
C-6 Eastern Creek 0.21 35 0.076
C-7 Eastern Creek 0 1 0.02
D-C Domain 4 0.052 62 0.168
MG-H7(C) Domain 1 0.19 30 0.094
MG-K7(C) Domain 1 0.034 54 0.154
Control Control 3.20 86 0.274
TC-C Troup Creek Reference 3.23 42 0.362
CR-C Crescent River Reference 5.31 40 0.178
C-33 Domain 3 1.94 42 0.35
M-AB Domain 1 Removal Area 0.079 15 0.302
C-101 Domain 3 1.59 25 0.308
C-105 Blythe Island 0 0 0
C-5 Main Canal 0.469 63 0.40
MG-H7(C) Domain 1 0.55 24 0.50
MG-K7(C) Domain 1 0.211 41 0.286
A-C Domain 4 0.205 33 0.406
C-100 Domain 3 1.605 76 0.294
C-102 Domain 4 2.873 47 0.398
C-104 Blythe Island 3.006 66 0.316
C-15 Western Creek Complex 1.45 3 0.250
C-45 Domain 4 0.12 23 0.264
C-7 Eastern Creek 0 15 0.452
D-C Domain 4 0.741 58 0.234
C-103 Blythe Island 0.148 72 0.230
C-6 Eastern Creek 2.848 37 0.384

2000

2002

2003

2004
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Location Year Domain
Reproductive 

Response

Average 
Survival 

Rate

Survivor's 
Average 
Weight

Control Control 2.21 82 0.360
TC-C Troup Creek Reference 0.77 34 0.272
CR-C Crescent River Reference 0.85 36 0.282
C-5 Main Canal 0.6 62 0.39
C-36 North Purvis Creek 0.26 65 0.408
C-29 North Purvis Creek 0 0 0
C-16 South Purvis Creek 0 7 0.45
C-6 Eastern Creek 0.95 42 0.39
C-7 Eastern Creek 0 0 0
C-15 Western Creek Complex 0 0 0
MG-K7(M) Domain 1 0.39 45 0.532
MG-H7(M) Domain 1 0.67 29 0.512
C-33 Domain 3 0.23 32 0.29
D-C Domain 4 0 3 0.14
C-45 Domain 4 0 12 0.34
C-103 Blythe Island 0 14 0.26
C-104 Blythe Island 0 4 0.25
C-105 Blythe Island 0.38 36 0.302
C-200 Domain 3 0 23 0.326
C-201 South Turtle River 0 0 0
C-202 North Turtle River 0 19 0.528
C-203 South Turtle River 0 16 0.438
FS-AREA1 Domain 3 0 2 0.1
FS-AREA2 Domain 3 0 0 0
FS-AREA3 Domain 3 0 0 0
FS-AREA4 Main Canal 0.32 26 0.208
FS-AREA5 Main Canal 0 6 0.55
FS-AREA6 Domain 2 0.54 39 0.334
Control Control 0.562 85 0.74
TC-C Troup Creek Reference 0.05 72 0.402
CR-C Crescent River Reference 0.364 88 0.322
C-103 Blythe Island 0.082 80 0.58
C-104 Blythe Island 0.292 80 0.358
C-105 Blythe Island 0.358 82 0.488
C-15 Western Creek Complex 0.86 79 0.62
C-16 South Purvis Creek 0.656 87 0.378
C-29 North Purvis Creek 0.142 84 0.382
C-33 Domain 3 1.18 70 0.756
C-36 North Purvis Creek 0.508 84 0.426
C-45 Domain 4 0 60 0.34
C-5 Main Canal 0.61 87 0.712
C-6 Eastern Creek 0.126 67 0.592
C-7 Eastern Creek 0.356 91 0.556
D-C Domain 4 0.36 87 0.534
FS-AREA1 Domain 3 0.072 41 0.322
FS-AREA2 Domain 3 0 1 0.1
FS-AREA3 Domain 3 0.906 87 0.43
FS-AREA4 Main Canal 0.032 85 0.65
FS-AREA5 Main Canal 0.464 88 0.426
FS-AREA6 Domain 2 0.074 78 0.352
M-AB Domain 1 Removal Area 0.144 81 0.318
MG-H7(M) Domain 1 0.154 66 0.458
MG-K7(M) Domain 1 0.112 74 0.744

2005

2006
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Control 2006 Control 1.55 95 0.42
SDEC-AET-1 2006 Eastern Creek 0 55 0.31
SDEC-AET-10 2006 Eastern Creek 0 0 0.00
SDEC-AET-11 2006 Eastern Creek 0 20 0.25
SDEC-AET-12 2006 Eastern Creek 0 70 0.33
SDEC-AET-13 2006 Eastern Creek 0.269 75 0.41
SDEC-AET-14 2006 Eastern Creek 0 80 0.44
SDEC-AET-15 2006 Eastern Creek 0 70 0.45
SDEC-AET-16 2006 Eastern Creek 0 0 0.00
SDEC-AET-17 2006 Eastern Creek 0 50 0.32
SDEC-AET-18 2006 Eastern Creek 0 75 0.34
SDEC-AET-19 2006 Eastern Creek 0 75 0.35
SDEC-AET-2 2006 Eastern Creek 0 50 0.29
SDEC-AET-20 2006 Eastern Creek 0.389 80 0.20
SDEC-AET-21 2006 Eastern Creek 0 25 0.50
SDEC-AET-22 2006 Eastern Creek 0 30 0.18
SDEC-AET-23 2006 Eastern Creek 0 55 0.61
SDEC-AET-24 2006 Eastern Creek 0.35 85 0.44
SDEC-AET-25 2006 Eastern Creek 1.38 80 0.29
SDEC-AET-26 2006 Eastern Creek 0 85 0.37
SDEC-AET-27 2006 Eastern Creek 0 85 0.41
SDEC-AET-28 2006 Eastern Creek 0 0 0.00
SDEC-AET-29 2006 Eastern Creek 0 0 0.00
SDEC-AET-3 2006 Eastern Creek 2.58 100 0.46
SDEC-AET-30 2006 Eastern Creek 0 50 0.45
SDEC-AET-31 2006 Eastern Creek 0.125 75 0.35
SDEC-AET-32 2006 Eastern Creek 0.727 85 0.35
SDEC-AET-33 2006 Eastern Creek 0 55 0.64
SDEC-AET-34 2006 Eastern Creek 0.0769 70 0.33
SDEC-AET-35 2006 Eastern Creek 0 80 0.56
SDEC-AET-36 2006 Eastern Creek 0.45 60 0.37
SDEC-AET-37 2006 Eastern Creek 0 80 0.59
SDEC-AET-38 2006 Eastern Creek 0 40 0.40
SDEC-AET-39 2006 Eastern Creek 0 75 0.61
SDEC-AET-4 2006 Eastern Creek 2.06 90 0.55
SDEC-AET-40 2006 Eastern Creek 0 50 0.69
SDEC-AET-41 2006 Eastern Creek 0 20 0.48
SDEC-AET-42 2006 Eastern Creek 1.88 90 0.53
SDEC-AET-43 2006 Eastern Creek 0 10 0.35
SDEC-AET-44 2006 Eastern Creek 1 100 0.48
SDEC-AET-45 2006 Eastern Creek 0 35 0.69
SDEC-AET-46 2006 Eastern Creek 1.56 90 0.43
SDEC-AET-47 2006 Eastern Creek 0 10 0.15
SDEC-AET-48 2006 Eastern Creek 0 10 0.20
SDEC-AET-49 2006 Eastern Creek 0 0 0.00
SDEC-AET-5 2006 Eastern Creek 0 65 0.71
SDEC-AET-50 2006 Eastern Creek 0.2308 80 0.33
SDEC-AET-6 2006 Eastern Creek 0 60 0.47
SDEC-AET-7 2006 Eastern Creek 0 0 0.00
SDEC-AET-8 2006 Eastern Creek 0 75 0.30
SDEC-AET-9 2006 Eastern Creek 0 65 0.19

2.  Apparent Effects Threshold (AET) Tests 
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SDMC-AET-1 2006 Main Canal 0.269 85 0.39
SDMC-AET-10 2006 Main Canal 0.167 75 0.34
SDMC-AET-11 2006 Main Canal 0 80 0.31
SDMC-AET-12 2006 Main Canal 0 65 0.68
SDMC-AET-13 2006 Main Canal 0 80 0.34
SDMC-AET-14 2006 Main Canal 0 15 0.30
SDMC-AET-15 2006 Main Canal 0 75 0.41
SDMC-AET-16 2006 Main Canal 0.9 85 0.56
SDMC-AET-17 2006 Main Canal 0.375 55 0.55
SDMC-AET-18 2006 Main Canal 0 60 0.48
SDMC-AET-19 2006 Main Canal 0 50 0.39
SDMC-AET-2 2006 Main Canal 0 80 0.44
SDMC-AET-20 2006 Main Canal 0 55 0.27
SDMC-AET-21 2006 Main Canal 0.375 80 0.51
SDMC-AET-22 2006 Main Canal 0.611 80 0.24
SDMC-AET-23 2006 Main Canal 0 35 0.49
SDMC-AET-24 2006 Main Canal 0 15 0.27
SDMC-AET-25 2006 Main Canal 0 65 0.37
SDMC-AET-26 2006 Main Canal 0 55 0.39
SDMC-AET-27 2006 Main Canal 0.167 75 0.57
SDMC-AET-28 2006 Main Canal 0.654 95 0.44
SDMC-AET-29 2006 Main Canal 0 50 0.33
SDMC-AET-3 2006 Main Canal 0 65 0.39
SDMC-AET-30 2006 Main Canal 0 70 0.44
SDMC-AET-31 2006 Main Canal 0 55 0.43
SDMC-AET-32 2006 Main Canal 0.6 75 0.33
SDMC-AET-33 2006 Main Canal 0 45 0.19
SDMC-AET-34 2006 Main Canal 0 5 0.20
SDMC-AET-35 2006 Main Canal 1.625 85 0.45
SDMC-AET-36 2006 Main Canal 0 25 0.66
SDMC-AET-37 2006 Main Canal 0 65 0.31
SDMC-AET-38 2006 Main Canal 0.15 70 0.38
SDMC-AET-39 2006 Main Canal 0.688 75 0.33
SDMC-AET-4 2006 Main Canal 0 65 0.25
SDMC-AET-40 2006 Main Canal 0 5 0.30
SDMC-AET-41 2006 Main Canal 0 35 0.51
SDMC-AET-42 2006 Main Canal 0 60 0.34
SDMC-AET-43 2006 Main Canal 0 5 0.30
SDMC-AET-44 2006 Main Canal 0 15 0.53
SDMC-AET-45 2006 Main Canal 0 50 0.40
SDMC-AET-46 2006 Main Canal 0 55 0.57
SDMC-AET-47 2006 Main Canal 0 0 0.00
SDMC-AET-48 2006 Main Canal 0 0 0.00
SDMC-AET-49 2006 Main Canal 0.25 75 0.43
SDMC-AET-5 2006 Main Canal 0 15 0.33
SDMC-AET-50 2006 Main Canal 0.909 100 0.53
SDMC-AET-6 2006 Main Canal 0 35 0.44
SDMC-AET-7 2006 Main Canal 0 35 0.33
SDMC-AET-8 2006 Main Canal 0.8 80 0.43
SDMC-AET-9 2006 Main Canal 1.04 100 0.58
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SDWC-AET-1 2006 Western Creek Complex 0.833 100 0.40
SDWC-AET-10 2006 Western Creek Complex 3.64 90 0.57
SDWC-AET-11 2006 Western Creek Complex 0.938 100 0.68
SDWC-AET-12 2006 Western Creek Complex 0.5 70 0.45
SDWC-AET-13 2006 Western Creek Complex 0 85 0.49
SDWC-AET-14 2006 Western Creek Complex 1.733 90 0.44
SDWC-AET-15 2006 Western Creek Complex 0.2 80 0.41
SDWC-AET-16 2006 Western Creek Complex 0 75 0.31
SDWC-AET-17 2006 Western Creek Complex 0 65 0.41
SDWC-AET-18 2006 Western Creek Complex 1.682 100 0.73
SDWC-AET-19 2006 Western Creek Complex 0.083 80 0.43
SDWC-AET-2 2006 Western Creek Complex 0.556 65 0.75
SDWC-AET-20 2006 Western Creek Complex 1.111 85 0.46
SDWC-AET-21 2006 Western Creek Complex 0.571 80 0.39
SDWC-AET-22 2006 Western Creek Complex 1.571 95 0.51
SDWC-AET-23 2006 Western Creek Complex 0.792 100 0.65
SDWC-AET-24 2006 Western Creek Complex 2.833 100 0.43
SDWC-AET-25 2006 Western Creek Complex 0.643 90 0.57
SDWC-AET-26 2006 Western Creek Complex 2.25 75 0.80
SDWC-AET-27 2006 Western Creek Complex 0 75 0.55
SDWC-AET-28 2006 Western Creek Complex 0.708 95 0.35
SDWC-AET-29 2006 Western Creek Complex 0.5 85 0.31
SDWC-AET-3 2006 Western Creek Complex 0.818 85 0.38
SDWC-AET-30 2006 Western Creek Complex 0 0 0.00
SDWC-AET-31 2006 Western Creek Complex 0.778 100 0.48
SDWC-AET-32 2006 Western Creek Complex 1.91 100 0.49
SDWC-AET-33 2006 Western Creek Complex 0 30 0.35
SDWC-AET-34 2006 Western Creek Complex 0 25 0.28
SDWC-AET-35 2006 Western Creek Complex 0.5 85 0.41
SDWC-AET-36 2006 Western Creek Complex 0.917 80 0.49
SDWC-AET-37 2006 Western Creek Complex 0 75 0.42
SDWC-AET-38 2006 Western Creek Complex 0 90 0.41
SDWC-AET-39 2006 Western Creek Complex 0 30 0.13
SDWC-AET-4 2006 Western Creek Complex 2.27 100 0.60
SDWC-AET-40 2006 Western Creek Complex 0 50 0.30
SDWC-AET-41 2006 Western Creek Complex 1.42 90 0.62
SDWC-AET-42 2006 Western Creek Complex 0 10 0.15
SDWC-AET-43 2006 Western Creek Complex 2.17 85 0.35
SDWC-AET-44 2006 Western Creek Complex 0 55 0.35
SDWC-AET-45 2006 Western Creek Complex 0 40 0.46
SDWC-AET-46 2006 Western Creek Complex 0 45 0.36
SDWC-AET-47 2006 Western Creek Complex 0 5 0.20
SDWC-AET-48 2006 Western Creek Complex 0 85 0.56
SDWC-AET-49 2006 Western Creek Complex 0.962 85 0.44
SDWC-AET-5 2006 Western Creek Complex 0 50 0.51
SDWC-AET-50 2006 Western Creek Complex 1.625 95 0.39
SDWC-AET-6 2006 Western Creek Complex 0 80 0.24
SDWC-AET-7 2006 Western Creek Complex 0 55 0.33
SDWC-AET-8 2006 Western Creek Complex 0 5 0.20
SDWC-AET-9 2006 Western Creek Complex 0 60 0.29
Percentage of samples considered toxic 85% 80% 55%

NA - Not Analyzed
Red color indicates toxicity where there the test endpoint was statistically different than the 
controls (i.e., less than than the lower limit of the 60% confidence interval for the mean 
response of the controls, or or if survival was ≤ 85%).
Shaded cells indicate associated controls did not meet acceptability criteria. 



Table 4-15_Statistical analysis of survival, growth, and reproduction of amphipods (Leptocheirus  

plumulosus ) exposed for 28 days to surface sediment of estuary at LCP Site (2006 data)a

Sediment source (S)

Control

Crescent River
Troup Creek

Mouth (C-5)

Upstream (C-6)
Mid-stretch (C-7)

Mouth (C-15)

Upstream (C-36)
Mid-stretch (C-29)

Mouth (C-16)

AB Seep Area
Marsh Grid (MG)

K7 (M)
H7 (M)

Near old oil-processing site (C-33)

Northwestern inlet from Turtle River (D)
Southeastern boundary (C-45)

Northern boundary (C-103)
Northeastern boundary (C-104)

Southern location (C-105)

Area 1 (Creek) 
Area 2 (Creek) 
Area 3 (Creek) 
Area 4 (Creek) 
Area 5 (Creek) 
Area 6 (Marsh) 

                       Source of Degrees of Sum of Mean
variation in survival: freedom (df) squares (SS) square (MS)

Sediment source (S):       s - 1 =   24

                     Error (R): s (r - 1) = 100
                     Total (T):

Sediment source (S): A2 A1 45 H7 6 33 K7 TC A6 15 103 104 AB 105 36 29 A4 5 16 D A3 A5 CR 7 Cont.

Mean (x) survival: 0.
2

8.
4

12
.0

13
.2

13
.4

14
.0

14
.2

14
.4

15
.6

15
.8

16
.0

16
.0

16
.2

16
.4

16
.8

16
.8

17
.0

17
.4

17
.4

17
.4

17
.4

17
.6

17
.6

18
.2

19
.0

= q (square root of error MS / r)
= 5.34 (square root of 6.74 / 5)
= 2.77

A. SURVIVAL OF AMPHIPODS

1. Raw data (number of survivors)b

Mean Variance
Replicate (r) 5 (x) (s2)

Control

Replicate (r) 1 Replicate (r) 2 Replicate (r) 3 Replicate (r) 4

18 19.0 1.0

Reference Locations

18 19 20 20

19 13 18 19 19 17.6 6.8
8 17 16 14 17 14.4 14.3

Main Canal
13 18 20 16 20 17.4 8.8

Eastern Creek
8 15 14 18 12 13.4 13.8

20 18.2 4.2

Western Creek Complex (In Domain 2)

16 20 19 16

19 15.8 3.7

Purvis Creek

16 15 14 15

19 18 16 17 14 16.8 3.7
18 16 17 17 16 16.8 0.7

6.8

Domain 1 (Marsh)

16 14 17 20 20 17.4

16 16.2 18.29 18 20 18

16 12 14 14 15 14.2 2.2
11 14 15 10 16 13.2 6.7

Domain 3 (Marsh)
18 18 11 9 14 14.0 16.6

Domain 4 (Marsh)
20 19 12 18 18 17.4 9.8

10 12.0 6.5

Blythe Island (Marsh)

11 16 13 10

19 18 9 15 19 16.0 18.0
14 14 19 18 15 16.0 5.5

16 16.4 2.8

Feasibility-Study (FS) Locations

14 16 18 18

8 6 9 9 10 8.4 2.3
0 0 0 0 1 0.2 0.2
16 19 18 19 15 17.4 3.3
17 14 18 17 19 17.0 3.5
19 16 16 18 19 17.6 2.3
16 18 12 18 14 15.6 6.8

2. Cochran's  Test (C) for homogeneity of variances of amphipod survivalc

C(cal.) = 18.2/168.50 = 0.11 ns,  as compared to C(tab.) = 0.16 for P criterion = 0.05, k = 25, and v = 4

3. Parametric one-way analysis of variance (ANOVA) followed by 

Tukey's (w) Test of amphipod survivald  

F(cal.)

1,793.09 74.71 11.08 **
673.60 6.74

  sr - 1 = 124 2,466.69 as compared to

F(tab.) = 2.01 for P criterion = 0.01,
24 numerator df, and 100
denominator df

W(P criterion = 0.05)
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Sediment source (S)

Control

Crescent River
Troup Creek

Mouth (C-5)

Upstream (C-6)
Mid-stretch (C-7)

Mouth (C-15)

Upstream (C-36)
Mid-stretch (C-29)

Mouth (C-16)

AB Seep Area
Marsh Grid (MG)

K7 (M)
H7 (M)

Near old oil-processing site (C-33)

Northwestern inlet from Turtle River (D)
Southeastern boundary (C-45)

Northern boundary (C-103)
Northeastern boundary (C-104)

Southern location (C-105)

Area 1 (Creek) 
Area 2 (Creek) 
Area 3 (Creek) 
Area 4 (Creek) 
Area 5 (Creek) 
Area 6 (Marsh) 

                       Source of Degrees of Sum of Mean
variation in weight: freedom (df) squares (SS) square (MS)

Sediment source (S):     s - 1 =   24

                     Error (R):
                     Total (T):

Sediment source (S): A2 AB CR A1 45 A6 104 16 29 TC 36 A5 A3 H7 105 D 7 103 6 15 A4 5 Cont. K7 33

Mean (x) weight: 0.
10

0

0.
31

8

0.
32

2
0.

32
2

0.
34

0

0.
35

2

0.
35

8

0.
37

8

0.
38

2

0.
40

2

0.
42

6

0.
42

6

0.
43

0

0.
45

8

0.
48

8

0.
53

4

0.
55

6

0.
58

0

0.
59

2

0.
62

0

0.
65

0

0.
71

2

0.
74

0

0.
74

4

0.
75

6

= q (square root of error MS / r)
= 5.34 (square root of 0.015 / 5)
= 0.131

B. GROWTH (WEIGHT) OF AMPHIPODS

1. Raw data (mean weight of survivors; mg, dw)

Mean Variance

Replicate (r) 5 (x) (s2)

Control

Replicate (r) 1 Replicate (r) 2 Replicate (r) 3 Replicate (r) 4

0.77 0.740 0.020

Reference Locations

0.67 0.69 0.60 0.97

0.39 0.18 0.24 0.32 0.48 0.322 0.014
0.27 0.51 0.31 0.46 0.46 0.402 0.011

Main Canal
0.59 0.71 0.85 0.76 0.65 0.712 0.010

Eastern Creek
0.67 0.41 0.55 0.71 0.62 0.592 0.014

0.51 0.556 0.003

Western Creek Complex (In Domain 2)

0.60 0.57 0.49 0.61

0.62 0.620 0.018

Purvis Creek

0.69 0.69 0.39 0.71

0.41 0.41 0.46 0.48 0.37 0.426 0.002
0.55 0.21 0.30 0.54 0.31 0.382 0.024

0.009

Domain 1 (Marsh)

0.43 0.29 0.51 0.36 0.30 0.378

0.21 0.318 0.0090.37 0.45 0.29 0.27

0.86 0.76 0.82 0.89 0.39 0.744 0.042
0.35 0.38 0.53 0.52 0.51 0.458 0.007

Domain 3 (Marsh)
0.81 0.86 0.71 0.88 0.52 0.756 0.022

Domain 4 (Marsh)
0.54 0.54 0.55 0.57 0.47 0.534 0.001

0.42 0.340 0.004

Blythe Islan (Marsh)

0.37 0.33 0.24 0.34

0.46 0.69 0.72 0.65 0.38 0.580 0.023
0.34 0.43 0.34 0.43 0.25 0.358 0.006

0.41 0.488 0.012

Feasibility-Study (FS) Locations

0.58 0.59 0.52 0.34

0.32 0.28 0.29 0.39 0.33 0.322 0.002
0 0 0 0 0.50 0.100 0.050

0.57 0.54 0.34 0.44 0.26 0.430 0.017
0.84 0.62 0.25 0.74 0.80 0.650 0.057
0.38 0.48 0.52 0.40 0.35 0.426 0.005
0.24 0.36 0.33 0.42 0.41 0.352 0.005

2. Cochran's Test (C) for homogeneity of variances of amphipod weight c

C(cal.) = 0.057/0.387 = 0.15 ns,  as compared to C(tab.) = 0.16 for P criterion = 0.05, k = 25, and v = 4

3. Parametric one-way analysis of variance (ANOVA) followed by 
Tukey's (w) Test of amphipod weightd  

F(cal.)

3.267 0.136 9.07 **
s (r - 1) = 100 1.544 0.015
  sr - 1 = 124 4.811 as compared to

F(tab.) = 2.01 for P criterion = 0.01,
24 numerator df, and 100
denominator df

W(P criterion = 0.05)
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Sediment source (S)

Control

Crescent River
Troup Creek

Mouth (C-5)

Upstream (C-6)
Mid-stretch (C-7)

Mouth (C-15)

Upstream (C-36)
Mid-stretch (C-29)

Mouth (C-16)

AB Seep Area
Marsh Grid (MG)

K7 (M)
H7 (M)

Near old oil-processing site (C-33)

Northwestern inlet from Turtle River (D)
Southeastern boundary (C-45)

Northern boundary (C-103)
Northeastern boundary (C-104)

Southern location (C-105)

Feasibility Study (FS) Area 1 (Creek) 
FS Area 2 (Creek) 
FS Area 3 (Creek) 
FS Area 4 (Creek) 
FS Area 5 (Creek) 
FS Area 6 (Marsh) 

    aSurface sediment (0 - 15 cm in depth) employed in amphipod toxicity tests was collected on October 16-18, 2006. Control sediment was formulated 
the laboratory. Laboratory dilution water was formulated with artificial sea salt to a salinity of 20 ppt
    bEach replicate (r) consisted of 20 amphipods at start of test (i. e., 20 amphipods at end of test = 100% survival). 
    cCochran's Test (C) indicates homogeneity of variances when C(cal.) is identified by the symbol "ns" and heteroscedasticity when associated with the 

symbol "*" (P criterion = 0.05 in both cases). 
    dA parametric ANOVA indicates statistically significant differences among sediment sources when F(cal.) is identified by the symbol " ** "  

different (P criterion = 0.05).   

differences, sediment sources at site that appear to be characterized by substantially impared mean reproduction, in comparison to mean
reproduction for the Crescent River reference location, are identified in bold print.

C. REPRODUCTIVE RESPONSE OF OF AMPHIPODS

1. Raw data (reproductive response)e, f

Mean Variance

Replicate (r) 1 Replicate (r) 2 Replicate (r) 3 Replicate (r) 4 Replicate (r) 5 (x) (s2)

Control
0.50 0.25 0.83 0.33 0.90 0.562 0.085

Reference Locations
0.47 0.44 0.41 0.23 0.27 0.364 0.011

0.25 0.050 0.012

Main Canal

0 0 0 0

1.25 0.610 0.209

Eastern Creek

0.17 0.57 0.86 0.20

0.17 0 0 0.46 0 0.126 0.040
0.23 0.41 0.40 0.21 0.53 0.356 0.018

Western Creek Complex (In Domain 2)
0.35 0.64 2.29 0.75 0.27 0.860 0.678

Purvis Creek

0 1.07 0.56 0 0.91 0.508 0.249
0.32 0 0 0.17 0.22 0.142 0.020
0.39 1.10 0.50 0.83 0.46 0.656 0.090

Domain 1 (Marsh)
0 0.10 0.62 0 0 0.144 0.073

0.07 0.06 0.29 0.14 0 0.112 0.012
0.07 0 0 0.31 0.39 0.154 0.034

Domain 3 (Marsh)
0.64 1.40 3.86 0 0 1.180 2.577

Domain 4 (Marsh)
0.31 1.17 0 0.32 0 0.360 0.230

0 0 0

Blythe Island (Marsh)

0 0 0 0

0.10 0.06 0 0 0.25 0.082 0.011
0 0 0.46 0.50 0.50 0.292 0.071

0 0.358 0.095

Feasibility-Study (FS) Locations

0.14 0.61 0.31 0.73

0 0 0.36 0 0 0.072 0.026
0 0 0 0 0 0 0

0.77 1.05 2.33 0.21 0.17 0.906 0.773
0.08 0 0 0 0.1 0.032 0.002
0.50 0.71 0.15 0.60 0.36 0.464 0.047

0 0.04 0 0 0.33 0.074 0.021

2. Cochran's  Test (C) for homogeneity of variances of amphipod reproduction c

C(cal.) = 2.577/5.384 = 0.48 *,  as compared to C(tab.) = 0.16 for P criterion = 0.05, k = 25, and v = 4

3. Nonparametric test (Kruskal- Wallis Test) of amphipod reproduction f 

H(adj.) = [12 / n (n-1)]  [∑ Ri
2 / ni]  - 3 (n + 1) 

H(adj.) = 61.15 **, as compared to X2
(tab.) = 43.0 for P criterion = 0.01 and 24 df

(P criterion = 0.01). Tukey's (w) test indicates the specific sources of any significant differences detected in an ANOVA. In Tukey's test, data 
underscored by the same horizontal line are not significantly different, whereas data not underscored by the same horizontal line are significantly   

   eReproductive response is calculated as 1/2 of the number of juveniles produced in a replicate / number of surviving adult females.    

   fSince significant differences in amphipod reproduction were detected by the Kruskal-Wallis test, which is incapable of indicating sources of the



Table 4-16_Relationships between survival of amphipods (Leptocheirus plumulosus) and chemical  
characteristics of surface sediment of estuary at LCP Site (2006 data)a,b  

1. Number of samples (n): 24 (including Crescent River and Troup Creek reference locations) 

2. Number of Independent Chemical Variables: 22
c 

3. Linear Coefficients of Determination (r2) for Chemical Variables vs. Survival of Amphipods

    (statistical significance for Cu at P criterion = 0.05; for Pb and Cd at P criterion = 0.01)
d
:

Silt/clay: +0.033 ns Al: +0.0079 ns Cr: +0.047 ns Mn: +0.034 ns V: +0.0069 ns
Total mercury: +0.0065 ns As: +0.0085 ns Co: +0.012 ns Ni: +0.0040 ns Zn: -0.134 ns
Aroclor 1268: +0.021 ns Ba: -0.025 ns Cu: -0.20 * K: +0.063 ns
Lead (Pb): -0.45 **  Be: +0.0059 ns Fe: +0.019 ns Ag: -0.00088 ns
Total PAHs: -0.068 ns Cd: -0.40 ** Mg: +0.056 ns Tl: +0.011 ns

4. Parametric Analysis of Variance (ANOVA) for Relationship
e

Source of Degrees of Sum of Mean
Variation freedom (df) squares (SS) square (MS) F(cal.)
Explained 22 341.68 15.53 11.25 ns

Unexplained 1 1.38 1.38

Total 23 343.06 as compared to F(tab.) = 
248.55 for P criterion = 

 0.05, 22 numerator df, 
and 1 denominator df

5. Parametric squared multiple correlation coefficient (R2): 0.9960 ns 
   (as compared to 0.9998 for P criterion = 0.05, n = 24, and m = 23) 

6. Kruskal's Index of Importance (mean partial r
2
)

1) Ba: 0.37 6) Tl: 0.18 11) Mn: 0.076 16) Ni: 0.064 21) Silt/clay: 0.038 
2) Cd: 0.28 7) Cr: 0.16 12) Al: 0.074 17) Zn: 0.064 22)Total PAHs: 0.037
3) Lead (Pb): 0.26  8) Ag: 0.098 13) As: 0.074 18) Co: 0.062
4) Be: 0.26 9) Fe: 0.085 14) V: 0.073 19) Aroclor 1268: 0.060
5) Cu: 0.18 10) Mg: 0.082 15) K: 0.072 20) Total mercury: 0.050

1. Number of samples (n): 24 (including Crescent River and Troup Creek reference locations) 

2. Number of Independent Chemical Variables: 4 

3. Linear Coefficients of Determination (r
2
) for COPC vs. Survival of Amphipods

    (statistical significance for Pb at P criterion = 0.01)
d
:

A.  Evaluation of Metals of Potential Concern (COPC) and PAHs

B. Evaluation of Primary Chemicals of Potential Concern 

Total mercury: +0.0065 ns
Aroclor 1268: +0.021 ns
Lead (Pb): -0.45 **  
Total PAHs: -0.068 ns

Independent of Other Metals



Table 4-16_Continued

4. Parametric Analysis of Variance (ANOVA) for Relationship
Source of Degrees of Sum of Mean
Variation freedom (df) squares (SS) square (MS) F(cal.)

Explained 4 171.59 42.9 4.76 **
                Total mecury 1 11.44 11.44 1.27 ns
                Aroclor 268 1 6.82 6.82 0.76 ns
                Lead 1 119.94 119.94 13.3 **
                Total PAHs 1 4.02 4.02 0.45 ns

Unexplained 19 171.47 9.02

Total 23 343.06 as compared to F(tab.) = 

4.50 for P criterion = 0.01, 
4 numerator df, and 
19 denominator df;
● 4.38 for P criterion = 0.05,
1 numerator df, and 
19 denominator df; and
● 8.18 for P criterion = 0.01,
1 numerator df, and 
19 denominator df;

5. Parametric squared multiple correlation coefficient (R2): 0.50 ** 
   (as compared to 0.49 for P criterion = 0.01, n = 24, and m = 5) 

6. Kruskal's Index of Importance (mean partial r
2
)

1) Lead: 0.44
2 Total PAHs: 0.052 
3) Aroclor 1268: 0.035 
4) Total mercury: 0.035

   
a
Surface sediment is from 0 - 15 cm in depth. 

   
b
Data evaluated in this table are based on previously presented tables addressing chemistry of sediment  

(Tables 4-3b and 4-5; 2006 data) and toxicity of sediment (Table 4-15).

   
c
All independent chemical variables (as well as silt and clay content) are evaluated in this table except  

total organic content (TOC), calcium, sodium, and several metals not characteristic of sediment (antimony  
and selenium; Table 4-5). The exclusion of these metals also caused the number of independent and 
dependent variables (23) to be less than sample size (24), which is necessary for computer program  
to function.

   
d
These coefficients of determination (r2) assume linear relationships between chemical variables and  

survival of amphipods, which may not always exist. Consequently, the  r2 values may be most useful in 
identifying relationships in which statistically significant correlations are shown to exist and the general  
"direction" of all relationships (i. e., whether there is a positive or negative relationship between concentration 
of chemical in sediment and survival of amphipods). (The r2 values are preceded by a positive or negative  
sign to indicate the direction of the underlying "r" values.) 
   

e
These results are to be interpreted with caution because of the substantial probability that unexplained 

variance is inflated (too high) because of intercorrelations among independent variables (i. e., variance 
inflaton factors [VIFs] that are in excess of 100) .

B.  Evaluation of Primary Chemicals of Potential Concern
Independent of Other Metals -- Continued



Table 4-17_Evaluation of 2006 amphipod toxicity test results with concentrations of selected constituents 

Survival Reproductive Total
Station Rate % Response a Mercury A-1268 Lead PAHs Cadmium Chromium Copper Nickel Zinc % TOC Sulfide

CR-C 88 0.364 0.013 0.00125 4.29 0.02 0.04 6.6 2.5 1.9 11 0.67 30.7
TC-C 72 0.050 0.074 0.026 17.4 0.04 0.14 26.6 8.2 7.7 45.8 3.00 77.2
C-5 87 0.610 7.03 31 40.9 2.16 0.23 57.3 11.3 12.9 69.8 4.72 564
C-6 67 0.126 8.75 25 31.9 0.37 0.22 50 13.0 11.3 72 6.56 7.2
C-7 91 0.356 3.27 13 27.9 0.47 0.19 50.2 11.5 12 73.1 5.75 169
C-15 79 0.860 0.46 1.0 25.8 0.44 0.21 55.2 11.8 13.7 76.2 4.22 1,230
C-36 84 0.508 1.09 1.4 28.9 0.57 0.28 59.8 12.8 14.1 27.1 4.66 1,080
C-29 84 0.142 0.67 0.98 25.7 0.52 0.24 49.6 12.1 12.8 79.4 5.23 957
C-16 87 0.656 0.19 1.2 6.55 2.56 0.06 14.2 3.2 3.8 18.1 0.96 0.25
M-AB 81 0.144 0.06 0.07 2.53 0.04 0.01 1.9 0.5 0.6 2.7 0.41 2.8
K-7(M) 71 0.112 2.36 4.6 30 0.25 0.14 61.9 11.7 12.5 71.7 4.42 11
H-7(M) 66 0.154 1.82 4.1 27.2 0.29 0.13 55.6 11.0 10.8 64.0 5.81 0.2
C-33 70 1.180 0.1 0.06 27.8 0.98 0.12 5.4 4.8 1.8 27.1 1.63 121
D-C 87 0.360 1.22 0.64 23.3 0.29 0.24 86.8 10.7 10.9 61.3 5.21 105
C-45 60 0 0.57 0.79 26.4 0.56 0.22 57.3 11.5 13.3 72.3 4.92 100
C-103 80 0.082 0.37 0.19 26.8 0.27 0.19 67.5 12.3 16.3 77.1 5.48 411
C-104 80 0.292 0.28 0.21 17.3 0.23 0.13 34.8 7.5 9.6 43.4 3.47 25.7
C-105 82 0.358 0.4 0.34 18.1 0.15 0.17 44.5 8.2 11.1 50.8 2.36 112
FS-AREA1 41 0.072 1.07 0.92 44.2 0.23 0.15 26.8 6.6 6.6 30.3 2.43 13.5
FS-AREA2 1 0 1.07 0.85 275 2.47 0.75 27 25.4 10.2 126 7.69 56.5
FS-AREA3 87 0.906 3.57 2.0 177 0.97 0.40 81.7 21 14.8 106 7.71 517
FS-AREA4 85 0.032 1.34 5.8 14.9 0.29 0.08 27.6 6.1 6.9 36.1 2.53 147
FS-AREA5 88 0.464 4.54 11 29.7 1.76 0.21 67.4 11.8 13.3 73.1 4.35 773
FS-AREA6 78 0.074 2.03 3.1 28.6 0.24 0.18 60.3 11.8 12.1 74.8 5.95 15.7

All concentrations in mg/kg dw 
>3.2 >12.8 >60 >1.5 >4.2 >160 >108 >42.8 >271 <1 <50

>1.4<3.2 >3.3<12.8 >41<60 >0.8<1.5 >1<4.2 >52.3<160 >18.7<108 >15.9<42.8 >124<271 >1<3 >50<150
>150

Bolded test endpoints indicate survival or reproduction is significantly different than controls.
Note that the Troup Creek reference station (TC-C) was toxic.
a - defined as 1/2 of the number of juveniles produced ÷ the number of surviving adult females.



Table 4-18_Equilibrium partitioning of selected metals in surface sediment of estuary at LCP Site (2006 data)a

∑ SEM

(µmol/g, ∑ SEM / ∑ SEM -

Sediment source (S) mg/kg µmol/g mg/kg µmol/g mg/kg µmol/g mg/kg µmol/g mg/kg µmol/g mg/kg µmol/g dry wt) mg/kg µmol/g AVSc AVSd

Crescent River 0.1 0.00089 0.3 0.0047 2.6 0.0125 0.5 0.0085 0.3 0.0028 5.0 0.0765 0.1059 30.7 0.9517 0.111 ----------

Troup Creek 0.2 0.0018 0.4 0.0063 4.1 0.0197 0.8 0.0136 0.4 0.0037 21 0.3213 0.3664 77.2 2.3932 0.153 ----------

Mouth (C-5) 0 0 1 0.0157 9 0.0432 2 0.0340 1 0.0093 32.9 0.5034 0.6056 564 17.4800 0.035 ----------

Upstream (C-6) 0.3 0.0027 2.0 0.0314 15.6 0.0749 1.7 0.0289 0.7 0.0065 42.6 0.6518 0.7962 7.2 0.2232 3.567 0.5730
Mid-stretch (C-7) 0.3 0.0027 2.8 0.0440 15 0.0720 1.9 0.0323 0.6 0.0056 43.3 0.6625 0.8191 169 5.2390 0.156 ----------

Mouth (C-15) 1 0.0089 1 0.0157 12.6 0.0605 2 0.0340 1 0.0093 43.5 0.6656 0.7940 1,230 38.1300 0.021 ----------

Upstream (C-36) 1 0.0089 2 0.0314 14.5 0.0696 3 0.0510 2 0.0186 42.8 0.6548 0.8343 1,080 33.4800 0.025 ----------

Mid-stretch (C-29) 0 0 1 0.0157 10.6 0.0509 2 0.0340 1 0.0093 48.8 0.7466 0.8565 957 29.6700 0.029 ----------

Mouth (C-16) 0 0 0.6 0.0094 2.8 0.0134 1 0.0170 0 0 9.9 0.1515 0.1913 1 0.03100 6.171 0.1603

AB Seep Area 0.1 0.00089 0.2 0.0031 2.2 0.0106 0.4 0.0068 0.2 0.0019 2.0 0.0306 0.0539 2.8 0.0868 0.621 ----------

Marsh Grid (MG)
K7 (M) 0.3 0.0027 2.8 0.0440 13.4 0.0643 1.8 0.0306 0.5 0.0046 28.7 0.4391 0.5853 11 0.3410 1.716 0.2443
H7 (M) 0.3 0.0027 3.5 0.0550 13.6 0.0653 1.9 0.0323 0.5 0.0046 27.3 0.4177 0.5776 0.4 0.0124 46.581 0.4177

Near old oil-processing site (C-33) 0 0 0 0 13 0.0624 1 0.0170 0 0 26.6 0.4070 0.4864 121 3.7500 0.130 ----------

Northwestern inlet from Turtle River (D) 0.3 0.0027 0.6 0.0094 7.2 0.0346 1.2 0.0204 0.6 0.0056 34.7 0.5309 0.6036 105 3.2550 0.185 ----------

Southeastern boundary (C-45) 0 0 1 0.0157 7 0.0336 1 0.0170 1 0.0093 50.1 0.7665 0.8421 100 3.1000 0.272 ----------

Northern boundary (C-103) 0 0 1 0.0157 9.8 0.0470 1 0.0170 1 0.0093 36.2 0.5539 0.6429 411 12.7400 0.050 ----------

Northeastern boundary (C-104) 0 0 1 0.0157 5 0.0240 1 0.0170 1 0.0093 14.1 0.2157 0.2817 25.7 0.7967 0.354 ----------

Southern location (C-105) 0 0 1 0.0157 5 0.0240 1 0.0170 1 0.0093 21.5 0.3290 0.3950 112 3.4700 0.114 ----------

Area 1 (Creek) 0 0 0 0 20.4 0.0979 1 0.0170 0 0 14.9 0.2280 0.3429 13.5 0.4185 0.819 ----------

Area 2 (Creek) 0.5 0.0044 1 0.0157 95.4 0.4579 2 0.0340 1 0.0093 78 1.1934 1.7147 56.5 1.7484 0.981 ----------

Area 3 (Creek) 1 0.0089 2 0.0314 63.1 0.3029 3 0.0510 2 0.0186 58 0.8874 1.3002 517 16.0300 0.081 ----------

Area 4 (Creek) 0 0 0.8 0.0126 5.8 0.0278 1 0.0170 0 0 18.7 0.2861 0.3435 147 4.5600 0.075 ----------

Area 5 (Creek) 0 0 1 0.0157 8.2 0.0394 1 0.0170 1 0.0093 42.2 0.6457 0.7271 773 23.9600 0.030 ----------

Area 6 (Marsh) 0 0 3.3 0.0518 14.1 0.0677 1.8 0.0306 1 0.0093 33.4 0.5110 0.6704 15.7 0.4867 1.377 0.1837

   
a

This study was conducted as part of a comprehensive investigation performed in 2006 to identify causes of toxicity of sediment.

   
b

Concentrations of metals underlined in bold print represent detection limits for the metals. 

   
c
A value of ∑SEM / AVS that is ≤ 1 is one criterion for indicating the absence of direct toxicity of the six metals (considered collectively) to benthic biota.

   
d

A value of ∑SEM - AVS that is ≤ 5 µmol/g  is the preferred criterion for indicating the absence of direct toxicity of the six metals (considered collectively) to benthic biota (SAI, 2003). 

Silver -- AVS (dw)

Reference Locations

Purvis Creek

Domain 1

Domain 3

Domain 4

Blythe Island

Feasibility-Study (FS) Locations

 Simultaneously extracted metals -- SEM (dw)b

Main Canal

Eastern Creek

Western Creek Complex (In Domain 2)

Cadmium Copper Lead Nickel Zinc

Acid volatile sulfide



Table 4-19a.__ Apparent effects thresholds (AETs) for chemicals of potential concern (COPC) in surface 
   sediment of estuary at LCP Site (based on 2006 data)

a, b, c

Sampling Repro- Sampling Repro- Sampling Repro- Sampling Repro-
station Survival Growth duction station Survival Growth duction station Survival Growth duction station Survival Growth duction

EC40 140 140 140 MC24 570 570 570 EC49 240 240 240 EC49 38.458 38.458 38.458
EC6 110 110 110 EC6 420 420 420 EC48 100 100 100 MC43 16.683 16.683 16.683
EC37 110 110 110 EC5 380 380 380 MC43 68 68 68 WC3 11.376 11.376 11.376
EC7 76 76 76 MC20 360 360 360 EC22 57 57 57 WC48 7.813 7.813 7.813
EC2 74 74 74 EC32 330 330 330 EC34 52 52 52 WC1 6.197 6.197 6.197
EC8 61 61 61 MC46 280 280 280 WC46 52 52 52 EC22 5.560 5.560 5.560

EC34 50 50 50 MC36 150 150 150 WC17 52 52 52 MC24 3.764 3.764 3.764
EC5 42 42 42 EC7 150 150 150 EC1 49 49 49 EC5 3.735 3.735 3.735

MC30 40 40 40 MC45 140 140 140 EC5 48 48 48 EC42 2.534 2.534 2.534**
MC46 35 35 35 EC23 130 130 130 WC21 47 47 47 MC20 2.238 2.238 2.238
EC32 30 30 30 EC10 120 120 120 EC6 45 45 45 EC19 1.527 1.527 1.527
MC47 29 29 29 EC33 120 120 120 WC40 45 45 45 WC2 1.509 1.509 1.509
MC45 29 29 29 MC22 110 110 110 EC9 43 43 43 EC18 1.335 1.335 1.335
MC11 28 28 28 EC26 110 110 110 MC3 42 42 42 WC50 1.324 1.324 1.324
EC48 28 28 28 EC19 110 110 110 WC39 42 42 42 EC6 1.243 1.243 1.243
EC10 26 26 26 EC1 90 90 90 MC47 42 42 42 WC49 1.103 1.103 1.103
MC19 24 24 24 MC37 76 76 76 MC46 42 42 42 EC48 1.100 1.100 1.100
MC41 22 22 22 MC26 68 68 68 MC25 41 41 41 MC4 1.010 1.010 1.010
MC24 22 22 22 EC8 59 59 59 MC13 41 41 41 EC1 0.997 0.997 0.997
EC1 21 21 21 MC44 55 55 55 MC44 41 41 41 EC11 0.986 0.986 0.986

EC35 20 20 20 MC47 54 54 54 WC16 40 40 40 MC46 0.955 0.955 0.955

EC3 19** 19 19** EC37 44 44 44 MC36 40 40 40 EC23 0.910 0.910 0.910

MC20 18 18 18 EC25 44 44 44 EC10 40 40 40 WC4 0.896 0.896 0.896
EC41 17 17 17 EC44 43 43 43 WC34 40 40 40 EC32 0.883 0.883 0.883

EC26 17 17 17 MC14 39 39 39 WC44 39 39 39 EC26 0.878 0.878 0.878
WC50 16 16 16 EC36 39 39 39 EC8 39 39 39 WC46 0.878 0.878 0.878
WC43 15 15 15 EC41 38 38 38 EC37 38 38 38 MC8 0.859 0.859 0.859
EC33 14 14 14 MC39 37 37 37 MC20 38 38 38 MC26 0.858 0.858 0.858
MC42 13 13 13 EC31 36 36 36 WC5 38 38 38 MC36 0.849 0.849 0.849
MC13 13 13 13 MC27 34 34 34 WC37 38 38 38 EC36 0.809 0.809 0.809
EC44 13 13 13 MC19 33 33 33 EC40 37 37 37 EC16 0.774 0.774 0.774

EC9 13 13 13 MC30 32 32 32 WC38 37 ** 37 37 MC37 0.769 0.769 0.769

EC23 13 13 13 MC13 32 32 32 WC36 37 37 37 ** MC7 0.761 0.761 0.761

WC38 13 13 13 MC18 30 30 30 EC33 36 36 36 MC1 0.761 0.761 0.761
WC35 13 13 13 EC35 30 30 30 WC42 36 36 36 EC34 0.750 0.750 0.750
MC28 12 12 12 MC23 28 28 28 EC26 36 36 36 MC45 0.744 0.744 0.744

WC41 12 12 12 EC42 28 28 28** EC23 36 36 36 MC25 0.729 0.729 0.729

WC34 12 12 12 EC39 28 28 28 WC48 36 36 36 EC47 0.728 0.728 0.728
MC33 11 11 11 MC15 26 26 26 WC15 36 36 36 MC18 0.719 0.719 0.719
EC13 11 11 11 EC48 26 26 26 MC27 35 35 35 EC37 0.715 0.715 0.715
EC42 11 11 11 EC9 26 26 26 WC47 35 35 35 MC47 0.714 0.714 0.714
EC25 11 11 11 WC17 25 25 25 WC49 35 35 35 MC2 0.682 0.682 0.682
MC22 10 10 10 EC40 24 24 24 WC43 34 34 34 EC15 0.670 0.670 0.670

MC27 9.4 9.4 9.4 MC31 23 23 23 WC50 34 34 34 WC5 0.659 0.659 0.659

MC14 9.0 9.0 9.0 MC38 21 21 21 MC32 34 34 34 MC22 0.658 0.658 0.658
MC40 8.9 8.9 8.9 MC7 21 21 21 MC24 34 34 34 MC32 0.657 0.657 0.657
EC31 8.7 8.7 8.7 MC28 20 20 20 EC13 34 34 34 MC13 0.648 0.648 0.648
MC17 8.4 8.4 8.4 MC4 20 20 20 EC15 34 34 34 EC8 0.648 0.648 0.648
MC35 8.3 8.3 8.3 MC1 20 20 20 WC31 34 34 34 MC27 0.642 0.642 0.642
MC34 8.0 8.0 8.0 EC18 20 20 20 WC8 34 34 34 EC31 0.638 0.638 0.638
WC45 7.8 7.8 7.8 WC16 20 20 20 EC35 34 34 34 EC33 0.636 0.636 0.636
MC26 7.6 7.6 7.6 MC40 19 19 19 WC45 34 34 34 MC31 0.633 0.633 0.633
EC39 6.8 6.8 6.8 MC16 19 19 19 MC40 33 33 33 MC28 0.630 0.630 0.630
MC36 6.7 6.7 6.7 EC4 19 19 19 MC26 33 33 33 WC43 0.629 0.629 0.629
WC17 6.7 6.7 6.7 MC42 18 18 18 EC7 33 33 33 EC9 0.626 0.626 0.626
EC4 6.5 6.5 6.5 MC25 18 18 18 WC4 33 33 33 EC4 0.616 0.616 0.616

EC20 6.4 6.4 6.4 MC21 18 18 18 WC41 33 33 33 MC11 0.612 0.612 0.612
MC25 6.3 6.3 6.3 EC3 17 17 17 WC23 32 32 32 EC41 0.608 0.608 0.608
MC44 6.2 6.2 6.2 EC22 17 17 17 MC22 32 32 32 MC15 0.599 0.599 0.599
EC38 6.2 6.2 6.2 EC14 17 17 17 WC35 32 32 32 MC21 0.589 0.589 0.589
MC32 5.8 5.8 5.8 MC32 16 16 16 EC32 32 32 32 EC10 0.588 0.588 0.588
MC31 5.6 5.6 5.6 EC2 16 16 16 MC41 32 32 32 WC35 0.586 0.586 0.586
EC49 5.6 5.6 5.6 EC21 16 16 16 WC13 31 31 31 EC7 0.575 0.575 0.575
EC14 5.6 5.6 5.6 MC11 15 15 15 MC39 31 31 31 MC19 0.569 0.569 0.569
WC48 5.5 5.5 5.5 MC2 15 15 15 MC37 31 31 31 EC24 0.568 0.568 0.568
MC39 5.3 5.3 5.3 EC38 15 15 15 MC33 31 31 31 EC2 0.566 0.566 0.566
MC37 5.3 5.3 5.3 EC24 15 15 15 EC20 31 31 31 EC14 0.555 0.555 0.555
EC28 5.3 5.3 5.3 EC17 15 15 15 EC14 31 31 31 EC29 0.546 0.546 0.546
WC37 5.2 5.2 5.2 WC5 15 15 15 WC22 31 31 31 MC33 0.541 0.541 0.541
EC30 5.1 5.1 5.1 MC17 14 14 14 MC42 31 31 31 EC40 0.538 0.538 0.538
EC15 5.0 5.0 5.0 EC27 14 14 14 MC35 30 30 30 MC12 0.525 0.525 0.525
WC4 4.8 4.8 4.8 MC12 13 13 13 MC34 30 30 30 WC44 0.525 0.525 0.525
MC23 4.7 4.7 4.7 EC29 13 13 13 MC11 30 30 30 MC39 0.517 0.517 0.517
EC19 4.7 4.7 4.7 WC43 13 13 13 EC30 30 30 30 MC9 0.516 0.516 0.516
MC18 4.6 4.6 4.6 MC33 12 12 12 WC20 30 30 30 WC26 0.515 0.515 0.515

Total mercury (mg/kg, dw) Aroclor 1268 (mg/kg, dw) Lead (mg/kg, dw) Total PAHs (mg/kg, dw)



Table 4-19a.__ Continued

Sampling Repro- Sampling Repro- Sampling Repro- Sampling Repro-
station Survival Growth duction station Survival Growth duction station Survival Growth duction station Survival Growth duction

EC18 4.6 4.6 4.6 EC28 12 12 12 WC18 30 30 30 EC21 0.507 0.507 0.507
EC47 4.5 4.5 4.5 EC16 12 12 12 WC27 30 30 30 MC23 0.501 0.501 0.501
EC22 4.5 4.5 4.5 EC15 12 12 12 WC26 29 29 29 MC3 0.490 0.490 0.490
MC38 4.3 4.3 4.3 MC35 11 11 11 MC38 29 29 29 EC30 0.483 0.483 0.483
EC36 4.3 4.3 4.3 MC9 11 11 11 MC31 29 29 29 MC5 0.479 0.479 0.479
EC29 4.1 4.1 4.1 MC8 11 11 11 MC19 29 29 29 EC38 0.474 0.474 0.474
WC30 4.0 4.0 4.0 EC34 11 11 11 MC12 29 29 29 EC3 0.473 0.473 0.473
WC42 3.8 3.8 3.8 EC30 11 11 11 WC28 29 29 29 MC35 0.457 0.457 0.457
WC5 3.8 3.8 3.8 EC20 11 11 11 MC45 29 29 29 MC44 0.454 0.454 0.454
MC12 3.6 3.6 3.6 WC50 11 11 11 MC28 28 28 28 WC47 0.449 0.449 0.449
MC7 3.6 3.6 3.6 MC34 10 10 10 MC23 28 28 28 MC38 0.435 0.435 0.435
EC27 3.5 3.5 3.5 EC43 9.5 9.5 9.5 EC3 28 28 28 EC20 0.434 0.434 0.434
MC1 3.4 3.4 3.4 MC41 9.2 9.2 9.2 EC19 28 28 28 MC16 0.433 0.433 0.433

WC24 3.3 3.3 3.3 MC5 8.3 8.3 8.3 EC16 28 28 28 MC49 0.429 0.429 0.429
MC15 3.1 3.1 3.1 MC3 8.2 8.2 8.2 WC29 28 28 28 WC45 0.428 0.428 0.428
MC21 3.0 3.0 3.0 MC43 8.1 8.1 8.1 WC12 28 28 28 WC37 0.428 0.428 0.428
MC16 3.0 3.0 3.0 WC8 7.0 7.0 7.0 WC24 27 27 27 WC23 0.424 0.424 0.424
MC8 3.0 3.0 3.0 WC22 6.9 6.9 6.9 WC19 27 27 27 MC41 0.420 0.420 0.420
EC21 3.0 3.0 3.0 WC42 5.5 5.5 5.5 MC14 27 27 27 EC35 0.420 0.420 0.420
MC4 2.8 2.8 2.8 WC14 5.2 5.2 5.2 EC44 27 27 27 EC27 0.420 0.420 0.420

WC16 2.8 2.8 2.8 WC35 4.9 4.9 4.9 EC42 27 27 27 WC38 0.414 0.414 0.414
MC9 2.6 2.6 2.6 MC29 4.8 4.8 4.8 EC41 27 27 27 WC34 0.413 0.413 0.413
MC2 2.6 2.6 2.6 WC21 4.8 4.8 4.8 EC28 27 27 27 MC34 0.405 0.405 0.405
EC24 2.6 2.6 2.6 WC24 4.5 4.5 4.5 WC3 27 27 27 WC24 0.404 0.404 0.404
WC31 2.6 2.6 2.6 WC48 4.3 4.3 4.3 WC33 27 27 27 WC40 0.400 0.400 0.400
EC50 2.5 2.5 2.5 WC30 4.3 4.3 4.3 WC7 27 27 27 WC22 0.400 0.400 0.400
EC43 2.4 2.4 2.4 WC41 4.2 4.2 4.2 WC6 27 27 27 MC42 0.396 0.396 0.396
WC36 2.3 2.3 2.3 MC10 4.1 4.1 4.1 EC39 27 27 27 WC16 0.396 0.396 0.396
MC5 2.1 2.1 2.1 WC4 4.1 4.1 4.1 MC1 27 27 27 MC30 0.394 0.394 0.394

WC28 2.1 2.1 2.1 EC47 4.0 4.0 4.0 WC25 26 26 26 MC17 0.391 0.391 0.391
WC6 2.1 2.1 2.1 WC23 3.8 3.8 3.8 EC21 26 26 26 MC10 0.389 0.389 0.389

WC26 2.0 2.0 2.0 EC13 3.7 3.7 3.7 WC1 26 26 26 EC17 0.380 0.380 0.380
WC23 2.0 2.0 2.0 WC28 3.5 3.5 3.5 WC9 26 26 26 MC40 0.371 0.371 0.371
WC22 1.9 1.9 1.9 WC25 3.1 3.1 3.1 EC31 26 26 26 WC7 0.365 0.365 0.365
WC33 1.8 1.8 1.8 EC49 2.9 2.9 2.9 WC14 25 25 25 MC14 0.363 0.363 0.363
WC25 1.8 1.8 1.8 WC40 2.5 2.5 2.5 WC11 25 25 25 WC12 0.360 0.360 0.360
WC15 1.8 1.8 1.8 WC39 2.5 2.5 2.5 MC6 25 25 25 WC8 0.360 0.360 0.360
MC3 1.7 1.7 1.7 WC15 2.5 2.5 2.5 MC2 25 25 25 EC39 0.359 0.359 0.359

WC39 1.7 1.7 1.7 WC36 2.4 2.4 2.4 MC15 25 25 25 WC41 0.354 0.354 0.354
WC21 1.7 1.7 1.7 WC31 2.4 2.4 2.4 EC47 25 25 25 EC44 0.351 0.351 0.351
WC27 1.6 1.6 1.6 WC20 2.4 2.4 2.4 EC4 25 25 25 MC6 0.343 0.343 0.343
WC12 1.6 1.6 1.6 WC12 2.4 2.4 2.4 EC29 25 25 25 EC25 0.343 0.343 0.343
MC29 1.5 1.5 1.5 WC45 2.2 2.2 2.2 WC32 25 25 25 WC21 0.340 0.340 0.340
EC11 1.5 1.5 1.5 WC13 2.2 2.2 2.2 MC30 24 24 24 WC6 0.323 0.323 0.323
WC29 1.5 1.5 1.5 WC27 2.1 2.1 2.1 MC21 24 24 24 EC13 0.318 0.318 0.318
WC20 1.5 1.5 1.5 WC18 2.1 2.1 2.1 WC2 24 24 24 WC25 0.318 0.318 0.318
WC19 1.5 1.5 1.5 WC29 2.0 2.0 2.0 WC10 24 24 24 WC9 0.318 0.318 0.318
WC14 1.5 1.5 1.5 EC11 1.9 1.9 1.9 MC7 24 24 24 WC15 0.317 0.317 0.317
WC3 1.4 1.4 1.4 WC6 1.9 1.9 1.9 WC30 24 24 24 WC17 0.314 0.314 0.314
MC10 1.3 1.3 1.3 MC6 1.8 1.8 1.8 EC36 23 23 23 WC14 0.310 0.310 0.310
WC2 1.3 1.3 1.3 WC19 1.8 1.8 1.8 EC2 23 23 23 EC28 0.305 0.305 0.305
WC9 1.3 1.3 1.3 WC7 1.8 1.8 1.8 MC5 23 23 23 WC18 0.294 0.294 0.294
MC43 1.2 1.2 1.2 EC50 1.7 1.7 1.7 MC8 23 23 23 WC28 0.289 0.289 0.289
WC1 1.2 1.2 1.2 WC33 1.7 1.7 1.7 MC9 22 22 22 WC19 0.287 0.287 0.287
WC10 1.2 1.2 1.2 WC26 1.7 1.7 1.7 MC4 22 22 22 WC11 0.276 0.276 0.276
WC32 1.1 1.1 1.1 WC9 1.7 1.7 1.7 MC10 21 21 21 WC10 0.272 0.272 0.272
WC18 1.1 1.1 1.1 MC49 1.5 1.5 1.5 EC38 21 21 21 WC20 0.268 0.268 0.268
WC8 1.0 1.0 1.0 MC50 1.5 1.5 1.5 EC18 18 18 18 WC31 0.253 0.253 0.253
WC7 0.95 0.95 0.95 WC10 1.4 1.4 1.4 EC46 16 16 16 WC13 0.246 0.246 0.246
WC13 0.92 0.92 0.92 MC48 1.0 1.0 1.0 EC11 16 16 16 WC36 0.242 0.242 0.242
WC47 0.88 0.88 0.88 WC49 1.0 1.0 1.0 EC25 15 15 15 WC30 0.242 0.242 0.242
EC17 0.79 0.79 0.79 WC32 1.0 1.0 1.0 MC18 14 14 14 EC43 0.240 0.240 0.240
MC6 0.77 0.77 0.77 WC3 0.78 0.78 0.78 MC17 14 14 14 WC42 0.230 0.230 0.230
EC16 0.77 0.77 0.77 WC34 0.76 0.76 0.76 EC12 14 14 14 MC50 0.229 0.229 0.229
WC11 0.52 0.52 0.52 WC11 0.75 0.75 0.75 MC16 13 13 13 WC27 0.207 0.207 0.207
WC40 0.50 0.50 0.50 WC2 0.63 0.63 0.63 EC45 13 13 13 MC29 0.184 0.184 0.184
MC49 0.40 0.40 0.40 WC1 0.62 0.62 0.62 EC24 13 13 13 WC32 0.183 0.183 0.183
MC50 0.37 0.37 0.37 WC37 0.35 0.35 0.35 MC29 12 12 12 WC33 0.162 0.162 0.162
WC44 0.35 0.35 0.35 WC38 0.33 0.33 0.33 EC27 11 11 11 WC39 0.151 0.151 0.151
EC45 0.28 0.28 0.28 EC46 0.27 0.27 0.27 EC43 9.1 9.1 9.1 WC29 0.138 0.138 0.138
EC46 0.26 0.26 0.26 WC44 0.16 0.16 0.16 EC17 8.7 8.7 8.7 EC50 0.126 0.126 0.126
MC48 0.20 0.20 0.20 EC45 0.15 0.15 0.15 MC48 5.8 5.8 5.8 MC48 0.104 0.104 0.104
WC49 0.20 0.20 0.20 WC47 0.023 0.023 0.023 EC50 5.7 5.7 5.7 EC46 0.060 0.060 0.060
WC46 0.089 0.089 0.089 WC46 0.0079 0.0079 0.0079 MC49 4.4 4.4 4.4 EC45 0.037 0.037 0.037
EC12 0.044 0.044 0.044 EC12 0.0074 0.0074 0.0074 MC50 3.9 3.9 3.9 EC12 0.0065 0.0065 0.0065

   aChemical and toxicological data are based on 50 sediment samples collected from each of the Main Canal (MC), Eastern Creek (EC), 
and Western Creek Complex (WC) on October 22 - 25, 2006 (the only year that this evaluation was conducted). Toxicological data
pertain to chronic (28-day) tests with amphipods (Leptocheirus plumulosus ) exposed to the same 150 sediment samples. 

   bData associated with black print and green background identify concentrations of COPC in surface sediment that were not toxic to 
amphipods, whereas data identified by red print indicate toxic sediment. Sediment was judged to be toxic to amphipods if survival was 
≤ 85% (mean control survival = 97.5%) or if growth or reproduction was less than the lower limit of the 60% confidence interval (CI) for 
the mean response of control amphipods. This latter protocol is a conservative statistical approach for identifying AETs that identifies
a greater number of toxic samples than if a more conventional ( e. g., 95%) CI was employed.  

   cAETs for each COPC and associated measurement endpoints are identified by rectangular borders. The lowest (and most relevant) 
AET for a COPC is identified by double stars (**).

Total mercury (mg/kg, dw) Aroclor 1268 (mg/kg, dw) Lead (mg/kg, dw) Total PAHs (mg/kg, dw)



Table 4-19b.__ Apparent effects thresholds (AETs) for selected metals in surface sediment of 

Sampling Repro- Sampling Repro- Sampling Repro-
station Survival Growth duction station Survival Growth duction station Survival Growth duction

WC42 0.376 0.376 0.376 MC47 28.2 28.2 28.2 WC39 25.6 25.6 25.6
WC17 0.363 0.363 0.363 EC8 25.3 25.3 25.3 WC17 25.1 25.1 25.1
WC8 0.362 0.362 0.362 WC17 22.4 22.4 22.4 WC36 23.2 23.2 23.2

WC21 0.359 0.359 0.359 EC5 21.8 21.8 21.8 WC38 22.1 ** 22.1 22.1
WC5 0.336 0.336 0.336 MC19 20.7 20.7 20.7 WC40 21.9 21.9 21.9

WC50 0.32 0.32 0.32 MC42 20.1 20.1 20.1 WC37 21.8 21.8 21.8
EC48 0.304 0.304 0.304 EC7 20.1 20.1 20.1 MC44 21 21 21
WC48 0.302 0.302 0.302 MC46 20 20 20 WC15 20.3 20.3 20.3
WC31 0.3 0.3 0.3 EC6 19.9 19.9 19.9 MC47 20.2 20.2 20.2
MC46 0.296 0.296 0.296 WC39 19.9 19.9 19.9 MC46 20.2 20.2 20.2
WC4 0.295 0.295 0.295 ** MC41 19.4 19.4 19.4 WC16 19.9 19.9 19.9

MC11 19.1 19.1 19.1 WC21 19.9 19.9 19.9
WC40 19.1 19.1 19.1 WC31 19.6 19.6 19.6
EC1 19 19 19 WC13 18.9 18.9 18.9

MC44 18.8 18.8 18.8 WC42 18.5 18.5 18.5
WC34 18.8 18.8 18.8 WC45 18.4 18.4 18.4
MC35 18.8 18.8 18.8 WC33 18.4 18.4 18.4
WC45 18.8 18.8 18.8 WC18 18.4 18.4 18.4
WC37 18.7 18.7 18.7
MC33 18.5 18.5 18.5
WC38 18.4 ** 18.4 18.4

Sampling Repro- Sampling Repro-
station Survival Growth duction station Survival Growth duction

EC6 0.463 0.463 0.463 MC47 106 106 106
EC37 0.413 0.413 0.413 EC6 98.7 98.7 98.7
EC5 0.412 0.412 0.412 MC6 97.1 97.1 97.1
EC8 0.387 0.387 0.387 EC8 96.3 96.3 96.3

EC40 0.364 0.364 0.364 MC41 95 95 95
EC35 0.357 0.357 0.357 WC42 93.8 93.8 93.8
MC27 0.354 0.354 0.354 MC42 93 93 93
EC7 0.338 0.338 0.338 EC5 92.8 92.8 92.8

MC42 0.323 0.323 0.323 MC30 91.4 91.4 91.4
MC19 0.309 0.309 0.309 EC3 90.5 ** 90.5 90.5 **
EC33 0.306 0.306 0.306
EC41 0.299 0.299 0.299
MC28 0.297 0.297 0.297
WC12 0.295 0.295 0.295
WC15 0.294 0.294 0.294
MC47 0.291 0.291 0.291
WC45 0.287 0.287 0.287
WC19 0.28 0.28 0.28
MC11 0.277 0.277 0.277
MC33 0.275 0.275 0.275
MC12 0.274 0.274 0.274
WC24 0.272 0.272 0.272 **

   aChemical and toxicological data are based on 50 sediment samples collected from each of the Main Canal (MC), 
Eastern Creek (EC), and Western Creek Complex (WC) on October 22 - 25, 2006 (the only year that this evaluation 
was conducted). Only those samples required to derive AETs are presented in this table. Toxicological data pertain 
to chronic (28-day) tests with amphipods (Leptocheirus plumulosus) exposed to the same 150 sediment samples.

   bData associated with black print and green background identify concentrations of COPC in surface sediment that
were not toxic to amphipods, whereas data identified by red print indicate toxic sediment. Sediment was judged to 
be toxic to amphipods if survival was ≤ 85% (mean control  survival = 97.5%) or if growth or reproduction was less 
than the lower limit of the 60% confidence interval (CI) for the mean response of control amphipods. This latter 
protocol is a conservative statistical approach for identifying AETs that identifies a greater number of toxic samples 
than if a more conventional ( e. g., 95%) CI was employed.  

   cAETs for each metal and associated measurement endpoints are identified by rectangular borders. The lowest 
(and most relevant) AET for a metal is identified by double stars (**).

Silver (mg/kg, dw) Zinc (mg/kg, dw) 

  estuary at  LCP Site (based on 2006 data)a, b, c

Cadmium (mg/kg, dw) Copper (mg/kg, dw) Nickel (mg/kg, dw) 



Table 4-20_Sediment effect concentrations summary - amphipods (Leptocheirus plumulosus)

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 11.8 21.9 4.9 15.5 19 230 46 19 35 6.5 24.7 44 230 66 3.0 4.9 1.0 3.3 7.9 80 16
Accuracy 70 56 97 61 59 110 86 144 97 81 28 22 36 27 21
Reliability Rank 14 11 19 12 12 32 25 41 28 23 6 4 7 5 4

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 11.3 21.7 4.2 15.4 62 240 47 16.0 32 6.2 20.3 64 240 78 3.0 5.2 0.9 3.5 12.3 90 19
Accuracy 83 72 124 76 56 113 85 142 97 71 38 31 43 37 27
Reliability Rank 16 14 24 15 11 37 28 46 32 23 8 7 9 8 6

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 21.6 38.1 8.1 21.9 145 240 18 61.0 110 19.4 61 420 240 15 5.0 7.5 1.9 5.6 15.1 90 9
Accuracy 137 134 132 138 131 133 131 122 133 133 46 46 39 46 45
Reliability Rank 10 10 10 10 10 8 8 8 8 8 5 5 4 5 5

 

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 3.1 5.6 1.4 3.1 12 230 17 2.2 4.3 0.9 1.9 2.7 80 3 66.3 238 44.8 88.7 177 230 9
Accuracy 47 41 50 47 36 16 18 19 16 18 40 38 52 39 38
Reliability Rank 3 3 4 3 3 1 1 1 1 1 2 1 2 2 1

  
 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 1.5 4.4 0.8 2.1 6 240 27 0.6 1.0 0.2 0.6 2.7 90 16 59.8 196 40.8 88.4 177 240 10
Accuracy 66 60 103 65 56 36 30 52 36 26 56 53 77 54 53
Reliability Rank 7 7 12 7 6 6 5 9 6 5 2 2 3 2 2

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples in 
effects data 

set
SEC Concentration 2.5 5.1 1.2 2.5 12 240 14 1.0 1.6 0.5 1.0 4.3 90 7 87.0 238 52.0 94 419.0 240 7
Accuracy 134 133 127 135 135 46 44 44 46 44 135 134 136 135 132
Reliability Rank 8 8 7 8 8 4 3 3 4 3 4 4 4 4 4

Accuracy = Number od samples where effect was predicted correctly  
Reliability = (# samples in effects data set ÷ total # samples) * Accuracy

Average Survival Rate Average Survival Rate Average Survival Rate

Survivor's Average Weight Survivor's Average Weight Survivor's Average Weight

Survival Rate

Total Polycyclic Aromatic Hydrocarbons OC-normalized PAHs

Survivors Average Weight

Lead

Reproductive Response Reproductive Response Reproductive Response

Survivors Average WeightSurvivors Average Weight

Mercury OC-normalized Aroclor 1268

Reproductive Response

Survival Rate

Reproductive Response

Survival Rate

Aroclor 1268

Reproductive Response



 

Location Year Area
DNA

Strand
Damage

Embryo 
Development 

%

Embryo 
Hatching

%

Ovary 
Maturation 

%

Survival
%

Control Control NA 69.3 93 73.3 93
TC-C(S) Troup Creek Reference NA 44 84 52 88
CR-C(S) Crescent River Reference NA 73 96 73 92
C-16 South Purvis Creek NA 44 76 61 72
C-33 Domain 3 NA 36 39 76 84
C-5 Main Canal NA 11 0 20 80
C-7 Eastern Creek NA 11 0 32 77
MG-B7(C) Domain 1 NA 48 92 57 93
MG-D9(C) Domain 1 NA 55 88 63 83
MG-H7(C) Domain 1 NA 0 0 48 89
MG-K7(C) Domain 1 NA 0 0 60 76
MG-N2(C) Domain 1 NA 45 85 64 76
Control Control 2.2 61 92 85 87
TC-C Troup Creek Reference 2.1 77 90 85 87
CR-C Crescent River Reference 2.2 53 88 73 73
C-15 Western Creek Complex 2.1 74 89 93 87
C-45 Domain 4 2.3 25 84 39 40
C-5 Main Canal 4.3 21 61 40 57
C-6 Eastern Creek 3.6 16 50 32 15
C-7 Eastern Creek 3.9 18 77 38 23
D-C Domain 4 2.3 28 88 57 67
MG-H7(C) Domain 1 3.8 8 65 36 20
MG-K7(C) Domain 1 NA 0 0 0 48
Control Control 1.3 40 93.3 80.3 81.7
TC-C Troup Creek Reference 2.4 50 82 83 83
CR-C Crescent River Reference 1.7 29 97 73 87
C-15 Western Creek Complex 1.9 21 87 73 58
C-45 Domain 4 1.7 45 88 78 85
C-5 Main Canal 2.7 28 88 72 85
C-6 Eastern Creek 2.2 32 88 78 72
C-7 Eastern Creek 1.9 30 93 78 77
D-C Domain 4 1.8 29 87 74 83
MG-H7(C) Domain 1 3.6 9 35 33 27
MG-K7(C) Domain 1 2.2 15 87 71 83
Control Control 2.1 36 87 71 87
TC-C Troup Creek Reference 2.5 39 73 72 82
CR-C Crescent River Reference 2 38 93 80 87
C-33 Domain 3 2.6 9 67 78 42
M-AB Domain 1 Removal Area 1.9 34 85 78 83
C-101 Domain 3 3.0 10 63 76 13
C-105 Blythe Island 2.8 11 65 55 63
C-5 Main Canal 2.2 29 83 54 67
MG-H7(C) Domain 1 2.2 38 82 76 78
MG-K7(C) Domain 1 2.3 17 70 70 67
A-C Domain 4 1.9 26 92 62 52
C-100 Domain 3 2.3 25 83 78 73
C-102 Domain 4 2.3 28 87 56 32
C-104 Blythe Island 2.3 49 85 61 30
C-15 Western Creek Complex 2.1 44 88 59 65
C-45 Domain 4 2.0 29 92 54 47
C-7 Eastern Creek 3.5 3 45 58 27
D-C Domain 4 2.7 21 72 75 60
C-103 Blythe Island 2.2 29 87 77 28
C-6 Eastern Creek 2.4 33 82 72 40

Table 4-21_Toxicity test results for grass shrimp (Palaemonetes pugio) for major areas of estuary at the 
LCP Site (2002 - 2005 data)

2000

2002

2003

2004
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Location Year Area
DNA

Strand
Damage

Embryo 
Development 

%

Embryo 
Hatching

%

Ovary 
Maturation 

%

Survival
%

Control Control 1.9 54 91.7 81.3 81.7
TC-C Troup Creek Reference 2.23 30.7 90 77.3 83.3
CR-C Crescent River Reference 1.8 56.3 86.7 75.7 76.7
C-5 Main Canal 2.2 29.3 80 66 65
C-36 North Purvis Creek 1.9 38.7 80 79 73.3
C-29 North Purvis Creek 1.9 22 85 63.7 71.7
C-16 South Purvis Creek 2.1 28.3 85 66.7 71.7
C-6 Eastern Creek 1.63 37 83.3 69.3 73.3
C-7 Eastern Creek 3.67 8.7 46.7 50.3 36.7
C-15 Western Creek Complex 2.07 27 85 75.7 76.7
MG-K7(M) Domain 1 2 31.7 76.7 83.3 81.7
MG-H7(M) Domain 1 1.87 31.7 88.3 79.7 73.3
C-33 Domain 3 1.7 52.3 90 83.7 83.3
D-C Domain 4 2 18 85 63.7 56.7
C-45 Domain 4 4.43 12 23.3 21.3 25
C-103 Blythe Island 1.97 34.7 90 60.3 78.3
C-104 Blythe Island 1.7 27.7 86.7 66 71.7
C-105 Blythe Island 2.07 28.3 81.7 68 83.3
C-200 Domain 3 1.8 46.7 86.7 72.3 81.7
C-201 South Turtle River 2.13 28.7 88.3 68 83.3
C-202 North Turtle River 1.67 47.3 83.3 70.7 80
C-203 South Turtle River 1.9 24.7 86.7 63.7 76.7
FS-AREA1 Domain 3 2.23 29 86.7 76.3 83.3
FS-AREA2 Domain 3 1.87 56.3 81.7 75.3 78.3
FS-AREA3 Domain 3 1.9 3.7 8.3 70.3 76.7
FS-AREA4 Main Canal 2.07 37.7 85 68.7 81.7
FS-AREA5 Main Canal 1.7 34 81.7 77.3 76.7
FS-AREA6 Domain 2 1.87 22.3 81.7 66.7 71.7

32% 69% 26% 29% 40%
Notes

Red color indicates toxicity (i.e., significantly different than controls at p=0.5) 

Percentage of samples considered toxic:

2005

DNA - deoxyribonucleic acid
NA - Not Analyzed
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Table 4-22_Sediment effect concentrations summary - grass shrimp

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 3.2 10.5 1.4 4.8 11.0 77 26 12.0 20.0 3.2 10.7 41.0 77 19 3.5 5.2 1.0 2.9 7.9 77 20
Accuracy 45 36 51 41 37 41 33 46 40 29 41 33 40 42 29
Reliability Rank 15 12 17 14 12 10 8 11 10 7 11 9 10 11 8

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 13.5 46.0 3.9 15.4 86.6 77 9 18.6 23.0 5.0 16.6 69.0 77 9 4.2 7.0 1.3 5.4 15.1 77 9
Accuracy 61 59 56 60 57 59 57 52 60 60 56 57 52 57 59
Reliability Rank 7 7 7 7 7 7 7 6 7 7 7 7 6 7 7

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 13.0 46.0 3.4 17.3 86.6 77 7 18.4 43.5 4.8 25.3 69.0 77 8 3.9 7.0 1.2 5.7 15.1 77 9
Accuracy 57 57 52 56 55 55 58 48 56 58 53 55 47 55 57
Reliability Rank 5 5 5 5 5 6 6 5 6 6 6 6 5 6 7

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 16.4 46.0 4.3 14.8 86.6 77 7 19.0 41.0 5.8 27.9 69.0 77 9 4.3 7.5 1.3 5.7 15.1 77 10
Accuracy 48 47 49 48 45 51 50 43 49 49 48 49 45 48 48
Reliability Rank 4 4 4 4 4 6 6 5 6 6 6 6 6 6 6

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 10.8 22.0 3.5 8.5 86.6 64 9 19.0 24.0 6.2 16.3 69.0 65 9 4.3 7.3 1.4 4.7 15.1 65 9
Accuracy 49 47 48 49 43 49 44 40 48 44 35 39 31 36 42
Reliability Rank 7 7 7 7 6 7 6 6 7 6 5 5 4 5 6

Ovary Maturation

Survival Rate

DNA Strand Damage

Mercury

Ovary Maturation

Survival Rate

DNA Strand Damage

Survival Rate

DNA Strand Damage

Ovary Maturation

OC-normalized Aroclor 1268

Embryo Development

Embryo Hatching

Embryo Development

Embryo Hatching

Aroclor 1268

Embryo Development

Embryo Hatching



Table 4-22_(Continued) Sediment Effect Concentrations Summary - Grass Shrimp

 

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 4.0 6.1 1.6 4.5 11.5 77 7 1.3 2.5 0.5 1.4 4.3 77 6 1190 1190 139 198 419 77 1
Accuracy 26 25 32 25 27 27 26 28 27 25 25 25 22 23 25
Reliability Rank 2 2 3 2 2 2 2 2 2 2 0.3 0.3 0.3 0.3 0.3

  

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 3.9 6.1 1.6 3.3 11.8 77 5 1.0 1.6 0.4 0.9 4.3 77 5 1190 1190 174 204 419 77 1
Accuracy 55 56 53 56 58 56 56 53 57 58 58 58 56 56 58
Reliability Rank 4 4 3 4 4 4 4 3 4 4 1 1 1 1 1

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 6.1 6.1 2.0 4.6 52.8 77 1 1.6 1.6 0.6 1.2 13.7 77 1 NA NA NA NA 1190 77 0
Accuracy 51 51 48 48 55 50 50 46 49 55 77 77 77 77 55
Reliability Rank 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 7.2 11.5 2.1 4.8 52.8 77 3 1.7 2.2 0.6 1.1 13.7 77 3 NA NA NA NA 1190 77 0
Accuracy 45 46 45 43 46 45 45 45 44 46 0 0 0 0 46
Reliability Rank 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0

ER-L ER-M TEL PEL AET
Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set ER-L ER-M TEL PEL AET

Total # of 
samples

# samples 
in effects 
data set

SEC Concentration 6.6 8.8 2.3 3.9 52.8 65 2 1.5 1.6 0.6 0.9 13.7 65 3 NA NA NA NA 1190 65 0
Accuracy 40 41 42 41 42 42 41 41 42 43 65 65 #REF! 65 43
Reliability Rank 1 1 1 1 1 2 2 2 2 2 0 0 #REF! 0 0

Accuracy = Number od sample         
Reliability = (# samples in effects data set ÷ total # samples) * Accuracy

Survival Rate Survival Rate Survival Rate

DNA Strand Damage DNA Strand Damage DNA Strand Damage

Embryo Hatching Embryo Hatching Embryo Hatching

Ovary Maturation Ovary Maturation Ovary Maturation

Total Polycyclic Aromatic Hydrocarbons OC-normalized PAHs Lead

Embryo Development Embryo Development Embryo Development



Table 4-23_Grass shrimp toxicity - embryo development rate compared to primary chemicals of potential 
concern (COPCs)

Station Embryo 
Development % Mercury Aroclor

1268
Total
PAHs Lead

TC-C 77 0.038 0.03 0.060 14.0
C-15 74 1.300 2.80 0.060 32.0
CR-C(S) 73 0.014 0.02 0.080 2.0
CR-C 56.3 0.095 0.01 0.136 12.4
FS-AREA2 56.3 2.170 2.30 5.097 387.0
MG-D9(C) 55 2.280 1.40 0.234 28.0
CR-C 53 0.025 0.19 0.060 12.0
C-33 52.3 0.243 0.01 0.649 419.0
TC-C 50 0.044 0.10 0.061 9.4
C-104 49 0.510 0.67 0.788 23.0
MG-B7(C) 48 6.600 15.00 0.562 28.0
C-202 47.3 0.218 0.21 0.442 17.2
C-200 46.7 4.430 8.20 1.365 154.0
MG-N2(C) 45 12.300 0.63 0.564 29.0
C-45 45 0.620 0.70 0.180 17.0
C-16 44 0.279 0.60 0.107 3.7
TC-C(S) 44 0.052 0.04 0.810 12.0
C-15 44 1.200 2.80 1.360 28.0
TC-C 39 0.026 0.03 0.468 8.0
C-36 38.7 1.920 3.70 1.189 29.1
CR-C 38 0.010 0.06 0.090 2.2
MG-H7(C) 38 0.820 12.00 4.945 34.0
FS-AREA4 37.7 1.160 7.00 0.561 15.4
C-6 37 86.600 69.00 1.484 42.1
C-33 36 0.079 0.02 0.086 17.0
C-103 34.7 1.990 0.56 0.492 24.2
M-AB 34 2.500 2.10 7.290 15.0
FS-AREA5 34 3.320 12.00 1.394 27.2
C-6 33 11.000 41.00 11.510 27.0
C-6 32 80.000 19.00 0.811 47.0
MG-K7(M) 31.7 5.680 16.00 0.876 29.5
MG-H7(M) 31.7 4.310 36.00 1.296 28.8
TC-C 30.7 0.092 0.02 0.112 16.6
C-7 30 4.100 3.70 11.782 43.0
C-5 29.3 1.100 4.20 1.067 25.8
CR-C 29 0.010 0.10 0.084 7.5
D-C 29 0.560 0.87 0.243 22.0
C-5 29 2.100 12.00 2.350 28.0
C-45 29 0.300 0.96 0.625 13.0
C-103 29 0.160 0.18 0.630 3.9
FS-AREA1 29 0.686 1.30 0.490 32.0
C-201 28.7 1.010 0.94 1.166 16.3
C-16 28.3 0.572 3.60 0.274 5.8
C-105 28.3 0.040 0.39 0.565 22.9
D-C 28 0.550 1.20 0.087 18.0
C-5 28 10.000 24.00 2.553 24.0
C-102 28 0.730 0.72 0.612 15.0
C-104 27.7 1.900 0.04 1.647 25.7
C-15 27 2.110 6.80 1.015 25.3
A-C 26 0.790 1.30 0.477 16.0
C-45 25 0.240 1.90 0.140 18.0
C-100 25 3.300 3.60 1.820 23.0



Table 4-23_Grass shrimp toxicity - embryo development rate compared to primary chemicals of potential 
concern (COPCs)

Station Embryo 
Development % Mercury Aroclor

1268
Total
PAHs Lead

C-203 24.7 0.880 0.82 0.980 60.1
FS-AREA6 22.3 8.790 5.80 0.608 27.6
C-29 22 1.050 2.20 0.826 25.4
C-5 21 11.000 19.00 1.110 21.0
C-15 21 2.800 0.79 0.446 28.0
D-C 21 0.680 0.88 1.044 27.0
C-7 18 14.000 430.00 0.454 36.0
D-C 18 1.870 3.90 0.794 35.5
MG-K7(C) 17 3.000 10.00 1.684 46.0
C-6 16 48.000 19.00 4.363 20.0
MG-K7(C) 15 22.000 24.00 5.042 26.0
C-45 12 0.245 0.61 0.725 20.3
C-5 11 11.500 3.70 0.270 36.0
C-7 11 30.500 23.00 0.229 38.0
C-105 11 0.200 0.26 0.632 12.0
C-101 10 0.530 0.97 1.067 20.0
MG-H7(C) 9 6.800 2.20 0.222 21.0
C-33 9 0.044 0.03 0.441 8.9
C-7 8.7 80.400 82.00 6.072 52.0
MG-H7(C) 8 62.000 64.00 1.060 29.0
FS-AREA3 3.7 0.760 0.52 52.800 1190.0
C-7 3 18.000 20.00 3.550 29.0
MG-H7(C) 0 4.160 17.00 0.204 50.0
MG-K7(C) 0 3.100 0.33 11.726 47.0
MG-K7(C) 0 46.000 92.00 0.828 27.0

Notes
All concentrations in mg/kg.
Bolded value indicates toxicity at reference station.

PAHs = Polycyclic aromatic hydrocarb > 3.2 > 12.8 > 4 > 198
Red typeface indicates toxic sample > 1.4 > 3.3 > 1.6 > 139
Shading indicates likely contribution to toxic effect - Grass shrimp SECs from Table 4-22.



Table 4-24_Reproduction and DNA strand damage of field-collected indigenous grass shrimp 
(Palemonetes pugio) for major areas and years in estuary at LCP Site (2002 - 2007 data)a  

  Major area --                            
2006 mean concentrations of COPC in surface 

sediment and adult shrimp (mg/kg, dw) Year 1 2 3 Value (x)

Statistical 
significance vs. 
control in same 

year
b

Skidaway River -- 2002 90 94 81 88.3 -------
2003 90 95 90 91.7 -------
2004 95 80 85 86.7 -------
2005 94 90 88 90.7 -------
2006 80 88 85 84.3 -------
2007 95 80 95 90.0 -------

Grand mean: ------- ------- ------- 88.6 -------

Mouth C-5) -- 2002 79 88 90 85.7 ns (P = 0.32)
2003 75 90 90 85.0 ns (P = 0.16)

2006 Concentrations 2004 80 90 75 81.7 ns (P = 0.23)
Sediment -- tHg7.0; A1268: 31; Pb: 41 2005 83 90 81 84.7 ns (P = 0.075)
Shrimp: tHg -- 0.35; A1268: 0.33; Pb: 0.65 2006 80 85 93 86.0 ns (P = 0.37)

2007 75 90 80 81.7 ns (P = 0.14)

Mid-stretch (M-25/NOAA 4) -- 2002 63 46 53 54.0 ** (P = 0.0032)
2003 85 80 95 86.7 ns (P = 0.19)

2006 Concentrations 2004 65 45 70 60.0  * (P = 0.026)
Sediment -- tHg: 0.78; A1268: 1.2; Pb: 21 2005 85 79 77 80.3 * (P = 0.015)
Shrimp --  tHg: 0.36; A1268: 0.87; Pb: 0.17 2006 95 75 88 86.0 ns (P = 0.41)

2007 95 80 95 90.0 ns (P = 0.50)

Upstream (C-6) -- 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 8.8; A1268: 25; Pb: 32 2005 65 85 83 77.7 ns (P = 0.085)

Shrimp -- tHg: 0.40; A1268: 0.79; Pb: 0.092 2006 83 78 75 78.7 ns (P = 0.050)
2007 65 80 75 73.3 * (P = 0.033)

Mouth (C-15) -- 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 0.46; A1268: 1.0; Pb: 26 2005 96 85 92 91.0 ns (P = 0.47)
Shrimp -- tHg: 0.23; A1268: 0.24; Pb: 0.15 2006 93 75 90 86.0 ns (P = 0.39)

2007 80 90 95 88.3 ns (P = 0.41)

Northern boundary (C-100) -- 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg:2.5; A1268: 3.3; Lead: 33 2005 88 96 90 91.3 ns (P = 0.42)

Shrimp -- tHg:0.33; A1268: 0.45; Lead: 0.16 2006 95 78 83 85.3 ns (P = 0.41)
2007 ------- ------- ------- ------- -------

Northwestern Inlet from Turtle River (D) -- 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 1.2; A1268: 0.64 ; Pb: 23 2005 83 88 92 87.7 ns (P = 0.20)
Shrimp -- tHg: 0.14; A1268: 0.12 ; Pb: 0.15 2006 93 83 90 88.7 ns (P = 0.16)

2007 ------- ------- ------- ------- -------

Domain 1 (Bank of Main Canal)

A.  PERCENT OF EMBRYOS HATCHING 

Replicate Mean

Control

Main Canal (Creek)

Eastern Creek

Western Creek Complex (in Domain 2)

Domain 3

Domain 4



Table 4-24_ Continued

  Major area --                            
2006 mean concentrations of COPC in surface 

sediment and adult shrimp (mg/kg, dw) Year 1 2 3 Value (x)

Statistical 
significance vs. 
control in same 

year
b

Northern boundary (C-103) -- 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 0.37; A1268: 0.19; Pb: 27 2005 83 90 94 89.0 ns (P = 0.34)
Shrimp -- tHg: 0.13; A1268: 0.10; Pb: 0.14 2006 78 90 85 84.3 ns (P = 0.50)

2007 ------- ------- ------- ------- -------

Northeastern boundary (C-104) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 0.28; A1268: 0.21; Pb: 17 2005 94 85 83 87.3 ns (P = 0.22)
Shrimp -- tHg: 0.14; A1268: 0.10; Pb: 0.13 2006 95 85 78 86.0 ns (P = 0.39)

2007 ------- ------- ------- ------- -------

Southern Major area (C-105) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------

2006 Concentrations 2004 ------- ------- ------- ------- -------
Sediment -- tHg: 0.40; A1268: 0.34; Pb: 18 2005 94 85 90 89.7 ns (P = 0.38)
Shrimp  -- tHg: 0.21; A1268: 0.12; Pb: 0.14 2006 80 98 80 86.0 ns (P = 0.41)

2007 ------- ------- ------- ------- -------

Major area Year 1 2 3 Value (x)

Statistical 
significance vs. 
control in same 

year
b

Skidaway River 2002 2.4 1.3 2.7 2.13 -------
2003 2.9 1.1 1.6 1.87 -------
2004 2.1 2.3 2.7 2.37 -------
2005 1.4 1.9 2.5 1.93 -------
2006 2.0 1.8 2.5 2.10 -------
2007 1.1 2.0 2.3 1.80 -------

Mouth (C-5) 2002 3.9 2.9 3.1 3.30 * (P = 0.048)
2003 2.2 3.1 1.9 2.40 ns (P = 0.23)
2004 3.2 2.0 2.1 2.43 ns (P = 0.44)
2005 2.4 1.9 2.7 2.33 ns (P = 0.19)
2006 2.1 2.9 2.4 2.47 ns (P = 0.15)
2007 2.3 1.6 2.7 2.20 ns (P = 0.23)

Mid-stretch (M-25/NOAA 4) 2002 5.7 4.6 3.3 4.53 * (P = 0.026)
2003 2.8 1.9 3.1 2.60 ns (P = 0.16)
2004 4.5 3.4 3.1 3.67 * (P = 0.038)
2005 2.8 3.2 2.3 2.77 ns (P = 0.058)
2006 3.0 1.9 2.3 2.40 ns (P = 0.24)
2007 2.4 2.0 2.9 2.43 ns (P = 0.11)

Domain 1 (Bank of Main Canal)

MeanReplicate

B. DNA STRAND DAMAGE (TAIL MOMENT) OF EMBRYOS 

Control

A. PERCENT OF EMBRYOS HATCHING -- CONTINUED 

Blythe Island

Main Canal (Creek)

Replicate Mean



Table 4-24_Continued

Major area Year 1 2 3 Value (x)

Statistical 
significance vs. 
control in same 

year
b

Upstream (C-6) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 1.9 2.2 2.6 2.23 ns (P = 0.23)
2006 2.2 1.8 2.9 2.30 ns (P = 0.32)
2007 2.9 2.2 3.1 2.73 ns (P = 0.054)

Mouth (C-15) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 1.5 2.3 2.5 2.10 ns (P = 0.36)
2006 1.9 2.7 2.2 2.27 ns (P = 0.31)
2007 2.9 1.8 2.5 2.40 ns (P = 0.24)

Northern boundary (C-100) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 1.5 1.9 2.6 2.00 ns (P = 0.44)
2006 2.0 1.8 2.9 2.23 ns (P = 0.38)
2007 ------- ------- ------- ------- -------

Northwestern Inlet from Turtle River (D) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 1.2 2.6 2.2 2.00 ns (P = 0.45)
2006 2.6 1.7 1.9 2.07 ns (P = 0.46)
2007 ------- ------- ------- ------- -------

Northern boundary (C-103) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 2.2 1.4 2.0 1.87 ns (P = 0.44)
2006 2.5 1.5 1.9 1.97 ns (P = 0.36)
2007 ------- ------- ------- ------- -------

Northeastern boundary (C-104) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 2.5 1.3 1.8 1.87 ns (P = 0.45)
2006 1.8 1.5 2.4 1.90 ns (P = 0.29)
2007 ------- ------- ------- ------- -------

Southern Major area (C-105) 2002 ------- ------- ------- ------- -------
2003 ------- ------- ------- ------- -------
2004 ------- ------- ------- ------- -------
2005 1.6 2.6 2.0 2.07 ns (P = 0.39)
2006 1.3 1.9 1.8 1.67 ns (P = 0.098)
2007 ------- ------- ------- ------- -------

of COPC in sediment (evaluated in 2006) are based on a single sample, while sample size for body 
burdens of COPC in adult shrimp approximates about 50 composited male and female individuals. 
b
Statistical significance was determined by nonparametric, unpaired, one-tailed "t' tests. All statistical

Eastern Creek

Western Creek Complex

Mean

Domain 3

Domain 4

Blythe Island

a
Each replicate of embryonic grass shrimp pertains to young from a single adult female. Concentrations

relationships between control and area values were nonsignificant (ns) except for several values 

B. DNA STRAND DAMAGE (TAIL MOMENT) OF EMBRYOS -- CONTINUED 

Replicate

for the Main Canal, the bank of the Main Canal, and Eastern Creek.



Table 4-25_Selected community characteristics of benthic macroinvertebrates in surface sediment at LCP estuary (October 2000 data) a

Station Total No. 
Taxa

Mean no. 
of Taxa 

per Repl.

No. of Taxa 
per Repl. 
(Std Dev)

Total No. 
Individuals

Mean 
Density 
(no./m2)

Density 
(Std 
Dev)

H' 
Shannon 

(log e)

d 
Diversity 
(log 2)

1/S
Simpson
Diversity

J'
Pielou 

Evennes
s

D
Margalef 
Richness

e
Equitability

silt & 
clay 
%

Total 
Organic 

Carbon %

C5 - mouth of Main 
Canal 5 3.3 2.1 30 435 356 1.46 2.10 0.63 0.90 1.18 1.18 90 6.5

C16 - mouth of 
Purvis Creek 16 10.0 2.6 125 1,812 594 2.20 3.17 0.95 0.79 3.11 0.80 17 1.0

C7 - mid-stretch 
Eastern Creek 14 7.3 3.2 312 4,522 4,703 1.62 2.34 0.71 0.62 2.26 0.50 96 6.7

C33 - near old oil 
processing site 9 4.7 2.5 31 449 349 1.95 2.81 0.85 0.89 2.33 1.09 6.6 0.9

CR - Crescent River 12 6.0 3.5 107 1,551 1,354 1.74 2.50 0.75 0.70 2.35 0.66 8.2 0.33

TC - Troup Creek 23 11.0 8.5 107 1,551 1,525 2.63 3.80 1.14 0.84 4.71 0.87 44 2.1

Dominant Taxonomic Groups %

C5 C16 C7 C33 CR TC
Polychaetes 47 56 56 61 78 67
Oligochaetes 20 24 38 6.5 2 0
Bivalves 3 9 1 6.5 0 2
Gastropods 30 0 1 23 0 0
Arthropods 0 11 2 3 3 28
Cnidaria 0 0 0 0 16 3
Rhynchocoela 0 0 2 0 2 0

a - Macrobenthos were collected with a Petite Ponar grab sampler down to a sediment depth of about 15 cm.  Three replicate samples 
were collected at each station and combined for presentation in this table.



Table 4-26_Exposure assumptions for finfish and wildlife    
evaluated in food-web exposure models for chemicals of potential concern 
(COPCs) in environmental media of estuary at LCP Site

Food Sediment Water
Body ingestion ingestion ingestion Time-use

Modeled weight rate rate rate factor Territory

predator (kg, wt)
a

Diet
b

(kg,dw/day
c

(kg,dw/day)
d

(L/day)
e

(TUF) (AUF)
f

Higher trophic 2.0 40% mummichogs 0.04 -- 0 143 1 (year- Water depth of
level fish 30% fiddler crabs wet wt (not (for round 0.3 - 1.2 m
(Age group II) 30% blue crabs (2% of employed Aroclor 1268 resident) (1 - 4 ft)

body weight) in models) model only)

Diamondback 0.14 90% fiddler crabs 0.00059 0.000027 0 1 (year- 100 m (328 ft) 
terrapin 10% mummichogs (0.4% of (4.6% of (estimate round along same  

body weight) food rate) not resident) small tidal 
available) creek

Red-winged 0.037 90% insects 0.0086 0.00017 0.0065 1 (year- 0.07 ha
blackbird 10% fiddler crabs (23% of (2% of round (0.17 acres)

body weight) food rate) resident)

Clapper rail 0.28 85% fiddler crabs 0.025 0.0025 0.025 1 (year- 1.2 ha
10% insects (9% of (10% of round (2.97 acres)
5% mummichogs body weight) food rate) resident)

Green heron 0.20 90% mummichogs 0.024 0.00048 0.023 1 (year- 2.5 ha
5% blue crabs (12% of (2% of round (6.18 acres)
5% fiddler crabs body weight) food rate) resident)

Marsh rabbit 1.0 100% cordgrass 0.088 0.0018 0.099 1 (year- 3.1 ha
(9% of (2% of round (7.66 acres)

body weight) food rate) resident)

Raccoon 3.7 45% fiddler crabs 0.20 0.019 0.32 1 (year- 39 ha
45% blue crabs (5% of (9.5% of round (96.37 acres)
10% mummichogs body weight) food rate) resident)

River otter 6.7 30% mummichogs 0.33 0.015 0.55 1 (year- 295 ha
50% silver perch (5% of (4.5% of round (728.94 acres)
10% fiddler crabs body weight) food rate) resident)
10% blue crabs

 aBody weights for the raccoon and river otter were derived from U. S. EPA's (1993) wildlife exposure factors handbook. 
Body weights for other predators were derived from the general scientific literature: red drum (Evans and Engel, 1994),
diamondback terrapin (Allen and Littleford, 1955), red-winged blackbird (Orians, 1961), clapper rail (USGS, Undated), green 
heron (U. Guelph, 2000), and marsh rabbit (U. Michigan, 1999). Whenever available, body weights for adult females (to 
which most toxicity reference values apply) indigenous to Georgia or the southeastern United States are reported. 
bDiets of predators are usually representative of diets reported in the general scientific literature, but are limited to food 
items that were collected in this investigation. 
cFood ingestion rate of the red drum was derived from Evans and Engel (1994).  Food ingestion rates of other predators 
were derived as functions of wildlife body weights by the allometric equations developed by Nagy (1987). Specific equations 
employed were -- 1) diamondback terrapin: equation for insectivorous lizards, the only available equation); 2) red-winged 
blackbird: equation for passerine birds; 3) clapper rail and green heron: equation for "all birds;" 4) marsh rabbit: 
equation for herbivorous mammals; and 5) raccoon and river otter: equation for "all eutherians."  
dSediment ingestion rates of predators were derived as functions of predator food ingestion rates according to the general 
relationships developed by Beyer et al. (1994).
 eWater ingestion rates of predators were derived as functions of predator body weights by the allometric equations 
developed by the U. S. EPA (1993) for birds and mammals.
fTerritories of predators are based on information presented in Texas Parks and Wildlife (Undated) for red drum; Gibbons
et al.  (2001) for diamondback terrapin; Case and Hewitt (1964) for red-winged blackbird; Zembal et al.  (1998) for clapper rail; 
Gibbs and Melvin (1992) for green heron; and U. S. EPA (1993) for marsh rabbit, raccoon, and river otter.

Mammals

Fish

Reptiles

Birds



Table 4-27_Toxicity reference values (TRVs) for finfish and wildlife evaluated in food-web exposure 
models for chemicals of potential concern (COPCs) in environmental media of estuary at LCP Site

Chemical of Type
Modeled potential concern of

predator (COPC) TRV
a

Fishes Methylmercury LOAEL = 0.30 Median highest LOAEL reported for 7 species of mostly freshwater fishes 
(all sciaenid (as reviewed by Dillon, 2006b) (1.2 mg/kg dry weight conversion).

fishes) NOAEL = 0.15 Median highest NOAEL reported for 7 species of mostly freshwater fishes 
monitored for various toxicological effects (as reviewed by Dillon, 2001)
(0.6 mg/kg dry weight conversion).

PCBs LOAEL = 1.3 LOAEL value from Matta et al. (2001). (5.2 mg/kg dry weight conversion)

NOAEL = 0.34 NOAEL value from Matta et al. (2001).  (1.36 mg/kg dry weight conversion).

Reptiles (diamond- Methylmercury LOAEL = 5 Study of single gavage dose of chemical to juvenile alligators (Peters 1983)
back terrapin) interpreted by Sprenger et al. (1997)

NOAEL = 0.5 LOAEL-to-NOAEL uncertainty factor of 10 applied  to alligator LOAEL

PCBs (Aroclor 1254) LOAEL = 3.2 Study (3 weeks) of Caspian terrapin metabolism after exposure to Aroclor 
1254 (Yawetz et al., 1983) interpreted by Sprenger et al. (1997)

NOAEL = 0.32 LOAEL-to-NOAEL uncertainty factor of 10 applied  to terrapin LOAEL

Lead LOAEL = 2.8 Assume LOAEL and NOAEL derived for birds exposed to lead 

NOAEL = 0.28 are applicable to reptiles (Reiser and Temple 1981 )

Birds (red-winged Methylmercury LOAEL = 0.06 Spalding et al. 2000 growth reduction in great egret.

blackbird, clapper NOAEL = 0.02
rail, green heron)

Inorganic mercury LOAEL = 0.90 Chronic study of sexual maturity and reproduction of Japanese

NOAEL = 0.45 quail fed mecuric chloride (Hill and Schaffner, 1976)

PCBs (Aroclor 1268) NOAEL = 1.3 Study (9 weeks) of weight gain, livability, fertility, egg weight, and egg-shell
thickness of chickens after exposure to Aroclor 1268 (Lillie et al., 1974; as 
identified by Huston, 2001)

LOAEL = 3.9 NOAEL-to-LOAEL adjustment factor of 3 applied to chicken NOAEL 

Lead LOAEL = 11.3 Chronic study of reproduction in Japanese quail (Eden et al., 1976)

NOAEL = 3.85 Chronic study of reproduction in American kestrels (Pattee, 1984)

Mammals (marsh Methylmercury LOAEL = 0.15 Chronic (two-generation) study of mortality

rabbit, raccoon, NOAEL = 0.075 in mink (Dansereau et al., 1999)

river otter) Inorganic mercury LOAEL = 0.37 Chronic (two-generation) study of fertility and reproduction

NOAEL = 0.37 of rats fed mecuric chloride (Note NOAEL and LOAEL are the same).

(Heath et al., 2009)

PCBs (Aroclor 1254) LOAEL = 0.3 Study (297 days) of mink reproduction after exposure

NOAEL = 0.03  to Aroclor 1254 (Aulerich and Ringer, 1977) 

Lead LOAEL = 80 Chronic (2-year) study of reproduction

NOAEL = 8 in rats (Azar et al., 1973)

   aAcronyms employed in this table are -- NOAEL (no observed adverse effect level), LOAEL (lowest observed 
adverse effect level). Unit of measurement for reptilian, avian, and mammalian TRVs is mg/kg BW/day.
 Unit of measurement for fishes TRVs  is mg/kg (ww). Dry weight conversion assumes 75% fish moisture content. 
TRVs for inorganic mercury are not relevant for fishes and were not available for reptiles.

Reference/comments
a

LOAEL-to-NOAEL uncertainty factor of 3 applied  to mallard LOAEL



Table 4-28_Hazard quotients (HQs) for finfish based on exposure models (2000-2007 data)
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LOAEL NOAEL LOAEL NOAEL

Evans and Engle (1994) model
95UCL exposure 0.140 0.30 0.15 0.5 0.9
Mean exposure 0.110 0.30 0.15 0.4 0.7
95UCL exposure 0.980 0.30 0.15 3.3 6.5
Mean exposure 0.870 0.30 0.15 2.9 5.8

95UCL exposure 0.139 1.3 0.34 0.1 0.4
Mean exposure 0.079 1.3 0.34 0.1 0.2
95UCL exposure 0.791 1.3 0.34 0.6 2.3
Mean exposure 0.796 1.3 0.34 0.6 2.3

95UCL exposure 0.138 1.3 0.34 0.1 0.4
Mean exposure 0.078 1.3 0.34 0.1 0.2
95UCL exposure 0.763 1.3 0.34 0.6 2.2
Mean exposure 0.714 1.3 0.34 0.5 2.1

95UCL exposure 0.146 1.3 0.34 0.1 0.4
Mean exposure 0.085 1.3 0.34 0.1 0.3
95UCL exposure 1.876 1.3 0.34 1.4 5.5
Mean exposure 1.767 1.3 0.34 1.4 5.2

Notes

c - HQs greater than 1 are identified in bold print in this table. 

b - TRVs are reviewed in Table  4-27. TRVs for red drum are expressed as mg/kg (wet wt).

a - Assumptions on which EEEs are based are presented in Appendix H and expressed as mg/kg (wet wt).  

Aroclor  1268

Approach 3 (K PW  eliminated in favor of direct estimation of C WD  (Gobas, 1993)

Approach 2 (K PW  derived by  Bergen et al. (1993) procedure

Approach 1 (K PW  derived by  Clark et al. (1990) procedure

LCP Estuary

Troup Creek Reference

Troup Creek Reference

LCP Estuary

Troup Creek Reference

LCP Estuary

Hazard Quotient -- HQ
(EEE / TRV)c

Location in Study Area

Methyl-mercury
(with fish growth)

Toxicity Reference Value --
TRV

(mg/kg BW/day)b
Chemical of 

Potential Concern 
(COPC)

Troup Creek Reference

LCP Estuary

Estimated 
Environmental 

Exposure -- EEE
(mg/kg BW/day)a



Table 4-29_Hazard quotients (HQs) for field-collected finfish exposed to 
methylmercury and Aroclor 1268 in environmental media of estuary at LCP Site 
(2000 - 2007 data)

Chemical of Estimated
potential Environmental
concern Location in Exposure -- EEE 

(COPC) study area (mg/kg, dw)a LOAEL NOAEL LOAEL NOAEL

Methyl- Troup Creek Reference
mercury 95UCL exposure: 0.33 1.2 0.60 0.28 0.55
(MeHg = Mean exposure: 0.29 1.2 0.60 0.24 0.48
100% of tHg)

Crescent River Reference
95UCL exposure: 0.18 1.2 0.60 0.15 0.30

Mean exposure: 0.16 1.2 0.60 0.13 0.27

LCP Estuary
95UCL exposure: 1.85 1.2 0.60 1.54 3.08

Mean exposure: 1.6 1.2 0.60 1.33 2.67

Aroclor 1268 Troup Creek Reference
95UCL exposure: 0.23 5.2 1.36 0.04 0.17

Mean exposure: 0.19 5.2 1.36 0.04 0.14

Crescent River Reference
95UCL exposure: 0.033 5.2 1.36 0.01 0.02

Mean exposure: 0.024 5.2 1.36 0.00 0.02

LCP Estuary
95UCL exposure: 7.05 5.2 1.36 1.36 5.18

Mean exposure: 5.67 5.2 1.36 1.09 4.17

Methyl- Troup Creek Reference
mercury 95UCL exposure: 0.13 1.2 0.60 0.11 0.22
(MeHg = Mean exposure: 0.1 1.2 0.60 0.08 0.17
89% of tHg)

Crescent River Reference
95UCL exposure: 0.16 1.2 0.60 0.13 0.27

Mean exposure: 0.16 1.2 0.60 0.13 0.27

LCP Estuary
95UCL exposure: 1.25 1.2 0.60 1.04 2.08

Mean exposure: 1.01 1.2 0.60 0.84 1.68

Aroclor 1268 Troup Creek Reference
95UCL exposure: 0.13 5.2 1.36 0.03 0.10

Mean exposure: 0.10 5.2 1.36 0.02 0.07

Crescent River Reference
95UCL exposure: 0.016 5.2 1.36 0.00 0.01

Mean exposure: 0.016 5.2 1.36 0.00 0.01

LCP Estuary
95UCL exposure: 1.87 5.2 1.36 0.36 1.38

Mean exposure: 1.43 5.2 1.36 0.28 1.05

Toxicity

Silver Perch (Bairdiella chrysoura ) 

Red Drum (Sciaenops ocellatus) 

Hazard Quotient -- HQ
(EEE / TRV)c(mg/kg, dw)b

Reference Value --TRV



Table 4-29_Continued 

Chemical of Estimated
potential Environmental
concern Location in Exposure -- EEE 

(COPC) study area (mg/kg, dw)a LOAEL NOAEL LOAEL NOAEL

Methyl- Troup Creek Reference
mercury 95UCL exposure: 0.11 1.2 0.60 0.09 0.18
(MeHg = Mean exposure: 0.10 1.2 0.60 0.08 0.17
91% of tHg)

Crescent River Reference
95UCL exposure: 0.05 1.2 0.60 0.04 0.08

Mean exposure: 0.04 1.2 0.60 0.03 0.07

LCP Estuary
95UCL exposure: 0.87 1.2 0.60 0.73 1.45

Mean exposure: 0.76 1.2 0.60 0.63 1.27

Aroclor 1268 Troup Creek Reference
95UCL exposure: 0.12 5.2 1.36 0.02 0.09

Mean exposure: 0.10 5.2 1.36 0.02 0.07

Crescent River Reference
95UCL exposure: 0.017 5.2 1.36 0.00 0.01

Mean exposure: 0.017 5.2 1.36 0.00 0.01

LCP Estuary
95UCL exposure: 6.45 5.2 1.36 1.24 4.74

Mean exposure: 5.51 5.2 1.36 1.06 4.05

Methyl- Troup Creek Reference
mercury 95UCL exposure: 0.38 1.2 0.60 0.32 0.63
(MeHg = Mean exposure: 0.34 1.2 0.60 0.28 0.57
100% of tHg)

Crescent River Reference
95UCL exposure: 0.13 1.2 0.60 0.11 0.22

Mean exposure: 0.11 1.2 0.60 0.09 0.18

LCP Estuary
95UCL exposure: 2.65 1.2 0.60 2.21 4.42

Mean exposure: 2.27 1.2 0.60 1.89 3.78

Aroclor 1268 Troup Creek Reference
95UCL exposure: 0.21 5.2 1.36 0.04 0.15

Mean exposure: 0.16 5.2 1.36 0.03 0.12

Crescent River Reference
95UCL exposure: 0.016 5.2 1.36 0.00 0.01

Mean exposure: 0.016 5.2 1.36 0.00 0.01

LCP Estuary
95UCL exposure: 5.91 5.2 1.36 1.14 4.35

Mean exposure: 4.92 5.2 1.36 0.95 3.62

Toxicity

Spotted Seatrout (Cynoscion nebulosus)

 Reference Value --TRV Hazard Quotient -- HQ

Black Drum (Pogonias cromis )

(EEE / TRV)c(mg/kg, dw)b



Table 4-29_Continued 

Chemical of
potential Estimated

concern Location in Environmental Reference Value -- TRV
Exposure -- EEE 

(COPC) study area (mg/kg, dw)a LOAEL NOAEL LOAEL NOAEL

Methyl- Troup Creek Reference
mercury 95UCL exposure: 0.03 1.2 0.60 0.03 0.05
(MeHg = Mean exposure: 0.02 1.2 0.60 0.02 0.03
37% of tHg)

Crescent River Reference
95UCL exposure: 0.011 1.2 0.60 0.01 0.02

Mean exposure: 0.008 1.2 0.60 0.01 0.01

LCP Estuary
95UCL exposure: 0.10 1.2 0.60 0.08 0.17

Mean exposure: 0.09 1.2 0.60 0.08 0.15

Aroclor 1268 Troup Creek Reference
95UCL exposure: 0.250 5.2 1.36 0.05 0.18

Mean exposure: 0.18 5.2 1.36 0.03 0.13

Crescent River Reference
95UCL exposure: 0.016 5.2 1.36 0.00 0.01

Mean exposure: 0.016 5.2 1.36 0.00 0.01

LCP Estuary
95UCL exposure: 21.0 5.2 1.36 4.04 15.46

Mean exposure: 13.2 5.2 1.36 2.54 9.71

   aEEEs (body burdens) of methylmercury and Aroclor 1268 in finfish derived from 

2000-2007.  Assumes fish are 25% solids. Body burdens of methylmercury are based on values of total 

mercury presented in Table 4-11a.  

   bTRVs are reviewed in Table 4-27. 

   cHQs greater than 1 are identified in bold print in this table.

(mg/kg, ww)b
(EEE / TRV)c

Striped Mullet (Mugil cephalus )

Toxicity Hazard Quotient -- HQ



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)
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LOAEL NOAEL LOAEL NOAEL

Troup Creek Reference 0.00017 5 0.5 0.00003 0.0003
Main Canal 0.0019 5 0.5 0.0004 0.004
Eastern Creek 0.0029 5 0.5 0.0006 0.006
Western Creek Complex 0.00093 5 0.5 0.0002 0.002
Purvis Creek 0.00045 5 0.5 0.0001 0.001
Domain 1 0.0032 5 0.5 0.001 0.006
Domain 2 0.00093 5 0.5 0.0002 0.002
Domain 3 0.00090 5 0.5 0.0002 0.002
Domain 4 0.00071 5 0.5 0.0001 0.001
Blythe Island 0.00061 5 0.5 0.0001 0.001
Area A 0.0028 5 0.5 0.0006 0.006
Troup Creek Reference 0.0016 3.2 0.32 0.0005 0.005
Main Canal 0.023 3.2 0.32 0.007 0.07
Eastern Creek 0.026 3.2 0.32 0.008 0.08
Western Creek Complex 0.006 3.2 0.32 0.0019 0.019
Purvis Creek 0.0052 3.2 0.32 0.002 0.02
Domain 1 0.014 3.2 0.32 0.004 0.04
Domain 2 0.0063 3.2 0.32 0.002 0.02
Domain 3 0.0053 3.2 0.32 0.002 0.02
Domain 4 0.0035 3.2 0.32 0.001 0.01
Blythe Island 0.0013 3.2 0.32 0.0004 0.004
Area A 0.0209 3.2 0.32 0.0065 0.065
Troup Creek Reference 0.0082 2.8 0.28 0.003 0.03
Main Canal 0.013 2.8 0.28 0.005 0.05
Eastern Creek 0.037 2.8 0.28 0.013 0.13
Western Creek Complex 0.009 2.8 0.28 0.003 0.03
Purvis Creek 0.009 2.8 0.28 0.003 0.03
Domain 1 0.050 2.8 0.28 0.02 0.18
Domain 2 0.015 2.8 0.28 0.005 0.05
Domain 3 0.051 2.8 0.28 0.02 0.18
Domain 4 0.007 2.8 0.28 0.003 0.03
Blythe Island 0.006 2.8 0.28 0.002 0.02
Area A 0.036 2.8 0.28 0.013 0.13

Notes

Diamondback terrapin (Malaclemys terrapin )

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Methylmercury

Aroclor 1268 
(TRVs are for 
Aroclor 1254

Lead

a - Assumptions on which EEEs are based are presented in Table 29. All EEEs are base on the 95UCL concentrations as presented in Appendix H.

b - TRVs are reviewed in Table 4-28.  TRVs used as surrogates for Aroclor 1268 in diamondback terrapins and mammals pertain to Aroclor 1254. 
c - HQs greater than 1 are identified in bold print in this table. 
Area A is defined as the Main Canal + Eastern Creek + Domain 1.



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)

Page 2 of 7

LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.0046 0.06 0.02 0.08 0.23
Domain 1 0.020 0.06 0.02 0.33 1.00
Domain 2 0.0087 0.06 0.02 0.14 0.43
Domain 3 0.0084 0.06 0.02 0.14 0.42
Domain 4 0.0076 0.06 0.02 0.13 0.38
Blythe Island 0.0071 0.06 0.02 0.12 0.36
Main Canal 0.013 0.06 0.02 0.22 0.67
Eastern Creek 0.017 0.06 0.02 0.29 0.86
Western Creek Complex 0.0087 0.06 0.02 0.14 0.43
Purvis Creek 0.0060 0.06 0.02 0.10 0.30
Area A 0.0170 0.06 0.02 0.28 0.85
Troup Creek Reference 0.0046 0.90 0.45 0.005 0.01
Domain 1 0.064 0.90 0.45 0.07 0.14
Domain 2 0.033 0.90 0.45 0.04 0.07
Domain 3 0.016 0.90 0.45 0.02 0.04
Domain 4 0.010 0.90 0.45 0.01 0.02
Blythe Island 0.0071 0.90 0.45 0.01 0.02
Main Canal 0.048 0.90 0.45 0.05 0.11
Eastern Creek 0.125 0.90 0.45 0.14 0.28
Western Creek Complex 0.021 0.90 0.45 0.02 0.05
Purvis Creek 0.012 0.90 0.45 0.01 0.03
Area A 0.075 0.90 0.45 0.08 0.17
Troup Creek Reference 0.013 3.9 1.3 0.00 0.01
Domain 1 0.169 3.9 1.3 0.04 0.13
Domain 2 0.054 3.9 1.3 0.01 0.04
Domain 3 0.035 3.9 1.3 0.01 0.03
Domain 4 0.027 3.9 1.3 0.01 0.02
Blythe Island 0.0105 3.9 1.3 0.00 0.01
Main Canal 0.27 3.9 1.3 0.07 0.21
Eastern Creek 0.37 3.9 1.3 0.09 0.28
Western Creek Complex 0.048 3.9 1.3 0.01 0.04
Purvis Creek 0.050 3.9 1.3 0.01 0.04
Area A 0.25 3.9 1.3 0.06 0.19
Troup Creek Reference 0.118 11.3 3.85 0.01 0.03
Domain 1 0.44 11.3 3.85 0.04 0.12
Domain 2 0.31 11.3 3.85 0.03 0.08
Domain 3 0.69 11.3 3.85 0.06 0.18
Domain 4 0.12 11.3 3.85 0.01 0.03
Blythe Island 0.101 11.3 3.85 0.01 0.03
Main Canal 0.17 11.3 3.85 0.02 0.05
Eastern Creek 0.37 11.3 3.85 0.03 0.10
Western Creek Complex 0.16 11.3 3.85 0.01 0.04
Purvis Creek 0.14 11.3 3.85 0.01 0.04
Area A 0.34 11.3 3.85 0.03 0.09

Inorganic 
Mercury

Red-Winged Blackbird (Agelaius phoeniceus )

Methylmercury

Lead

Aroclor
1268



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)
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LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.0032 0.06 0.02 0.05 0.16
Domain 1 0.059 0.06 0.02 0.99 2.96
Domain 2 0.018 0.06 0.02 0.29 0.88
Domain 3 0.017 0.06 0.02 0.28 0.84
Domain 4 0.014 0.06 0.02 0.23 0.68
Blythe Island 0.012 0.06 0.02 0.19 0.58
Main Canal 0.035 0.06 0.02 0.58 1.74
Eastern Creek 0.052 0.06 0.02 0.86 2.59
Western Creek Complex 0.018 0.06 0.02 0.29 0.88
Purvis Creek 0.0084 0.06 0.02 0.14 0.42
Area A 0.0499 0.06 0.02 0.83 2.49
Troup Creek Reference 0.0023 0.90 0.45 0.003 0.01
Domain 1 0.128 0.90 0.45 0.14 0.29
Domain 2 0.060 0.90 0.45 0.07 0.13
Domain 3 0.027 0.90 0.45 0.03 0.06
Domain 4 0.016 0.90 0.45 0.02 0.03
Blythe Island 0.009 0.90 0.45 0.01 0.02
Main Canal 0.093 0.90 0.45 0.10 0.21
Eastern Creek 0.245 0.90 0.45 0.27 0.54
Western Creek Complex 0.037 0.90 0.45 0.04 0.08
Purvis Creek 0.017 0.90 0.45 0.02 0.04
Area A 0.147 0.90 0.45 0.16 0.33
Troup Creek Reference 0.031 3.9 1.3 0.008 0.02
Domain 1 0.43 3.9 1.3 0.11 0.33
Domain 2 0.14 3.9 1.3 0.04 0.11
Domain 3 0.105 3.9 1.3 0.03 0.08
Domain 4 0.072 3.9 1.3 0.02 0.06
Blythe Island 0.025 3.9 1.3 0.01 0.02
Main Canal 0.64 3.9 1.3 0.16 0.49
Eastern Creek 0.82 3.9 1.3 0.21 0.63
Western Creek Complex 0.13 3.9 1.3 0.03 0.10
Purvis Creek 0.13 3.9 1.3 0.03 0.10
Area A 0.596 3.9 1.3 0.15 0.46
Troup Creek Reference 0.16 11.3 3.85 0.01 0.04
Domain 1 1.28 11.3 3.85 0.11 0.33
Domain 2 0.23 11.3 3.85 0.02 0.06
Domain 3 0.87 11.3 3.85 0.08 0.23
Domain 4 0.13 11.3 3.85 0.01 0.03
Blythe Island 0.11 11.3 3.85 0.01 0.03
Main Canal 0.27 11.3 3.85 0.02 0.07
Eastern Creek 0.93 11.3 3.85 0.08 0.24
Western Creek Complex 0.15 11.3 3.85 0.01 0.04
Purvis Creek 0.18 11.3 3.85 0.02 0.05
Area A 0.91 11.3 3.85 0.08 0.24

Aroclor
1268

Inorganic 
mercury

Lead

Clapper Rail (Rallus longirostris )

Methylmercury



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)
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LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.012 0.06 0.02 0.20 0.61
Domain 1 0.166 0.06 0.02 2.77 8.30
Domain 2 0.047 0.06 0.02 0.78 2.33
Domain 3 0.0497 0.06 0.02 0.83 2.48
Domain 4 0.035 0.06 0.02 0.59 1.77
Blythe Island 0.028 0.06 0.02 0.46 1.39
Main Canal 0.089 0.06 0.02 1.48 4.44
Eastern Creek 0.21 0.06 0.02 3.53 10.6
Western Creek Complex 0.047 0.06 0.02 0.78 2.33
Purvis Creek 0.035 0.06 0.02 0.58 1.75
Area A 0.17 0.06 0.02 2.76 8.27
Troup Creek Reference 0.002 0.90 0.45 0.002 0.004
Domain 1 0.046 0.90 0.45 0.05 0.10
Domain 2 0.019 0.90 0.45 0.02 0.04
Domain 3 0.010 0.90 0.45 0.01 0.02
Domain 4 0.005 0.90 0.45 0.01 0.01
Blythe Island 0.003 0.90 0.45 0.003 0.01
Main Canal 0.031 0.90 0.45 0.034 0.07
Eastern Creek 0.083 0.90 0.45 0.093 0.19
Western Creek Complex 0.013 0.90 0.45 0.014 0.03
Purvis Creek 0.006 0.90 0.45 0.007 0.01
Area A 0.053 0.90 0.45 0.058 0.12
Troup Creek Reference 0.028 3.9 1.3 0.007 0.02
Domain 1 0.78 3.9 1.3 0.20 0.60
Domain 2 0.26 3.9 1.3 0.07 0.20
Domain 3 0.38 3.9 1.3 0.10 0.29
Domain 4 0.15 3.9 1.3 0.04 0.12
Blythe Island 0.104 3.9 1.3 0.03 0.08
Main Canal 0.68 3.9 1.3 0.17 0.52
Eastern Creek 0.97 3.9 1.3 0.25 0.75
Western Creek Complex 0.26 3.9 1.3 0.07 0.20
Purvis Creek 0.16 3.9 1.3 0.04 0.12
Area A 0.82 3.9 1.3 0.21 0.63
Troup Creek Reference 0.23 11.3 3.85 0.02 0.06
Domain 1 0.25 11.3 3.85 0.02 0.07
Domain 2 0.298 11.3 3.85 0.03 0.08
Domain 3 3.66 11.3 3.85 0.32 0.95
Domain 4 0.14 11.3 3.85 0.01 0.04
Blythe Island 0.086 11.3 3.85 0.01 0.02
Main Canal 0.14 11.3 3.85 0.01 0.04
Eastern Creek 0.25 11.3 3.85 0.02 0.06
Western Creek Complex 0.22 11.3 3.85 0.02 0.06
Purvis Creek 0.14 11.3 3.85 0.01 0.04
Area A 0.22 11.3 3.85 0.02 0.06

Green Heron (Butorides striatus )

Inorganic 
mercury

Methylmercury

Lead

Aroclor
1268



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)
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LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.000054 0.15 0.075 0.0004 0.001
Domain 1 0.0019 0.15 0.075 0.0126 0.025
Domain 2 0.0008 0.15 0.075 0.005 0.011
Domain 3 0.0004 0.15 0.075 0.003 0.005
Domain 4 0.0003 0.15 0.075 0.002 0.004
Blythe Island 0.00026 0.15 0.075 0.002 0.003
Main Canal 0.0066 0.15 0.075 0.044 0.089
Eastern Creek 0.0013 0.15 0.075 0.009 0.017
Western Creek Complex 0.0008 0.15 0.075 0.005 0.010
Purvis Creek 0.00022 0.15 0.075 0.001 0.003
Area A 0.0013 0.15 0.075 0.009 0.017
Troup Creek Reference 0.00067 0.37 0.37 0.002 0.00
Domain 1 0.038 0.37 0.37 0.10 0.10
Domain 2 0.018 0.37 0.37 0.05 0.05
Domain 3 0.0075 0.37 0.37 0.02 0.02
Domain 4 0.0046 0.37 0.37 0.01 0.01
Blythe Island 0.0031 0.37 0.37 0.01 0.01
Main Canal 0.076 0.37 0.37 0.21 0.21
Eastern Creek 0.057 0.37 0.37 0.15 0.15
Western Creek Complex 0.013 0.37 0.37 0.04 0.04
Purvis Creek 0.0047 0.37 0.37 0.01 0.01
Area A 0.037 0.37 0.37 0.10 0.10
Troup Creek Reference 0.018 0.3 0.03 0.06 0.60
Domain 1 0.0904 0.3 0.03 0.30 3.01
Domain 2 0.027 0.3 0.03 0.09 0.88
Domain 3 0.015 0.3 0.03 0.05 0.48
Domain 4 0.016 0.3 0.03 0.05 0.53
Blythe Island 0.0039 0.3 0.03 0.01 0.13
Main Canal 0.096 0.3 0.03 0.32 3.20
Eastern Creek 0.14 0.3 0.03 0.48 4.82
Western Creek Complex 0.024 0.3 0.03 0.08 0.81
Purvis Creek 0.028 0.3 0.03 0.09 0.94
Area A 0.099 0.3 0.03 0.33 3.31
Troup Creek Reference 0.23 80 8 0.003 0.028
Domain 1 0.33 80 8 0.004 0.04
Domain 2 0.35 80 8 0.004 0.04
Domain 3 0.69 80 8 0.009 0.09
Domain 4 0.32 80 8 0.004 0.04
Blythe Island 0.17 80 8 0.002 0.02
Main Canal 0.42 80 8 0.005 0.05
Eastern Creek 0.34 80 8 0.004 0.04
Western Creek Complex 0.295 80 8 0.004 0.04
Purvis Creek 0.31 80 8 0.004 0.04
Area A 0.32 80 8 0.004 0.04

Methylmercury

Lead

Aroclor 1268 
(TRVs are for 
Aroclor 1254

Inorganic 
Mercury

Marsh Rabbit (Sylvilagus palustris )



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)

Page 6 of 7

LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.0018 0.15 0.075 0.01 0.02
Domain 1 0.0203 0.15 0.075 0.14 0.27
Domain 2 0.015 0.15 0.075 0.10 0.20
Domain 3 0.015 0.15 0.075 0.10 0.20
Domain 4 0.015 0.15 0.075 0.10 0.19
Blythe Island 0.014 0.15 0.075 0.10 0.19
Main Canal 0.017 0.15 0.075 0.11 0.23
Eastern Creek 0.0201 0.15 0.075 0.13 0.27
Western Creek Complex 0.015 0.15 0.075 0.10 0.20
Purvis Creek 0.014 0.15 0.075 0.09 0.19
Area A 0.019 0.15 0.075 0.13 0.26
Troup Creek Reference 0.00032 0.5 0.05 0.00 0.01
Domain 1 0.0204 0.37 0.37 0.06 0.06
Domain 2 0.0098 0.37 0.37 0.03 0.03
Domain 3 0.0041 0.37 0.37 0.01 0.01
Domain 4 0.0023 0.37 0.37 0.01 0.01
Blythe Island 0.0011 0.37 0.37 0.00 0.00
Main Canal 0.015 0.37 0.37 0.04 0.04
Eastern Creek 0.041 0.37 0.37 0.11 0.11
Western Creek Complex 0.0059 0.37 0.37 0.02 0.02
Purvis Creek 0.0027 0.37 0.37 0.01 0.01
Area A 0.024 0.37 0.37 0.06 0.06
Troup Creek Reference 0.0054 0.3 0.03 0.02 0.18
Domain 1 0.078 0.3 0.03 0.26 2.61
Domain 2 0.033 0.3 0.03 0.11 1.11
Domain 3 0.029 0.3 0.03 0.10 0.97
Domain 4 0.023 0.3 0.03 0.08 0.77
Blythe Island 0.017 0.3 0.03 0.06 0.57
Main Canal 0.11 0.3 0.03 0.37 3.67
Eastern Creek 0.146 0.3 0.03 0.49 4.87
Western Creek Complex 0.031 0.3 0.03 0.10 1.05
Purvis Creek 0.031 0.3 0.03 0.10 1.02
Area A 0.106 0.3 0.03 0.35 3.53
Troup Creek Reference 0.071 80 8 0.001 0.009
Domain 1 0.15 80 8 0.002 0.02
Domain 2 0.11 80 8 0.001 0.01
Domain 3 0.29 80 8 0.004 0.04
Domain 4 0.049 80 8 0.001 0.01
Blythe Island 0.041 80 8 0.001 0.005
Main Canal 0.066 80 8 0.001 0.008
Eastern Creek 0.13 80 8 0.002 0.02
Western Creek Complex 0.061 80 8 0.001 0.008
Purvis Creek 0.053 80 8 0.001 0.007
Area A 0.12 80 8 0.001 0.01

Lead

Methylmercury

Aroclor 1268 
(TRVs are for 
Aroclor 1254

Inorganic 
Mercury

Raccoon (Procyon lotor )



Table 4-30_Hazard quotients (HQs) for wildlife at LCP estuary based on exposure models (2000-2007 
data)

Page 7 of 7

LOAEL NOAEL LOAEL NOAEL

Location in Study AreaChemical of Potential 
Concern (COPC)

Hazard Quotient -- HQ
(EEE / TRV)c

Toxicity Reference Value --TRV
(mg/kg BW/day)bEstimated Environmental 

Exposure -- EEE
(mg/kg BW/day)a

Troup Creek Reference 0.0061 0.15 0.075 0.04 0.08
Main Canal 0.00013 0.15 0.075 0.001 0.002
Eastern Creek 0.00051 0.15 0.075 0.003 0.007
Western Creek Complex 0.00018 0.15 0.075 0.001 0.002
Purvis Creek 0.0046 0.15 0.075 0.03 0.06
Domain 1 0.00235 0.15 0.075 0.02 0.03
Domain 2 0.01082 0.15 0.075 0.07 0.14
Domain 3 0.0127 0.15 0.075 0.08 0.17
Domain 4 0.0333 0.15 0.075 0.22 0.44
Blythe Island 0.0326 0.15 0.075 0.22 0.43
Area A 0.0086 0.15 0.075 0.06 0.11
Troup Creek Reference 0.00491 0.37 0.37 0.013 0.013
Main Canal 0.00013 0.37 0.37 0.0004 0.0004
Eastern Creek 0.00064 0.37 0.37 0.002 0.002
Western Creek Complex 0.00016 0.37 0.37 0.0004 0.0004
Purvis Creek 0.00396 0.37 0.37 0.01 0.01
Domain 1 0.00226 0.37 0.37 0.006 0.006
Domain 2 0.01075 0.37 0.37 0.03 0.03
Domain 3 0.01082 0.37 0.37 0.03 0.03
Domain 4 0.02773 0.37 0.37 0.07 0.07
Blythe Island 0.0268 0.37 0.37 0.07 0.07
Area A 0.0009 0.37 0.37 0.00 0.00
Troup Creek Reference 0.0071 0.3 0.03 0.02 0.24
Main Canal 0.00073 0.3 0.03 0.002 0.02
Eastern Creek 0.00027 0.3 0.03 0.001 0.01
Western Creek Complex 0.00069 0.3 0.03 0.002 0.02
Purvis Creek 0.01737 0.3 0.03 0.058 0.58
Domain 1 0.01027 0.3 0.03 0.034 0.34
Domain 2 0.04164 0.3 0.03 0.139 1.39
Domain 3 0.05056 0.3 0.03 0.169 1.69
Domain 4 0.11827 0.3 0.03 0.394 3.94
Blythe Island 0.11232 0.3 0.03 0.374 3.74
Area A 0.00419 0.3 0.03 0.014 0.14
Troup Creek Reference 0.05574 80 8 0.001 0.01
Main Canal 0.00020 80 8 0.000003 0.00003
Eastern Creek 0.0010 80 8 0.00001 0.0001
Western Creek Complex 0.00032 80 8 0.000004 0.00004
Purvis Creek 0.00681 80 8 0.00009 0.0009
Domain 1 0.00523 80 8 0.00007 0.0007
Domain 2 0.03258 80 8 0.0004 0.004
Domain 3 0.1649 80 8 0.002 0.02
Domain 4 0.04683 80 8 0.0006 0.006
Blythe Island 0.03782 80 8 0.0005 0.005
Area A 0.00158 80 8 0.00002 0.0002

Lead

Aroclor 1268 
(TRVs are for 
Aroclor 1254

River Otter (Lutra canadensis )

Inorganic 
mercury

Methylmercury



Table 7-1_Sampling stations comprising fiddler crab polygons
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5-NOAA-G 6-NOAA-G 7-NOAA-G 9-NOAA-G M-25 M-100 M-104 M-108 M-204 TC

5-NOAA-G -04 6-NOAA-G -04 7-NOAA-G -04 9-NOAA-G -04 M-25 -00 M-100 -04 M-104 -04 M-108 -04 M-204 -05 TC-C -02
5-NOAA-G -05 6-NOAA-G -05 7-NOAA-G -05 9-NOAA-G -05 M-25 -02 M-100 -05 M-104 -05 M-108 -05 M-204 -06 TC-C -05
5-NOAA-G -06 8-NOAA-G -04 8-NOAA-G -04 M-25 -03 M-100 -06 M-104 -06 M-108 -06 TC-M -03
5-NOAA-G -07 8-NOAA-G -05 8-NOAA-G -05 M-25 -04 M-103 -04 M-101 -04 TC-M -04

M-102 -04 8-NOAA-G -06 8-NOAA-G -06 M-25 -04 M-103 -05 M-104 -05 TC-M -06
M-102 -05 8-NOAA-G -07 8-NOAA-G -07 M-25 -05 M-103 -06 TC-M -07

7-NOAA-G -04 M-25 -06
7-NOAA-G -05 M-25 -07
6-NOAA-G -04
6-NOAA-G -05

5-NOAA-G -04 6-NOAA-G -04 7-NOAA-G -04 9-NOAA-G -04 M-25 -00 M-100 -04 M-104 -04 M-108 -04 M-204 -05 TC-C -02
5-NOAA-G -05 6NOAA-G -05 7-NOAA-G -05 9-NOAA-G -05 M-25 -02 M-100 -05 M-104 -05 M-108 -05 M-204 -06 TC-C -03
5-NOAA-G -06 6-NOAA-G -06 7-NOAA-G -05 9-NOAA-G -06 M-25 -03 M-100 -06 M-104 -06 M-108 -06 C-34 -00 TC-C -04
5-NOAA-G -07 6-NOAA-G -07 7-NOAA-G -05 9-NOAA-G -07 M-25 -04 M-103 -04 M-101 -04 C-104 -04 C-34 -05 TC-C -05

C-4 -00 SD2M-3 -04 8-NOAA-G -04 8-NOAA-G -04 M-25 -05 M-103 -05 M-104 -05 C-104 -05 C-34 -06 TC-C -06
C-4 -02 SD2M-5 -04 8-NOAA-G -05 8-NOAA-G -05 M-25 -06 M-103 -06 A-C -02 C-104 -06 C-34 -07 TC-C -07
C-4 -03 SD2M-16 -04 8-NOAA-G -06 8-NOAA-G -06 M-25 -07 M-44 -00 A-C -03 SD5M-5 -04 C-200 -05 TC-C(S) -00
C-4 -04 8-NOAA-G -07 8-NOAA-G -07 SD-19 -03 M-44 -05 A-C -04 SD5M-12 -04 C-204 -05 TC-M -02
C-5 -00 C-12 -00 7-NOAA-G -04 SD-20 -03 C-14 -00 A-M -02 SD5M-27 -04 M-41 -00 TC-M -03
C-5 -02 C-12 -05 7-NOAA-G -05 SD-21 -03 C-14 -05 A-M -03 M-41 -05 TC-M -04
C-5 -03 C-13 -00 7-NOAA-G -05 SDMC-AET-47 -06 C-36 -00 A-M -04 M-41 -06 TC-M -05
C-5 -04 C-13 -02 7-NOAA-G -05 SDMC-AET-48 -06 C-36 -05 C-32 -00 FS-AREA1 05 TC-M -06
C-5 -05 C-13 -03 6-NOAA-G -04 SDMC-AET-49 -06 C-36 -06 C-32 -05 FS-AREA1 06 TC-M -07
C-5 -06 C-13 -04 6NOAA-G -05 SDMC-AET-50 -06 SD3M-12 -04 C-101 -04 FS-AREA1 07 TC-M(S) -00
C-5 -07 C-13 -05 6-NOAA-G -06 SD3M-15 -04 M-39 -00

M-26 -00 C-14 -00 6-NOAA-G -07 SD3M-21 -04 M-46 -00
M-102 -04 C-14 -05 C-12 -00 SD4M-12 -04 M-46 -02
M-102 -05 M-27 -00 C-12 -05 SD4M-33 -05 M-46 -03
SD-01 -03 M-27 -02 C-13 -00 SD-UPC-C8 -05 M-46 -04
SD-02 -03 M-27 -03 C-13 -02 SD-UPC-C9 -05 SD3M-14 -04
SD-03 -03 M-27 -04 C-13 -03 SD-UPC-C10 -05 SD3M-16 -04
SD-04 -03 SD2C-6 -04 C-13 -04 SD-UPC-C11 -05 SD3M-22 -04
SD-05 -03 SD2C-7 -04 C-13 -05 SD-UPC-C12 -05 SD3M-25 -04
SD-06 -03 SD2C-9 -04 C-15 -00 SD-UPC-C13 -05 SD4M-49 -05

SD3M-2 -04 SD2C-10 -04 C-15 -02 SD-UPC-C2 -05
SDMC-AET-1 -06 SD2C-11 -04 C-15 -03 SD-UPC-C3 -05
SDMC-AET-2 -06 SD2C-12 -04 C-15 -03 SD-UPC-C4 -05
SDMC-AET-3 -06 SD2C-19 -04 C-15 -04 SD-UPC-C5 -05
SDMC-AET-4 -06 SD2C-6 -04 C-15 -05
SDMC-AET-5 -06 SD2C-6 -04 C-15 -06
SDMC-AET-6 -06 SD2C-6 -04 C-15 -07
SDMC-AET-7 -06 SD2C-6 -04 M-27 -00
SDMC-AET-8 -06 SD2M-1 -04 M-27 -02
SDMC-AET-9 -06 SD2M-2 -04 M-27 -03
SDMC-AET-10 -06 SD2M-12 -04 M-27 -04

Fiddler Crab Sampling Stations

Sediment Sampling Stations



Table 7-1_Sampling stations comprising fiddler crab polygons

Page 2 of 2

5-NOAA-G 6-NOAA-G 7-NOAA-G 9-NOAA-G M-25 M-100 M-104 M-108 M-204 TC

SDWC-AET-7 -06 SD2C-6 -04
SDWC-AET-8 -06 SD2C-7 -04
SDWC-AET-9 -06 SD2C-8 -04
SDWC-AET-10 -06 SD2M-2 -04
SDWC-AET-11 -06 SD2M-3 -04
SDWC-AET-12 -06 SD2M-5 -04
SDWC-AET-13 -06 SD2M-16 -04
SDWC-AET-14 -06 SDWC-AET-6 -06
SDWC-AET-15 -06 SDWC-AET-7 -06
SDWC-AET-16 -06 SDWC-AET-8 -06
SDWC-AET-17 -06 SDWC-AET-9 -06
SDWC-AET-18 -06 SDWC-AET-10 -06
SDWC-AET-19 -06
SDWC-AET-20 -06
SDWC-AET-21 -06

Sediment Sampling Stations (Cont'd.)



Table 7-2_Fiddler crab BAF data

All concentrations in mg/kg dw

Mercury A-1268 Lead
Sediment Tissue Sediment Tissue Sediment Tissue

5-NOAA-G 3.20 0.29 9.64 1.57 25.79 0.59
6-NOAA-G 0.65 0.24 1.14 0.36 22.19 0.49
7-NOAA-G 1.90 0.28 3.24 0.61 27.09 0.53
9-NOAA-G 1.37 0.25 1.73 0.69 24.85 0.50
M-25 5.83 0.57 13.92 2.87 21.29 1.45
M-100 1.83 0.25 3.28 1.04 23.26 0.47
M-104 1.29 0.26 2.37 0.42 21.20 0.46
M-108 0.49 0.22 0.26 0.19 18.42 0.43
M-204 2.88 0.32 2.90 0.68 67.90 0.68
TC 0.08 0.05 0.05 0.23 17.64 0.66

% TOC % Lipids
5-NOAA-G 4.3 2.5
6-NOAA-G 5.8 3.6
7-NOAA-G 5.3 3.9
9-NOAA-G 5.1 1.4
M-25 2.9 4.2
M-100 3.9 4.0
M-104 4.8 2.5
M-108 5.8 2.8
M-204 4.6 2.5
TC 3.5 2.0



Table 7-3_ Sampling stations comprising mummichog polygons

C-5 C-6 C-9 C-13 C-39 C-45 C-100 C-102 C-103 C-204 C-C D-C T-C

Mummichog Sampling Stations
C-5 -02 C-6 -00 C-9 -00 C-13 -00 C-39 -05 C-45 -02 C-100 -04 C-102 -04 C-103 -04 C-204 -05 C-C -02 D-C -05 TC-C -00
C-5 -03 C-6 -02 C-9 -02 C-13 -02 C-39 -06 C-45 -03 C-100 -05 C-102 -05 C-103 -05 C-200 -05 C-C -03 D-C -06 TC-C -02
C-5 -04 C-6 -03 C-9 -03 C-13 -03 C-39 -07 C-45 -04 C-100 -06 C-103 -06 C-C -04 TC-C -03
C-5 -05 C-6 -04 C-9 -04 C-13 -04 C-33 -00 C-45 -05 C-104 -04 C-C -05 TC-C -04
C-5 -06 C-6 -05 C-9 -05 C-13 -05 C-33 -02 C-104 -05 C-C -06 TC-C -05
C-5 -07 C-6 -06 C-9 -06 C-33 -03 C-104 -06 TC-C -06

C-6 -07 C-9 -07 C-33 -04 TC-C -07
C-33 -05
C-33 -06
C-33 -07
C-34 -06
C-34 -07

Sediment Sampling Stations
C-5 -00 C-6 -00 C-9 -00 C-13 -00 C-39 -05 C-45 -00 C-100 -04 C-102 -04 C-103 -04 C-204 -05 C-C -02 D-C -02 TC-C -02
C-5 -02 C-6 -02 C-9 -02 C-13 -02 C-39 -06 C-45 -02 C-100 -05 C-102 -05 C-103 -05 C-34 -00 C-C -03 D-C -03 TC-C -03
C-5 -03 C-6 -03 C-9 -03 C-13 -03 C-39 -07 C-45 -03 C-100 -06 C-102 -06 C-103 -06 C-34 -05 C-C -04 D-C -04 TC-C -04
C-5 -04 C-6 -04 C-9 -04 C-13 -04 C-30 -00 C-45 -04 M-44 -04 M-103 -04 C-104 -04 C-34 -06 C-C -05 D-C -05 TC-C -05
C-5 -05 C-6 -05 C-9 -05 C-13 -05 C-30 -05 C-45 -05 M-44 -05 M-103 -05 C-104 -05 C-34 -07 C-C -06 D-C -06 TC-C -06
C-5 -06 C-6 -06 C-9 -06 C-12 -00 C-30 -06 C-45 -06 M-100 -04 M-103 -06 C-104 -06 C-200 -05 C-M -02 D-M -02 TC-C -07
C-5 -07 C-6 -07 C-9 -07 C-12 -05 C-31 -00 M-44 -00 M-100 -05 SD4M-3 -04 M-108 -04 M-41 -00 C-M -03 D-M -03 TC-C(S) -00
C-4 -00 M-20 -00 C-3 -00 C-14 -00 C-31 -02 M-105 -04 M-100 -06 SD4M-9 -04 M-108 -05 M-41 -05 C-M -04 D-M -04 TC-M -02
C-4 -02 M-20 -05 C-3 -02 C-14 -05 C-31 -03 M-105 -05 SD3M-6 -04 SD4M-12 -04 M-108 -06 M-41 -06 M-105 -04 SD4M-2 -04 TC-M -03
C-4 -03 M-21 -00 C-3 -03 C-15 -00 C-31 -04 SD2M-19 -04 SD3M-12 -04 SD4M-18 -04 SD5M-1 -04 M-204 -05 M-105 -05 SD4M-5 -04 TC-M -04
C-4 -04 M-21 -02 C-3 -04 C-15 -02 C-31 -05 SD4M-1 -04 SD3M-15 -04 SD4M-27 -05 SD5M-3 -04 M-204 -06 SD4M-10 -04 SD4M-8 -04 TC-M -05

M-26 -00 M-21 -03 M-25 -00 C-15 -03 C-31 -06 SD4M-5 -04 SD3M-18 -04 SD4M-28 -05 SD5M-4 -04 FS-AREA1 -05 SD4M-44 -05 SD4M-10 -04 TC-M -06
SD-01 -03 M-21 -04 M-25 -02 C-15 -04 C-31 -07 SD4M-19 -04 SD3M-21 -04 SD4M-29 -05 SD5M-9 -04 FS-AREA1 -06 SD4M-45 -05 SD4M-17 -04 TC-M -07
SD-02 -03 MG-K7-C -00 M-25 -03 C-15 -05 C-33 -00 SD4M-45 -05 SD4M-33 -05 SD4M-31 -05 SD5M-13 -04 FS-AREA1 -07 SD4M-46 -05 SD4M-36 -05 TC-M(S) -00
SD-03 -03 MG-K7-C -02 M-25 -04 C-15 -06 C-33 -02 SD4M-47 -05 SD-UPC-C8 -05 SD4M-32 -05 SD5M-16 -04 SD4M-37 -05
SD-04 -03 MG-K7-C -03 M-25 -05 C-15 -07 C-33 -03 SD-LPC-C2 -05 SD-UPC-C9 -05 SD5M-17 -04 SD4M-38 -05
SD-05 -03 MG-K7-C -04 M-25 -06 M-27 -00 C-33 -04 SD-LPC-C3 -05 SD-UPC-C10 -05 SD5M-21 -04 SD4M-39 -04
SD-06 -03 MG-K7-M -00 M-25 -07 M-27 -02 C-33 -05 SD-LPC-C4 -05 SD-UPC-C11 -05 SD5M-25 -04 SD4M-40 -05
SD-07 -03 MG-K7-M -05 MG-B7-C -00 M-27 -03 C-33 -06 SD-LPC-C5 -05 SD-UPC-C12 -05 SD5M-29 -04 SD4M-42 -05
SD-08 -03 MG-K7-M -06 MG-B7-C -02 M-27 -04 C-33 -07 SD-LPC-C6 -05 SD-UPC-C13 -05 SD4M-43 -05
SD-09 -03 SE-10 -03 MG-B7-C -03 6-NOAA-G -04 C-34 -00 SD-LPC-C7 -05 SD-UPC-C14 -05 SD4M-44 -05
SD-10 -03 SE-11 -03 MG-B7-C -04 6-NOAA-G -05 C-34 -05 SD-LPC-C8 -05 SD-UPC-C15 -05 SD4M-50 -05
SD-11 -03 SE-12 -03 MG-B7-M -00 6-NOAA-G -06 C-34 -06 SD-LPC-C9 -05 SD-UPC-C16 -05
SD-12 -03 SE-13 -03 MG-B7-M -05 6-NOAA-G -07 C-34 -07 SD-LPC-C10 -05 SD-UPC-C17 -05

SDMC-AET-1 -06 SE-14 -03 MG-B7-M -06 7-NOAA-G -04 M-37 -00 SD-LPC-C11 -05
SDMC-AET-2 -06 SE-15 -03 MG-D9-C -00 7-NOAA-G -05 M-37 -05
SDMC-AET-3 -06 SE-16 -03 MG-D9-C -02 7-NOAA-G -06 M-37 -06
SDMC-AET-4 -06 SE-17 -03 MG-D9-C -03 7-NOAA-G -07 M-37 -07
SDMC-AET-5 -06 SE-18 -03 MG-D9-C -04 8-NOAA-G -04 M-38 -00
SDMC-AET-6 -06 SE-19 -03 MG-D9-M -00 8-NOAA-G -05 M-38 -05
SDMC-AET-7 -06 SDEC-AET-2 -06 MG-D9-M -05 8-NOAA-G -06 M-40 -00
SDMC-AET-8 -06 SDEC-AET-3 -06 MG-D9-M -06 8-NOAA-G -07 M-41 -00
SDMC-AET-9 -06 SDEC-AET-4 -06 SD-15 -03 9-NOAA-G -04 M-41 -05
SDMC-AET-10 -06 SDEC-AET-5 -06 SD-16 -03 9-NOAA-G -05 M-41 -06
SDMC-AET-11-06 SDEC-AET-6 -06 SD-17 -03 9-NOAA-G -06 M-200 -05

SDMC-AET-12-06 SDEC-AET-7 -06 SD-18 -03 9-NOAA-G -07 SD3M-3 -04
SDMC-AET-13-06 SDEC-AET-8 -06 SD19 -03 SD2C-6 -04 SD3M-5 -04



If it is assumed that the source of all mercury and A-1268 in finfish is from the LCP estuary creek sediment (regardless of how the 
fish acquired the chemical through the food web), then fish body burden is ultimately related to the sediment source.     

Area
% Total 

Area
Average Hg 
Sed.Conc.

Sed. Hg 
Contribution

Avg A-1268 
Sed. Conc.

Sed. A-1268 
Contribution

Main Canal 2 7.4 0.148 27.64 0.553
Eastern Creek 7 20.28 1.420 49.57 3.470
Western Creek Complex 4 2.75 0.110 3.18 0.127
Purvis Creek 87 1.22 1.061 3.78 3.289
Area Weighted Estuary Sediment Concentration 2.74 mg/kg dw 7.44 mg/kg dw

Measured mean wholebody from estuary
Concentrations Mercury A-1268
Red Drum 1.14 1.43
Black Drum 0.84 5.51
Silver Perch 1.60 5.67
Spotted Seatrout 2.27 4.92
Striped Mullet 0.23 13.2

BAFs
Red Drum 0.416 0.192
Black Drum 0.307 0.741
Silver Perch 0.584 0.762
Spotted Seatrout 0.829 0.661
Striped Mullet 0.084 1.775

Table 7-4_Bioaccumulation factors for finfish - area weighted method



C
C
C

C
C
C
C

C
C
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C

Table 7-5_Data for bioaccumulation factors for finfish

Black Drum Red Drum
Mercury A-1268 Mercury A-1268

Sediment Tissue Sediment Tissue Sediment Tissue Sediment Tissue
2003 0.44 0.61 0.6 2.88 2003 0.44 0.674 0.6 1.02
2004 1.81 1.74 9.36 5.32 2004 1.81 2.24 9.36 1.55
2005 1.32 0.86 4.24 7.77 2005 1.32 0.622 4.24 0.69
2006 0.61 0.54 1.1 4.81 2006 0.61 1.026 1.1 3.51
2007 0.59 0.87 1.1 5.33 2007 0.59 1.686 1.1 2.505
2002 0.62 0.41 3.05 7.31 2002 0.62 0.812 3.05 1.15
2000 1.04 0.925 0.63 4.15 2005 TC-C 0.145 0.509 0.053 0.122

2005 TC- 0.145 0.097 0.053 0.106 2007 TC-C 0.10 0.163 0.047 0.082
2006 TC- 0.082 0.114 0.028 0.089 2005 CR-C 0.095 0.182 0.012 0.016
2005 CR- 0.095 0.045 0.012 0.017

Silver Perch Spotted Seatrout
Mercury A-1268 Mercury A-1268

Sediment Tissue Sediment Tissue Sediment Tissue Sediment Tissue
2003 0.44 1.61 0.6 3.83 2003 0.44 1.43 0.6 3.66
2004 1.81 2.59 9.36 7.14 2004 1.81 4.02 9.36 7.15
2005 1.32 0.83 4.24 2.81 2005 1.32 2.83 4.24 6.55
2006 0.61 1.5 1.1 3.65 2006 0.61 1.71 1.1 2.85
2007 0.59 1.52 1.1 3.31 2007 0.59 2.95 1.1 4.0
2002 0.62 1.12 3.05 16.04 2002 0.62 0.9 3.05 5.81
2000 1.04 2.12 0.63 2.91 2000 1.04 0.64 0.63 0.99

2005 TC- 0.145 0.321 0.053 0.152 2005 TC-C 0.145 0.348 0.053 0.19
2006 TC- 0.082 0.298 0.028 0.147 2006 TC-C 0.082 0.306 0.028 0.179
2007 TC- 0.10 0.375 0.047 0.125 2007 TC-C 0.10 0.391 0.047 0.079
2005 CR- 0.095 0.161 0.012 0.024 2005 CR-C 0.095 0.108 0.012 0.016

Striped Mullet
Mercury A-1268

Sediment Tissue Sediment Tissue
2004 1.81 0.21 9.36 18.51
2005 1.32 0.3 4.24 12.06
2006 0.61 0.21 1.1 9.32
2007 0.59 0.16 1.1 12.45

2005 TC- 0.145 0.081 0.053 0.058
2006 TC- 0.082 0.026 0.028 0.315
2007 TC- 0.10 0.019 0.047 0.216
2005 CR- 0.095 0.021 0.012 0.016



Table 7-6_Bioaccumulation factors for biota
LCP Chemical, Brunswick, GA

Total Mercury in Sediment to Total Mercury in Biota Aroclor-1268 in Sediment to Aroclor-1268 in Biota

Receptor a b R2
Curve Fit 

Type Source a b R2
Curve Fit 

Type Source

Cordgrass Not Evaluated 0.022 0.0000 Linear Figure 7-20

Fiddler Crabs 0.2187 0.4733 0.8725 Power Figure 7-2 0.1995 0.0000 0.9167 Linear Figure 7-3

Blue Crabs 1.303 0.0000 Linear Figure 7-9 0.426 0.0000 Linear Figure 7-8

Mummichogs 0.2348 0.4706 0.8840 Power Figure 7-7 1.2188 0.4918 0.8117 Power Figure 7-6
BAFs formed from Plots of Data Aggregated by Years

Silver Perch 1.6511 0.7371 0.7917 Power Figure 7-15 2.4556 0.8834 0.8876 Power Figure 7-14

Red Drum 1.2095 0.7002 0.7205 Power Figure 7-11 0.7748 0.6803 0.7492 Power Figure 7-10

Black Drum 0.9084 1.0323 0.8967 Power Figure 7-13 2.5436 0.9589 0.8972 Power Figure 7-12

Spotted Seatrout 1.9818 0.8641 0.7301 Power Figure 7-17 2.1172 0.8997 0.9130 Power Figure 7-16

Striped Mullet 0.2144 0.8472 0.8657 Power Figure 7-19 3.9936 1.0458 0.8887 Power Figure 7-18
Area-Weighted BAFs

Receptor BAF Source BAF Source

Silver Perch 0.584 Table 7-4 0.762 Table 7-4

Red Drum 0.416 Table 7-4 0.192 Table 7-4

Black Drum 0.307 Table 7-4 0.741 Table 7-4

Spotted Seatrout 0.829 Table 7-4 0.661 Table 7-4

Striped Mullet 0.084 Table 7-4 1.775 Table 7-4

Curve Fite Type:
Linear y = a x + b
Logarithmic (Log) y = a ln(x) + b

Power y = a xb



Table 7-7_Key parameters for wildlife food chain models
LCP Chemical, Brunswick, GA

Food 
Ingestion 

Rate
Body 

Weight

Sediment 
Ingestion 

Rate

Water 
Ingestion 

Rate

Dietary Fraction
Area Use 

Factor

Receptor
kg dry 
wt/day

kg wet 
weight

kg dry w/d L/day Blue Crabs Cordgrass
Fiddler 
Crabs

Mummi-
chogs

Silver 
Perch

Unitless

Clapper rail 0.025 0.28 0.0025 0.025 0.0 0.0 0.95 0.05 0.0 1.0
Green Heron 0.024 0.2 0.00048 0.023 0.05 0.0 0.05 0.9 0.0 1.0
Marsh rabbit 0.088 1.0 0.0018 0.099 0.0 1.0 0.0 0.0 0.0 1.0
Raccoon 0.20 3.7 0.019 0.32 0.45 0.0 0.45 0.1 0.0 0.3
River otter 0.33 6.7 0.015 0.55 0.1 0.0 0.1 0.3 0.5 1.0

The Area Use Factor for the river otter was based on the original area of the site that did not include Domain 4. The value of 0.66 was 
calculated by dividing 480 acres by 728 acres (Appendix H Table H-7 home range for river otter). 
However, we have now changed the area of the site to 790 acres. 
Therefore the area use factor for the river otter was adjusted to 1. 



Table 7-8_Toxicity reference values for receptors
LCP Chemical, Brunswick, GA

Parameter

Avian1 Mammal1 Fish2

NOAEL, 
mg/kg-
BW/day

LOAEL, 
mg/kg-
BW/day

NOAEL, 
mg/kg-
BW/day

LOAEL, 
mg/kg-
BW/day

NOAEL, mg/kg LOAEL, mg/kg

 wet weight dry weight  wet weight dry weight

Methyl mercury 0.02 0.06 0.075 0.15 0.15 0.6 0.3 1.2

Aroclor-1268 1.3 3.9 0.03 0.3 0.34 1.36 1.3 5.2

1   Values in mg/kgBW/day
2  The fish TRVs are the same as reported earlier in Table 30 but are converted to mg/kg dry weight for use in the determination of protective

 concentrations assuming 75% body water.



Table 7-9_Average methylmercury contents in sediment and biota

Item
Average Percentage 

Methylmercury

Sediment 0.75%
Cordgrass 10%
Fiddler Crabs 68%
Blue Crabs 100%
Mummichogs 92%
Silver Perch 100%
Red Drum 89%
Black Drum 91%
Spotted Seatruot 100%
Striped Mullet 37%



Table 7-10_Determination of protective sediment concentrations for marsh rabbit - Aroclor 1268
LCP Chemical, Brunswick, GA

Cordgrass

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion Rate 

kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg
Total Dose 
mg/kg/day

Aroclor 1268 
NOAEL 

mg/kg/day3
Hazard 

Quotient

5 0.0018 0.11 1.0 0.088 1.0 0.0185 0.03 0.62
7 0.0018 0.15 1.0 0.088 1.0 0.0259 0.03 0.86
8 0.0018 0.18 1.0 0.088 1.0 0.0296 0.03 0.99

10 0.0018 0.22 1.0 0.088 1.0 0.0370 0.03 1.23
14 0.0018 0.31 1.0 0.088 1.0 0.0517 0.03 1.7
16 0.0018 0.35 1.0 0.088 1.0 0.0591 0.03 2.0

Cordgrass

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion Rate 

kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg
Total Dose 
mg/kg/day

Aroclor 1268 
LOAEL 

mg/kg/day3
Hazard 

Quotient

50 0.0018 1.10 1.0 0.088 1.0 0.185 0.3 0.62
60 0.0018 1.32 1.0 0.088 1.0 0.222 0.3 0.74
70 0.0018 1.54 1.0 0.088 1.0 0.259 0.3 0.86  
80 0.0018 1.76 1.0 0.088 1.0 0.296 0.3 0.99

100 0.0018 2.20 1.0 0.088 1.0 0.370 0.3 1.2
160 0.0018 3.52 1.0 0.088 1.0 0.591 0.3 2.0

Footnotes:

1 Predicted concentrations in prey reflected bioaccumulation relationships in Table 7-6.

2 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 7-7.

3 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-11_Determination of protective sediment concentrations for clapper rail - mercury
LCP Chemical, Brunswick, GA

 

Fiddler Crabs Mummichogs

Total Mercury 
Sediment 

Concentration 
mg/kg

Methyl-mercury 
Sediment 

Concentration 

mg/kg1

Sediment 
Ingestion 

Rate kg/day

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methylmercury 
Concentration, 

mg/kg

Fraction of 

Diet3

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methylmercury 
Concentration, 

mg/kg
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Total Dose 

mg kg-1 day
1

-

Methyl 
Mercury 
NOAEL 

mg/kg/day4
Hazard 

Quotient

1 0.008 0.0025 0.22 0.15 0.95 0.23 0.22 0.05 0.025 0.28 0.0136 0.02 0.68

2 0.015 0.0025 0.30 0.21 0.95 0.33 0.30 0.05 0.025 0.28 0.0190 0.02 0.95

2.2 0.017 0.0025 0.32 0.22 0.95 0.34 0.31 0.05 0.025 0.28 0.0199 0.02 0.99

3 0.023 0.0025 0.37 0.25 0.95 0.39 0.36 0.05 0.025 0.28 0.0230 0.02 1.15

5 0.038 0.0025 0.47 0.32 0.95 0.50 0.46 0.05 0.025 0.28 0.0294 0.02 1.47

8 0.060 0.0025 0.59 0.40 0.95 0.62 0.57 0.05 0.025 0.28 0.0369 0.02 1.84

Fiddler Crabs Mummichogs

Total Mercury 
Sediment 

Concentration 
mg/kg

Methyl-mercury 
Sediment 

Concentration 

mg/kg1

Sediment 
Ingestion 

Rate kg/day

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methylmercury 
Concentration, 

mg/kg

Fraction of 

Diet3

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methylmercury 
Concentration, 

mg/kg
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Total Dose 

mg kg-1 day
1

-

Methyl 
Mercury 
LOAEL 

mg/kg/day4
Hazard 

Quotient

10 0.075 0.0025 0.65 0.44 0.95 0.69 0.64 0.05 0.025 0.28 0.0410 0.06 0.68

15 0.113 0.0025 0.79 0.54 0.95 0.84 0.77 0.05 0.025 0.28 0.0499 0.06 0.83

20 0.150 0.0025 0.90 0.61 0.95 0.96 0.88 0.05 0.025 0.28 0.0574 0.06 0.96

21.8 0.164 0.0025 0.94 0.64 0.95 1.00 0.92 0.05 0.025 0.28 0.0598 0.06 0.997

25 0.188 0.0025 1.00 0.68 0.95 1.07 0.98 0.05 0.025 0.28 0.0639 0.06 1.1

30 0.225 0.0025 1.09 0.74 0.95 1.16 1.07 0.05 0.025 0.28 0.0699 0.06 1.2

Footnotes:

1 Proportions of methyl mercury in sediments and various tissues are provided in Table 7-9.  
2 Predicted concentrations in prey reflected bioaccumulation relationships in Table 7-6.

3 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 7-7.

4 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-12_Determination of protective sediment concentrations for raccoon - Aroclor 1268
LCP Chemical, Brunswick, GA

Fiddler Crabs Blue Crabs Mummichogs

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion 

Rate kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Area 
Use 

Factor

Total Dose 

mg kg-1 day
1

-
Aroclor 1268 

NOAEL 

mg/kg/day3
Hazard 

Quotient  

1.0 0.019 0.2 0.45 0.43 0.45 1.2 0.1 0.20 3.7 0.3 0.0081 0.03 0.27

3.0 0.019 0.6 0.45 1.28 0.45 2.1 0.1 0.2 3.7 0.3 0.0217 0.03 0.72

4.25 0.019 0.8 0.45 1.81 0.45 2.5 0.1 0.2 3.7 0.3 0.0299 0.03 0.997

5.0 0.019 1.0 0.45 2.13 0.45 2.7 0.1 0.2 3.7 0.3 0.0348 0.03 1.2

7.0 0.019 1.4 0.45 2.98 0.45 3.2 0.1 0.2 3.7 0.3 0.0478 0.03 1.6

10.0 0.019 2.0 0.45 4.26 0.45 3.8 0.1 0.2 3.7 0.3 0.0670 0.03 2.2

Fiddler Crabs Blue Crabs Mummichogs

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion 

Rate kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Area 
Use 

Factor

Total Dose 

mg kg-1 day
1

-
Aroclor 1268 

LOAEL 

mg/kg/day3
Hazard 

Quotient

10 0.019 2.0 0.45 4.26 0.45 3.8 0.1 0.2 3.7 0.3 0.067 0.3 0.22

40 0.019 8.0 0.45 17.04 0.45 7.5 0.1 0.2 3.7 0.3 0.256 0.3 0.85

47 0.019 9.4 0.45 20.02 0.45 8.1 0.1 0.2 3.7 0.3 0.299 0.3 0.998

50 0.019 10.0 0.45 21.30 0.45 8.3 0.1 0.2 3.7 0.3 0.318 0.3 1.1

80 0.019 16.0 0.45 34.08 0.45 10.5 0.1 0.2 3.7 0.3 0.504 0.3 1.7

100 0.019 20.0 0.45 42.60 0.45 11.7 0.1 0.2 3.7 0.3 0.628 0.3 2.1

Footnotes:
1 Predicted concentrations in prey reflected bioaccumulation relationships in Table 7-6.
2 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 7-7.
3 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-13_ Determination of protective sediment concentrations for green heron - mercury
LCP Chemical, Brunswick, GA

  

Fiddler Crabs Blue Crabs Mummichogs

Sediment 
Concentration 

mg/kg

Methyl-
mercury 
Sediment 

Concentration 

mg/kg1

Sediment 
Ingestion 

Rate 
kg/day

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 

mg/kg1

Fraction of 

Diet3 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

Food 
Ingestion 

Rate 
kg/day

Body 
Weight 

kg

Total 
Dose mg 

kg-1 day-1

Methyl 
Mercury 
NOAEL 

mg/kg/day4
Hazard 

Quotient

0.3 0.0023 0.00048 0.12 0.08 0.05 0.4 0.4 0.05 0.13 0.12 0.9 0.024 0.2 0.0161 0.02 0.80
0.4 0.0030 0.00048 0.14 0.10 0.05 0.5 0.5 0.05 0.15 0.14 0.9 0.024 0.2 0.0189 0.02 0.94

0.44 0.0033 0.00048 0.15 0.10 0.05 0.6 0.6 0.05 0.16 0.15 0.9 0.024 0.2 0.0199 0.02 0.995
0.6 0.0045 0.00048 0.17 0.12 0.05 0.8 0.8 0.05 0.18 0.17 0.9 0.024 0.2 0.0237 0.02 1.19
0.8 0.0060 0.00048 0.20 0.13 0.05 1.0 1.0 0.05 0.21 0.19 0.9 0.024 0.2 0.0281 0.02 1.4
1 0.0075 0.00048 0.22 0.15 0.05 1.3 1.3 0.05 0.23 0.22 0.9 0.024 0.2 0.0321 0.02 1.6

Fiddler Crabs Blue Crabs Mummichogs

Sediment 
Concentration 

mg/kg

Methyl-
mercury 
Sediment 

Concentration 

mg/kg1

Sediment 
Ingestion 

Rate 
kg/day

Predicted Total 
Mercury 

Concentration, 

mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 

mg/kg1

Fraction of 

Diet3 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

Food 
Ingestion 

Rate 
kg/day

Body 
Weight 

kg

Total 
Dose mg 

kg-1 day-1

Methyl 
Mercury 
LOAEL 

mg/kg/day4
Hazard 

Quotient

1 0.0075 0.00048 0.22 0.15 0.05 1.3 1.3 0.05 0.23 0.22 0.9 0.024 0.2 0.0321 0.06 0.53
2 0.0150 0.00048 0.30 0.21 0.05 2.6 2.6 0.05 0.33 0.30 0.9 0.024 0.2 0.0492 0.06 0.82

2.70 0.0203 0.00048 0.35 0.24 0.05 3.5 3.5 0.05 0.37 0.34 0.9 0.024 0.2 0.0598 0.06 0.997
4 0.0300 0.00048 0.42 0.29 0.05 5.2 5.2 0.05 0.45 0.41 0.9 0.024 0.2 0.0779 0.06 1.3
5 0.0375 0.00048 0.47 0.32 0.05 6.5 6.5 0.05 0.50 0.46 0.9 0.024 0.2 0.0908 0.06 1.5
6 0.0450 0.00048 0.51 0.35 0.05 7.8 7.8 0.05 0.55 0.50 0.9 0.024 0.2 0.1033 0.06 1.7

Footnotes:
1 Proportions of methyl mercury in sediments and various tissues are provided in Table 7-9.

2 Predicted concentrations in prey reflected bioaccumulation relationships in Table 7-6.

3 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 7-7.
4 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 



Sediment 
Concentration 

mg/kg

Methyl-mercury 
Sediment 

Concentration 
mg/kg1

Sediment 
Ingestion 

Rate 
kg/day

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet3 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-mercury 
Concentration, 

mg/kg
Fraction of 

Diet 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

1 0.0075 0.015 0.22 0.149 0.1 1.3 1.30 0.1 0.23 0.22 0.3
2 0.0150 0.015 0.30 0.206 0.1 2.6 2.61 0.1 0.33 0.30 0.3

1.66 0.0125 0.015 0.28 0.189 0.1 2.2 2.16 0.1 0.30 0.27 0.3
4 0.0300 0.015 0.42 0.287 0.1 5.2 5.21 0.1 0.45 0.41 0.3
6 0.0450 0.015 0.51 0.347 0.1 7.8 7.82 0.1 0.55 0.50 0.3
8 0.0600 0.015 0.59 0.398 0.1 10.4 10.42 0.1 0.62 0.57 0.3

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-mercury 
Concentration, 

mg/kg1
Fraction of 

Diet 
Food Ingestion 

Rate kg/day
Body Weight 

kg
Area Use 

Factor
Total Dose mg 

kg-1 day-1

Methyl Mercury 
NOAEL 

mg/kg/day4
Hazard 

Quotient

1.7 1.7 0.5 0.33 6.7 1.00 0.0510 0.075 0.68
2.8 2.8 0.5 0.33 6.7 1.00 0.0861 0.075 1.15
2.4 2.4 0.5 0.33 6.7 1.00 0.0747 0.075 0.997
4.6 4.6 0.5 0.33 6.7 1.00 0.1462 0.075 1.9
6.2 6.2 0.5 0.33 6.7 1.00 0.2001 0.075 2.7
7.6 7.6 0.5 0.33 6.7 1.00 0.2502 0.075 3.3

Table 7-14_Determination of protective sediment concentrations for river otter - mercury
LCP Chemical, Brunswick, GA

Fiddler Crabs Blue Crabs Mummichogs

Silver Perch



Sediment 
Concentration 

mg/kg

Methyl-mercury 
Sediment 

Concentration 
mg/kg1

Sediment 
Ingestion 

Rate 
kg/day

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet3 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-mercury 
Concentration, 

mg/kg
Fraction of 

Diet 

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-
mercury 

Concentration, 
mg/kg

Fraction of 
Diet 

2 0.0150 0.015 0.30 0.206 0.1 2.6 2.61 0.1 0.33 0.30 0.3
3 0.0225 0.015 0.37 0.250 0.1 3.9 3.91 0.1 0.39 0.36 0.3

4.12 0.0309 0.015 0.43 0.291 0.1 5.4 5.37 0.1 0.46 0.42 0.3
5 0.0375 0.015 0.47 0.319 0.1 6.5 6.52 0.1 0.50 0.46 0.3
6 0.0450 0.015 0.51 0.347 0.1 7.8 7.82 0.1 0.55 0.50 0.3
7 0.0525 0.015 0.55 0.374 0.1 9.1 9.12 0.1 0.59 0.54 0.3

Predicted Total 
Mercury 

Concentration, 
mg/kg, dry2

Predicted 
Methyl-mercury 
Concentration, 

mg/kg1
Fraction of 

Diet 
Food Ingestion 

Rate kg/day
Body Weight 

kg
Area Use 

Factor
Total Dose mg 

kg-1 day-1

Methyl Mercury 
LOAEL 

mg/kg/day4
Hazard 

Quotient

2.8 2.8 0.5 0.33 6.7 1.00 0.086 0.15 0.57
3.7 3.7 0.5 0.33 6.7 1.00 0.117 0.15 0.78  
4.7 4.7 0.5 0.33 6.7 1.00 0.150 0.15 0.997
5.4 5.4 0.5 0.33 6.7 1.00 0.174 0.15 1.2
6.2 6.2 0.5 0.33 6.7 1.00 0.200 0.15 1.3
6.9 6.9 0.5 0.33 6.7 1.00 0.226 0.15 1.5

Footnotes:
1 Proportions of methyl mercury in sediments and various tissues are provided in Table 7-9.
2 Predicted concentrations in prey reflected bioaccumulation relationships in Table 7-6.
3 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 7-7.
4 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 

Table 7-14_Continued

Silver Perch

Fiddler Crabs Blue Crabs Mummichogs



Table 7-15_Determination of protective sediment concentrations for river otter - Aroclor 1268
LCP Chemical, Brunswick, GA

 

Fiddler Crabs Blue Crabs Mummichogs Silver Perch

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion 

Rate kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Area 
Use 

Factor

Total Dose 

mg kg-1 day
1

-

Aroclor 
1268 

NOAEL 

mg/kg/day3
Hazard 

Quotient

0.2 0.015 0.040 0.1 0.085 0.1 0.55 0.3 0.59 0.5 0.33 6.7 1 0.0238 0.03 0.79
0.3 0.015 0.050 0.1 0.107 0.1 0.62 0.3 0.72 0.5 0.33 6.7 1 0.0282 0.03 0.94

0.27 0.015 0.054 0.1 0.115 0.1 0.64 0.3 0.77 0.5 0.33 6.7 1 0.0299 0.03 0.997
0.3 0.015 0.060 0.1 0.128 0.1 0.67 0.3 0.85 0.5 0.33 6.7 1 0.0324 0.03 1.08
0.4 0.015 0.080 0.1 0.170 0.1 0.78 0.3 1.09 0.5 0.33 6.7 1 0.0405 0.03 1.4
0.5 0.015 0.100 0.1 0.213 0.1 0.87 0.3 1.33 0.5 0.33 6.7 1 0.0482 0.03 1.6

Fiddler Crabs Blue Crabs Mummichogs Silver Perch

Sediment 
Concentration 

mg/kg

Sediment 
Ingestion 

Rate kg/day

Predicted 
Concentration, 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Predicted 
Concentration, 

mg/kg, dry
Fraction of 

Diet 

Food 
Ingestion 

Rate kg/day
Body 

Weight kg

Area 
Use 

Factor

Total Dose 

mg kg-1 day
1

-

Aroclor 
1268 

LOAEL 

mg/kg/day3
Hazard 

Quotient

2 0.015 0.399 0.1 0.852 0.1 1.71 0.3 4.53 0.5 0.33 6.7 1 0.147 0.3 0.49
3 0.015 0.599 0.1 1.278 0.1 2.09 0.3 6.48 0.5 0.33 6.7 1 0.206 0.3 0.7

4.65 0.015 0.928 0.1 1.981 0.1 2.60 0.3 9.55 0.5 0.33 6.7 1 0.298 0.3 0.993
5 0.015 0.998 0.1 2.130 0.1 2.69 0.3 10.18 0.5 0.33 6.7 1 0.317 0.3 1.1
6 0.015 1.197 0.1 2.556 0.1 2.94 0.3 11.96 0.5 0.33 6.7 1 0.370 0.3 1.2
7 0.015 1.397 0.1 2.982 0.1 3.17 0.3 13.70 0.5 0.33 6.7 1 0.421 0.3 1.4

Footnotes:
1 Predicted concentrations in prey reflected bioaccumulation relationships in Table 1.
2 Dietary fractions and other food-chain model assumptions were drawn from parameter values on Table 2.
3 Toxicity reference values are provided in Table 7-8.

Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-16_Summary of protective sediment concentrations for wildlife and fish 
based on a hazard quotient (1.0)

Protective Sediment Concentrations

Receptor Total Mercury Aroclor-1268

NOAEL LOAEL NOAEL LOAEL

Marsh Rabbit NA NA 8 80

Clapper Rail 2.2 22 NA NA

Raccoon NA NA 4.3 47

Green Heron 0.44 2.7 NA NA

River Otter 1.7 4.1 0.27 4.7

Finfish

Finfish Model a 0.19 0.47 -- --

Finfish Model b -- -- 1.5 7

Finfish Model c -- -- 2.06 10.00

Red Drum d 0.73 1.55 2.5 16.8

Red Drum e 2.32 3.95 7.6 27.6

Black Drum d 0.85 1.6 0.55 2.1

Black Drum e 2.5 4.65 1.93 7.1

Silver Perch d 0.43 0.87 0.58 2.41

Silver Perch e 1.52 2.55 1.99 7.0

Spotted Seatrout d 0.42 0.7 0.67 2.8

Spotted Seatrout e 1.1 1.85 2.2 8.0

Striped Mullet d
11 25 0.39 1.3

Striped Mullet e
19.9 39 0.84 3.0

NA - Not assessed because receptor is not at risk. 
  a - Based on red drum model exposure (Evans and Engel, 1994) procedure (See Appendix H.)

  b - Finfish model exposure Approach 1 (KPW derived by Clark et al. (1990) procedure).

  c - Finfish model exposure Approach 2 (KPW derived by Bergen et al. (1993) procedure).

  d - Based on BAF curves for data aggregated by year for field-collected finfish.
  e - Based on area-weighted site BAF for field-collected finfish.
-- - Model does not apply to receptor.



Table 7-17_Determination of protective sediment concentrations for higher trophic level finfish - mercury
LCP Chemical, Brunswick, GA

Finfish exposure model based on Red Drum from Evans and Engel (1994)

Fiddler Crabs Blue Crabs Mummichogs
Conc. 

Methyl-
mercury in 
Red Drum 

Diet, mg/kg 

dw4

Bioaccumul
ation Factor 

for E&E 
Model 

(includes 

growth)5

E&E Model 
Predicted 
Red Drum 

Conc. 

mg/kg dw6

Methyl 
Mercury 
NOAEL 

mg/kg dw7

Hazard 
Quotient

Sediment 
Concentrati
on mg/kg

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

0.10 0.07 0.05 0.30 0.1 0.1 0.30 0.07 0.06 0.40 0.08 4.78 0.38 0.6 0.63
0.15 0.09 0.06 0.30 0.2 0.2 0.30 0.08 0.07 0.40 0.10 4.78 0.50 0.6 0.83
0.19 0.10 0.07 0.30 0.2 0.2 0.30 0.08 0.07 0.40 0.12 4.78 0.59 0.6 0.986
0.3 0.12 0.08 0.30 0.4 0.4 0.30 0.09 0.08 0.40 0.17 4.78 0.84 0.6 1.4
0.4 0.14 0.10 0.30 0.5 0.5 0.30 0.09 0.09 0.40 0.22 4.78 1.05 0.6 1.8
0.5 0.16 0.11 0.30 0.7 0.7 0.30 0.10 0.09 0.40 0.26 4.78 1.26 0.6 2.1

Fiddler Crabs Blue Crabs Mummichogs
Conc. 

Methyl-
mercury in 
Red Drum 

Diet, mg/kg 

dw4

Bioaccumul
ation Factor 

for E&E 
Model 

(includes 

growth)5

E&E Model 
Predicted 
Red Drum 

Conc. 

mg/kg dw6

Methyl 
Mercury 
LOAEL 

mg/kg dw7

Hazard 
Quotient

Sediment 
Concentrati
on mg/kg

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

Predicted 
Total 

Mercury 
Conc. 

mg/kg, dry1

Predicted 
Methyl-
mercury 
Conc. 

mg/kg2

Fraction of 

Diet3 

0.3 0.12 0.08 0.30 0.4 0.4 0.30 0.09 0.08 0.40 0.17 4.78 0.84 1.2 0.70
0.4 0.14 0.10 0.30 0.5 0.5 0.30 0.09 0.09 0.40 0.22 4.78 1.05 1.2 0.88
0.47 0.15 0.10 0.30 0.6 0.6 0.30 0.10 0.09 0.40 0.25 4.78 1.20 1.2 0.998
0.6 0.17 0.12 0.30 0.8 0.8 0.30 0.10 0.09 0.40 0.31 4.78 1.47 1.2 1.2
0.7 0.18 0.13 0.30 0.9 0.9 0.30 0.11 0.10 0.40 0.35 4.78 1.67 1.2 1.4
1.0 0.22 0.15 0.30 1.3 1.3 0.30 0.11 0.11 0.40 0.48 4.78 2.3 1.2 1.9

1  Based on bioaccumulation models presented on Table 7-6. 5

2  Based on average proportions of methylmercury in biota in Table 7-9.

3  Based on dietary fractions presented in Table 29.

4  Concentration in prey normalized by dietary fraction. 

5  Food-chain multiplier for the Evans and Engel (1994) model including growth. (See Table 1 in Appendix H.)

6  Bioaccumulation factor from Evans and Engel (1994) model mutiplied by the concentration in the Red Drum diet.

7  Toxicity Reference Values are in Table 7-8.
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-18_Determination of protective sediment concentrations for higher trophic level finfish - Aroclor 1268
LCP Chemical, Brunswick, GA

Gobas Model Approach 1 - Gobas model using estimate of Aroclor 1268 concentration in surface water from Clark et al. (1990)

Sediment 
Concentration 

mg/kg

Predicted 
Surface 
Water 

Conc. g/L 
Clark et al. 

(1990)1

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Average 
Conc. in 

Prey, 

mg/kg dw3

Gobas 
Model 

Predicted 
Conc. Red 

Drum, 

mg/kg dw4

Aroclor 
1268 

NOAEL 
mg/kg dw

Hazard 
Quotient

1.0 0.003 0.2 0.30 0.43 0.30 0.6 0.40 0.41 0.85 1.36 0.63
1.5 0.005 0.3 0.30 0.64 0.30 0.7 0.40 0.55 1.18 1.36 0.87  
1.8 0.006 0.4 0.30 0.77 0.30 0.7 0.40 0.63 1.37 1.36 1.01
2 0.007 0.4 0.30 0.85 0.30 0.8 0.40 0.69 1.49 1.36 1.10
3 0.010 0.6 0.30 1.28 0.30 0.9 0.40 0.94 2.09 1.36 1.54
4 0.013 0.8 0.30 1.70 0.30 1.1 0.40 1.19 2.68 1.36 1.97

Sediment 
Concentration 

mg/kg

Predicted 
Surface 
Water 

Conc. g/L 
Clark et al. 

(1990)1

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Average 
Conc. in 

Prey, 

mg/kg dw3

Gobas 
Model 

Predicted 
Conc. Red 

Drum, 

mg/kg dw4

Aroclor 
1268 

LOAEL 
mg/kg dw

Hazard 
Quotient

6 0.020 1.2 0.30 2.56 0.30 1.3 0.40 1.66 3.82 5.2 0.73
7 0.023 1.4 0.30 2.98 0.30 1.4 0.40 1.89 4.37 5.2 0.84

8.5 0.028 1.7 0.30 3.62 0.30 1.6 0.40 2.23 5.20 5.2 1.00
9 0.030 1.8 0.30 3.83 0.30 1.6 0.40 2.34 5.48 5.2 1.05
10 0.033 2.0 0.30 4.26 0.30 1.7 0.40 2.56 6.02 5.2 1.16
15 0.050 3.0 0.30 6.39 0.30 2.1 0.40 3.65 8.72 5.2 1.68

1  Concentration in surface water was estimated by the partition coefficeint for suspended sediments KPW in Appendix H given by Clark et al. (1990). 
2  See Table 4-26 in main document.
3  Concentrations in fiddler crabs, blue crabs, and mummichogs weighted by proportion of red drum diet.
4  See Table 2 in Appendix H for details.

Fiddler Crabs Blue Crabs Mummichogs

Fiddler Crabs Blue Crabs Mummichogs



Table 7-18_ Determination of protective sediment concentrations for Red Drum - Aroclor 1268 (Continued)
LCP Chemical, Brunswick, GA

Gobas Model Approach 2 - Gobas model using estimate of Aroclor 1268 concentration in surface water from Bergen et al. (1993)

Sediment 
Concentration 

mg/kg

Predicted 
Surface 
Water 

Conc. g/L 
Bergen et 

al. (1993)1

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Average 
Cocentratio
n in Prey, 

mg/kg dw3

Gobas 
Model 

Predicted 
Conc. Red 

Drum, 

mg/kg dw4

Aroclor 
1268 

NOAEL 
mg/kg dw

Hazard 
Quotient

1.0 0.002 0.2 0.30 0.43 0.30 0.6 0.40 0.41 0.77 1.36 0.57
2.0 0.004 0.4 0.30 0.85 0.30 0.8 0.40 0.69 1.32 1.36 0.97
2.1 0.004 0.4 0.30 0.88 0.30 0.8 0.40 0.70 1.36 1.36 0.997
2.2 0.004 0.4 0.30 0.94 0.30 0.8 0.40 0.74 1.43 1.36 1.05
3 0.005 0.6 0.30 1.28 0.30 0.9 0.40 0.94 1.84 1.36 1.35
4 0.007 0.8 0.30 1.70 0.30 1.1 0.40 1.19 2.34 1.36 1.72

Sediment 
Concentration 

mg/kg

Predicted 
Surface 
Water 

Conc. g/L 
Bergen et 

al. (1993)1

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Predicted 
Conc. 

mg/kg, dry1

Fraction of 

Diet2 

Average 
Cocentratio
n in Prey, 

mg/kg dw3

Gobas 
Model 

Predicted 
Conc. Red 

Drum, 

mg/kg dw4

Aroclor 
1268 

LOAEL 
mg/kg dw

Hazard 
Quotient

6 0.011 1.2 0.30 2.56 0.30 1.3 0.40 1.66 3.31 5.2 0.64
8 0.014 1.6 0.30 3.41 0.30 1.5 0.40 2.11 4.26 5.2 0.82
9 0.016 1.8 0.30 3.83 0.30 1.6 0.40 2.34 4.72 5.2 0.9082
10 0.018 2.0 0.30 4.26 0.30 1.7 0.40 2.56 5.19 5.2 0.997
12 0.021 2.4 0.30 5.11 0.30 1.9 0.40 3.00 6.10 5.2 1.17
15 0.027 3.0 0.30 6.39 0.30 2.1 0.40 3.65 7.46 5.2 1.43

1  Concentration in surface water was estimated by the partition coefficeint for suspended sediments KPW in Appendix F given by Bergen et al. (1993). 
2  See Table 4-26 in main document.
3  Concentrations in fiddler crabs, blue crabs, and mummichogs weighted by proportion of red drum diet.
4  See Table 3 in Appendix H for details.

Yellow shading identifies protective sediment concentration at a HQ of 1. 

Fiddler Crabs Blue Crabs Mummichogs

Fiddler Crabs Blue Crabs Mummichogs



Table 7-19_Determination of protective sediment concentrations for red drum - mercury *
LCP Chemical, Brunswick, GA

Based on BAF Curves Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration 

mg/kg, dry1

Predicted 
Methyl-mercury 
Concentration, 

mg/kg

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less Reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Total 

Mercury 
Concentrati
on mg/kg, 

dry1

Predicted 
Methyl-mercury 
Concentration 

mg/kg

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less Reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.5 0.74 0.66 0.27 0.40 0.6 0.66 1.0 1.21 1.08 0.27 0.81 1.2 0.67
0.6 0.85 0.75 0.27 0.49 0.6 0.81  1.3 1.45 1.29 0.27 1.03 1.2 0.86

0.73 0.97 0.87 0.27 0.60 0.6 0.9998 1.55 1.64 1.46 0.27 1.20 1.2 0.997
0.8 1.03 0.92 0.27 0.65 0.6 1.09  1.6 1.68 1.50 0.27 1.23 1.2 1.02
1.0 1.21 1.08 0.27 0.81 0.6 1.35 2.0 1.97 1.75 0.27 1.48 1.2 1.23
2.0 1.97 1.75 0.27 1.48 0.6 2.47 4.0 3.19 2.84 0.27 2.57 1.2 2.15

Based on Area-Weighted Site BAF Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration 

mg/kg, dry1

Predicted 
Methyl-mercury 
Concentration 

mg/kg

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less Reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Total 

Mercury 
Concentrati
on mg/kg, 

dry1

Predicted 
Methyl-mercury 
Concentration 

mg/kg

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less Reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

2 0.83 0.74 0.27 0.47 0.6 0.79 2 0.83 0.74 0.27 0.47 1.2 0.39
2.1 0.87 0.78 0.27 0.51 0.6 0.85 3.0 1.25 1.11 0.27 0.84 1.2 0.70

2.32 0.97 0.86 0.27 0.59 0.6 0.99 3.95 1.64 1.46 0.27 1.20 1.2 0.996
2.5 1.04 0.93 0.27 0.66 0.6 1.10 4.0 1.66 1.48 0.27 1.21 1.2 1.01
3.0 1.25 1.11 0.27 0.84 0.6 1.41 5.0 2.08 1.85 0.27 1.58 1.2 1.32
4.0 1.66 1.48 0.27 1.21 0.6 2.02 6.0 2.50 2.22 0.27 1.95 1.2 1.63

* - from field-collected finfish
a - From Troup Creek reference area (Table 4-11a in text)
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-20_ Determination of protective sediment concentrations for red drum - Aroclor 1268 *
LCP Chemical, Brunswick, GA

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 

Concentration, 
mg/kg, dry

Mean Reference 
Concentration

Body Burden 
less 

Reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 

Concentration, 
mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less Reference

Aroclor 
1268 

LOAEL 
mg/kg/day

Hazard 
Quotient

1.0 0.77 0.09 0.68 1.36 0.50 10 3.71 0.09 3.62 5.2 0.70
2.0 1.24 0.09 1.15 1.36 0.85 15 4.89 0.09 4.80 5.2 0.92
2.5 1.45 0.09 1.36 1.36 0.996 16.8 5.28 0.09 5.19 5.2 0.998
3.0 1.64 0.09 1.55 1.36 1.14 20 5.95 0.09 5.86 5.2 1.13
4.0 1.99 0.09 1.90 1.36 1.40 25 6.92 0.09 6.83 5.2 1.31
5.0 2.32 0.09 2.23 1.36 1.64 30 7.84 0.09 7.75 5.2 1.49

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry
Mean Reference 
Concentration

Body Burden 
less 

Reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less Reference

Aroclor 
1268 

LOAEL 
mg/kg/day

Hazard 
Quotient

5 0.96 0.09 0.87 1.36 0.64 20 3.84 0.09 3.75 5.2 0.72
6 1.15 0.09 1.06 1.36 0.78 25 4.80 0.09 4.71 5.2 0.91

7.55 1.45 0.09 1.36 1.36 1.000 27.55 5.29 0.09 5.20 5.2 1.000
8.0 1.54 0.09 1.45 1.36 1.06 30 5.76 0.09 5.67 5.2 1.09
9 1.73 0.09 1.64 1.36 1.20 35 6.72 0.09 6.63 5.2 1.28

10 1.92 0.09 1.83 1.36 1.35 40 7.68 0.09 7.59 5.2 1.46

* - from field-collected finfish
Yellow shading identifies protective sediment concentration at a HQ of 1. 

Based on BAF Curves

Based on Area-Weighted Site BAF

Based on BAF Curves

Based on Area-Weighted Site BAF



Table 7-21_Determination of protective sediment concentrations for black drum - mercury *
LCP Chemical, Brunswick, GA

Based on BAF Curves Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.6 0.54 0.49 0.10 0.39 0.6 0.65 1.0 0.91 0.83 0.10 0.73 1.2 0.61
0.7 0.63 0.57 0.10 0.47 0.6 0.79  1.2 1.10 1.00 0.10 0.90 1.2 0.75
0.8 0.72 0.66 0.10 0.56 0.6 0.93 1.5 1.38 1.26 0.10 1.16 1.2 0.96

0.85 0.77 0.70 0.10 0.60 0.6 1.00 1.55 1.43 1.30 0.10 1.20 1.2 1.00
1.0 0.91 0.83 0.10 0.73 0.6 1.21 1.7 1.57 1.43 0.10 1.33 1.2 1.11
2.0 1.86 1.69 0.10 1.59 0.6 2.65 2.0 1.86 1.69 0.10 1.59 1.2 1.33

  

Based on Area-Weighted Site BAF Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

1.0 0.307 0.28 0.10 0.18 0.6 0.30 2.0 0.614 0.56 0.10 0.46 1.2 0.38
2.0 0.614 0.56 0.10 0.46 0.6 0.76 2.5 0.768 0.70 0.10 0.60 1.2 0.50
2.5 0.768 0.70 0.10 0.60 0.6 1.00 4.65 1.428 1.30 0.10 1.20 1.2 1.00
3.0 0.921 0.84 0.10 0.74 0.6 1.23 5.0 1.535 1.40 0.10 1.30 1.2 1.08
4.0 1.228 1.12 0.10 1.02 0.6 1.70 6.0 1.842 1.68 0.10 1.58 1.2 1.31
5.0 1.535 1.40 0.10 1.30 0.6 2.16 7.0 2.149 1.96 0.10 1.86 1.2 1.55

* - from field-collected finfish
a - From Troup Creek reference area (Table 4-11a in text)
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration

Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day

Hazard 
Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration

Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day

Hazard 
Quotient

0.4 1.06 0.07 0.99 1.36 0.72 1.0 2.54 0.07 2.47 5.2 0.48
0.5 1.31 0.07 1.24 1.36 0.91 2.0 4.94 0.07 4.87 5.2 0.94

0.55 1.43 0.07 1.36 1.36 1.00 2.14 5.26 0.07 5.19 5.2 1.00
0.6 1.56 0.07 1.49 1.36 1.09 2.5 6.12 0.07 6.05 5.2 1.16
0.7 1.81 0.07 1.74 1.36 1.28 3.0 7.29 0.07 7.22 5.2 1.39
1.0 2.54 0.07 2.47 1.36 1.82 4.0 9.61 0.07 9.54 5.2 1.83

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration

Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day

Hazard 
Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration

Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day

Hazard 
Quotient

1.0 0.74 0.07 0.67 1.36 0.49 6.0 4.45 0.07 4.38 5.2 0.84
1.5 1.11 0.07 1.04 1.36 0.77 7.0 5.19 0.07 5.12 5.2 0.98

1.93 1.43 0.07 1.36 1.36 1.00 7.10 5.26 0.07 5.19 5.2 1.00
2.0 1.48 0.07 1.41 1.36 1.04 8.0 5.93 0.07 5.86 5.2 1.13
2.5 1.85 0.07 1.78 1.36 1.31 9.0 6.67 0.07 6.60 5.2 1.27
3.0 2.22 0.07 2.15 1.36 1.58 10 7.41 0.07 7.34 5.2 1.41

* - from field-collected finfish
Yellow shading identifies protective sediment concentration at a HQ of 1. 

Table 7-22_Determination of protective sediment concentrations for black drum - Aroclor 1268 *
LCP Chemical, Brunswick, GA

Based on BAF Curves

Based on Area-Weighted Site BAF



Table 7-23_ Determination of protective sediment concentrations for silver perch - mercury *
LCP Chemical, Brunswick, GA

Based on BAF Curves Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.3 0.68 0.68 0.29 0.39 0.6 0.65 0.6 1.13 1.13 0.29 0.84 1.2 0.70
0.4 0.84 0.84 0.29 0.55 0.6 0.92  0.7 1.27 1.27 0.29 0.98 1.2 0.82

0.43 0.89 0.89 0.29 0.60 0.6 1.00 0.869 1.49 1.49 0.29 1.20 1.2 1.00
0.5 0.99 0.99 0.29 0.70 0.6 1.17 1.0 1.65 1.65 0.29 1.36 1.2 1.13
0.6 1.13 1.13 0.29 0.84 0.6 1.41 2.0 2.75 2.75 0.29 2.46 1.2 2.05
0.7 1.27 1.27 0.29 0.98 0.6 1.63 5.0 5.41 5.41 0.29 5.12 1.2 4.26

   

Based on Area-Weighted Site BAF  Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

1.0 0.58 0.58 0.29 0.29 0.6 0.49 1 0.58 0.58 0.29 0.29 1.2 0.25
1.3 0.76 0.76 0.29 0.47 0.6 0.78 2.0 1.17 1.17 0.29 0.88 1.2 0.73

1.52 0.89 0.89 0.29 0.60 0.6 1.00 2.55 1.49 1.49 0.29 1.20 1.2 1.00
1.6 0.93 0.93 0.29 0.64 0.6 1.07 3 1.75 1.75 0.29 1.46 1.2 1.22
1.7 0.99 0.99 0.29 0.70 0.6 1.17 4.0 2.34 2.34 0.29 2.05 1.2 1.71
1.8 1.05 1.05 0.29 0.76 0.6 1.27 5 2.92 2.92 0.29 2.63 1.2 2.19

* - from field-collected finfish
a - From Troup Creek reference area (Table 4-11a in text)
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-24_Determination of protective sediment concentrations for silver perch - Aroclor 1268 *
LCP Chemical, Brunswick, GA

Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.4 1.09 0.16 0.94 1.36 0.69 1.5 3.51 0.16 3.36 5.2 0.65  
0.5 1.33 0.16 1.18 1.36 0.86 2.0 4.53 0.16 4.37 5.2 0.84

0.58 1.51 0.16 1.36 1.36 1.00 2.4 5.34 0.16 5.19 5.2 1.00
0.6 1.56 0.16 1.41 1.36 1.04 3.0 6.48 0.16 6.33 5.2 1.22
0.7 1.79 0.16 1.64 1.36 1.20 4.0 8.36 0.16 8.20 5.2 1.58
1.0 2.46 0.16 2.30 1.36 1.69 5.0 10.18 0.16 10.02 5.2 1.93

Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient

1 0.76 0.16 0.61 1.36 0.45 5.0 3.81 0.16 3.66 5.2 0.70
1.5 1.14 0.16 0.99 1.36 0.73 6.0 4.57 0.16 4.42 5.2 0.85
2.0 1.51 0.16 1.36 1.36 1.00 7.0 5.35 0.16 5.19 5.2 1.00
3.0 2.29 0.16 2.13 1.36 1.57 8.0 6.10 0.16 5.94 5.2 1.14
4.0 3.05 0.16 2.89 1.36 2.13 9.0 6.86 0.16 6.70 5.2 1.29
5.0 3.81 0.16 3.66 1.36 2.69 10.0 7.62 0.16 7.47 5.2 1.44

* - from field-collected finfish
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Table 7-25_Determination of protective sediment concentrations for spotted seatrout - mercury *
LCP Chemical, Brunswick, GA

Based on BAF Curves Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.3 0.70 0.70 0.34 0.36 0.6 0.60 0.5 1.09 1.09 0.34 0.75 1.2 0.62
0.4 0.90 0.90 0.34 0.56 0.6 0.93  0.7 1.46 1.46 0.34 1.12 1.2 0.93

0.42 0.94 0.94 0.34 0.60 0.6 1.00 0.75 1.54 1.54 0.34 1.20 1.2 1.00
0.5 1.09 1.09 0.34 0.75 0.6 1.25 0.8 1.63 1.63 0.34 1.29 1.2 1.08
0.8 1.63 1.63 0.34 1.29 0.6 2.16 0.9 1.81 1.81 0.34 1.47 1.2 1.22
1 1.98 1.98 0.34 1.64 0.6 2.74 1.0 1.98 1.98 0.34 1.64 1.2 1.37

   

Based on Area-Weighted Site BAF Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.8 0.66 0.66 0.34 0.32 0.6 0.54 1 0.83 0.83 0.34 0.49 1.2 0.41
1.0 0.83 0.83 0.34 0.49 0.6 0.82 1.5 1.24 1.24 0.34 0.90 1.2 0.75
1.1 0.94 0.94 0.34 0.60 0.6 0.99 1.85 1.53 1.53 0.34 1.19 1.2 0.99
1.3 1.08 1.08 0.34 0.74 0.6 1.23 3.0 2.49 2.49 0.34 2.15 1.2 1.79
1.4 1.16 1.16 0.34 0.82 0.6 1.37 4 3.32 3.32 0.34 2.98 1.2 2.48
1.5 1.24 1.24 0.34 0.90 0.6 1.51 5.0 4.15 4.15 0.34 3.81 1.2 3.17

* - from field-collected finfish
a - From Troup Creek reference area (Table 4-11a in text)
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient
0.5 1.13 0.11 1.02 1.36 0.75 1.0 2.12 0.11 2.01 5.2 0.39  
0.6 1.34 0.11 1.23 1.36 0.90 2.0 3.95 0.11 3.84 5.2 0.74

0.667 1.47 0.11 1.36 1.36 0.9998 2.77 5.29 0.11 5.18 5.2 0.9969
0.7 1.54 0.11 1.43 1.36 1.05 3.0 5.69 0.11 5.58 5.2 1.07
0.8 1.73 0.11 1.62 1.36 1.19 4.0 7.37 0.11 7.26 5.2 1.40
1.0 2.12 0.11 2.01 1.36 1.48 5.0 9.01 0.11 8.90 5.2 1.71

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient

2.0 1.32 0.11 1.21 1.36 0.89 6.0 3.97 0.11 3.86 5.2 0.74
2.1 1.39 0.11 1.28 1.36 0.939 7.0 4.63 0.11 4.52 5.2 0.87
2.22 1.47 0.11 1.36 1.36 0.997 8.02 5.30 0.11 5.19 5.2 0.998
2.5 1.65 0.11 1.54 1.36 1.13 9.0 5.95 0.11 5.84 5.2 1.12
3.0 1.98 0.11 1.87 1.36 1.38 10 6.61 0.11 6.50 5.2 1.25
4.0 2.64 0.11 2.53 1.36 1.86 11 7.27 0.11 7.16 5.2 1.38

* - from field-collected finfish
Yellow shading identifies protective sediment concentration at a HQ of 1. 

Based on BAF Curves

Based on Area-Weighted Site BAF

Table 7-26_Determination of protective sediment concentrations for spotted seatrout - Aroclor 1268 *
LCP Chemical, Brunswick, GA



Table 7-27_Determination of protective sediment concentrations for striped mullet -mercury *
LCP Chemical, Brunswick, GA

Based on BAF Curves Based on BAF Curves

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

9.0 1.38 0.51 0.02 0.49 0.6 0.82 15 2.13 0.79 0.02 0.77 1.2 0.64
10 1.51 0.56 0.02 0.54 0.6 0.90  20 2.71 1.00 0.02 0.98 1.2 0.82

11.3 1.67 0.62 0.02 0.60 0.6 0.998 25.1 3.29 1.22 0.02 1.20 1.2 0.997
12 1.76 0.65 0.02 0.63 0.6 1.05 30 3.83 1.42 0.02 1.40 1.2 1.16
13 1.88 0.70 0.02 0.68 0.6 1.13 35 4.36 1.61 0.02 1.59 1.2 1.33
15 2.13 0.79 0.02 0.77 0.6 1.28 40 4.88 1.81 0.02 1.79 1.2 1.49

     

Based on Area-Weighted Site BAF Based on Area-Weighted Site BAF

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted Total 
Mercury 

Concentration, 
mg/kg dw

Predicted 
Methyl-mercury 
Concentration, 

mg/kg dw

Mean Methyl 
Mercury 

Reference 
a 

Concentration
Body Burden 
less reference

Methyl 
Mercury 
LOAEL 

mg/kg/day
Hazard 

Quotient

15 1.26 0.47 0.02 0.45 0.6 0.74 20 1.68 0.62 0.02 0.60 1.2 0.50
19 1.60 0.59 0.02 0.57 0.6 0.951 30 2.52 0.93 0.02 0.91 1.2 0.76

19.94 1.67 0.62 0.02 0.60 0.6 0.9996 39.1 3.28 1.22 0.02 1.20 1.2 0.996
21 1.76 0.65 0.02 0.63 0.6 1.05 50 4.20 1.55 0.02 1.53 1.2 1.28
22 1.85 0.68 0.02 0.66 0.6 1.11 60 5.04 1.86 0.02 1.84 1.2 1.54
25 2.10 0.78 0.02 0.76 0.6 1.26 70 5.88 2.18 0.02 2.16 1.2 1.80

* - from field-collected finfish
a - From Troup Creek reference area (Table 4-11a in text)
Yellow shading identifies protective sediment concentration at a HQ of 1. 



Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.30 1.13 0.14 0.99 1.36 0.73 1.0 3.99 0.14 3.85 5.2 0.74  
0.35 1.33 0.14 1.19 1.36 0.88 1.2 4.83 0.14 4.69 5.2 0.90

0.392 1.50 0.14 1.36 1.36 0.998 1.32 5.34 0.14 5.20 5.2 0.999
0.40 1.53 0.14 1.39 1.36 1.02 1.4 5.68 0.14 5.54 5.2 1.06
0.50 1.93 0.14 1.79 1.36 1.32 1.5 6.10 0.14 5.96 5.2 1.15
1.0 3.99 0.14 3.85 1.36 2.83 2.0 8.24 0.14 8.10 5.2 1.56

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
NOAEL 

mg/kg/day
Hazard 

Quotient

Sediment 
Concentration 

mg/kg

Predicted 
Aroclor-1268 
Concentration 

mg/kg, dry

Mean 
Reference 

Concentration
Body Burden 
less reference

Aroclor 1268 
LOAEL 

mg/kg/day
Hazard 

Quotient

0.7 1.24 0.14 1.10 1.36 0.81 1.0 1.78 0.14 1.63 5.2 0.31
0.8 1.42 0.14 1.28 1.36 0.94 2.0 3.55 0.14 3.41 5.2 0.66

0.843 1.50 0.14 1.35 1.36 0.996 3.0 5.33 0.14 5.18 5.2 0.9967
0.9 1.60 0.14 1.46 1.36 1.07 4.0 7.10 0.14 6.96 5.2 1.34
1.0 1.78 0.14 1.63 1.36 1.20 5.0 8.88 0.14 8.73 5.2 1.68
1.2 2.13 0.14 1.99 1.36 1.46 6.0 10.65 0.14 10.51 5.2 2.02

* - from field-collected finfish
Yellow shading identifies protective sediment concentration at a HQ of 1. 

Based on BAF Curves

Based on Area-Weighted Site BAF

Table 7-28_ Determination of protective sediment concentrations for striped mullet - Aroclor 1268 *
LCP Chemical, Brunswick, GA



Table 7-29_COPC concentrations protective of benthic invertebrates

COPC TEL TEL
Mercury 1.4 3.2 (ER-L) 4.2 11.3 (ER-L)
     Reliability Rank 17 15 24 16

Aroclor 1268 3.2 12.8 (PEL) 6.2 16 (ER-L)
     Reliability Rank 11 10 46 37

Total PAHs 1.6 4.0 (ER-L) 0.8 1.5 (ER-L)
     Reliability Rank 3 2 12 7

Lead 139 198 (PEL) 41 60 (ER-L)
     Reliability Rank 0.3 0.3 3 2

a 
- based on most sensitive endpoint (embryo development)

b
 - based on most sensitive endpoint (survival)

Reliability rank is specific to species 
TEL - Threshold Effect Level
PEL - Probable Effects Level
ER-L - Effects Range Low
Numbers in bold and italics indicate the selected protective concentration ranges

PEL / ER-L
Grass Shrimp 

a

PEL / ER-L
Amphipods

 b



 

 
 

Table 7-30.  Sediment remedial goal options 
for protection of wildlife and finfish 

LCP Chemical, Brunswick, GA 

COPC 
Receptor Group NOAEL Rule of 5 Range LOAEL 

Selected 
RGO 
Range  

      Mercury  mg/kg  
Omnivorous Birds 2.2 3.2 4.7 7 10 15 22 

1 - 3 Piscivorous Birds 0.44 0.6 0.8 1.1 1.5 2.0 2.7 
Piscivorous Mammals 1.7 2.0 2.4 2.8 3.3 3.9 4.2 
      Aroclor 1268   mg/kg  
Herbivorous Mammals 8 12 17 25 37 55 80 

5 - 10 Omnivorous Mammals 4.3 6 10 14 21 32 47 
Piscivorous Mammals 0.27 0.4 0.7 1.1 1.8 2.9 4.6 
     Mercury  mg/kg 
Red Drum 0.73 1.0 1.3 1.7 2.2 3.0 3.95 

 1 - 3 
Black Drum 0.85 1.1 1.5 2.0 2.6 3.5 4.65 
Silver Perch 0.43 0.6 0.8 1 1.4 1.9 2.55 
Spotted Seatrout 0.42 0.5 0.7 0.9 1.1 1.4 1.85 
Striped Mullet 11 14 17 21 26 32 39 
     Aroclor 1268   mg/kg 
Red Drum 2.5 3.7 5.6 8.3 12.4 18.4 27.6 

3 - 6 
Black Drum 0.55 0.8 1.3 2 3 4.6 7.1 
Silver Perch 0.58 0.9 1.3 2 3.1 4.6 7 
Spotted Seatrout 0.67 1 1.5 2.3 3.5 5.3 8 
Striped Mullet 0.39 0.5 0.8 1.1 1.5 2.1 3 
 
Source:  From Table 7-16.  Data from field-collected finfish used here. 



APPENDICES 
 



APPENDIX  A 
 

GLOBAL POSITIONING SYSTEM COORDINATES  
FOR MAJOR SAMPLING STATIONS  

IN ESTUARY AT LCP SITE 
 



Station Station
ID X Y ID X Y

C-1 861136.25 432334.16 C-30 861611.06 432778.91
C-2 861080.06 432337.56 C-31 860957.44 432987.44
C-3 860471.44 432388.75 C-32 859743.25 433275.63
C-4 859884.56 432452.41 C-33 861812.69 433302.72
C-5 859713.00 432503.41 C-34 861541.13 434079.94

C-35 859669.50 434450.28

C-39 861351.51 432589.33
C-100 861028.00 435630.00

C-101 859845.00 433866.00

C-6 860499.25 431266.84 C-204 860974.11 434131.69
C-7 860442.31 431765.53 M-26 859688.81 432549.34
C-8 860276.94 431862.97 M-37 861297.25 432558.97
C-9 860524.81 432273.50 M-38 860957.44 432987.44

M-39 859729.75 433341.91

M-40 861807.19 433294.56
M-41 861541.13 434026.94

C-10 860283.75 430713.09 M-42 860064.19 434386.69
C-11 859798.75 431254.88 M-43 859689.06 434481.50
C-12 859565.63 431704.84 M-100 859730.00 435328.00
C-13 859434.00 431650.84 M-101 859730.00 433775.00
C-14 859314.69 431774.69 M-102 859759.00 432636.00
C-15 859371.06 431939.28 M-204 860981.49 434008.80

C-16 858072.88 430755.97 C-45 858154.75 432257.28

C-29 859479.19 432658.44 C-A 859253.00 433763.28

C-36 859698.63 435170.03 C-B 858757.13 434016.28

M-28/NOAA10 858064.69 430620.03 C-C 856904.44 432297.59

M-44 860368.25 435649.75 C-D 857384.88 433902.88

C-102 859041.00 435840.00

M-46 859553.19 433519.19

C-18 860893.50 430685.06 M-A 859231.56 433750.03

C-B7 860572.06 432214.38 M-B 858753.31 434027.16

C-D9 860361.44 432104.56 M-C 856878.88 432247.66

C- H7 860498.56 431675.84 M-D 857382.25 433919.63

C-K7 860447.75 431486.16 M-103 859622.00 435312.00

C-N2 860913.50 430771.44 M-104 859455.00 433171.00

M-25/NOAA4 860731.56 432373.97 M-105 857827.00 431972.00

M-AB 861163.31 431379.13

M-19 860826.88 432153.19

M-B7 860590.94 432228.97 C-103 853227.00 431747.00
M-D9 860351.69 432114.31 C-104 854469.00 431157.00
M-H7 860496.81 431670.91 C-105 854224.00 428668.00
M-K7 860444.00 431498.03 M-106 854391.00 427398.00
M-N2 860922.88 430764.81 M-107 852215.00 430308.00

M-108 855043.00 430888.00

M-20 860496.75 431262.16 FS Area 1
M-21 860364.25 431542.75 FS Area 2
M-22 860449.50 431763.69 FS Area 3
M-23 860262.38 431850.44 FS Area 4
M-24 860219.44 432127.97 FS Area 5

M-27 859451.13 431654.06 FS Area 6

M-NOAA3 860168.85 432092.57

M-NOAA5
d

859688.22 432470.04

M-NOAA6 859727.63 431532.80
M-NOAA7 859229.02 431523.32

M-NOAA8 859138.61 431731.56
M-NOAA9 859490.28 432009.99

   aLocations of these sampling stations are illustrated in Figures 3-3 through 3-5 of the main body 
of this document, with environmental media sampled at the stations identified in Tables 3-2 through 3-4.

   bLocations identified as marsh stations (M-44 and M-28/NOAA10) reflect conditions in Purvis Creek.

   cMarsh locations identified by the "C" prefix, unlike those identified by the "M" prefix, 

exhibited drainage from creek water at time of sampling. 

   dStation M-26 is located near the border between Domains 2 and 3.

Coordinates Coordinates

Main Canal

Eastern Creek

Western Creek Complex

Domain 3 (Marsh)
c

Purvis Creek
b

Feasibility Study (FS) Areas

Coordinates of Sampling Stations
Appendix A

FS areas are large areas from which 
composite samples were collected.

Domain 2 (Marsh)
c

Domain 4 (Marsh)
c

Domain 1 (Marsh)
c

Blythe Island (Marsh)
c

Referenced in Main Body of Documenta
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Appendix B 

 
UPDATED REFINED ECOLOGICAL SCREENING 
FOR CHEMICALS OF POTENTIAL CONCERN 

IN ESTUARY AT LCP SITE 
 

This appendix  is an update of  the  refined ecological  screening  that was performed  for all 
chemicals evaluated in the estuary at the LCP Site in Section 2 of the “Problem Formulation” 
phase  (Step 3) of  this baseline ecological  risk assessment  (BERA).   Results of  the Problem 
Formulation phase, together with results of preliminary screening‐level evaluations (Steps 1 
and 2 of the BERA), were submitted by Honeywell to Region 4 of the U. S. Environmental 
Protection Agency in 2001 (Honeywell International, 2001). 
 
The screening strategy (including Figure 1, as well as Table 1 for sediment and Table 2 for 
surface water) presented  in this appendix reflect, whenever possible and appropriate, the 
text and strategy presented  in  the original  refined ecological screening document.   Major 
differences  in  this updated ecological screening are: 1)  the exclusive use of new chemical 
data  in  the  screening process  (i. e., data  generated during 2000  as part of  the estuarine 
BERA, and after clean‐up activities at  the site had been completed); 2)  the elimination of 
results  of  aquatic  toxicity  tests  as  a  screening  criterion;  and  3)  the  comparison  of 
concentrations of site chemicals to concentrations at a new reference location in a different 
estuarine  system  from  the  system  in which  the  LCP  Site  is  situated  (i.  e.,    the  Crescent 
River). 
 
For sediment  (Table 1) and surface water (Table 2) maximum concentrations of chemicals 
are compared to Region 4 (USEPA) or other conservative ecological screening values (ESVs).  
 
It  is  important to emphasize that, although many chemicals are  identified  in this screening 
as chemicals of potential concern (COPC), only the major chemicals historically known to be 
of concern – mercury, Aroclor 1268,  lead, and polynuclear aromatic hydrocarbons  (PAHs) 
will be used  to quantify risks  to ecological receptors. The  remaining COPCs will  largely be 
evaluated qualitatively as to their potential contribution to risks in the estuary. However, all 
chemicals  present  in  surface  water  and  surface  sediment  from  the  site  are,  in  fact, 
evaluated  in  the  toxicity  tests  and macrobenthos  evaluations  conducted  as  part  of  the 
BERA.  
___________________________________________________________________________ 
  
Reference 
 
Honeywell, International. 2001. Problem formulation for baseline ecological risk assessment 

for  the  estuary  at  the  LCP  Chemical  Site  in  Brunswick,  Georgia  –  December  2001. 
Morristown, NJ. 24 pp.  



Table B-1_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface sediment at LCP Site 
a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) effects hazard

Preliminarily with samples / or value -- quotient -- Incl. high DLs Reference

evaluated LCP no. max. DL
b

EEV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E (C / E) No. % No. % (ppm) (ppm)
c

Metals with Associated USEPA Region 4 Ecological Effects Values (EEVs)

Antimony No 92/16 2.7 12 0.23 0 0 <1.0

Arsenic No 92/87 22 7.24 3.0 18 69 7.34
Cadmium No 242/189 0.95 1 0.95 0 0 14 54 2.30 <0.24

Chromium Yes (?) 92/92 160 52.3 3.1 14 54 21.18
Copper No 242/240 41.6 18.7 2.2 2 8 6.25

Lead Yes 703/703 1590 30.2 52.6 22 28 13.72
Mercury Yes 780/777 145 0.13 1,115 75 96 0.217
Nickel Yes (?) 242/239 25.6 15.9 1.6 1 4 6.16

Silver Yes (?) 242/180 1.02 2 0.51 0 0 18 69 4.50 <0.49
Zinc No 242/242 131 124 1.1 0 0 29.775

Metals without USEPA Region 4 EEVs, but with Associated Reference Concentrations

Aluminum No 92/92 56500 -- -- -- -- -- -- -- 14204
Barium Yes 92/92 96.2 -- -- -- -- -- -- -- 19.85
Beryllium No 92/88 2.6 -- -- -- -- -- -- -- 0.86
Calcium Yes 92/92 21900 -- -- -- -- -- -- -- 1627
Cobalt No 92/90 10.6 -- -- -- -- -- -- -- 3.6
Iron No 92/92 44200 -- -- -- -- -- -- -- 15322
Magnesium Yes 92/92 10000 -- -- -- -- -- -- -- 3048
Manganese No 92/92 1000 -- -- -- -- -- -- -- 285
Methyl mercury Yes 148/147 0.05 -- -- -- -- -- -- -- <0.00034525
Potassium Yes (?) 92/91 5100 -- -- -- -- -- -- -- 1705
Selenium No 92/19 4.3 -- -- -- -- -- -- -- <0.775
Sodium Yes 92/92 37000 -- -- -- -- -- -- -- 6310
Thallium No 92/40 5.8 -- -- -- -- -- -- -- <1.13
Vanadium No 92/92 118 -- -- -- -- -- -- -- 31.625

--No High DLs--

--No High DLs--

Sample conc. > EEV 

Excl. any

--No High DLs--

--No High DLs--

--No High DLs--
--No High DLs--

--No High DLs--
--No High DLs--
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Table B-1_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface sediment at LCP Site 
a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) effects hazard

Preliminarily with samples / or value -- quotient -- Incl. high DLs Reference

evaluated LCP no. max. DL
b

EEV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E (C / E) No. % No. % (ppm) (ppm)
c

Sample conc. > EEV 

Excl. any

Organic Chemicals with Associated USEPA Region 4 EEVs

Dioxins/Furans

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) No 3/3 0.000054 2.5E-06 21.5 3 100 0.000000225

PCBs

Aroclor-1268 Yes 778/741 570 0.00003 19,000,000 74 96 75 97 0.10 <0.04944

Pesticides

4,4'-DDD No 42/0 0.055 0.0033 -- 0 0 25 100 0.06 <0.00282
4,4'-DDE No 42/0 0.055 0.0033 -- 0 0 25 100 0.06 <0.00282
4,4'-DDT No 42/4 0.003 0.0033 9.1 4 16 25 100 0.06 <0.00282
Chlordane No 42/0 0.28 0.0017 -- 0 0 25 100 0.28 <0.0013
Dieldrin No 42/0 0.055 0.0033 -- 0 0 25 100 0.06 <0.00282
Endrin No 42/1 0.0044 0.0033 1.3 1 4 25 100 0.06 <0.00282
gamma-BHC (Lindane) No 42/0 0.028 0.0033 -- 0 0 18 72 0.03 <0.00146

Semivolatile Organic Chemicals

2-Methylnaphthalene Yes 549/238 0.64 0.33 1.9 0 0 1 1 0.45 <0.00686

Acenaphthene Yes 696/320 2.1 0.33 6.4 0 0 2 3 1.40 <0.00686
Acenaphthylene Yes 696/350 0.31 0.33 0.9 0 0 2 3 1.40 <0.00661
Anthracene Yes 696/381 2 0.33 6.1 0 0 2 3 1.40 <0.00656

Benzo(a)anthracene Yes 696/433 12 0.33 36.4 2 3 3 4 1.40 <0.00734
Benzo(a)pyrene Yes 696/433 10 0.33 30.3 2 3 3 4 1.40 <0.00794
bis(2-Ethylhexyl) phthalate No 25/22 0.78 0.18 4.3 14 56 17 68 1.10 0.16
Chrysene Yes 696/432 17 0.33 51.5 2 3 3 4 1.40 <0.00798
Dibenzo(a,h)anthracene Yes 696/377 6.5 0.33 19.7 0 0 2 3 1.40 <0.00657

Fluoranthene Yes 696/464 4.9 0.33 14.8 1 1 2 3 1.40 <0.0093
Fluorene Yes 696/337 4.3 0.33 13.0 1 1 2 3 0.45 <0.0063
High Molecular Weight PAHs (HPAHs Yes 0.66 2 3 --Not Applicable --
Low Molecular Weight PAHs (LPAHs Yes 0.33 1 1 --Not Applicable --
Naphthalene Yes 696/322 5.1 0.33 15.5 1 1 2 3 0.45 <0.0070
Phenanthrene Yes 696/369 17.000 0.33 51.5 0 0 2 3 1.40 <0.0069

Pyrene Yes 696/492 21 0.33 63.6 3 4 <0.091
Total PAHs(d) Yes 1.7 3 4 --Not Applicable ----Not Applicable --

--No High DLs--

--No High DLs--

--Not Applicable --
--Not Applicable --
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Table B-1_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface sediment at LCP Site 
a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) effects hazard

Preliminarily with samples / or value -- quotient -- Incl. high DLs Reference

evaluated LCP no. max. DL
b

EEV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E (C / E) No. % No. % (ppm) (ppm)
c

Sample conc. > EEV 

Excl. any

Organic Chemicals without USEPA Region 4 EEVs, but with Associated Reference Concentrations

Dioxins/Furans

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD No 3/3 0.0088 -- -- -- -- -- -- -- 0.0031
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) No 3/3 0.00089 -- -- -- -- -- -- -- 0.00025
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD No 3/3 0.00003 -- -- -- -- -- -- -- 0.0000032
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD No 3/3 0.00032 -- -- -- -- -- -- -- 0.0000048
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD No 3/3 0.00005 -- -- -- -- -- -- -- 0.000037
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD No 3/3 0.000009 -- -- -- -- -- -- -- 0.0000015
hepta-CDD (total) No 3/3 0.0044 -- -- -- -- -- -- -- 0.00069
hexa-CDD (total) No 3/3 0.0014 -- -- -- -- -- -- -- 0.00388
penta-CDD (total) No 3/3 0.00019 -- -- -- -- -- -- -- 0.00012
tetra-CDD (total) No 3/3 0.00012 -- -- -- -- -- -- -- 0.00028

1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) No 3/3 0.0026 -- -- -- -- -- -- -- 0.000003
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) No 3/3 0.0015 -- -- -- -- -- -- -- 0.0000030
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) No 3/3 0.00080 -- -- -- -- -- -- -- 0.0000003
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) No 3/3 0.0059 -- -- -- -- -- -- -- 0.0000008
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) No 3/3 0.0017 -- -- -- -- -- -- -- 0.0000004
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) No 3/2 0.00033 -- -- -- -- -- -- -- 0.0000002
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) No 3/3 0.0067 -- -- -- -- -- -- -- 0.0000002
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) No 3/3 0.00073 -- -- -- -- -- -- -- 0.0000007
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) No 3/3 0.0010 -- -- -- -- -- -- -- 0.0000002
2,3,7,8-Tetrachlorodibenzofuran (TCDF) No 4/4 0.0041 -- -- -- -- -- -- -- 0.0000009
hepta-CDF (total) No 3/3 0.0033 -- -- -- -- -- -- -- 0.000006
hexa-CDF (total) No 3/3 0.01208 -- -- -- -- -- -- -- 0.000006
penta-CDF (total) No 3/3 0.01521 -- -- -- -- -- -- -- 0.000002
tetra-CDF (total) No 3/3 0.01155 -- -- -- -- -- -- -- 0.0000034

No
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Table B-1_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface sediment at LCP Site 
a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) effects hazard

Preliminarily with samples / or value -- quotient -- Incl. high DLs Reference

evaluated LCP no. max. DL
b

EEV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E (C / E) No. % No. % (ppm) (ppm)
c

Sample conc. > EEV 

Excl. any

Pesticides

Aldrin No 42/1 0.01 -- -- -- -- -- -- -- <0.0015
alpha-BHC No 42/0 0.028 -- -- -- -- -- -- -- <0.0015
beta-BHC No 42/0 0.028 -- -- -- -- -- -- -- <0.0015
delta-BHC No 42/1 0.0074 -- -- -- -- -- -- -- <0.0015
Endosulfan I No 42/1 0.0061 -- -- -- -- -- -- -- <0.0015
Endosulfan II No 42/0 0.055 -- -- -- -- -- -- -- <0.0028
Endosulfan sulfate No 42/0 0.055 -- -- -- -- -- -- -- <0.0028
Endrin aldehyde No 42/4 0.048 -- -- -- -- -- -- -- <0.0028
Heptachlor No 42/0 0.028 -- -- -- -- -- -- -- <0.0015
Heptachlor epoxide No 42/1 0.0048 -- -- -- -- -- -- -- <0.0015
Methoxychlor No 42/0 0.28 -- -- -- -- -- -- -- <0.015
Toxaphene No 42/0 2.8 -- -- -- -- -- -- -- <0.15

Semivolatile Organic Chemicals

1,2,4-Trichlorobenzene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
1,2-Dichlorobenzene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
1,3-Dichlorobenzene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
1,4-Dichlorobenzene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
1-Methyl Naphthalene No 331/13 5.4 -- -- -- -- -- -- -- <0.0099
2,2'-Oxybis(1-Chloropropane) No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,4,5-Trichlorophenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,4,6-Trichlorophenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,4-Dichlorophenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,4-Dimethylphenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,4-Dinitrophenol No 25/0 11 -- -- -- -- -- -- -- <1.575
2,4-Dinitrotoluene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2,6-Dinitrotoluene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2-Chloronaphthalene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2-Chlorophenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2-Methylphenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
2-Nitroaniline No 25/0 11 -- -- -- -- -- -- -- <1.575
2-Nitrophenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
3,3'-Dichlorobenzidine No 25/0 4.2 -- -- -- -- -- -- -- <0.6125
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Table B-1_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface sediment at LCP Site 
a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) effects hazard

Preliminarily with samples / or value -- quotient -- Incl. high DLs Reference

evaluated LCP no. max. DL
b

EEV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E (C / E) No. % No. % (ppm) (ppm)
c

Sample conc. > EEV 

Excl. any

3-Nitroaniline No 25/0 11 -- -- -- -- -- -- -- <1.575
3/4-Methylphenol No 25/1 0.20 -- -- -- -- -- -- -- <0.3025

4,6-Dinitro-2-methylpheno No 25/0 11 -- -- -- -- -- -- -- <1.575
4-Bromophenyl-phenylether No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
4-Chloro-3-methylpheno No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
4-Chloroaniline No 25/0 4.2 -- -- -- -- -- -- -- <0.6125
4-Chlorophenyl-phenylether No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
4-Nitroaniline No 25/0 11 -- -- -- -- -- -- -- <1.575
4-Nitrophenol No 25/0 11 -- -- -- -- -- -- -- <1.575
Benzo(b)fluoranthene Yes 696/412 6.3 -- -- -- -- -- -- -- <0.0104
Benzo(g,h,i)perylene Yes 696/407 9.00 -- -- -- -- -- -- -- <0.0071
Benzo(k)fluoranthene Yes 696/374 2.5 -- -- -- -- -- -- -- <0.0077
bis(2-Chloroethoxy) methane No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
bis(2-Chloroethyl) ether No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Butylbenzylphthalate No 25/1 0.17 -- -- -- -- -- -- -- <0.3025

Carbazole No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Di-n-butylphthalate No 25/0 2.1 -- -- -- -- -- -- -- 0.205
Di-n-octylphthalate No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Dibenzofuran No 25/0 2.1 -- -- -- -- -- -- -- <0.11
Diethylphthalate No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Dimethylphthalate No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Hexachlorobenzene No 25/1 0.098 -- -- -- -- -- -- -- <0.3025

Hexachlorobutadiene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Hexachlorocyclopentadiene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Hexachloroethane No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Indeno(1,2,3-cd)pyrene Yes 696/402 4.2 -- -- -- -- -- -- -- <0.0072
Isophorone No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
N-Nitroso-di-n-propylamine No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
N-Nitrosodiphenylamine/Diphenylamine No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Nitrobenzene No 25/0 2.1 -- -- -- -- -- -- -- <0.3025
Pentachlorophenol No 25/0 11 -- -- -- -- -- -- -- <1.575
Phenol No 25/0 2.1 -- -- -- -- -- -- -- <0.3025

All sediment concentrations, associated detection limits, and ecological effects values are reported in dry weight. 
a
COPC, as determined by a weight-of-evidence approach, are identified in large bold print, as are data reflecting the rationale for the identification.

b
The acronym "DL" refers to "detection limit." 

c
Half the detection limit wdas used to represent non-detected values for total PAHs.
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Table B-2_ Updated refined ecological screening for chemicals of potential concern (COPC) in estuarine surface water at LCP Site
 a

Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) screening hazard Sample conc. > ESV  

Preliminarily with samples / or value -- quotient -- Excl. any Incl. high DLs Reference

evaluated LCP no. max. DL
b

ESV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E 
c

(C / E) No. % No. % (ppm) (ppm)

Total Metals with Associated Ecological Screening Values (ESVs)

Aluminum No 11/11 1.80 1.5 1.2 2 18 --No High DLs-- 0.94
Antimony No 11/1 0.0059 4.3 0.001 0 0 --No High DLs-- <0.02

Arsenic No 11/5 0.0072 0.036 0.2 0 0 --No High DLs-- 0.0054

Beryllium No 11/0 -- 0.00013 -- 0 0 11 100 0.004 <0.004

Cadmium No 11/0 -- 0.0093 -- 0 0 --No High DLs-- <0.005

Chromium Yes (?) 11/8 0.0046 0.103 0.05 0 0 --No High DLs-- <0.01

Copper No 11/11 0.0045 0.0029 1.6 5 45 --No High DLs-- 0.0024
Iron No 11/11 1.2 0.3 4.0 10 90 --No High DLs-- 0.695
Lead Yes 75/28 0.0073 0.0085 0.8 0 0 --No High DLs-- 0.00565

Mercury Yes 99/99 0.000795 0.000025 20.3 24 52 --No High DLs-- 0.0000079
Nickel Yes (?) 11/0 -- 0.0083 -- 0 0 11 100 0.04 <0.04

Selenium No 11/4 0.0079 0.071 0.1 0 0 --No High DLs-- <0.01

Silver Yes (?) 11/0 -- 0.00023 -- 0 0 11 100 0.01 <0.01

Thallium No 11/2 0.0065 0.0213 0.3 0 0 --No High DLs-- 0.0061

Zinc No 11/10 0.0190 0.086 0.2 0 0 --No High DLs-- 0.0076

Dissolved Metals with Associated Ecological Screening Values (ESVs)

Aluminum, dissolved No 11/8 0.046 1.5 0.3 0 0 --No High DLs-- <0.20

Antimony, dissolved No 11/0 -- 4.3 -- 0 0 --No High DLs-- <0.02

Arsenic, dissolved No 11/5 0.0059 0.036 0.2 0 0 --No High DLs-- 0.00395

Beryllium, dissolved No 11/0 -- 0.00013 -- 0 0 11 100 0.004 <0.004

Cadmium, dissolved No 11/0 -- 0.0093 -- 0 0 --No High DLs-- <0.005

Chromium, dissolved Yes (?) 11/4 0.0048 0.103 0.05 0 0 --No High DLs-- <0.01

Copper, dissolved No 11/10 0.0035 0.0029 1.2 1 9 2 18 0.02 0.0018
Iron, dissolved No 11/6 0.56 0.3 1.9 1 9 --No High DLs-- 0.0375
Lead, dissolved Yes 28/19 0.0023 0.0085 0.3 0 0 --No High DLs-- 0.00101

Mercury, dissolved Yes 28/17 0.000009 0.000025 -- 0 0 11 100 0.0002 0.0000406

Nickel, dissolved Yes (?) 11/0 -- 0.0083 -- 0 0 11 100 0.04 <0.04

Selenium, dissolved No 11/2 0.0082 0.071 0.1 0 0 --No High DLs-- <0.01

Silver, dissolved Yes (?) 11/0 -- 0.00023 -- 0 0 11 100 0.01 <0.01

Thallium, dissolved No 11/2 0.0060 0.0213 0.3 0 0 --No High DLs-- 0.0053

Zinc, dissolved No 11/9 0.0150 0.086 0.2 0 0 --No High DLs-- 0.0155

Total Metals without Ecological Screening Values (ESVs) 

Barium Yes 11/11 0.041 -- -- -- -- -- -- -- 0.03
Calcium Yes 11/11 360 -- -- -- -- -- -- -- 305

Cobalt No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Magnesium Yes 11/11 1200 -- -- -- -- -- -- -- 1030

Manganese No 11/11 0.16 -- -- -- -- -- -- -- 0.0355

Methyl mercury Yes 81/81 0.000016 -- -- -- -- -- -- -- 0.000000054
Potassium Yes (?) 11/11 430 -- -- -- -- -- -- -- 320
Sodium Yes 11/11 9300 -- -- -- -- -- -- -- 7750

Vanadium No 11/6 0.0130 -- -- -- -- -- -- -- <0.015
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Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) screening hazard Sample conc. > ESV  

Preliminarily with samples / or value -- quotient -- Excl. any Incl. high DLs Reference

evaluated LCP no. max. DL
b

ESV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E 
c

(C / E) No. % No. % (ppm) (ppm)

Dissolved Metals without Ecological Screening Values (ESVs) 

Barium, dissolved Yes 11/11 0.039 -- -- -- -- -- -- -- 0.027
Calcium, dissolved Yes 11/11 360 -- -- -- -- -- -- -- 295

Cobalt, dissolved No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Magnesium, dissolved Yes 11/11 1200 -- -- -- -- -- -- -- 1020

Manganese, dissolved No 11/5 0.15 -- -- -- -- -- -- -- <0.02
Potassium, dissolved Yes (?) 11/11 430 -- -- -- -- -- -- -- 325
Sodium, dissolved Yes 11/11 9600 -- -- -- -- -- -- -- 7250

Vanadium, dissolved No 11/2 0.0066 -- -- -- -- -- -- -- <0.02

Organic Chemicals with Associated Ecological Screening Values (ESVs)

Dioxins/Furans

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) No 3/0 -- 0.00000001 -- 0 0 --No High DLs-- 7.75E-10

Pesticides

4,4'-DDD No 11/0 -- 0.000025 -- 0 0 11 100 0.0001 <0.0001

4,4'-DDE No 11/0 -- 0.00014 -- 0 0 --No High DLs-- <0.0001

4,4'-DDT No 11/0 -- 0.000001 -- 0 0 11 100 0.0001 <0.0001

Aldrin No 11/0 -- 0.00013 -- 0 0 --No High DLs-- <0.00005

alpha-BHC No 11/0 -- 14.004 -- 0 0 --No High DLs-- <0.00005

Chlordane No 11/0 -- 0.000004 -- 0 0 11 100 0.0005 <0.0005

Dieldrin No 11/0 -- 0.0000019 -- 0 0 11 100 0.0001 <0.0001

Endosulfan I No 11/0 -- 0.0000087 -- 0 0 11 100 0.00005 <0.00005

Endosulfan II No 11/0 -- 0.0000087 -- 0 0 11 100 0.0001 <0.0001

Endrin No 11/0 -- 0.0000023 -- 0 0 11 100 0.0001 <0.0001

gamma-BHC (Lindane) No 11/0 -- 0.000016 -- 0 0 11 100 0.00005 <0.00005

Heptachlor No 11/0 -- 0.0000036 -- 0 0 11 100 0.00005 <0.00005

Heptachlor epoxide No 11/0 -- 0.0000036 -- 0 0 11 100 0.00005 <0.00005

Methoxychlor No 11/0 -- 0.00003 -- 0 0 11 100 0.0005 <0.0005

Toxaphene No 11/0 -- 0.0000002 -- 0 0 11 100 0.005 <0.005

Semi-Volatiles

1,2,4-Trichlorobenzene No 11/0 -- 0.0045 -- 0 0 11 100 0.01 <0.01

1,2-Dichlorobenzene No 11/0 -- 0.0197 -- 0 0 --No High DLs-- <0.01

1,3-Dichlorobenzene No 11/0 -- 0.0285 -- 0 0 --No High DLs-- <0.01

1,4-Dichlorobenzene No 11/0 -- 0.0199 -- 0 0 --No High DLs-- <0.01

2,4-Dinitrophenol No 11/0 -- 0.0485 -- 0 0 11 100 0.05 <0.05

4-Nitrophenol No 11/0 -- 0.0717 -- 0 0 --No High DLs-- <0.05

Acenaphthene Yes 46/1 0.00022 0.0097 0.02 0 0 --No High DLs-- <0.0002

Butylbenzylphthalate No 11/1 0.00100 0.0294 0.03 0 0 --No High DLs-- <0.01

Di-n-butylphthalate No 11/1 0.00059 0.0034 0.2 0 0 10 91 0.01 <0.01

Diethylphthalate No 11/0 -- 0.0759 -- 0 0 --No High DLs-- <0.01

Dimethylphthalate No 11/0 -- 0.58 -- 0 0 --No High DLs-- <0.01

Fluoranthene Yes 46/2 0.00012 0.0016 0.08 0 0 --No High DLs-- <0.0002

Hexachlorobutadiene No 11/0 -- 0.00032 -- 0 0 11 100 0.01 <0.01

Hexachlorocyclopentadiene No 11/0 -- 0.00007 -- 0 0 11 100 0.01 <0.01

Hexachloroethane No 11/0 -- 0.0094 -- 0 0 11 100 0.01 <0.01

Isophorone No 11/0 -- 0.129 -- 0 0 --No High DLs-- <0.01
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Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) screening hazard Sample conc. > ESV  

Preliminarily with samples / or value -- quotient -- Excl. any Incl. high DLs Reference

evaluated LCP no. max. DL
b

ESV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E 
c

(C / E) No. % No. % (ppm) (ppm)

N-Nitrosodiphenylamine/Diphenylamine No 11/0 -- 33 -- 0 0 --No High DLs-- <0.01

Naphthalene Yes 46/1 0.0050 0.0235 0.2 0 0 --No High DLs-- <0.0002

Nitrobenzene No 11/0 -- 0.0668 -- 0 0 --No High DLs-- <0.01

Pentachlorophenol No 11/0 -- 0.0079 -- 0 0 11 100 0.05 <0.05

Phenol No 11/0 -- 0.058 -- 0 0 --No High DLs-- <0.01

Organic Chemicals without Associated Ecological Screening Values (ESVs)

Dioxins/Furans

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (OCDD) No 3/3 0.00000006 -- -- -- -- -- -- -- 0.000000058
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) No 3/1 0.0000000072 -- -- -- -- -- -- -- 0.0000000047
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) No 3/0 0.0000000037 -- -- -- -- -- -- -- <0.0000000017
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) No 3/0 0.0000000035 -- -- -- -- -- -- -- <0.0000000017
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) No 3/0 0.0000000035 -- -- -- -- -- -- -- <0.0000000017
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) No 3/0 0.0000000032 -- -- -- -- -- -- -- <0.00000000155
hepta-CDD (total) No 3/3 0.00000003 -- -- -- -- -- -- -- 1.03E-08
hexa-CDD (total) No 3/1 0.00000001 -- -- -- -- -- -- -- 9.20E-09
penta-CDD (total) No 3/1 0.0000000476 -- -- -- -- -- -- -- 1.23E-09
tetra-CDD (total) No 3/0 0.0000000027 -- -- -- -- -- -- -- <0.00000000155

1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) No 3/0 0.0000000073 -- -- -- -- -- -- -- <0.0000000032
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) No 3/0 0.0000000031 -- -- -- -- -- -- -- <0.000000002
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) No 3/0 0.0000000040 -- -- -- -- -- -- -- <0.0000000017
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) No 3/0 0.0000000027 -- -- -- -- -- -- -- <0.0000000012
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) No 3/0 0.0000000024 -- -- -- -- -- -- -- <0.0000000012
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) No 3/0 0.0000000032 -- -- -- -- -- -- -- <0.00000000145
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) No 3/0 0.0000000025 -- -- -- -- -- -- -- <0.0000000013
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) No 3/0 0.0000000028 -- -- -- -- -- -- -- <0.0000000013
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) No 3/1 0.0000000476 -- -- -- -- -- -- -- <0.00000000125
2,3,7,8-Tetrachlorodibenzofuran (TCDF) No 3/0 0.0000000020 -- -- -- -- -- -- -- <0.00000000105

hepta-CDF (total) No 3/0 0.0000000035 -- -- -- -- -- -- -- <0.00000000155

hexa-CDF (total) No 3/0 0.0000000027 -- -- -- -- -- -- -- <0.0000000013

penta-CDF (total) No 3/0 2.4E-09 -- -- -- -- -- -- -- <0.0000000013

tetra-CDF (total) No 3/1 0.0000000047 -- -- -- -- -- -- -- <0.00000000105

PCBs -- -- --

Aroclor-1268 Yes 75/23 0.00100 -- -- -- -- -- -- -- 0.00003

Pesticides -- -- --

beta-BHC No 11/0 0.00005 -- -- -- -- -- -- -- <0.00005

delta-BHC No 11/0 0.00005 -- -- -- -- -- -- -- <0.00005

Endosulfan sulfate No 11/0 0.0001 -- -- -- -- -- -- -- <0.0001

Endrin aldehyde No 11/0 0.0001 -- -- -- -- -- -- -- <0.0001
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Elements of screening process

Maximum Maximum

Major detected Ecological definable

association No. conc. (C) screening hazard Sample conc. > ESV  

Preliminarily with samples / or value -- quotient -- Excl. any Incl. high DLs Reference

evaluated LCP no. max. DL
b

ESV MDHQ high DLs Max. DL value

chemicals Facility detects (ppm) (ppm) - E 
c

(C / E) No. % No. % (ppm) (ppm)

Semi-Volatiles -- -- --

1-Methyl Naphthalene No 46/1 0.0068 -- -- -- -- -- -- -- <0.0002
2,2'-Oxybis(1-Chloropropane) No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,4,5-Trichlorophenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,4,6-Trichlorophenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,4-Dichlorophenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,4-Dimethylphenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,4-Dinitrotoluene No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2,6-Dinitrotoluene No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2-Chloronaphthalene No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2-Chlorophenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2-Methylnaphthalene No 45/1 0.00063 -- -- -- -- -- -- -- <0.0002
2-Methylphenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

2-Nitroaniline No 11/0 0.05 -- -- -- -- -- -- -- <0.05

2-Nitrophenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

3,3'-Dichlorobenzidine No 11/0 0.02 -- -- -- -- -- -- -- <0.02

3-Nitroaniline No 11/0 0.05 -- -- -- -- -- -- -- <0.05

3/4-Methylphenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

4,6-Dinitro-2-methylphenol No 11/0 0.05 -- -- -- -- -- -- -- <0.05

4-Bromophenyl-phenylether No 11/0 0.01 -- -- -- -- -- -- -- <0.01

4-Chloro-3-methylphenol No 11/0 0.01 -- -- -- -- -- -- -- <0.01

4-Chloroaniline No 11/0 0.02 -- -- -- -- -- -- -- <0.02

4-Chlorophenyl-phenylether No 11/0 0.01 -- -- -- -- -- -- -- <0.01

4-Nitroaniline No 11/0 0.05 -- -- -- -- -- -- -- <0.05

Acenaphthylene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Anthracene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Benzo(a)anthracene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Benzo(a)pyrene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Benzo(b)fluoranthene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Benzo(g,h,i)perylene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Benzo(k)fluoranthene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

bis(2-Chloroethoxy) methane No 11/0 0.01 -- -- -- -- -- -- -- <0.01

bis(2-Chloroethyl) ether No 11/0 0.01 -- -- -- -- -- -- -- <0.01

bis(2-Ethylhexyl) phthalate No 11/6 0.0051 -- -- -- -- -- -- -- 0.00291
Carbazole No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Chrysene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Di-n-octylphthalate No 11/1 0.0016 -- -- -- -- -- -- -- <0.01

Dibenzo(a,h)anthracene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Dibenzofuran No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Fluorene Yes 46/1 0.00016 -- -- -- -- -- -- -- <0.0002

Hexachlorobenzene No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Indeno(1,2,3-cd)pyrene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

N-Nitroso-di-n-propylamine No 11/0 0.01 -- -- -- -- -- -- -- <0.01

Phenanthrene Yes 46/0 0.0002 -- -- -- -- -- -- -- <0.0002

Pyrene Yes 46/1 0.000089 -- -- -- -- -- -- -- <0.0002

a
COPC, as determined by a weight-of-evidence approach, are identified in large bold print, as are data reflecting the rationale for the identification. 

b
The acronym "DL" refers to "detection limit." One-half of the DL was used to represent non-detects for sums of PAHs.

c
Most ESVs are Region 4 (U. S. EPA) saltwater chronic screening values. However, Region 4 values do not exist for aluminum, antimony, beryllium, and iron. ESVs employed for 

these four metals are The State of Florida's marine criteria.
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INTRODUCTION 

Biomonitoring provides an effective means to test multimedia waters for toxicity. These 
tests complement chemical analyses in detecting environmental effects, since the detection of 
such effects solely through chemical analyses are often difficult to accomplish. 

Chronic tests, conducted with the marine invertebrate Mysidopsis bahia (mysids) and the 
marine fish known as the sheepshead minnow (Cyprinodon variegatus), measure significant 
differences in growth between control and exposed organisms, as well as survival effects. These 
tests are conducted over 7 days as opposed to the 96 hr acute tests which measure only survival 
effects. 

MATERIALS AND METHODS 

Sample Collection 
Grab samples of water from six sites, labeled TC, CR, C-5, C-7, C-16, and C-33, were 

collected into one-gallon plastic containers at unspecified times on October 11, 2000; from 10:40 
to 12:40 on October 13, 2000; and from 13:25 to 16:1 0 on October 16, 2000. Each set of 
samples were chilled and shipped overnight to the SeaCrest lab in ice chests where they were 
delivered at 10:15 on October 12, 2000; at 09:00 on October 14, 2000; and at 10:15 on October 
17, 2000. At the lab the samples were refrigerated at 4 oc between uses. The Chain of Custody 
forms documenting sample collection and transfer times are included in Appendix 1. 

Dilution Water 
An artificial saltwater was created using Forty FathomsR sea salts added to deionized 

water. This was used as the control water for the test. The average salinity of the samples was 
25°/00• The salinity of the samples that were below 25°/00 were adjusted up with Forty FathomsR 
sea salts. The samples that were above 25°/00 were not adjusted or diluted. The control water 
was adjusted to 25°/00 • All samples were allowed to set far a time and equilibrate with the salts 
before animals were added. 

Test Organisms 
The tests were conducted with Mysidopsis bahia (mysids), a saltwater invertebrate, and 

a saltwater fish, the sheepshead minnow (Cyprinodon variegatus). The mysids and sheepshead 
minnows were obtained from Aquatic BioSystems, Inc., an aquatic test organism supplier located 
in Ft. Collins, Colorado. The animals were received on the day the test was started. The animals 
were acclimated to test temperature and aerated prior to being used. Both species were fed 
newly-hatched brine shrimp (Artemia sp.) prior to being used and during the test. 

One day old sheepshead minnow larvae were used in the tests, as required by the 
guidelines. The tests used 7 day old mysids, since growth measurements and sex determinations 
were required at test termination. 
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Both species were tested in reference toxicant tests using copper sulfate to ensure the 
organisms' health and test acceptability. 

c.l)it 

Test Procedures \..:!.:. r.,\l..<e,h•·nt/ 
Upon receipt at the lab, the water samples were analyzed for ammonia, C!!..k..§llini!¥, salinity, 

dissolved oxygen, and pH. Ammonia was determined with an Orion ion selective electrode 
according to procedures contained in APHA/AWWNVVPCF (1998). Alkalinity was determined 
according to procedures described in Hach Chemical Company (1 Q92). Conductivity, dissolved 
oxygen, and pH probes were used to take these measurements. Salinity was determined using 
an AquafaunaR salinity refractometer. 

The tests followed the procedures in Peltier, et al. (1994) and were started on October 12, 
2000. Per client request , the waters were tested only at the 1 00% concentration, with no dilution 
series created. 

The Mysidopsis were tested in 260 ml plastic disposable cup::; containi11g 150 ml of test 
water. There were 8 replicates of each sample. Each replicate contained five test organisms, 
for a total of forty organisms per sample. The test organisms were monitored daily for survival. 
The water in each beaker was changed daily. Water quality readings of temperature, pH, and 
dissolved oxygen were measured, before and after each water change. The mysids were fed 
brine shrimp (Artemia sp.) at a rate of approximately 150 Artemia per mysid, twice a day. After 
seven days, the mysids were removed from the test waters and individually sexed (if mature) 
under a dissecting microscope. After sexing they were euthanized and placed into specially
prepared drying pans to dry overnight. The replicates were weighed the next day on a six-place 
electrobalance to determine weights to the nearest 0.01 mg. The sheets with the test information 
and daily readings are located in Appendix 2. The sheets with the survival numbers and final sex 
determinations are located in Appendix 3. The average dry weight determinations are located 
in Appendix 4. 

The sheepshead minnows were exposed in 1 liter glass jars to which 500 ml of test media 
was added. Ten fish were placed in each jar and four replicates at each concentration were 
used. Fish were monitored for survival daily and fed live Artemia sp. once daily. Water in the 
cups was cl1anged and monitored with readings of temperature, dissolved oxygen, and pH, daily. 
After seven days, the fish were removed from the cups and euthanized. The fish were weighed 
on a four place analytical balance after drying overnight in an oven at approximately 95°C. The 
benchsheet with all survival and growth information is located in Appendix 5. 

REFERENCE TOXICANT TESTS 

The batches of test organisms acquired from Aquatic BioSystems, Inc. were tested in 
reference toxicant tests using CuS04• These tests were conducted at the same time as the 
chronic tests with the sample waters. The benchsheets for the reference toxicant tests are 
located in Appendix 6. 
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The sample tests ran very well and there was good control survival for both species. 
However the LCSO concentrations for the two species did not correlate well with the results 
presented in the guidelines from testing conducted by the EPA The mysid LCSO was below the 
range listed in the guidelines and the sheepshead minnow LCSO was well above the range listed. 
However, since the test results were good and control survival was good for both species, we do 
not consider the reference toxicant test results as an indication that the animals were not healthy. 
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APPENDIX 1. Chains of Custody Forms 



T.~!l!9~t~!.~§.(9.'1P Chain of Custody Record 
. ! 

Purchase Order Number" 
An Environmental SM'VIces Company 

1341 Cannon Street • Louisville, Colorado 80027 (enclose with each shipping container) 
303-661-9324 • FAX 303-661-9325 

Project Number !lab use onlvl 
Client: Contact: c..,"~ \(o~l Address: l1t ~~ h.r\OA. 

:30:>4~ b- 'TS l Program/Site: LC.t=> Phone: ~:1'1·l- 3 ~I{- '6 44.l ~~~.) ~~1... 1-t\1'"' 

Collected by: I Acute I Chronic I These fields may be used 
l for field test results 

~~I 
"0 

~ ~; b 

00"7 ) I0£4. 
.$ 0 .$ 

~ ~v-~ p § ~ If ~ _,. 'I 
Sample 4i ·- .!E 0 ·- 0 ;S S.. i.r Sall}DleJdentification Date (j ~ 8 (j ~ 0 " 0 Total Total Type \1 ... 

(Effluent6lecetvi~Sedtment, hst other) Sampled Time (comooslte, grab) ~ "'f ~ ~ ~ ~~ Units Volume 
1 TC.1. to /Ill <TO G.:-'-iS v \/ z 
2 '""! v v z. 
3 C-5 v v ·z_ 

4 C-7 v v {. 
5 c..- lb ./ v 1. 
6 c..- 3~ ~i' ~I, v v 2. 
7 L \ 

8 1-~ )~ ,,_ .. ,,._. ' .......... ~ ..... 
9 \• ! ~ :!~ ~ F. . ' ~ 1 

.. Jl-J .... h .ti' •• Tc t~ 
10 '" ;H,f&~~_tY~~-·: ' I . -l, 

Relinquished by: C~.>-tlt- \(c~ 04.....-......... Representing: C..bR G""t.)oi"'""""-"\~ \ To Whom: 6~ ~~·U.\ Date/Time: ro Ill la-o 
Relinquished by: ---------

Next recipient: -----------

Representing: ________ _ 

Relinquished by: _______ _ 

.... ··--- ,.......,..... ...... ,, 14. -- "'---~·~ ................ .._.... ...... t .......... 

To Whom: ~f--:---§---f-l:::=---~ate!Time: 

Rec'd by: Date/Time: 1op;Gt/ 1~/5" 
/ <1, 1 s. ;o/;~/ao 



T.~!l~9~t~!.t9.t9~P Chain of Custody Record Purchase Order Number " 
An Envll·onmental Services Companr 

1341 Cannon Street • Louisville, Colorado 80027 
(enclose with each shipping container) 

303-661-9324 • FAX 303-661-9325 

Client: 

Program/Site: LLP 
Collected by: 

Sample Identification Date 
Sampled Time (Effluent, Receivm<J. Sediment. list other) 

1 Tc..:'l lc I\~( O"l.J 

2 C.Q{ \ 

3 C.-5 \ttt~ 

4 (-) I6Lft> 
5 c -lb 12-:!o 
6 C.-~) \.'/ rzo~ 

7 

8 

9 

10 

Con; ments and specifll .l~st!n~ )f!.stru~tions: 

. ~tt Al IAlt ilU 

Relinquished by: ~C~v~!:.....:~:_~_:_L::_t:.....:'l{:___~r!A-..-=-~--
Relinquished by: _________ _ 

Next recipient: -----------

Project Number oab use only) 
Contact: C .. x-\ \(c~( Address: \)l C..(.,t._:> ~ ~\-<. 

,? (X-1-LJ-1 &. - -:; Dcl1. ~-l Phone: ~l.\ \~ 1.)4- ~44 \ \..)~'t.) l-L ~L\ll~ 

I Acute I Chronic 

~~;.~; ]ZJi~i~ I ~ t! ~; ~ ~ 'b 
0 .1!1 0 ./E 

·~ !§ ~ ·~ !§ ~ 
Sample J ~ ~ J ~ ~ 

!5 § ~t:...ft /!1 Total Total Type ;1: 8 ;1: 0 
(compos•te, grab) ~ " ~ "'{' Units Volume 

&"\.:) 
I 

\/ 

-

Representing: _ __,C:::..::l).:..:Q_;:__ _____ _ 

Representing: ________ _ 

Relinquished by: _______ _ 

./ 

J 

1/ 

v 
v 

\.--

To Whom: F;.) ~'1'~.-c,) 
ToWhom: J 1 

Rec'd by: /l ;-1;_ l_ 
A u.P 
I 

Ll 

v 

v 
v 
v 
v 

r-11 "' fl nv r-f'lnv rot:,"' 

3 
3 
3 
~ 

5 
s 

Date/Time: 

Date/Time: 

Date/Time: f t> • fll· D t> o q {'D 



--:~!l~9~t'!.~9.~9.'1P Chain of Custody Record Purchase Order NumQerf 
An Environmental Services Company 

*3 1341 Cannon Street • louisville, Colorado 80027 
(enclose with each shipping container) 

303-661-9324 • FAX 303-661-9325 

Client: 

Program/Site: LtP 
Collected by: 

Sample Identification Date 
(Effluent, Rece•vlna. Sed•ment, list other\ Sampled Time 

1 Tc..t. to /lb( ru Itt IS 
2 CD.~ )3;{• 

3 c_,s I fi/5 ~ 

4 C~/ VLJ3c 
5 (-tG 1153~ 

6 G- :,·~ _v lbl D 
7 

8 

9 

10 

· ;"' ~r?"r.fi ' 
' ' 

Relinquished by: ·~ ... 
Relinquished by: ----------

Next recipient: __________ _ 

Project Number (lab use only) 
Contact: ~~ \ \(1;)\Z. Address: \"7t <?<v\ lY\~ 
Phone: 14l ... ~'14. ~ &?4\ ( }v anl.. .l 'f=t ':, -tlll.f 3tXJ</r6- .5W¥5/ 

I Acute I Chronic J These frelds may be used 
for field test results 

) 

-~ $ "§ 
0 .... 

<li J .-:: f .o r:: ~ !.l.J -..!- _j: 
Sample di ..... llJ 5i .:; 0 r.t :S ~ ~.:r () ~ a;: (j :E "i1f J.::. 0 Total Total Type 

(comooslte, arab) 

~ t/ ~ 
i ~ 

It!~; 
i .f ..),~ .j~ 

Units Volume 

G(c..L.., v L/ 

p v v 
f@J v v 

v v 
v v 

\./ v 1/ 

Representing: _Cl:)__::_R. ______ _ ...-- t:-To Whom: l~..)c Y~c, 

Representing: ________ _ ToWhom:_~7--+~---

RelinqUished by: _______ _ Rec'd by: o.==--

? 
l. 
'l 

!. 
')_ 

l 

/7}!) 
Date/Time: (.i)/(~/t:RJ I~ 

I 
Date/Time: 

DatefT1me: J;}__?/otJ _ _Lq~J_.,. 



APPENDIX 2. Mysidopsis bahia Test Setup and 
Daily Readings 



.. 
-----------------------------

The SeaCrest Group 
An Environmental Services Company 

Aquatic Toxicology Laboratory 

Sample 
Numbers: 

7-Day Chronic Mysid Shrimp (Mysidopsis bahia} 

Survival, Growth, and Fecun~i~ v ·r~st 

Job Code Number: .3COf~Le - 2COJ./6/ 

Test Dates: .L;Iow·ll..sd.:l~·o~o ____ Through \C· 19· oc 

Test Times: ..!..!110~0~0::___ ____ Through _l:..::to~O::..:C:::...' __ _ 

JoaYY<P. Jool.JLJl-
' 

Results Checked By: [] _____ _ 
, .. 

Joo Yl.Jt. 1oo'-149 
) 

[] ____ _ 
n. _____ _ 

Study Director: _____ _ 



~· 

.. 

The SeaCrest Group Job Code No..300?ifk- 3<XJ'/O/ 

TEST CONDITIONS 

Organism/Age Mysidopsis bahia No. of Reps 8 
7 Days 

Dilutjon Water Number of 5 
Organisms/Replicate 

Temperature 26-27°C TypeNolume of HDPE/250ml 
Test Chamber 

Test Accept. > 80% Surv. Feeding 3 Times 

criteria > .20mg Growth Daily 

SAMPLING/DILUTION DOCUMENTATION 

I Sample Numbers/ Dates l 

r 
Set# 1 

I 
Set# 2 I 

Set# 3 

I 
Set #4 

I 
{ Dilutions I 

Concentrations Volume Volume Total Volume 
[ } Test Solution Dilution Water ( ) 

I OD 
0/o \~D ML ~ I-YO f"'I.-L 

l 

I Totals I I I I 
RANDOMIZATION 

Organism Batch No. Date Analyst 



Job Code#: 
' I 

Mysid Shrimp Survival, Growth, and Fecundity Test 

Daily Record of Test Conditions 

D.O. (mg!l) 

Day 0 1 2 3 4 5 6 7 

Initial/Final I I F I F I F I F I F I F F 

Control s.¥ Co-4 if-. I s.o s.'1 S.l $.(:. .:;~' 5:7 5~ 5.'7 Co-~ ko-~ s·. I 

JODLJYCo (o.O s.c; t-3 S.l (o.y '+.~ 6. s '-fct (,. '- 5.o 5'<:.' S·'1 ~ s.o . ' 

.3 a o Y LJ7- eo. Ll 4lo ~-i- M-1 <o.l '+.7 c.. ( 4 r~' G o 5.1 '-8 s-. I ~-Cc> S"·2 

JOOL{l.Jfs i-~ .J.3 (o.~ ~-y (o.\ 4.s {; .0 -t7 6.1 5.1 7.1 S·~ (.,.~ s. i-
d00 yy ~ 0-1- s.;. (o.fO s.s to.O 5,\ 5.~ ·"5. 7. S.i 5.b ~-7 J'.j. Co .C; Co·)_ 

i05<4U 

..?coYSD ¥·1- S'-1 &;.S" S·\ t--~ s.o G.$' S.i (, . .., ~.!. 7:~ s-~ (o-~ ~{./ 

Joo YS'I (o.':l. r:'l.. S·'i ~-0 (.,.?. S,o 5.7 5: .I G.o 5."1' '5.~ s-- \ .J--=t (9·:;,!. 

I Meter No. IWI~ 1~11 d-1~ II z IL II ~ I L I[ 7- I 2 11 dl~ IQJ 

l pH (Initial) I 
Day 0 1 2 3 4 5 6 7 

Control ~-0 -=~x "&·0 t· ~ 1-=t. q ?.~Js S.c 
-~; ~.- 7 ~ qoj 

'-'· ~.'3 R·'lj f.~ ~-0 

..]OOYI..j(:, +.~ T·n.z + .q /-::; .f: <,~, cj7 k -;~/If t:> 
'· C· 7. "1/?.Cj 1Kf7f.a -::t·J-" 

Joo LfYl- l-. 3 h.i /1-11 R·~/1-11 7.~;7 .. -.:, 
--; / ~ / ·;; '7.'/5;'7.'5 1-·'1-/1-S i· +-

~oo LrLJJ- 1--3 1--8/t-.4 tt· b'f 1-s 7.'7 /7.6 7
· v 7." 7 I 

~ 17-5 1-%1-=1-Co 1--\{ 

Jo0 L'L' cr 1-1 i-8" ft.-4 --f. "r /-:r 4 7 . .c-1/7.s T?h; 7.Ss/7<; l--'Y /+s 1.1 
'J C::o ltSD 11---3 1·9/7- .s 1-<1"/t.L! 7· '6/7.S 7 ~~ 71-J. 7.fs/J.) 1·Yj}.S l-~ 
JC>D L/ :J) 1-o r·0/1-1 1-·~/1-4 ']. '6/7.S '7.'!/7 ...... ?.<t./7.5 1·1/l-S" +-~ 

I Meter No. IGJ~I Cv II 7 II '7 II 7 I 
/ 

(o lo 



Job Code#: 

Mysid Shrimp Survival, Growth, and Fecundity Test 

Daily Record of Test Conditions 

I Temperature (°C) (Initial) I 
Day 0 1 2 3 4 5 6 7 

Control :)(0_,.,1 ').~·')./'J 
:x.,.3 

~S-4/ 
J(,.l.. 2S:l /2<+4- "!.S.bh_'+ (. .z.'f:7 /~..,. '6 J.~.shs.rc ~S-9 

'7()rY4G-:, J(o S :rt-~ .9 ~G:>. 
;;r....s-frif-D 2'5.<>;{;.1 ·z-:, '+/,_ 

2.<::..r> "'5 'f' /z • · zs.~, ::&-O~Lj.~ ~.I 

.I on Ltt.; 7 I% .o ~-'!: :>s-1- ';J~-'lj;.~. s- zs.~ 
2S I Z."-.1 h ... , ..... J.s'.l/ "2$. ...,. J~-cy.l), 

.0 ;;;. r· 7-

5oo Lfl.fJ- ~(p. \ ).SS/-::>S-'1 ~0·'/l~· \ 'Z<t. ~ I 
h&• 2'+ X zc... -z •J..-i.~., 

.... :L 'Qs.t:YJ.s.o ~ (o. :;:; 

300'-fL(q d (9. l )t-.cj,;;~.Cj ~Co • .) J.J.<&.. "). :t. S.~:~~z~ z::;,.t 
"2.'+'1 I, ., 

I~....,,. :> '2-f q /-z.s.o 'J_e;.,.. /Js.) ;)(;. 7 
JDO'-( 56 ~-3 ~:r-;Jfo.~ ~·!>}?.~·\ 2'"f.x 

'ZS.I 
z-r.h 

z-; I "2--.> -~h • - -:!"' .") 
~(p.(oh 

').S.O ;)s-.::z 

3o6 Ltsl ~s-1 ~3~ .(Q 'J.s·"t/ ;n.CJ.. '2'"+·% .f!f 
2'1. 7h 

7-t <i 
"Z':i.l/. 

"Z"'.fs" 2f.r>-.:S /~. :;)~.1-

I Meter No. 1[2][2]1 2 1[2]1 7 II 7 I J d-. 

I Salinity (ppt) (Initial} I 
Day 0 1 2 3 4 5 6 7 

Control J.s- :;:,s '2.5' 
e~~o 

3) o tHL.J<:, dt; ~ 'dS 2.G:o 

JODL(Lf""f ll- :}(p zg 

~'? ()O I_( L( R. "lt; ;).3 "Z' 
'1)' ' 

Joo Lf 4 ~ d-'-1 Z(; 

SODYS() <J..r' d~ 27 

d.~ 
E"('uP o,Y :JDOL{S} ~ '2'5' 

I Meter No. IUJ I CJCJI I ICJD 

Day 0 1 ~5Ebkl Initials 0{3 ~-13 



~Ul· ~~ 
c.-~ ~ G-=t- C...llo C.. 3a j '-"'l..'.)•-4; \~iuC.. ~ 
~:f- B..~ ~~ U' ~ 

L4 (0.0( (o.al (6.0[ (o.ol (o.<ll (o.o/ 

!~HI~ < l·c (/.0 (J.(l < 1.<5 < /.<J ( /. (J 

@~· 13 
~ ~3 aJl-' aJt J1 

(J,,_ ( o .o I (a.ol <a.al (<l.O] <o. at ((1.<\l 

tJ~~ < Lo <l.o <I.e <}.0 <I. o < /.0 

~· )~ 3;.. ~ Ot't -:q If 

ct;.- {a.oJ (c. oJ (a .dl (o.o/ (o. d/ (a.oJ 

~~.3 <J.o (].0 {J.o (J. <J <J.a (/.o 



.------- ~-------------------- ----

APPENDIX 3. Mysidopsis bahia Surival 
and Sex Determinations 



Job Code#: 36f-j1;~·:;~·--·- .. --;~;;;-~t~~~~~:;:;ime: lO·I;J·QO /_ j/.a:CC 
II 

~ 'if Test storoatemme: I¢-!'}-~ /I# :ct 

IL II -' 
Number Alive I 

I I 
I 

Day Fem. Fem. 

~one: Rep. I I I I I I I with no Males lmmatu· 

No. 0 1 2 3 4 5 6 7 eggs eggs 

Control A S" ~ s r; s s s s- ] 4 
B s s s- .:; ":i 5" s ~ l I ::<, -

c s- .J S' s 5 z; s s ') ,( 

D ;:::- s y a-t 'f '+ ~ ~ 4 
E s· s ..s- 5 .:::. -:;: \)"" S' .s-

I ~ 
F 

II 
~ 

I 
s-

I 
s 

I 
5 

I 
S' 

I 
5 

! ~ I 
-S 

~ 
j 

I I 
'7 

I G ;s 0 s- r: s 5 .s:- I ~ 
.) 

I 

H s 5"' s s s s .s- d.. ;:) 

-----
Cone: A s,- s ~-- s '5 '5 .s- ,, r 

IDO 
0 /o 8 0- ,<:;"' r 5 5 s;- s- ~- (? ~ 

c ~- 0 s "" s ~ s- 0 \] 1 I 

D ,I) s s- S' c::- c:: s- 0 I '-1 
3 00 LJ l-j (p 

.,) 

E s ,) s ~ s 5" 0 --~ :) ':) J 

fu F r S" s 5 5 s r .5) I I "'\ 
G 0-

II II 'I I~ I~ 
! ~ 

I 
£' 

I 
5' 

I 
0-

I ~ It 'z::: I I I 
:r 

H s '5 s s .:{ I f 

Cone: A ,\ ); \S"" 5 ..:; S' s- ~__\ I y 

/00 °/o 8 0 ~- s .:; ' S' 0 S" I 9 
c ~ .) s- c:: .::; < s- s I I 

'"' .J 

D S' s 5:: S" s 0 I 
....., 

:2 s .:::. o/ 

JOoYY f- E s- s- ,I\ s 5 s s- ;) l? S' 

vR_. F s s- s c::: s '5 s ~ I ~ ... 
G s- s ~ c '5 5 S" 0 I 4 

H s s 5 s ':) 5 ~ s- d- \....? 

Cone: A ,\ ~ 1.] 5 s 5 .s- s- ::4 ~ 

/00 °/o 8 '~ .s- ~ If '+ -t ~ ~ I 3 

c ' s ~ .5 5 S' s- s ':2 ~ 

~,)oYY<f D 0 s s s r;.~g~ 
5 ~ s ,:), J } .-. 

E s s s 5 c; s; .s- s- I I 3 

0C F s s s ~ 5 t::: Lj Lj ;t ~ .... 

G s S' s 5 5" ~ s;-- c I -;;2 '.:)_ 

H s l1 ~ '1 ~ -+ LJ y I 3 



IVIYSIC ;:,nrtlll~ .:lUI VIVOI "'""" I wO..UIIUILY I oc:;;,L UOLO 

' 

' . Job Code#: 

II II Number Alive I 

I ~ ~ 
Day 

I 
Fem. Fem. 

Rep. I I I I I I I with no Males lmmatu 

No. 0 1 2 3 4 5 6 7 eggs eggs 

Cone: A r_ 0 -s- S' 5 "5 .r e<:- Tt 
-,t> i-f I d- l 

I OD 0/c B s- s ,- s S" 5 J ~tx s s--
IJ 

c s s- ,) s 5 s S' ...) ~ -3 

0 S". s- s- 5 s- .::: s s d-. I ?. 

..70D 1..p; 9 E .\ s s c;;; S" c:: s s / Lr' 

F s- .s- S" 5 $ c. s s r 
c-:r G s s s 5 5 c::: s s C) :s 

H s 3 :5" :; £ 5 s s :2 0 

Cone: A \ ~- s ~ ..;- 5' ~ s I 7' 

I 00°/o B s s- y '+ '+ + y ~ :) ). 

c s- 5 s c: 5 ~ ~ s- 1 ;s 
-' 

D .\ ) s 5 5 ~ _'1 Ll j ~ 

JOOYSD E s- s s- <::; S" 5 s .~ ::? ':t 

C-1& 
F s s 0- s .:::;- .:: ~ s I d '1.. 

G 0 s .s 5 5 s s I Lt c; 

H -S 5 s 5 s 5 s .s I Lt 

Cone: s 
B S ~ S s I 
c s- s- s 5 

D ) 3 
E Sss-ss 5S 

Dav/Time 
10/ll lOit 0 to/1 y '"/,c. IOJ, f., 10~7 I o /1 ~ lu! \ '\ lo!Jer ~~/1 q I (!,/I '1 /fl/ (~ 

Initials ~ .S.t> 0() 0+ bA- ~ J,~ ~.G JD Jl2 !JL Sf.:. 



APPENDIX 4. Mysidopsis bahia Growth Determinations 



Weight Data for Mysid Shrimp Growth \~I 
' 

Job Code#: 300J±lt2.o - 300 fS I Drying Date/Time: From: lc·J~·oc 

Drying Temp. (°C): To: 

Analyst: Weighing Date/Time: 

Mean Dry 
Gross Dry Cone: Rep Tare Wgt. No. of Wgt. of Remarks _ 

(mg) Wgt. (mg) animals animal (mg) 

Control I I ~-.s-1 I+-Lt4 ,,- 0 . .3 9 
';)_ \ y .n I 1-s-.(c.S s D.,~-:2 

~fr.l!¥ 3 11-~d IL..\.{o?f s o .s~ ln :t 
Ll 1~. 0'7- 13.5$'&' .:'~ K2"4 1"\. I ~~.~.l) ~~~--&~'""(6~ !)J~ • 

II /d. IJ.iS .. ,\ n.'-t I -~ 

(o ,3. ~d.. 1'-t.8s- ~- D-3 .. < 
7- ~. ~:;.. \l.~t- ~- r.. s ::l. O.l-t~ ~ 

r to. cro ts. l tn ,r- 0·£-,s- x =- ().)14 tr:£ 

r I;:,. ()'1 IY·t--6 s 0 . .53 
;) I D· rX 1~.9W s '). 4 \ 
J ro.J'-:J- 11. q3 ·S'" ().~1 

JooYYCo 
y 13.0"1 I(,., · 8" 9 ... r . o. f-{fl 

j I d. St I s.o '1 s {). y q 
/v Co 10'. (v I 11-.14 ..) {}. l-l 

"1 1_1-i. LJ Lj ~~.'js- ) ("J. s () 
'( j;),£1G, !W. f,., I :) (i.y:] x ~ o. '5i9 W4--

J 1 l. rd. 13. 5(0 ,, n.Yto 
;j_ I() 11 13.L.f1- \l 0· S4 
3 I\. c..,S' l.s.o8' s- ().{oq 

JooY LJ1-
~ lo. :~ r ti.,').r ,\ (). 7-Cf 
s- 10 Lj_S" 1 s-0'1 0 0. ·S' :l 

crt & ll 3:\ \S·.S &; .... ,-- ('\·b-Lf 

7- ILCoY lY-3:2. ,, 0· J4 
'6 13. K(v \ (o. I~ ,) f\.LJ(o x '-duO M1Y 

I IS' -Is- 1+'4X' ~ ..... 0• ~1- uf'llltl 
.. 

~ \~' 9 + J 1.4 "1- ~~ H ~'1 A Q .'"'-. ~cr:>P.. o.'!O L.: 

J 1 r. oCt; ~l-31- ,\ o. {('((' 

JCOY l16 Lf IS 34 \q .-.1'1 ) 0. £-.s-

.) I 't\, ~D ')\ llt \ Cl·Yt- cE~td11cc c_,s 0 \1-. S3 ') ~ .(,.. :2.. ~~ k R"Lf A-"">- _,. ' I I 0~ 
,T-::./. I· d_ r- CD~!> 1 • 

+ ::::lO.(o(o :l'3·:;)1 .s- o.s I "~ i(ff_, tl/9/a(J 
8' d. l. 30 ~y. Cj s ~~ r: Yr Z'u. ...... ..., ..., ' ' 6 -q-· 

.::13 -""' - r:.,_.>... c f .)f) , :. 



Weight Data for Mysid Shrimp Growth 

Job Code#: 

Gross Dry No. of 
Mean Dry 

Remarks Cone: Rep Tare Wgt. Wgt. of 
(mg) Wgt. (mg) animals animal {mg) 6.~ ee-~ Jl} 

I It-. 9 I J.Q.J-''J. ~~ ;..r~ll 9·~~ 
_ .... __..,._ 

~I'J .. c c .H:! 

)_ I'<. \ 0 ';:) l . {) (0 s 0 .s-9 
3 IS. g 8 ') \. y 3 s I . I l -

2> oo'-t y cr ~ I&. 3 G, ~~.0'1 . s"' (). 1-S .. 

~-:;.. ) I k. 1-3 ~o.¥"o s l1.S .. J 
(p lt.<?'d. ..)l..;.-:21- s L :1 q 

1- ll-. 91- ;:). 3. :H.!) ·S"' L o<o 
0 \~.CoO ;::;)o. 4 2> .:s- o. 7--~ "i_ = (J. <g ~ MO. 

I ~D-l s- '"J3·4 i s· (). ~ \)"' •• 1 .. 1-.. 
2 l9.0Y :} y. ~- '3 .;"E\.1).-f 4 I OLi ~I;"· ''! ·~~ I.~ 

J r1 ......., ,~. v c r SD • 

_} I~. 9 1- ") :J 4 .s· .\- o. 1-() ... ~ ~<tl!. ,,jqfoo 
~ 1+. Lt l? 1'1. q::; ~~ 4J..t% I r". "' I \ I ( E>j~ (} • J-f 1: • 

]OOLISO J dO. 39 :::> t- . ' '&" \__\ I 3~ 

C,l"' (o I i-. l-1 <? f'1. i- I ~-- (\. 4-S"" 
r- !(.,. 3 + 18'. I 0 .s- (}. 3~ 

~ I ~.3 o ~o. s 1 S' ~· 40 X= 0 .. 3-Cf -~ 
I I<(. I 0 Jo. '13 .r 0. S'?-- 1.. 

~ I~.~ 1 ~ ~- ·ec q 0- ('"'. 1-Cn 
.] )O.)~ ~LS. Cf Ef -S (\. f-,) 

Lf I Cn S)( Ur. "1-o ~ r:.y :2. -
JooL-fsl ) I 1-. Ll 0 \<=\.oS: ..r- 0· J-J 

~53 &> I~. o I ']() . ..:l D ,<.;- (). Lf 4 
l l~. 30 1¥f· :3S s (\• 4 0 
<t l't.~o \ 'lD'1 .j - (). 3(c X :: 0. ~0 ·rn~ 

c:J '· ..r <c 3 0 .0 15 \ s- \. 1-0 
Fro ~e~ ,.,~,:nCi 
f'rc ~"' IC·I3·C.C 



APPENDIX 5. Cyprinodon variegatus (Sheepshead minnow) Test Sheets 



( 

( 

1. EXPOSURE CHAMBER 

Total Capacity: 
Test Solution Volume: 

I~ 
oc_(l_~_o_o ml ~~~ J4'loj~ 

Test Solution Surface Area: 
Water Depth (constant): 

(cyclic): 

2. FEEDING SCHEDULE 

Not Fed: 
Fed Daily: WcJay 
Fed Irregularly: 

(Describe): 
Food Used: <24hr. Artemia 

3. AERATION 

None: 
Slow: (Bubbles or mllmin) 
Moderate . ..:..: ___ (Bubbles or ml/min) 
Vigorous: (Bubbles or ml/min) 

em ---em ---
to em 

From: AM/PM; ________ ! ___ (Date) 
To: AM/PM; I (Date) 

4. SCREENED ANIMAL ENCLOSURES 

Not Used';.:_: __ _ 
Used: em Diameter 

5. CONDITION/APPEARANCE of surviving organisms at end of test: (I.e., alive 
but immobile; loss of orientation; erratic movement; etc.) s'"' r v .- v ,,.... 'j e 

11 
....... 1·s. ..... r 

<A~s:..-.::. \.,ea...\.lJ...j. 

6. Comments: 



--~--------------------

The SeaCrest Group Fathead Minnow ChroPic Benchsheet Form: 038 Effective: May, ·1997 

Lab Number: 300"1-"16- ~51 

Site: -
IWC%· -

T ·'· Number. ;.1/A-

~ ·•· Date· !ol!t/oo c: ..... ,.; ... ~ Jnfo1 . • JfBS ?:;: II f}1 CXJI m I r <I ol) 
Dilution Water: SA!.T f.i 0 (2S:/.a) o0-07 

Test~· .. /o/t '2/"() 16/J() Test EnaeCJ • /0/1'71 l':u'J t I. OcJ , 
SAL. Test Conditions· 

Cone Test Day o 1 ~ Dav 1 Day 2 Day 3 Day4 Day 5 Oav6 Oay7 ~ 

C-.5 DO (p.~ 5"-<fl(p,( 1~'6"16.a.S.6lf#.O 5."'2-I.S.B ~.1.1,,'115,21"1".1 S"-7 2-'f 

[c.m.u. Do ., . ..., 'i-7 ~~7 s.1 ' .o lo:'l '"·<i o.' tss cf,g 1s.e .5.'1 ~~.l.f s-~ z.s 
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Form: 037 Effective: May, 1997 

' The SeaCrest Group Fathead Minnow Acute Benchsheet 
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****************************** Version 2.5 ****************************** 

Results calculated using the Summary Method. 

************************************************************************** 

sponsor • CDR . 
Species . MYSIDOPSIS BAHIA . 
study Number . 300445-300451 . 
Dates of test • 10/15/00 to 10/19/00 • 
Test Material . COS04 • 
concentration units . PPB . 
Report run by • KAC . 
Date of report . 11-13-2000 . 

************************************************************************** 
REF TOX 

************************************************************************** 

concentration Number Number Percent 
( PPB ) Exposed Dead Dead 

------------- ------- ------ ------
250.0 10 10 100.0 
125.0 10 10 100.0 
62.5 10 10 100.0 
31.3 10 0 o.o 
15.6 10 0 o.o 

Control 10 0 o.o 

************************************************************************** 

95% confidence Limits 
Method w LC50 Lower Upper Slope 

Binomial ~ 31.25 62.50 --N/A--
Moving Average * ****** ****** --N/A--
Probit ****** ****** ****** o.oo 
Logit 49.60 25.08 83.46 5.87 

--------------------------------------------------------------------------
Note -- In order to produce this summary report, no warning or diag

nostic messages were given (if any occurred). An asterisk 
appearing next to the method indicates that there was a 
warning associated with the corresponding method. You should 
run the full report for this method to determine the problem. 
This report is intended for informational purposes only. 

****************************** End Of Report ***************************** 



Form: 037 Effective: May, 1997 

The SeaCrest Group Fathead Minnow Acute Benc~:sheet 
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Appendix 7. Test Animal History Forms 



1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 

ORGANISM HISTORY 

DATE: 10/11/00 

SPECIES: Mysidopsis bahia 

AGE: 

LIFE STAGE: Juvenile 

HATCH DATE: 1015100 

BEGAN FEEDING: Immediately 

FOOD: Artemia 

Water Chemistry Record: Mean 

TEMPERATURE: 

SALINITY /CONDUCTIVITY: 24ppt 

TOTAL HARDNESS (as CaC03): 

TOTAL ALKALINITY (as CaC03): 135 mg!l 

pH: 

Comments: 

Facility Supervisor 

Toll Free: 800/331-5916 
Tel: 970/484-5091 Fax:970/484-2514 

/JJtTl~-

le"Mf'. ~ 12-o. -23.'1 1.</ 7.( 

0~--i -lr~\ 
~n.~ 

Range 

Aquatic BioSystems, Inc • Quality Research Organisms 



~ L \ ' 

1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 

Toll Free: 800/331-5916 
Tel: 970/484-5091 Fax:970/484-2514 

ORGANISM HISTORY 

DATE: 10111/00 

/AI! 111M-

SPECIES: Cyprinodon variegatus 1eM?. Bt D.o. 
AGE: N/A ;;.;-,j 8.) //).j -

LIFE STAGE: Embryo 
~.0 

HATCH DATE: I 0/1 1/00 A~~ 
pee~ 

BEGAN FEEDING: NIA 

FOOD: !A 

Water Chemistry Record: Mean Range 

TEMPERATimE: ------~2~
0

~----------------~-------

SALINITY /CONDUCTIVITY: -----,--=..!26.!..<p~p~..~...t ----------------~-------

TOTAL HARDNESS (as CaC03): 

TOTAL ;\LKALINITY (as CaC03): 160 mg/1 

pH: 4 

Comments: 

Facility Supervisor 

. Aquatic BioSystems, Inc • Quality Research Organisms 
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The SeaCrest Group 

RESULTS OF CHRONIC SEDIMENT TESTS CONDUCTED 
ON SAMPLES FROM THE LCP PROJECT 

Submitted to: 

Mr. Curt Rose 
CDR Environmental Specialists 

171 Cays Drive 
Naples, Florida 34114 

Submitted by:. 

, The SeaCrest Group 
1341 Cannon Street 

Louisville, Colorado 80027 
303-661-9324 

March 13, 2001 



--------------------

The /eaCre1t Group ................ ..,.,...,.~,....... 
An Environmental Services Company 

March 16, 2001 

· Mr. Curt Rose 
CDR Environmental Specialists 
171 Cay Drive 
Naples, Florida 34114 

Dear Curt: 

Please find enclosed the report for the chronic aquatic sediment tests performed on eleven 
sediment samples using the marine benthic amphipod Leptocheirus plumulosus. I am providing 
you with the Materials, Methods, and Procedures write-up for the tests, as we discussed. I have 
included a brief written summary of the sediment test results. All the raw data for the tests is 
included in the Appendices. 

I apologize that we could not obtain successful test results with the remaining five sediment 
samples. The first six sediments appeared to provide little difficulty. However it seems that the 
longer the test sediments were held, the worse survival results were obtained. This included the 
South Boulder Reservoir control sediment that was held under the same conditions as the test 
sediments throughout the holding time. 

It's possible that any organic matertal in the sediments changed during the holding time and 
therefore less nutrition was provided. Although the test organisms were fed food recommended 
by the culturing facility from which they were purchased, the food available was not the diet 
recommended in the Chesapeake Bay test guidelines. The live algal cells they recommend were 
not available to our facility. This probably contributed to the testing difficulties. I have included 
all test results for the three groups of tests that were run. Hopefully information can be 

The test organisms were tested in reference toxicant tests with copper sulfate. All three batches 
of amphipods produced LC50 concentrations that were within 23 ug/L (ppb) of each other. These 
are very similar results and should indicate that all three batches of animals were comparable in 
health and testability. 

Please call if you have any questions. 

Sincerely, 

K~~-L'~ 
Laboratory Manager 

enclosures: Report, Invoice 

1341 Cannon Street • Louisville. Colorado 80027 • 303-661-9324 • Fax 303-661-9325 



CDR Environmental Specialists SeaCrest Project Numbers: 300459-300469 

INTRODUCTION 

Sediment contamination is an environmental issue that can have widespread effects on 
aquatic systems. The sediment may serve as a reservoir for numerous contaminants that can 
detrimentally affect an aquatic ecosystem. However not all substances found and measured in 
sediments are bioavailable. Therefore tests conducted with aquatic organisms that utilize the 
sediment for feeding and/or protection provide information on the ability of the sediment to 
adverseiy affect the aquatic community. 

MATERIALS AND METHODS 

Sample Collection 
Grab samples of sediment from eleven sites were collected into clean, plastic containers 

from October 16 to October 19, 2000. The samples were chilled and shipped in coolers ~n CbR 
October 19, 2000 for overnight delivery to the Sea Crest lab, where they arrived at 1 0:~ OR -
October 20, 2000. At the lab the sediment samples were refrigerated at 4°C between uses. The 
Chain of Custody forms documenting sample collection and transfer times are included in 
Appendix 1. 

Dilution Water 
A 20 part~per-thousand (0

/ 00) artificial saltwater (Forty FathomsR sea salt) was used as the 
overlying water for the sediment tests. This water was created .and aerated for a minimum of 48 
hours before being adjusted to test temperature and used for the daily water change-outs. 

Test Organisms 
The chronic tests were conducted with a benthic estuarine invertebrate, the amphipod 

Leptocheirus plumu/osus. The amphipods started in the chronic test should be approximately one 
day old. However it was not possible to get an exact age from the test organism supplier. The 
amphipods used in the present tests were between one and three days old at the start of the test, 
according to the "Organism History" information supplied with the animals. The supplier provided 
this as the closest grouping of age they could achieve. The Organism History records are 
supplied in Appendix 2. 

The Leptocheirus were tested in reference toxicant tests using copper sulfate (CuS04) 

to measure health and test acceptability. The LCSO concentrations achieved for the three 
reference toxicant tests conducted with the Leptocheirus were 54.4 ug/L, 31.0 ug/L, and 49.1 ug/L 
copper. 

Test Procedures 
The 28-day chronic tests followed the procedures outlined in the December, 1992 

publication of the Chesapeake Bay Program guidelines for "Development of a Chronic Sediment 
Toxicity Test for Marine Benthic Amphipods" (CBP/TRS 89/93). 

The SeaCrest Group 2 



CDR Environmental Specialists SeaCrest Project Numbers: 300459-300469 

In preparation the sediments did not require sieving but were thoroughly stirred and all 
large particles (i.e. branches, stones) were removed manually. Each sediment was visually 
inspected for indigenous organisms, none were observed. The control sediment, the 
experimental {field) control sediments, and the test sediments were treated and tested in the 
same way. 

The test containers were 1 liter glass jars to which 175 ml of the homogenized sediment 
was added. Then 725 mis of 20°/00 saltwater were poured over the sediment. The sediments 
were tested at the 100% concentration only, no dilution series was used. Five replicates were 
used for each sediment sample. A "performance control" sediment set was run in addition to the 
test sediments. The control was a clean, uncontaminated sediment obtained from Boulder 
Reservoir and consisting of organic material and sand. One "experimental" (field) sediment, 
collected from an area thought to be clean near the site of the test sediment collection, was 
tested with each batch of sediments. 

The first set of chronic Leptocheirus tests was started on October 25, 2000 and ran for 
28 days, ending on November 22, 2000. One of the experimental control sediments (TC) and five 
of the test sediments (MG-87, MG-D9, MG-H7, MG-1<7, and MG-N2) were run at this time, along 
with the performance control sediment. The second set of tests were run with the remaining four 
test sediments (C-5, C-7, C-16, AND C-33), the other experimental control sediment (CR), and 
the performance control sediment. These tests were started on December 13, 2000 and ended 
28 days later on January 10, 2001. When these tests did not achieve a satisfactory control 
survival, the sediments were rerun in a third test starting on February 1, 2001 and ending 28 days 
later on March 1, 2001. 

During all the tests the water over the sediments was changed once a day. One test 
container of each sediment was monitored every other day for temperature, dissolved oxygen, 
and pH, before the water change. Artificial saltwater used for the change-outs was held in the 
incubator at test temperature prior to use. Multiple 40-gallon batches of 20°/00 saltwater were 
made during the chronic tests. The data sheet documenting the batch preparations and water 
quality checks is located in Appendix 3. 

The test chambers were fed 1 ml of flake fish food slurry solution ( 4 grams of flake food 
blended into 1 liter of deionized water) three times a week. Observations of mortality and/or 
behavior effects were made and recorded at each water change-out. 

The water over each sediment sample was measured for pH, salinity, alkalinity, 
conductivity, and ammonia at the beginning and at the end of the 28-day tests. The data sheets 
containing the readings of temperature, dissolved oxygen, and pH; and the water quality 
readings taken at the beginning and end of the test; are located in Appendices 4. 5. and 6 (for test 
sets 1, 2, and 3). The tests were held at a temperature of 25 :t 1°C in an incubator with a 
programmed day cycle of 16 hours light and 8 hours dark. The daily tempera re readings and 
monthly light intensity readings for the incubator are located in Appendix 7. The temperature 
readings for the incubator were higher than those recorded in the tests·thems lves (as seen on 

The SeaCrest Group 
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CDR Environmental Specialists SeaCrest Project Numbers: 300459-300469 

the test data sheets), however the incubator readings show consistency in the temperature that 
was maintained. 

Dissolved oxygen levels were maintained by aerating all replicates of each sediment test 
throughout the test study, as suggested in the Chesapeake Bay test instructions. 

Test Termination 
The sediment tests were terminated at 28 days. Water was pulled from each replicate of 

one sediment test and composited for final water quality readings. Then the water was poured 
from each replicate into a clean plastic pan and searched thoroughly for live animals. The 
sediment was then added to the pans and thoroughly searched also. Diligent effort was made 
to account for every test organism, either by retrieving them live or finding a body. After the live 
search, each replicate sediment was returned to the jar and saltwater solution containing rose 
bengal was added. The sediment was stirred to insure that the rose bengal stain contacted any 
organisms that were present The next day (approximately 24 hours later) these sediments were 
again inspected and any remaining organisms were removed. 

On the same day as the live pick, all adults pulled from the sediments were sexed using 
a dissecting microscope. The adults were euthanized following sexing and dried for 24 hours in 
a drying oven at approximately 95°C. The dried animals were cooled and weighed the next day. 
The data sheets containing the dry weight determinations and the number of surviving 
Leptocheirus per replicate are located in 6ppendices 8. 9. and 10 (for test sets 1, 2, and 3). 

The daily observation sheets, which also contain the number of adults and juveniles 
counted in each replicate at test termination, are located in Appendices 11. 12. and 13 (for test 
sets 1, 2, and 3). 

The SeaCrest Group 
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RESULTS 

The first Leptocheirus chronic tests achieved acceptable performance control survival, 
although not as high as the 80% survival that the Chesapeake Bay study suggested could be 
achieved. Table 1 provides a summary of the first set of test results for tests performed on 
samples TC, MG-87, MG-09, MG-H7, MG-K7, and MG-N2. Juveniles were found only in the 
performance control (2) and in sample MG-N2 (23). 

Table 1. Results of sediment tests run from October 25 to November 22, 2000. 

Sediment Survival (%) Replicate Replicate Survivor's 
Survival Range Survival Range Average 

low(%) High(%) Weight (mg) 

Performance 
Control 71% 60% 90% 0.54 

TC 
(Experimental 29% 20% 35% 0.82 

Control) 

MG-87 31% 15% 30% 1.11 

MG-09 39% 10% 60% 0.83 

MG-H7 15% 0% 25% 0.96 

MG-K7 0% - - -

MG-N2 49% 25% 65% 0.81 

The SeaCrest Group 5 
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The second set of sediment tests did not achieve acceptable performance control survival. 
Therefore it was requested that these sediment samples be tested again to attempt to obtain 
acceptable results. Table 2 provides a summary of the first set of test results for tests performed 
on samples CR, C-5, C-7, C-16, and C-33. There were juveniles seen in the experimental control 
CR (10) and in sample C-7 (6). 

Table 2. Results of sediment tests run from December 13, 2000 to January 10, 2001. 

Sediment Survival (%) Replicate Replicate Survivor's 
Survival Range Survival Range Average 

Low(%) High(%) Weight (mg) 

Performance 
Control 36% 15% 55% 0.21 

CR 
(Experimental 32% 15% 55% 0.66 

Control) 

C-5 11% 5% 20% 0.23. 

C-7 31% 15% 40% 0.23 

C-16 22% 5% 40% 0.31 

C-33 67% 60% 80% 0.55 

The SeaCrest Group 6 
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The second set of sediments were tested again to attempt to obtain acceptable results. 
These tests showed much lower survival numbers in every sediment sample, including the 

performance control and the experimental control. Table 3 provides a summary of the second 
set of test results for tests performed on samples CR, C-5, C-7, C-16, and C-33. There were no 
juveniles found in these test samples. 

Table 3. Results of sediment tests run from February 1, to March 1, 2001. 

Sediment Survival(%) Replicate Replicate Survivor's 
Survival Range Survival Range Average 

Low(%) High(%) Weight (mg) 

Performance 
Control 0% - -- -

CR 
(Experimental 2% 0 2% 0.09 

Control} 

0% - - -
C-5 

C-7 0% - -- -

C-16 0% -- -- -

C-33 0% -- -- -

The SeaCrest Group 7 
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REFERENCE TOXICANT TEST RESULTS 

The benchsheets for the reference toxicant tests are located in Appendix 14. Each batch 
of amphipods used for the chronic tests were tested in reference toxicant tests with CuS04 (the 
toxicant used at SeaCrest for saltwater organisms) to determine their health and test 
acceptability. The test guidelines recommended allowi_ng the amphipods to obtain an age of at 
least one week before performing the iefeience test, since survival was very low if they were 
removed from sediment before that age. Some of the reference tests were run with reduced 
animals per replicate and/or reduced replicates when the number of animals ordered from the 
supplier did not match the number of animals received. 

The Leptocheirus reference toxicant tests (called reference controls) were conducted on 
the first batch of test organisms from November 2 to November 6, 2000; on the second batch of 
test organisms from December 13 to December 17, 2000;' and on the third batch of test 
organisms from February 12 to February 16, 2001. The test chambers were 30 ml plastic 
beakers containing water and a small piece of NitexR screen placed over the bottom of each 
beaker. The test was a static, non-renewal. The animals were fed 0.1 ml of fish flake slurry on 
days 0 and 2. The test concentrations run were 250, 125, 62.5, 31.25, and 15.63 ug/L copper 
(as CuS04). The LC50 concentrations for the three tests (three different batches of amphipods) 
were, respectively, 54.4 ug/L, 31.0 ug/L, and 49.1 ug/L copper. 

REFERENCES 

APHAIAWWA!WEF. 1998. Standard Methods for the Examination of Water and Wastewater. 
20th Edition. American Public Health Association. 

Hach Company. 1992. Hach Water Analysis Handbook. 2nd Edition. Hach Company, Loveland, 
Colorado. 

Chesapeake Bay Program. December, 1992. "Development of a Chronic Sediment Toxicity Test 
for Marine Benthic Amphipods". CBP!TRS 89/93. 
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APPENDIX 1. Chain of Custody Form 



I 

I 

T.~!/.~9~t~!.'9.~9.'lP Chain of Custody Record Purchase Order Number 
An Environmental Services Camp•nJ 

1341 Cannon Street • Louisville, Colorado 80027 
{enclose with each shipping container) 

303-661-9324 • FAX 303-661-9325 
Project Number (lab use only) 

Client: LC.P Contact: Address: 
Soo'-IS<1 - soaL/£9 Program/Site: Phone: 

Collected by: ~~d ""Rc~ I Acute I Chronic I These fields may be used 

~·;z··z· ~~b ~ ~~ b 

0 .$ 0 .1lJ 
eli 'l~ 1 f .§ ~ .f? fj ~ I# Sample' CZI ~ ~ ~ ·- CZI s 

Date (j 8 (j ~ qJ ,.:::. 0 AM .;-;; Total Total Sample Identification . Type if .t' if .p Tt: r L '\uc. l[..>~ (Effluent, RecelvmJI, Sediment, list other) Sampled T1me (compos<le, graiJI Units Volume 
1 \C.\_c )\S) 1 o-it -ct) IllS &~l.:l v ~l\)1\'tv ~-SIJ~..tl \ 
2 C\l (c. J(~.) JD·/b-cc /b35 v l 
3 C-.5 \.S~ I0··/1-oo Rf.'frr 

~. llfo< ~ooJ v l 
4 c_ ... ) (S) 1 o -!8-cJc Jb/0 v l 
5 L_ ... tb, (S..) 1 t> ~/B-oo 0/0 v l 
6 c. .. :,'!, (~_) Jo-lq-oo 1050 v t 
7 f\.<b-~') (C.)\.~_) ~o-tl:rco /3). . \/ ( 
8 N b.- \J~SL)\ ~;. 1o-t8-oO ISIS f't:l ATl r~ru en v ( 
9 Mb- \4/cc...J,~J 'c -18 -oo }toO~ ..Jl- J - -' 

r't, ,a 1 .. - v ( ' l'U.I . "' ' - ~- ~_r~ 

\ lf-5 ~p SA rttrt r I • 

:.. .... ~( ·ru ~1 ~ I 10 M. (;,--~(/(c.. ..J(~J #0-lb-l)O lo j 

r... II"'""" 
~~ -l~~(C...-:1 ~l_; I o -1~1 -('() 1'-',_;,l(., v v \ Com ents an special esting instructions: 

Relinquished by: _· (t)_.!..._~--=-----b{l,.C..U-_,-=-~-...-
Relinquished by: --------

Next recipient:----------

Representmg: _....:c_=\)'--'-Q~-----
Representing: --------

Relinquished by: --------

,- -
To Whom: t"t0. C=/pv!J 1 

To Whom: -"""T""T?..------

Rec'd by: -"~--"f'"=--'"-----

Date/Time: 

Date/Time: 

Date/Time: ID · 20 .()C) I 03 6 

'"'~rTF r.oPY· Accomoanies samples CANARY COPY: Client 



Appendix 2. Test Organism History Sheets from Supplier 



( 

( 

1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 

ORGANISM HISTORY 

DATE: 10/24/00 

SPECIES: Leptocheirus plumulosus 

AGE: 1-3 da 

LIFE STAGE: Juvenile 

HATCH DATE: Varia!:!!~ 

BEGAN FEEDING: Immediatel;r: 

FOOD: Tetramin!!!! Flake Slu!!Y 

'Water Chemistry Record: Mean 

TEMPERATURE: 25 oc 

SALINITY /CONDUCTIVITY: 18 ppt 

TOTAL HARDNESS (as CaC03): 

TOTAL ALKALINITY (as CaC03): 115 mgll 

pH: 8.38 

Comments: 

Facility Supervisor 

Toll Free: 800/331-5916 
Tel: 970/484-5091 Fax:970/484-2514 

LDO I oa..'-j 

felT!)) p~ :fn;+,.,.._j 

---- \)b· 
3...5:3 ~.~ ~o.:... 

.)....L":~ 
Ar1er 
Qer.:d-i~V) 

f~ 0/oo ~.~ 

Range 

21-26°C 

14-24 ppt 

90-135 mgll 

8.09-8.47 

Aquatic BioSystems, Inc • Quality Research Organisms 



APPENDIX 3. Forty FathomsR Salt Water Batches 
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APPENDIX 4. Daily Temperature and Dissolved Oxygen Readings, 
Other Water Quality Readings for the 

First Five Sediment Samples and One Experimental Control Sediment 
{MG-87, MG-D9, MG-H7, MG-K7, MG-N2, TC) 
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APPENDIX 7. Incubator Daily Temperature Readings 
and Monthly Light Intensity Readings 
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Appendix 8. Number Surviving and Dry Weight Determinations for 
First Five Sediment Samples and One Experimental Control Sediment 

(MG-87, MG-09, MG-H?, MG-K7, MG-N2, TC) 
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Figure 0.10 Weight data sheet. 
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Appendix 11. Daily Comments and Observations for 
First Five Sediment Samples and One Experimental Control Sediment 

(MG-87, MG-09, MG-H7, MG-K7, MG-N2, TC) 



-- -----------

rr============---====~ 

U.S. EPA REGION 

S~llMS 
POOR LEGIBILITY 

PORTIONS OF THIS DOCUMENT 
MAY BE UNREADABLE, DUE TO 

THE QU1t\LITY OF THE 
ORIGINAL 

IV 

*PLEASE CONTACT THE APPROPRIATE RECORDS CENTER TO VIEW THE l\L-\TERIAL 



Study Director 

StudyCode (on-l-ro/ 

Study Name Q C I I ~ I 0~ ' Daily Comment Sheet 

Day 0 Initials s::e? 

Day_~-- lnitials__..~.;,.::a;m; __ 

--------~--•r·--~---

----~-··-~·~-·-~-··---------------------------

Day d.- Initials_&_.__ 

I 

Day 3 lnitialsJC'G 

Oay_---:4-_. __ Initials ~-

B,:e=R...r,-~...~... ·Nr ft(. .. l-f'c:. sm,.:;,r:~~~~~ .....:...' "~'~::.;v~t.:;;.:t.-~s.cr~' ------------------

Figure 0.7 Dally comme~Jt data sheet. 
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·----- ------------------------------------------~~~ Study Director 

Study Code /1 

StudyName, ____ ~L;~~~~~~~~1~--------------------------------------

Daily Comment Sheet 

Day S Oate~-..J.::_-~ 

I,...; 

Day __ {.; __ _ Initials 6f ----
13-+ 3 e; ..... ..:_t:. .. ,.) 

__________ .,._,..... _ _. .... .-.-~-~---· 

-------~---~·~---~~-·--------------------------------------

D 7 ay ____ _ Date __ ,, _____ ,_-_££ 

·rs .. J:: i:..Cf _ ....... . 

Day ____ ').:..~.; __ 
Date_i_• --~-~ Initials -G."t •_,:;::;,;..:... ____ _ 

' Jl) 

Oate_l_l _-___L_-~ 

olo~r...rec:\ 

Agura D.7 Dally comment data sheet. 
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--- -----------------------------------------+\1~ 
Study Dll'ec:tor 

Study Code 

studyN~e· __ ~c~:~~~~~--------------------------------
Dmly Cammsnl Sheer 

Day _ _.I._O=--- Oate_lj_-_!:L . ..Qll_ lmtials~M~-

(?qo, w h dP-' - :seen I o c;. ( c !!{: ~ · 

' 
~-~~-----------------------------------~~-------------~~~~~~------

Day __ ......... __ Oate __ l 1 __ - 5 -~ Initials G+ 

J..t.._ -I.... I"" I 

---------..-r---.. ·---~----· 
------··~·~-·-~-------------------------------------------

Day ___ ,..:2;;__ __ Date __ 11 __ -~-~ 

I 

\3 Day _ __.._...;:;;;. __ 

hofe,:a n 0 ~ s 

D 14 ay_--=----

Figure 0.7 Dally comment data sheet. 
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Study Director 

Study Code 

studyN~e~~c~~~~~~~~-------------------------------

Cally Comment Sheer 

Day _ ___.;.l...;;S;.__ oare_JJ_-_j_ . ...££_ lnilials._s_n_., __ 

e'- (n',f ._) 4ctf'5 · \'eeo 

Day I~ Date.lL-JL- 00 

Day I'} oaw.lL-_1_\ .Do 

Day ~~ Date_IJ_-__!j_-~ 

Figure 0.7 Daily comment data sheet. 
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Study Director 

Study Code 

Study Name· _ _L.t..:;::A!.L~~~~} ------------------

Dally Comment Sheet 

Oay--~::..:..0"'--_ Date_LL-~- 0 () Initials d /J 

Day '2 I Date_I•_-_!.L -__ss:. Initials~~:.:.---

LL-p (r r.rr' ! 

------------~---~-~--------------·-~·?-·-~~·J-----------------------------

2.--;:. Day ____ _ 

f} c.-/ Day_......:....r-__ _ 

/zoo 

Date_,, ___ , E-_-_E:_ 

Oate_f {_.__i!._- 0 ° 
\..c\e!> See'"' Ll\ e,,lt 

Agure 0.7 Daily com.ment da1a sheet. 

132 

lnitials._;;;;W£;;.;"';,..._--

Initials ~ 
rer~. 

' 



Study 011'8Ctor 

Study Code <. on r ro ) 

Study Name·---------------------------------------------------------- ' Da~ly Comment Sheet 
.... -

Day ___ ~_.) ____ _ InitialS 0+ 
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i-1gure 0.7 Dally comment data sheet. 
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. _ ___...-..: ......-;.., 

Study Director 

Study Code 1'(\ (;;, - 13 r 
Study Name l. ~\ y M c ) c.s -.' :. 

Day 0 

,.;, :> Ac\c\ e~ 

Day _ ___:. __ _ 

--------~---··-~~-~--

(?~,s k 
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------,.·~·~-·-L~··-"' ________________________ _ 

Day J___ Date~-_fi:_- oCJ lnitials.MC 
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Day __ ~._:_~._·. __ Date~ ---.::::L -....2.:,:_ Initials (; ... .;. 
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Rgure D.7 Dally comment data sheet. 
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·----- Study Director 

Study Code 

StudyName~~JC~~(~z~-~B~:Y~-------------------------------------

Daily Comment Sheet 

Day __ ,..r.::::...__ __ Initials @;!;-

NO 

6 Day ____ _ fnilials,....;Q,t..;;-~--

--------------r·--~-~---

------.. ·~·~-·-~~··--·-------------------------

Day __ /_,__ __ Data_ll_-__ , _-_9_:2 

r,)L,.t ... 

g Day __ ....;;_ __ Data_l_l _-__:!;__-~ Initials §-

F:Jgure 0.7 Dally ccmment data sheet. 
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Study Direc:lor 

Study Code 

StudyN~e~--~pA~&~~G~=t+-----------------------------------

Daily Comment Sheet 

Day __ --.l;{~Q~- OateJl-_:{. C· (.) Initials 0t1 

Day __ ..:.l.:..l __ Initials G\ •___,;;;.....:... __ 
---------~-_.-r-r . .--~-~--
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Day Ji 
I~ 5S 6,-.,-

Figure D.7 Dally comm•4nt data sheet. 

Initials i'.l\ 

.'').L·t 

-~,..--

.,,_,. ~ ,,.,_ __ 9 

/'eGi 
L 

132 

Initials SB 

I 



--------------------------------~(jt 
Study Director 

Study Code 

Study Name MC:z - tif 

Day _ _..._[ 0,.___ 

Oay _ _.l...,./..o"---

Oa~ly Comment Sheet 

Oate__lL-___j_. D 0 lnitiaJs. ____ S...,;;~;..___ 

Initials <Sl} 

------.. -~.~---~~-·------------------------------

Oay_....;..(t--.:.· __ Oate.J.L-lL- 0 (l 
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Figure 0.7 Dally comment data sheet. 
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Study Director 
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StudyN~e--~p~A~~-~5~~+---------------------------------- ' Daily Comment Sheet 
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Agur'J 0.7 Dally comment data sheet. 
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' Da1ly Comment Sheer 
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Day ____ _ 

Date __ --'---

Figure D.7 DaHy comment data sheet. 
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Study' 

!=ltuc' 

Day __ ..;..c. __ _ 

Day __ ""----

Dally Comment Sheet 

Initials,-&~--

lnitials __ ._.--: .... ~---

-------··"··-·-~,··-----------------------------

Day ;L 

1/rS<J @r, 

3 Day ____ _ 

Day __ LJ--f---

Date_LQ_- ;:J. 06 Initials A c.__ 

Initials 6r~ 

-------------------------------------------------~------------
Agure 0.7 Dally comment da•.a sheet. 
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----------------------------------------~~~3 
Study Director 

Study Code 

Study Name t'YZ - D9 

Day {0 

Dally Comment Sheet 

Oate_jj_-...:l_-~ lnitials._'=U=(J~-

I Y 1.2: 6 t3 l ec+ccNc~0 se ef'-

Day __ ......_ __ Oate_2_-_S_-~ lnitials._t;.\;:....;.. __ _ 

; .... --:-_. .-.... ~ ;:2 ........ .., .~ - ("" 1 • _,-

----------------------~--~--~---

------- ·-···~-0-LL~··-M---------------------------

rz Day _ ___;_;;:_ __ Oate_l,_-_,_~ _--E..2_ 

Day_...._l...;;;;3 __ Initials J{? 

' 
l~J~2~6~Jl~n~~~~lf~~~r~c~r~<~~~a~o~le~.)~r.~e~e~,~n~~~~n~~a~R~t~r~e~1o~~----------------------------------

Day I '-f 

Figure 0.7 Dally comment data sheet. 
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--- ------------------------------------~~t 
Study Director 

Study Code 

StudyName·~,~rA~&~-~1>~~~-------------------------------------

Dally Comment Sheet 

Day _ __,_l .;:;.s-__ Date_lL._j_._QQ_ Initials Sl3 

uos: H} rS -crcL._, hc\e" seen ;o n c..g, ref,>- OJclt~ );RED 1 n C?f'~ 3¢ '1. 
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Day I~ Date __ u_.__!2_· ....:::;:._ Initials r.:i.._ ----
'" 

Day /Cf Date_,,_._,_1_.~ Initials f;-& 

H;z-:. ~~ 

Figure D.7 Dally comment data sheet. 
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Study Director 

Study Code 

StudyN~e-----+11~&~-~~~1------------------------------------

Daily Comment Sheet 

Day __ .....,fl?~O __ Dat~JL-__t:l. DD lni1ials \ffi 

IY3 r \.\a 

Day t. l Initials 6.>1; ·----
/i ~ <; Co\- '14 ·:::-. r§) 
----------------~------~------
------,·-~·T-·-~TU __________________________ _ 

Day _ _..:.;-:.c::..·? ___ _ 

Day W 
f?te<::J 

Day---').--.:..'-{ __ 

Figure D.7 Daily comment data sheet. 
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Study Director 

Study Cede yY) (: - 0 '\ 
SwdyName·----------------------------------------------------------------------------- ' Daily Comment Sheet 
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--------~---··-~~-~--

------~'u"•~-·-~~"-··---------------------------------

Day __ ·z._-; __ _ Date_l_. ___ z_· _-.....£..S.:... Initials---'~"'-'----

IZ-:$.·. Gcio-
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Fl.;~ure D.7 Dally comment data sheet. 
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___..~J - --------------------------------------~~' 
Study Oirec:or 

Study Code M ~ - H 7 

Daily Comment Sheet 

Day __ ..:;;;C..;_l __ 
Initials . ......::~::..:_ __ 

Day_--'-) __ _ Initials 6t-\ •_;;_.;.. __ 

-----,··--·~-·-~-.. ---------------------------

Day ;)_. 

Jl&e, J.J.. :~:{ 
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w. Day ____ _ Initials rit,"<--

Figure 0.7 Dal1f comment data sheeL 
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--------------------------------------------------------~\)-~ 
Study Director 

Study Code 

StudyN~e~~~~&~4H~?~------------------------------------

Daily Comment Sheet 

Day 5 Date~-~-~ lnitials.--.:6..-*=-: __ _ 
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--------~---··--~-~--
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Day J Date 11 - .:!> - ., o 
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Initials t::J~So 

Agure 0.7 Dally ccrament data sheet. 
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Study Director 

Study Code 

StudyNamet __ ~M~r~z~~~~~~-----------------------------------

Daily Comment Sheet 

Day _ _.(._.· 0...::..,_ __ Oate_lL-~ • DO lnitials......;O~tJ.::::;__ 

5 Cf?('··"> 

------------------------------~~~------
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1-.~ .. ~ 

Day \ J Initials (J IJ 

Day_--:...1 :f...__ __ 

Figure 0.7 Dally comment data shr.et. 

132 



-----
Study Director 
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StudyN~e~--~M~Q~7~-~)t~±~---------------------------------

Catly Comment Sheet 
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/o 
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Cay I~ Oate_11 _-__!_!:__ -__:::::_ 
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Day f 1 Date_,_, _-_a_-......::...:: lnttiaJs, ..... r-___~;r---

---------------------------------------------------------« 
Agure 0.7 Dally comment data sheet. 
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--- ----------------------------------------~~~ 
Study Director 

Study Code 

StudyName~--~p&~<;~~~w=f=+~--------------------------------------- ' Daily Comment Sheet 

Day __ ,f.,QQ~Q"-• - DateJ.L-J.!:L-.ffi Initials Sl) 

·-- ------------~..,..._,;:;;;;..__ -~· -~ -=-.;,...._ _________ ~~-

Day 21 

______ ,_ .... ~-·-~~··--·-------------------------

.r- -~ Day __ ~_"-__ Data-L!.-·...J.f;:_ -.££.._ lnitials.-"t?."",zs!.:l.'---

DayJ3 Date-J/--_Li_-~ Initials~ 

Day_..._~_"+-1- Initials ~ 

Qv, ro...., \-..o\e S """\/ t:eq?'? 

Flgure 0.7 Dally comment data sheet. 
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~ .. -' ----------------------------------------~~ 
Study Director 

study code rn (J - H 1-

~dyN~ ' 

Dally Comment Sheet 

Day 25 Date_!j_-_!2_-~ lnttiaJs,..;;-;;..:;r_· __ _ 

i?,u 12r2.c ·--' Hc:-,:..e-; ~L! crJ I /\I the.. ,_·<":-f''::.. 

-------------------~-~ ~-

Day 'Z...b Date __ 11_. __ "2-..,:::_ -....£..!__ lnitlals._i-~;..\..;._ ___ 

•'~:.-o_~ __ ~0.~~~~§~-J~r~R~r~·~J __ _.1-~··~~~·~~-~~-~--7t~i~ ~~-'~P~--~7--~~~--~~~~~,_~-~~-~-----------------

------------------------~~--~---

--------··"·~-·-~~··--·----------------------------------

D ·z7 ay __ .;;....;. __ Date_l/_·...2:!....·~ lninals__;;6;;.l~Zt __ _ 

(~ ' 
Day __ -.=;:..:.~~;__ Date 11 - z .<:.;._-;:.·..;.<"'...::::..c~---+-~ln~iti~al~s~ ~ 

_if~~~~~~~D~r~~~·~N~.;~-~~-~~---~p~~~~~-~~~~---~~~-~~-.~~-~·~~~-~~--~---c~~---~~~-- 1-
;ll 

0 

p 0 0 

---------------~~4--~~s~------+-k~-3~---o-------------~~;:~----
0 f=lS, 

Day ____ _ 
5 
Date __ • ____ _ lnnials. ____ _ 

Rgure D. 7 Daily comment data sheet. 
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Sll.ldy Oirac:tor 

Study Code jY1 ~ - 1'- 7 

Cay_---'0~--

Day __ ..:__ __ 

IC z..:; G.N.. 

Daily Comment Sheet 

lnitials.__..g...,~---

lnitials_~:t __ _ 

----------------~---~-~~------------------------------------------------------------
------··-~·~-·-~~··---------------------------

Day ;;l., Datalg__-_a_ • ...fXL Initials .MC 

.... L~t-!?L~'-"XMt....__,.,l!~/,:.-c;;b:p::r=-fh=c&t...U..iinlli:l..r~s~...:.· ___;;.~~:J:d>c;..::;.ci~J~n.L--o~-ff;:;;..:~~-"-a"!.'';.u..~ ...J,;s~ln~r..L.c.p.~1(..1.b..r.;~~.:...· -----

Cay 3 Initials.@(!_ 

Cay __ '-!-....,· __ lnilials '":* 

Agure D.7 DII•IY comment data sheet. 
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----· 
Study Director 

Study Code 

StudyN~e~1~Mli&~-~Y~:fL--------------------------------------
Daily Comment Sheet 

Day ____ (_s __ Date_l!_-....:1.._- 0 0 Initials .S t1. 

' IQ 

Day Initials <SJ:5 

.... l.._,Y_.y"""'".)__,,,jc$J,.,)3~--/-1J.c.-.Jfrp ±-c cb I rQ~· \..~....>.,lo~..,;..e.~e""""..l-l...' _(~~::":"-c.;;;;;..;;;d-...;-,.f.;..."-;...;L~-'T~e.~f:re..:..o;::.~-J.J.rn.:..:r..:..D~f:..:.=t:-ff---
------,.-,..T_·-~~··--------------...;;.--------------

Day It Date.Jl-_1_, • ..Q.Q. Initials cSn 

lJJc ,_Jfl, bi 1CCC'-y Ac!e.J •L~:S::Q IQ C1if~ ~ l; ] g_..r. 

Day t<6 Date~-~-~ Initials .::..._.; ----
/ ,::_sc. :.~ Air~ LC/p~:.. t:t~l?r '~--'·; s~(..::c...-."'J. 

Day __ ,'--~...:...-__ 
Date_'_1 --~-~ 

c c- f. C<>f:d_ .• ;c-:'\ ~J;.. :..~-:rr::'"AJ @::) 
Initials ifl ------

Figure D. 7 Dally comment data shee•. 
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- - --------------------------------------~-P.~~ 
Study Director 

Study Code (1"1 f.r - K t-

StudyName~---------------------------------------------------------- ' Daily Comment Sheet 
., ·: Day ___ -_-~ __ Initials ,0-i.,-·-------

Day "2.1~ Date_,_, _·_2:.:.....·__££__ lnitials....;;:C2-::, .... ___ _ 

1-lc.-.::> -.cc..~,.-,@ 

--------------~--~~-~---

·----~~--~·~---~~·~-w---------------------------

D "2."7 ay ____ _ Date_1_1 __ -~-~ Jnitials . ...:.(:::.o'_+ ___ _ 

Day Z ~ 

1' 

----~D~a~~~J~~,~---c_c_-__________ ~l~n~iti=al~s._~~/--·~--~--------------
r 7 -p ~ I .._. -·. a ~ l ~ 

' ;_( £-~ .... ~ ''. •C:j . ~'·< ' -~. '' ·' ·""" ;_ C)Q::--,,:-_ .... 

"" j I I ! () - ·- I 0 c ( I 

. 0 - I - c i c -
s 0 - I - : 0 

; 
0 

~ 6 I - I - : 
C· i 0 

() 

Day ____ _ Date_-___ • __ 

Agure 0.7 Dally comment data sheet. 
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SbJcly Director 

SbJcly Code 11 t$ - N 2 

' SbJdy Name "- . ;;:;; _ ... ,, tr '-·-. 

Dally Comment Sheet 

Day __ .:::c __ _ lnitlaJs,~Q.;:,;.\ __ _ 

riiS 

Day_.......:../ __ _ lniaaJs,_:;:b<:A~--
II~') ... _ .. )": .. ) 

________ __,....._.,._r•.ao.-~-~--
------- .. ·-·~-,- ....... r .. __ , _____________________________ _ 

Day._...:::-3=---- Data~ --~-:.f:CL lniaalst/~ 

Day _ ___,f'--- Data_l!:;_-~-...Qi::_ lmllals 6J... 

... , .,J, .. - .t>:er 

Agure 0.7 Dally comment dat~ sheet 
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- ------------------------------------------~~~~ 
Study Direc!or 

Study Code 

stu~N~e~,PAA~~~~~~ua~~~------------------------------------

Day __ 5"---

Day_--"'.._ __ 

Is 2.C> 

Dally Comment Sheet 

Initials ~ --:::;;;...;... __ _ 

------- "" .. ~-·-~~ .. -----------------------------

Day __ 7 __ _ Date_•_·_-_._-~ 

Day_--:~:...._ __ Date_,_, _-..2::._-~ 

Day 1' Date..lL.-.2--~ 

/DD SJ 

Figure 0.7 Daily c:cmmr,nt data sheet. 

I""- s\1 
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Initials ':A 

lnitials....;..;:r::.;;;..·"-__ _ 

lnitlals......,(~=1 ......-
ceP.S. ~ 

l 



~ 

----------------------------------------------~r~ 
Study Director 

SbJdyCode 

SwdyName, __ ~&\~C~~~-~.~cl~~~~-------------------------------------

Daily Comment Sheet 

Day_..J....( () __ Date..Jl_.__J{_. 00 Initials <)lJ 

( Lf T C c5!.3 ({},) C c~ \ .. ftc\E' .S:eeQ ' 1D o,__A£ 

Day ll Date_! 1_.2:_ .--=:.::_ lnitials.___;~;;..A-__ _ 

,·::;.·~c ~~ 
~ 

,::, .. ~ t:..t? .... · ~ '--' :~tO(_..(.:_,.._; -;'C.!--(~ I ,j !A-;_.:_ ;?:_..._r-;:. .. '::,. • 

-------------r·--~-~--

-----~" .... ~-·-~~··-----------------------------

Day __ .:..{2 __ _ Date_1_1 _._£_.~ 

/btC· 

Day._~t.~.~J~- Date.J.L-~- 0 C) Initials SC 

c-.o crew hoi es · 1 e etl r'n a oR a:rs· 

Day _ __._r=f .... · __ _ Date....lL-__E_·~ Initials,....:.:~;;.:··---

f31 :.; (:...>-

Agure D.7 Daily comment data sheet. 
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-----------------------------------------4~+ 
SIUdy Director 

SIUdy Code 

SIUdy Namet_JM~G~-_j,N'j}_£;J....,~-----------------

Dally Comment Sheet 

D \S ay __ .:,..._ __ Date_lL-~- 0 C initials .S ~ 

Day_-+l..::.o.:(p:____ Oate_l_·l _ _lQ__ 0 0 Initials <Sn 

Day _ _,_\ --'·1-'------ Date_l_l __ {_\_ 00 Initials Ufl 

,):eeo 1 o cec /. 

Oay __ .:..;l ~;:;. .. : __ Oate_l1_-~-~ Initials /~-" •........; __ _ 

I~ Day_---:. __ _ Oate_lt _-_:j_-.-.:::..:::: 

Agt:re 0.7 Dally comment data sheet. 
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--- ----------------------------------------~~5 
Study DWec:tor 

Study Code 

Study Name M b _. nf iil.! 

Day _ _,J..::.....O __ 

Day_.....;"""2.~'~--

Dmly Comment Sheet 

Oate_ll_-J.!.i- 0 0 Initials S 11 

lnitials,.......;.:lti~..,....--. 

~ 
--------~--•r•--~-~--

-----~-
--.-·~-

·-~, .. -_, ________________________ _ 

Day -z-z. Date_1
_
1 ---'-''--~ Initials,_..;.~...;_ __ 

Jf,oc E.-4 

Day 03 
flo 'ld #~ 

Date_/j_-~ ,_ Initials Ji L 
{fwro1* > Us s.e~d'~~JI__._rf.p.~..:.:<f~·-----------

Day J..'f Date_l l_-~- 0 0 Initials ~ 

Agure 0.7 Dally comment data sheet. 
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Study Director 

Study Code rn {s- - K ';)... 
Study Name-------------------------------------------------------

Dmly Comment Sheet 

zs-cav ____ _ Cate_ll_·...1.2.....· o.:1 Initials (dsl 

Day U Date_,_, _·..2::::_-_t:::_. lnltJals._.:..r:.::..r..:.."---

....:..' -~~ -;;;.o:;;;,c_~u:::.<:"~~~"::.::l".:..' ..!;'-;;:.;·:~;..:.•;...~-.-.:..' :.:::•oil.._:-_";..:':::;...._~;_., ... - ;..;~-;:,..,-.:;;, .. ::..-~...;"""';;::·~· .:..· ""'..i.-_..;.·.:..· _·;..;-· -... i .__.,,, , <•.. 1<,, " ~ 1 e 
----------"--•r·--~---- -
----- ·-~·~-·-~-.. -~-------------------------

0 2. 7 ay ____ __ lnitials . ....;;;.:Jtx;;;.._ __ _ 

I 

Cay ·z:;; 

Day ____ _ 
I I~ / ~ ) 5' 4 / loS' X;: Jf!) 

Date_· __ .__ lnttlals. ____ _ 

z 

Agure 0.7, Dally comment data sheet. 
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.=.----
Study Diredor 

Study Code TC... - (<)(s) 

Study Name L. p lu l'>'H..' i o~...: ~ 

Daily Comment Sheet 

Oay __ o;:;,__ __ Initials 2t-

\0 

Day _ _._ __ _ Initials___,;;-:>~--

-------------·--~-~--

-----~ .. -~.y-·-~~··--,---------------------------

Oay...__...;;z__=-- lnitiaJ~& 

Day 3 Initials }I{!, 

Day __ 4-...__ __ lnitiaJs ~ 

Agure 0.7 Dal~y comment data sheet. 
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.- -
SIUdy Director 

SIUdy COde 

Swdy Namet-~__JJ.;.l'....L-1..G~c.-)JL($=.,..)~--------------

Day [0 

i Y J-> ,) n 

Day __ ~\ I __ _ 

Daily Comment Sheet 

Oate.J.L-_:L- 00 lniliaJs,--=.&..;;;;J!. __ 

hcle,s ('h.servu\ \ o a.J-t rC(~· """'··~--------
£ 

Date_''-- ~ -~ lnilials.__;G:I;:.~..;.-__ _ 

---------~---··--~-~--

------,.·~·~-·-~,··--·-------------------------

Day _ ___,_r 2 __ _ 

G.~,; ~·..:t"'i:.-:-(1 

Day !3 

Date_'·-·-b--~ 

·03 

lnllials &!J 

3 

' 

' Agure 0.7 Cally comment data sheet. 
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-
Swdy 011'8dor 

SIUdy Code 

Swdy Name~JC~~~....::..(,::.:c.-)~{s~)~------------- ' Cady Comment Sheet 

oay __ "'"'l ,..,.r __ Oare.J.L_-_j_. () <.) Initials S ~ 

!ISO .Sa /l)c c" 0 t fYl Q Q ,) )f PO - { '.~,;f');;u..:fe.:-.L.[__.M~U~'r-!::ky~:..:·~-------------

Day ( f.t: Datejj_-..JQ.... 00 ln.trals .S {:1 

' rQ ctb-ec 

Day __ II.......J..f-__ Date.J.L-.J.L- 6C ln1tials <J' !3 

Day _ _.._, K,_._ __ Date_J_r _-....!.£._-..£:::._ lnltrais_rc_~-'''----
r :?._r .,, (:#I-

D Jq ay ____ _ Date_,, _-_2_-_£2 

--------------------------------------· 
Agure 0.7 Dally comment data sheet. 
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Study Director 

Study Code 
studyN~e, ____ :r1~v~c~~~£~sL) ________________________ __ 

Daily Comment Sheet 

Day_-....l.N.::.....:::::O_ Oare.JL.-.l.::l._- D D lniliaJs,...:O:::...:../]~-

II ~I!)). 

Day :z, Dare_·_· --~---D-. lnitials~0..:...• __ _ 

~-···€) 
--------~---··--~-~--

------,.·~·~-·-~~~··-"·---------------------------

Day 2 "2 lnitials_',...'=l.'':..:.•t __ _ 

lnitiaJs/&C 

Day L c.f Initials n4-

Flgure 0.7 Daily comment data sheet. 
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--- ------------------------------------~~~ 
Study Director 

Study Code T C - (C. J (_ ~ ) 
Study Name ________________________________________________________ ___ 

Oa~ly Comment Sheer 

"25"' Day _____ _ Initials._~---

fS:.) /-,,_C) __ J.,J 

Day ?_~ ___ ....;;;;;...;;.._ Initials Cit: 
·_,;;;~----z··4\9 Da~-~~--~-~ 

---------~-~-·-~~··-----------------------------

'27 Day _____ _ Da~_1 _' _-.2.!_-....££_ Initials @}, ----
j .. ~(_1{'; 

Day -}) Oa~ .l - ZZ • CC• Initials _Si -

--n ~· ~-,:. 1'-•'·f'< D: '-'·'- ' ~.-:r' ..-.: ~ ... ae_-~l'J ,"3:_ a: 0' l ~ I R &\f:.;c: ~-~l).!"')iwl.. I c 

I ~- J I ~ 0 I .36% 
) z (n :J l ? 0 '..:> 

I ,3Q% 

I 
I 

i b t l 
0 0 ~~ s 1 

I - 3_11::)"'~ .., ·-=~-- ;4. 5"' 0 I 

I s d J l ' 0 ~a% -___ .__ 

,. Day -----

,. 

Figure 0.7 ally comment data sheet. I / 
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------------------------ ··----·-

Appendix 14. Reference Toxicant Test Benchsheets 
and Reference Stock Prep Sheets 



·-- ·--. 

~' /,' -....-'. ,....._., 
{.__., . ' 

Form: 037 Effective: May, 1997 

The SeaCrest Group Fathead Minnow Acute Benchsheet 

Site·-

Samole n~te· 
Test ,.... .J. t<· z o~J .-..~c. Te~t F:nneri· 11 . 6 . Do ~ .,_ o 

Cone 
& Rep 

Number Alive Dissolved Oxygen Temperature "C pH Geftd: .-,A.:. 

0 24 48 72 96 

I I c 0 

"3:.1 =-~ 3 d- ~ ?. z. 

IS .6 -z.s_ 3 0 3 '3 s 

D J. 3 .3 3 

Initials 6*: I &r, I ,\ P. I0A- fw-

Hardness (mg/1) 

Alkalinity (mg/1) 

Chlorine (mg/1) 

Ammonia Initial (mgil) 

Ammonia Final (mg/1) 

Effluent #1 

/ 
/ 

I 
I 

0 24 48 72 

s.r:; ~.u. ~-\ G.:s 

S,"f 2·.5"" l(o.3 iS.Z 

s.s- .J.:2 i.D-3 6.+ 

Receiving #1 

--- - ............ 

""' ""' 

96 0 . 24 48 72 96 

- zs.L.i;;Js.t ~~~1 "24.b -

0 24 48 72 96 ~ Lf'('r 

~ .. z.I7-• .JI"?.C'l S.o -

G. I 2S./ :lr.S IJ4.l ·z~.'?. "'ZH.(;, S?l l'f . .j 1.'1 'R.c:. "?."J zv 

·-
' 

6.S 'ZS.I :2.s-.s 14-'J 7J.{:Z "-·" ~.1 1-=t-.3 1. 'f 'S r..• '7. '7 2.::. 

Recon Effluent #2 Receiving #2 

~ r--... 
"' 

/ 
""" vxv 7 "'-,. 

" I v 
.......... ;_;;--



' 'NLQ 12cpij .2X©#e{ev e?xxxEt>H~X·§6~X~@Af{±©X8@······· 
~,.. JcE~11-rQd·§6~X~@At{±©X8@• • • • • • • • • G 1_91€9<•t<J 
tJLRtnLt.a>TK t£& llJ Nbt=j3j~D~G+ LuxeuVeuTihiZecr=l f8iN+i ~ •tMHt i Gt eetqcia] ~y [X ~SQRiJ: 
(&"1/i=;= U.< Ls•tv9Bo r•••=r<lu&i:!.btD: I 9ZY [ I-Qt6: 1)8Y rPvd ..LnTHE SEACREST GROUP 

Page 

****************************** version 2.5 ****************************** 

Results calculated using the Summary Method. 

************************************************************************** 

Sponsor • CDR . 
Species LEPTOCHIRUS 
study Number . REF TOX • 
Dates of test . 11/2/00 to 11/6/00 . 
Test Material : CUS04 
concentration Units . PPB . 
Report run by • KAC • 
Date of report • 01-20-2001 . 

************************************************************************** 
SEDIMENT TESTS 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Concentration NUlJl]:)er Number Percent 

( PPB ) Exposed Dead Dead 
------------- -------- ------ ------

250.0 3 3 100.0 
125.0 3 3 100.0 

62.5 3 1 33.3 
31.3 3 1 33.3 
15.6 3 0 o.o 

Control 3 0 o.o 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Method 

Binomial 
Moving Average 
Probit 
Logit 

w LC50 

71.79 
52.54 

@.4:!> 
63.23 

95% Confidence Limits 
Lower Upper 

•••••• 
17.05 
19.44 
o.oo 

•••••• 
114.26 
147.26 

Infinity 

Slope 

--N/A--
--N/A--

3.87 
2.87 

--------~-----------------------------------------------------------------

Note -- In order to produce this summary report, no warning or diag
nostic messages were given (if any occurred). An asterisk 
appearing next to the method indicates that there was a 
warning associated with the corresponding method. You should 
run the full report for this method to determine the problem. 
This report is intended for informational purposes only. 

****************************** ·End Of Report ***************************** 



The SeaCrest Group 
Broomfield, Colorado 

//..::..:-
I I 

\_ \ ' .._ I -' ,.. ,/ _ __.. 

7 

Form.No:048 
Effective: November, 1998 

STOCK PREPARATION 

Substance: c .. $ C'.j 

Manufacturer: l/W /?.. Lot No: 12.1/-; '~ 1<-·/z.., b 

Date Received: I/ • I "f 9"-' 
Expiration Date: ~ ~I·'? 9 

r---
Solvent Used: pz ~L c~ 

Manufacturer: 
N " 

Lot No: "'/,. 

Date Received: IV.,- Expiration Date: "'lA 

Balance Used: '7 
'-

DatetTune of Calibration: /1 • .::. c>O 

Amount Weighed or Volume Used: 250 nr:.. 

Volume Diluted To: lA-
Calculated Nominal Stock Concentration: /00 ""'-" /L 

Expiration Date of Stock: 0£ "!, o# 

Special Preparation Procedures Used (heat, stirring, shaking, etc.): N/# 

Purpose for stock: /.__ ? .._ 1.) .4,.., {.) ,._ ( : c..• ,. ('?. r-- - ~~ t~ ~J ;, c ...... / - ,_ /""" I ("'' •• 

Stock prepared by: t£:,4 

Date: 1/·2.·00 ~Time: /0 !,o 

Notes and Comments: Nl 
"-



The Sea.Crest Group 
Broomfield, Colorado 

FormNo:048 

Effective: November, 1998 

STOCK PREPARATION 

Substance: C1
u s o...J ~~-:.'-J j"tnN 

Manufacturer: 'St.. A<:../?.. r:-.:-~ r Gr:u·.) '. 
LotNo: -

Date Received: -
Expiration Date: _ 

Solvent Used: sA.:-;- 1-h.C· 

Manufacturer: S r ;, C ,.:t:--.;-7 G,cr ..;p 
Lot No: 00- (J 2 

Date Received: JD· :?.1 00 
Expiration Date: N ;j. 

Balance Used: N (.A 

DatetTune of Calibration: AI/~ 

Amount Weighed or Volume Used: '2 5 rrr'~ of: ;oo I'YI /\ I A... 
. 

Volume Diluted To: /!..._ 

Calculated Nominal Stock Concentration: 'Z5C ,.. t> 1::: 

Expiration Date of Stock: O£· ;: . o I· 

Special Preparation Procedures Used (heat, stirring, shaking, etc.): ,AI /.A 

Purpose for stock: ).... ?-u~~,..,,, ...... v~,..~; P-et= 7-;;,v 

Stock prepared by: 0* 

Date: /1· ·z.. 00 
I Time: /0~~ 

Notes and Comments: N~ 



Appendix D.2 

SKIDA WAY INSTITUTE OF OCEANOGRAPHY 
(SURFACE SEDIMENT) 



Protocols for Toxicity. Ovary Formation. Embryo Production and Embryo Development 
in Grass Shrimp (Palaemonetes pugio) Exposed to Test Sediments 

Principal Investigator: Richard F. Lee 

INTRODUCTION 

Skidaway Institute of Oceanography 
10 Ocean Science Circle 
Savannah. GA 31411 
Telephone Nmnber: 912-5982494 
FAX: 912-5982310 
E-mail: dick@skio.peachnet.edu 

Grass shrimp (Palaemonetes pugio) are an important component of the estuarine food 
web in the southeastern United States (Kneib.1987). For the tests described below. 
juvenile grass shrimp were exposed to test sediments for 2.0 months. If no toxicants are 
present in the sediments then juveniles grow into adults. adult females produce large 
ovaries. eggs are produced and fertilized. embryos develop and batch into the free living 
zoea stage. The developing embryos. enclosed in egg sacs. are attached externally to the 
abdomen of the females. Embryos develop \\ithin the egg sac for approximately two 
weeks (at 27'C) after which the zoea stage emerges from the egg sac. 

MElli ODS 
Sediment exposure 
Three groups (n=3) with each group consisting of25 juvenile grass shrimp were exposed 
to test sediments (500g) in aquaria with 20 liters of estuarine water at 27'C (salinity 
28ppt). Grass shrimp were fed Arremia and kept under 12bour light/12 hour dark 
regime. Every 5 days the following parameters were determined: (a) mnnber of dead 
grass shrimp: (b) nmnber of females with mature ovaries; (c) nmnber of females with 
attached embryos. After embryos reach stage 9 they were removed by a cut at the stem 
attaching them to females. Twenty four embryos were transferred to 24 well polystyrene 
plates containing 2ml of estuarine water in each well and I embryo was placed in each 
well. Embryos were collected from one female from each sediment exposure (n=3) .. 
Culture plates were kept in the dark at 2-r'C and per cent of embryos hatching out from 
each female was determined. Hatching generally was completed within 48 hours after 
transfer to the culture plates. 

QUALITY ASSURANCE 

At the beginning and end of the study positive control experiments were carried out with 
late stages embryos using 1J1M. 2J1M. 5J1M and 10~ 2.4-nitroquinoline-4-oxide. This 
is a known DNA damaging agent and previously sbo\\n to effect grass shrimp embryo 
hatching (Lee et aL 2000). A dose-response curve was prepared determining embryo 
hatching at each concentration. The dose-response curves was \\'ithin one standard 
deviation of previously prepared dose-response curves. In addition. we included during 
the study a reference sediment from the Skidaway River estuary which previously has 



----------------------····-·--· 

been shov.n to have very low effects on the reproduction. embryo production and embryo 

hatching tests. 

REFERENCES 

Kneib..R T. 1987. Seasonal abundance. distribution and growth ofpostlarval and juvenile 
grass shrimp (Pa/aemonetes pugio) in a Georgia USA. salt marsh. Mar. BioL 96: 215-
7'?"' LL..). 

Lee..R. G.B. Kim. K.A. Maruya S.A. Steinert andY. Oshima 2000. DNA strand breaks 
(comet assay) and embryo development effects in grass shrimp (Pa/aemonetes pugio) 
embryos after exposure to genotoxicants. Mar. Environ. Res. 50: 553-557. 
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T abe 1 - Data for Toxicity, Reprcxiuction. Embryo Production and Embryo Hatching of 
Grass Shrimp Exposed to Test Sediments 

Sample 10 Toxicity Reproduction Embryo Embryo 
Production HatcMlg 

(% kiled) (%forming (%females (%~ 
mature ovaries) producing embfyos) 

C-5 12,28,20 32,12,16 4,12,16 0 

C-7 32,20,16 52,12,32 4,20,8 0 

C-16 36,28,20 68,40,76 44,52,36 76,88,64 

C-33 12,12.24 84,68,76 32,24,52 36,52,28 

TC 12,16,8 52,60,44 44,36,52 76,88,88 

MG-N2 12. 28,32 60,52,80 52~44.40 92,88.76 

MG-87 4,12,4 44,76,52 44,40,60 92,96,88 

MG-09 12,16,24 72,60,56 52,44,68 80,88,96 

MG-K17 28,20,24 48,56,76 0 0 

MG-H7 12,4,16 68,44,32 0 0 

CR 4,16,4 80,64,76 76,72,72 100,96,92 

• eference sediment 4.8,8 76,84,60 80,52,76 96,96,88 
Skidaway River 



Table 2 -Toxicity, Reproduction and Embryo [)eyek)pment Tests on Grass Shrimp 
Exposed to Sediments from the LCP Site and Reference Areas 

Sample ID Toxicity Tests Reproduction Tests Embryo DeYelopment 

(% grass shrimp killed during (% of surviving females which (% of surviving female 

2 months in test sediments) produced mature ovaries) which produced 
embryos) 

Mean S.D. (n=3) Mean S.D. (n=3) Mean S.D. (n=3) 

C-5 20 8 20 11 11 6 

C-7 23 8 32 20 11 8 

C-16 28 8 61 19 44 8 

C-33 16 7 76 8 36 14 

TC 12 4 52 8 44 8 

MG-N2 24 4 64 14 45 6 

MG-87 7 5 57 17 48 11 

MG-09 17 6 63 8 55 12 

MG-K17 24 4 60 14 0 0 

MG-H7 11 6 48 18 0 0 

CR 8 7 73 2 73 2 

reference 7 2 98' ~ 69 15 

sediment 73 
(SkJO) CD:l Cblt 

~ 
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Table 2. cont 

Sample 10 Embfyo Hatching Test 
(% of embryoS hatching) 

Mean S.D. (n=3) 
C-5 0 

C-7 0 

C-16 76 12 

C-33 39 12 

TC 84 7 

MG-N2 85 8 

MG-87 92 4 

MG-09 88 8 

MG-K17 0 

MG-H7 0 

CR 96 4 

reference sed1ment 93 5 
(Skidaway River) 
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CDR Environmental Specialists SeaCrest Project Numbers: 302314-302323 

INTRODUCTION 

Sediment contamination is an environmental issue that can have widespread effects on 
aquatic systems. The sediment may serve as a reservoir for numerous contaminants that can 
detrimentally affect an aquatic ecosystem. However not all substances found and measured 
in sediments are bioavailable. Therefore tests conducted with aquatic organisms that utilize the 
sediment for feeding and/or protection provide information on the ability of the sediment to 
adversely affect the aquatic community. 

MATERIALS AND METHODS 

Sample Collection 
Grab samples of sediment from ten sites; labeled CR-C, TC-C, H7-C, K7-C, D-C, 5-C, 

6-C, 7 -C, 15-C, and 45-C; were collected into clean, plastic containers from August 22 to August 
23, 2002. The samples were chilled and shipped in coolers on August 26, 2002 for overnight 
delivery to the SeaCrest lab, where they arrived at 10:15 on August 27, 2002. At the lab the 
sediment samples were refrigerated at 4°C between uses. The Chain of Custody forms 
documenting sample collection and transfer times are included in Appendix 1. 

Dilution Water 
A 20 part-per-thousand etoo) artificial saltwater (Forty FathomsR sea salt) was used as 

the overlying water for the sediment tests. This water was created and aerated for a minimum 
of 48 hours before being adjusted to test temperature and used for the daily water change-outs. 

Test Organisms 
The chronic tests were conducted with a benthic estuarine invertebrate, the amphipod 

Leptocheirus plumulosus. It is recommended that the amphipods started in the chronic test be 
approximately one day old. However as they were purchased from a test organism supplier 
(Aquatic BioSystems, Inc in Ft. Collins, CO), the amphipods used in the present tests were 
"less than 48 hours old" at the start of the test. The Organism History record supplied with the 
test organisms is provided in Appendix 2 . 

The Leptocheirus were tested in a reference toxicant test using copper sulfate (CuS04) 

to measure health and test acceptability. An LC50 concentration was not achieved in the ref 
tax test, as there was no concentration at which 50% of the animals died. The animals were 
floating and appeared near death in the two highest test concentrations (125 ppb and 250 ppb) 
but since they moved slightly when touched they could not be considered dead. The facility 
that supplied the test org·anisms was contacted but they were unable to supply ref tax 
information as they do not perform reference toxicant testing on any of their amphipod cultures. 
If the animals in the 125 ppb and 250 ppb concentrations had died, the LCSO would have been 
around 75 ppb. Since we have only run this Leptocheirus sediment test this year,we have only 
this one number as reference. However a Leptocheirus ref tox test conducted at Sea Crest two 

The SeaCrest Group 2 
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CDR Environmental Specialists SeaCrest Project Numbers: 302314-302323 

years ago showed an LC50 concentration around 55 ppb, which would be considered within 
range of the 75 ppb LC50. 

Test Procedures 
The 28-day chronic tests followed the procedures outlined in the December, 1992 

publication of the Chesapeake Bay Program guidelines for "Development of a Chronic Sediment 
Toxicity Test for Marine Benthic Amphipods" (CBP/TRS 89/93). 

In preparation for the test, the sediments did not require sieving, but were thoroughly 
stirred and all large particles (i.e. branches, stones) were removed manually. Each sediment 
was visually inspected for indigenous organisms, none were observed. The control sediment 
and the test sediments were handled and tested in the same manner . 

The test containers were 1 liter glass jars to which 175 ml of the homogenized sediment 
was added. Then 725 mls of 20°/00 saltwater were poured over the sediment. The sediments 
were tested at the 100% concentration only, no dilution series was used. Five replicates were 
used for each sediment sample. A "performance control" sediment set was run in addition to 
the test sediments. The control was a clean, uncontaminated saltwater sediment obtained from 
Aquatic BioSystems, Inc. in Ft. Collins, CO, who in turn obtains this "culture sediment" from a 
collection facility located in Maryland. 

The chronic Leptocheirus tests were started on September 4, 2002 and ran for 28 days, 
ending on October 2, 2002. All ten samples were tested, along with the saltwater control 
sediment. During the test the water over the sediments was changed once a day. Observations 
were made daily for the first week of the test and then three times a week thereafter. One 
random test container of each sediment was monitored three times a week for temperature, 
dissolved oxygen, and pH, before the water change. 

Artificial saltwater used for the change-outs was held in the incubator at test temperature 
prior to use. Several batches of 20°/ oo saltwater were made during the chronic tests. The data 
sheet documenting the batch preparations and water quality checks is located in Appendix 3 . 
The test chambers were fed 1 ml of fish flake food slurry solution (4 grams of flake food blended 
into 1 liter of deionized water) three times a week. 

The water over each sediment sample was measured for pH, salinity, alkalinity, 
conductivity, and ammonia at the beginning and at the end of the 28-day tests. The data sheets 
containing the readings of temperature, dissolved oxygen, and pH; and the water quality 
readings taken at the beginning and end of the test; are located in Appendix 5. The tests were 
held at a temperature of 25 ± 1 oc in an incubator with a programmed day cycle of 16 hours light 
and 8 hours dark. The daily temperature readings and monthly light intensity readings for the 
incubator are located in Appendix 4. The temperature readings for the incubator were higher 
than those recorded in the tests themselves (as seen on the test data sheets), however the 
incubator readings show consistency in the temperature that was maintained. 

The SeaCrest Group 3 
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CDR Environmental Specialists SeaCrest PrOJect Numbers 302314-302323 

Dissolved oxygen levels were maintained by aerating all replicates of each sediment test 
throughout the test study, as suggested in the Chesapeake Bay test instructions. 

Test Termination 
The sediment tests were terminated at 28 days. Water was pulled from each replicate 

of one sediment test and composited for final water quality readings. Then the water and 
sediment was poured from each replicate jar into a clean plastic pan and searched thoroughly 
for live adult animals. Diligent effort was made to account for every adult test organism, either 
by retrieving them live or finding a body. After the live search, each replicate sediment was 
returned to its jar and saltwater solution containing Rose Bengal was added. The sediment was 
stirred to insure that the Rose Bengal stain contacted any organisms that were present. The 
next day (approximately 24 hours later) the Rose Bengal solution was removed and 99% 
Isopropyl alcohol was added to preserve all specimens until the sediment could be thoroughly 
searched for additional adults and to count any juveniles that might be present. All adults found 
during the live pick were also preserved in 99% Isopropyl alcohol. 

After the preserved sediments were checked for adults and juveniles, all adults pulled 
from the sediments were sexed using a dissecting microscope. The adults were then dried for 
24 hours in a drying oven at approximately 95°C. The dried animals were cooled and weighed 
the next day. The data sheets containing the total number, per replicate, of surviving 
Leptocheirus found at the end of the test; the number of males and females found in each test 
container; dry weight determinations for the adults; and the number of juveniles found in each 

The SeaCrest Group 4 
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CDR Environmental Specialists SeaCrest Project Numbers: 302314-302323 

RESULTS 

The Leptocheirus chronic test achieved acceptable performance control survival. 
Survival was 87% in the control sediment and ranged from 48-80% in the test sediment 
samples. Table 1 provides a summary of the test results, including survival numbers and mean 
weights per sample. Juveniles were found in several sediments but only the control and sample 
15-C showed numbers in the double digits. 

T bl 1 R Its f d" a e esu o se 1men es s run rom t t t f ep'em er 0 co er I s t b 4 t 0 t b 2 2002 . 
Sediment Survival(%) Replicate Replicate Survivor's 

Survival Survival Average 
Range Low Range High Weight (mg) 

(%) (%) 

Performance 
Control 87% 75% 100% 0.79 

45-C 71% 40% 95% 0.60 

15-C 77% 65% 90% 0.70 

7-C 56% 25% 80% 0.43 

6-C 48% 5% 80% 0.51 

5-C 54% 40% 80% 0.42 

D-C 63% 50% 80% 0.61 

K7-C 68% 50% 90% 0.46 

H7-C 80% 65% 100% 0.46 

TC-C 80% 65% 95% 0.63 

CR-C 53% 0% 95% 0.59 

The SeaCrest Group 5 
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't T bl 2 F rth It f d" t t ts f s t b 4 0 b 2 2002 a e u er resu s o se 1men es run rom e_Q1em er to cto er ' 

I Sediment Number Number Number Reproductive 
Juveniles Female Male Response* 

Found Adults Adults 

I Performance 
Control 106 48 39 1.10 

I 45-C 18 36 35 0.25 

I 15-C 46 46 31 0.50 

I 7-C 0 29 27 0.0 

I 6-C 0 19 29 0.0 

5-C 6 30 24 0.10 

I 
D-C 0 26 37 0.0 

I K7-C 0 36 32 0.0 

I H7-C 1 49 31 0.01 

A 

'I' TC-C 2 46 34 0.02 

I CR-C 6 27 26 0.11 

I· * Determined using the equation provided in the chronic sediment testing guideline: 
Fertility = No. Juveniles/2 

No. Survivir)g Females 

I 
: 

1\ 
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CDR Environmental Spec1ahsts SeaCrest Project Numbers 302314-302323 

REFERENCE TOXICANT TEST RESULTS 

The amphipods 
used for the chronic test were tested in a reference toxicant test with CuS04 (the toxicant used 
at SeaCrest for saltwater organisms) to determine their health and test acceptability. The test 
guidelines recommended allowing the amphipods to obtain an age of at least one week before 
performing the reference test, since survival was very low if they were removed from sediment 
before that age. 

The Leptocheirus reference toxicant test (called the "reference control") was conducted 
from September 17 to September 21, 2002. The test chambers were 30 ml plastic beakers 
containing water and a small piece of NitexR screen placed over the bottom of each beaker. The 
test was a static, non-renewal. The animals were fed 0.1 ml of fish flake slurry on days 0 and 
2. The test concentrations run were 250, 125, 62.5, 31.25, and 15.63 ug/L copper (as CuS04). 

The LC50 concentration could not be determined since there was not enough death in the test 
at 96 hours to create one. However all organisms in the two highest concentrations of the test 
(125 and 250 ppb) were floating on the surface of the water and looked near death, only moving 
when prodded. If those animals are counted as dead, the LC50 produced would be 75.3 ppb, 
which is in line with reference toxicant tests run previously with these organisms in the Sea Crest 
laboratory. 

REFERENCES 

APHNAWVVAIWEF. 1998. Standard Methods for the Examination of Water and Wastewater. 
20th Edition. American Public Health Association. 

Hach Company. 1992. Hach Water Analysis Handbook. 2nd Edition. Hach Company, 
Loveland, Colorado. 

Chesapeake Bay Program. December, 1992. "Development of a Chronic Sediment Toxicity 
Test for Marine Benthic Amphipods". CBP/TRS 89/93. 
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An Environmental Services Companr 

1341 Cannon Street • Louisville, Colorado 80027 

Chain of Custody Record 
(enclose with each shipping container) . 

' 

Purchase Order Number 

----3,..03r---66-::1--9 .... 32.,.4_·_F_AX_3o_3_-6_6_1--93_2_5 -------------------------1 Project Number (Jab use only) 
Client: ~vet" b(os.e.. 
Program/Site: UP \3\!"t.M.:)WLC,..L{ 

Collected by: \)e_ .... 'lW:I f<£tfM'ttl( 

Contact: ~---:---...,..--:::--: Address: -------
Phone: ~ 6o3- 3.5'- b S' 5 f? 

I Acute I Chronic I JY 

·8 .§ & ·~ _§_ iff ~ I ~~ 

These fields may be used 
for field test results 

Sample Identification Date Type ;:r: 8 ;:r: 8 C\.1 , ~ Total Total 

I I sf III / sj IIj Ar~ 
• Sample 7 0 I _iff I 0 j CJ I ~ I q)' I J.;:. :.>. 0 

Sampled Time (composite, grab) 4: ~ 4: ~ ~J ~ (Effluent, Receiving, Sediment, list other) , .... Units Volj.Jme 

~l ,..., 1\.1 > 

,·1?-, 

1 c. (( -c_ l 
2 Tc.-c. l I 
3 .HI-t: t 
4 (..{ 7-L [ 
5 \)-(. l 
6 s.-L l 
7 b-e_ l 
8 !-C. t 
9 !S-b l 

10 L+S'-c_ I 'Y 
I 

Comment:; and special testing instructions:----------------------------------

u :::> 
Relinquished by: /]o . a -W~- 0; ~presenting: ----'C;;;_b=--=Q=---___,~,.-: __ _ 

Relinquished by: --------

Next recipient: ---------

Representing: --------

Relinquished by: ______ _ 

To Whom: ~~~ t~t-Lt J DatefTime: $/{U(o?.- c boo 

To Whom: DatefTime: ____ _ 

Rec'd by: ~YV""'\.: ,,...--- DatefTime: \S -Z 7 · .J? fC-J'')-
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Appendix 2. Test Organism History Sheets from Supplier 
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1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 

ORGANISM HISTORY 

DATE: 9/4/02 

SPECIES: Leptocheirus plumulosus 

AGE: <48 hour 

LIFE STAGE: Larvae 

HATCH DATE: variable 

. BEGAN FEEDING: Immediately 

FOOD: Tetrami% Flake Slurry 

Mean 

TEMPERATURE: 

/CONDUCTIVITY: 17 ppt 

. ALKALINITY (as CaC03): 145 mg/1 

pH: 8.36 

7 j 'l' s . . raczzty uperVlsor 

COPY 
Toll Free: 800/331-5916 

Tel: 970/484-5091 Fax:970/484-251 

14-24 ppt 

65-180 mgfl 

7.57-8.50 

00.:_. "-5.3\ ~- 1 de 
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pltl:: 1·1 
LOi.t ~ S.t..J. > tz.. -= ~ 

Aquatic BioSystems, Inc • Quality Research Organisms 
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APPENDIX 3. Forty FathomsR Salt Water Batches 
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APPENDIX 4. Incubator Daily Temperature Readings 
and Monthly Light Intensity Readings 
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APPENDIX 5. Water Quality Readings for the Test 
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28-day Leptocheirus Benchsheet 

Form# 31 
Effective: September 2002 

Client C--o() h-U I Site - Lab# ---------------------HzO zo 1112 ~~ ~.._t~ SampleDate ___________ ....,.... Species Info /1£'.> LP CLL'lt.tf (<·dl-1r~ 
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Day 
Date 
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conductivity 
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~0 
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28-day Leptocheirus Benchsheet 

Form#· 31 
Effective September 2002 
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H20 l.O'/w 'M!• :><• \,\ Sample Date '): 1.~. Jl- Species Info AB s !.-P t:'2Cfja; (t..l.f 8J,,-s) 
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28-day Leptocheirus Benchsheet 

Form# 31 
Effective September 2002 

Client C1) Q.. Site lS - C.... Lab # ->c 2 3 2- z. 
H20 7.Q "1r:v ~·'- ::.oA· Sample Date )- - N. 01- Species Info A g5 1-P C'Zo~c·l ('-1/"6A~ 
Start Date Cl- o.J- oL IJCO End Date __ 6w(J::..__·.::.;;z_....;·..::CJ~b=----------
Test Conditions v; ,I ( l r I 5 Q1 f?':>. l7"),,..,_l xd + (.:, r':J-, .... ~ N~ u 

Day 

Date 
rep 
DO 

Temo °C 
pH 
alkahmty 
salinity 
ammonia 
conductivity 

Day 
Date 

rep 
DO 

Tern 
pH 
alkalinity 
salinity 

0 

Wtl.~ 
'l}y 

e 
(;.Q 

-z..; 0 
-g_D 
/7/ 
~"i 
1-·tq 

'30 1iOO 

1 3 6 8 
T'A,.F-":> . s,_,_J-- Tue;, Thv•S 

1.) '"-
q/4- '1/10 t:i(, L 

e. t\ b -~ 
5-~ : .). ~ 5.1 : S't<f 5•\o :')(., fL,.L...:(,.J 
~S-/ l'J.~,() 1,.~.~ L~:~ ~ .. o : '1.-'l· B ;;l.'f~ (, ~ ~rt..l 
7- q : 7-CJ B.a~: ~.ot P...O\ l7.?6 7-. 1 ~ "2. 1 

~ $..U. to.,\-(-o\ ~ 
¢vv.,...~u 

17 20 

10 13 

SA.+- T '-'"' J 

<'1[ l'-L ·•I I 1 
[..I q 

5:7: 6'".£, S:.:t : '-0 
'l'f.D l '1..~,., 'J.4-'-/ l 'J.l(.O 
co.o l_ff_z_ 1?-0 : '7-1 

531oD 
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Client (:_,3'> (?_, Site J (.... Lab# 3D 2. )'Z..I 

H20 ~ 1ro :-....<t1. '-:v-'-1- Sample Date X· l,L·Ol. Spec1es Info (l.f!.,<J tJ' C'2C00{ {t.r((A~ 

Start Date C) <l· OL jlcX) End Date--:-____./~.:::O~-~J.~-:..JO,;a.3L----------
Test Conditions w ,1,- l p J ") rt v;> n Cj (1\.( S<.d t L;f~,.., .. L ~ 1-11 0 V/"'(:(:; 

0 1 3 6 8 10 13 
Day w~ Thu·-S ~\ tue'-> tl'LJn S-~t I v~S 

Date Oj I~ c,j~ ·l 11 '1/,n Cf I /1 <J It'/ q/,1 
rep &t,l:£1 c C\ ·e.,. ~ ~ a, 
DO ~.'i .:;-,c; l54 t;."'l : 5·£' 1•'j : &.t> e; .9..: s.~ {,,7 i&,.o 5":'1 :~.'} 
Temo°C as.o L. s--3 : -z. q. s -z...;-. I : -z.g:() '2.~. 1 : ~4-1 '24-1 1.. : "1.'4 ,o '2.-4 .a: '2'1 I '2.S I~: t.., ... o 
pH 7.9 ~ 0 :~-.... '6'.\ I ;i".j ~~~:7.~ e,. \ 0 :-~-0-; I E'i, 0 : 8 :> 1·21 :;.q I 

alkalinity (~() 
salimty a;l 

.:.& ,d-ru I ~ok-ammonia z...~ ¥ ~c.' 

conductivity 'Jo'-{OL) 
6rTI 

15 17 20 22 24 27 28 
Day lhJr¥; ~-~r -f vJ...> -rh.ur5 ~ ...... t !...;<..:; [...!LA 

Date 11 I 1'1 t1f Z I qiJ..,f qfu, q/z ;- ,nIt IO/z 
rep \:::. c__ ~ d e. b e 
DO 5A :5,7 5 ~ :;-.q fl ~I i '1-0 ~-l :C). ~ ,_I : S:q L, ·') : (, 0 s"~ 
Temp °C 1.-"'\.o: 1.'-f;o 1-s-: 1 : -z.s. c- l. ~~b : 1,'-f,/ li/ff. 2.. :;;q, ~., .3 :.2 'f-0 11.: (lJ n ...... ) 2....:;'. >5 
pH 11·\o :..,,q ;I 'f !-r.q ?,q : 8-0 +.-; ::j ~ ?,q :~_;)... ~ .v :~r( ~r y, 
alkalinity ' 9£:1 
salinity ,_7..:3 

ammoma o.l.(oL{ 

cor1ductiv_l!y l...lt:'5 C" 
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Client L]) Q Site_tp=---=0:::..._ ______ Lab# .)ot.)Zu 
H20 20'lw ~.:.e...\.\ Sample Date {f.]Z,·Ol Species Info 1\P~ LP ozu:c'/ ,'.:.r_j'f, 11 r0 
Start Date '-) <-{. oz 1 }cO End Date_-4/~a'---'a.,Q,.-;.,;O:::::..:d..=.-________ _ 

Test Conditions 2-C far 1 ') ..-.:ps 1 1 75'"',"-L ~j ~ (,1s-,.---t. HzC• 

0 1 3 6 8 10 13 
Day 1.0~ ~ur~ s, ..... t T t.H'-S Thv~rr 5--t I J<?_.) 

Date ,-.'lfu '\ /<;- '-1/-1- ,, /.() ('•lt2- ·~ /;{ -1ft? 
rep d 6 a (2..; ~ I' c.t 
DO 1'5-1,.. .C,,Ip i 5 .-s- 5 ·'1 i "-0 t),1 : s-.~ .5·ll iS~.Y c~ ·' :''"c ~' l : ~.c..t 
Temp °C 2S":C.:. ~.o : 'Z--\.v tL.. .I : "'2~. '-1 -1.£. '1_1 "'25"·7- tif, I :,;;, 'J,/ <Z'-i .D: ~~.o '2..-(,;',o I Z..'-/•0 

pH "t-'i 1'1 :,_ .C=) 7.')711.'11 ~.011 fd.~J- 'f. 7- : ·r, B '0\o : a ·1,.. l.g 1/. q 
alkalinity ItO 7 
salinity J.\ . 
ammonia l-4'3 ~ 'l>U- .:.Ol\ \-.ro i. )I() it. 
conductivity l1.q::\CO 6ft\. 

15 17 20 22 24 27 28 
Day 1\\..JI''-, So.-r I Je. "'f\.:a..·r> ~t- Jvl.:;, tJ<.d 

Date ') /1 q '1/tl c, I z-1 tp!J._t,p '-1/?'1 J(J ;, /()/ z.._ 

rep p e. ~ cl c d e-
DO re:;-.' :'5-1 ~q : 4>.( ·7.0 : ~. 'f (,.3 :~.3 S'-8 :s:q {o:\l : ~ .·3 l:n=r 
Temp °C 161) .0 i~"\-\ ;).$'.~: J.4.0 ~~-0 : J..'l./ Z4 .() 11-l.\-1 J.Y-7 : 1tt.o "l,i.{ ·J : -z.l{ • (p ~,1..-
pH ":f.'?{ : 'T .9 7-q : ?.q ?.q l'l.q f-.$' :'i'.o 7.'1_ : g_J ·1-. "1- I <{ !I.J .,,, 
alkalinity . liZ. 
salinity 

" -zs 
ammonia t.o'2.u;:J 

conductivity 31 ftcC 

• 
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Client --'l.=' })""""\. u~~------ Site~-loo~------- Lab# 3 0 2 .. 3 i c-1 
H20 J(J..:',...~ ..•. ,l.' ·~.·· SampleDate <::_.. 22 .c" Specieslnfo ,(lc L'' c-~c 1 , • ·" t.- ft., .._..' _.....,. ~ __ ·v /~.-;.:, I' LC ,[o£ • '-·Is ho:,) 

Start Date 9 ·-/. c z_ 1 '}DO End Date_--~..,.;/ (J=---..~~:'l-:.._-~0~~:..__.---------
Test Conditions -w/c.e ~ .'5 u fS 

1 
1?5 r.--L ~d 1 G ·-rs-·(lj /J. o 

0 1 3 6 8 10 13 
Day Wo~ Thut) Sc-..t I Jo2.S I Ttt",fS ).tf- Tv25 

Date .:tfu- q /:> q 11 q Ito 'I I LlJ.. qL¢ q;n 
rep c 'c! a L. 0. C- d 
DO s-:'2. S·-f : 5·2 ;,q 

l ".l e;-...., : ~.t, 10.1 i5.1 
"· I 

: ~.'L.... \p.) :c,.c., 
Temp °C x.~ z.&.o l Zi."'J. U,.l : 1.-'5 ,ltJ '2l9.0l ~.3 1~/ !.,?(f-1 -u.t..a: z~ .o 'l.S'.c) : 1....1.\ .~ 
pH t .(.o t$ lf..~ _1.7'1 : ;(qz. 1./z.! 1J.k1 
alkalinity ft!s-
salinity 1/2--
ammonia l ·f-a' t<' ~ c.c,\N-<S>\ ~ 
conductivity 1.'l'6CO ~ 

15 17 
Day Th J<.., S.c ... t 

Date Cot/! f) q !u 
rep b e. 

pH ~ :=r l .f-_...9 l.q :7-1 
alkalinity 
salinity 

ammonia 
conductivi!Y 

20 22 

J. 
~.7 : ~-7 

( 

1- ~ :f.,':J- '?,_Cj : 0• 0 7.f'.., 17 .'I 

' 

24 27 28 

c 
~-Cf : 5"-9 

?~f : 8. ( 
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Client L.'D (t Site ·D - C.. Lab # 3o t 31 8" 
H20 -z_4f'loo s.24 <,,.L, \- Sample Date 'S. -z..s ·O'l Species Info Af)S ~-.r (• 2 cc; c<j (•-'t3'hr~ 

Start Date q. <-f. o~ 1 '100 End Date_-+l....wCT:....:-~a.~-<f::wfli!:::....----------
Test Conditions -"l- c/ce.f? I "):-e.. {)'S I !ls- "'"L M ..... Ia 1-5,..-..l IJ,u 

0 1 3 6 8 10 13 

Day lJe d. -Jn.;rs ~c ... +- f Je<., -~I{~ <:::: i- rde.s 
Date 1/Y. ,;, 1/7 "f!/o .. -;,2. o/J'( "7//? 

rep e... a ("_ " e a 1:, 
DO ;-." ~~ 15"-~ 5".t3 : b, 7 5.~ i 7.f.i S":'l : ~ .'\ s.o : ~.7 S.7 : 5."g 
Temp °C .:ts-. 0 ~'f :t'{./ "t4·"'7: 1"1-7 15· 7 : 1./.1. 'I "Z-'{. l : 'UJ,. .1,.... .Z."l .u ?.4-1.4 J.~.? : J.'1.~ 

pH (.Cf ,. I ..,_ : =f,/j 1 .q3: A,co '1 .1-o : 7. 'IJJ 7--'1 ff.S -,,r;; : ~ .\ 1.5 : 7.Cf 
alkalinity l"b~ 
salinity ~4 
ammonia I . 7> 'i.( -1t S.U.. C.:>.'\.~o\ ~ . 

conductivity 3al:V ST\ 

15 17 20 22 24 27 28 
Day l'it\v~ ISt.J 1 ....... .., 1-r~ (~ ~G'-f l~b 02d 

Date r.,_ I ,:to. 

rep b {_.,. C.u4 d "d ex (/ L 
DO l.o ,·:}--: L, .) (p- '-{ : s .t1 .) -?-: '"· 7 s: 7-: ~~.0 S• z.. ! .:;, Z... 5"~ : 5~2 5,'-J 
Temo"C 1,) ·\il : l. 'i ,t_., "2.'-\ .o: 1.. Lf, () t'{..o i~ loo L\.\ 12C£4 :~., 7.5· 'f i '14. '2- t.~A !~k1 26".t 
pH '1- .1- !"1-) /,(,~; l-7.~ ..,.__!( :--:; .9 1'1-.3 : :7.1 lc'-t : l(,. 2- ;.~ !~.\ I '"1, I 
alkalinity . ~ 7..J 
salinity '2.-.Z-
ammonia o.U'!> 
conductivity l'bu:iJ 
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Client 

H20 

Start Date 

c}>Q, Site 1(1- G- Lab# Jo·.z_j(r 
• <:/ • .,..,,~ l' s leD t __..........,._=------s-· 1 & '1 '~ --z.o '':.P 'tot .•. c::c S-Pc;. ~· , amp a e 't", "2.3 . 0 2-- pec1es n.o L(J 02. 0'/cl.{ 

q .Lf. o1 n oo End oate_--L./...ll!tJ_-_,'-........_-...... C ..... ~=----------
Test Conditions ·to lu. C? . 5" r"<- (2 

1 
ns :--<\1... ~tVlS- M.l ILc 

Day 
Date 

rep 
DO 

Temp°C 
pH 
alkalinity 
salinity 
ammonia 
conductivity 

rep 
DO 

,.t Tern 
• pH 

Day 
Date 

alkalinity 
salinity 

0 

t....h..A 
{.j I L1 

e. 
4-~ 
~~-0 

?. 'I 
I'IR 
1--2-
·3· I '1 

·2£11.CD 

1 3 

~I If'"> ~+ 
0, /c.,- '1/7-

0... 5"·, o&,b (., 

~., :S."' ~'f'li.7 
ts. 'J l2lf. I ~'"\·1 : 2.~.(.) 
-"f. 'I : +<.~ I •'\ 1 l ~ , c I 

>k ~L t<>A\--col ~ .em . 

6 8 10 13 
l[;z.~ Jhu.-::~ Su-t tvt?5 

qi.Jl) ·7/tZ lf/1'1 '1/;1 
b c. a b 

'),q l1·'1 '5:t : 5"i1 (, .CLJ 1 "s S'.3 : 5.(:, 
£5.~ :t.'l.q z.--{.1 : -v-f.').. '2-'\•C l 21-l,l/ as-.o : l..li.() 

'1 ,gl : "1Jqt1 1.Y :;,q p, \ : &?.2. 7-7 : 7Jj 
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(_]) (2.. Site_l~i~J-'----c._' ----- Lab# 3n z.3i(.:, Client 

H20 ho 'lu: ~.~·5o-~~ Sample Date ]:. 23 oz.. Species Info At3s LP OZCttD<{ (<-'{?fl..,) 
Start Date o1 • '-/. cz If <....D End Date _ _../..l!Oo~~:...2~-::..;0io.l..2d.-:::..-________ _ 

Test Conditions ·2.0/u 0 l 5 re \?:::. . l r "S ~'\.~ ~A .,. <o··+ 5 ···-t ~' 0 

Day 
Date 

rep 
DO 

Temo °C 
pH 
alkalinity 
salinity 
ammonia 
conductivity 

rep 
DO 
Tern 
pH 
alkalinity 
salinity 

0 

w~ 
q.fu 

d 
C:,_'J.... 

-~ . .:> 

'1-~ 
/13 

~~~ 
'Z .s-o, 
3D .300 

1 3 6 8 
--n,. •("':, ,.,_'-± _TJv~. ·fhvrs 

CJ Is c, h- ct/,o ., !t2. 

e. ~ h c. 
5-~ :5-3 lb.-Z.. :G,.'l- 5".7 :o ,I., {tl.'Lf<t .o 
J.S-3 :~~-1 ]S. oz. : Z.'i, 8 'Jk.C : 1..;',1-~1.{~ !'t'<f-~ 
7-q : {·0 ~. IJO l -g ·Ol --r,q.., i--r. '1-1 ?-, 5I : -=~- ~ 

-¥ <;)e. e.- Col\ \-co( tua ~ 
a('l\ 

10 13 

S·ut- -r.JI2 5 
'I j,.j Ci/!7-

d C\. 
{ .c : b.l &.0 : s.q 
"2-'frG::>l l-'1•0 ~7'.-~n ~~-o 
~;0 : ~(2- 8.0 : ?.q 
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Client L]) R Site TC _c... Lab # .)o-z_ 3 ~_s
Species Info ABS LP Q2<1io•l 

1~ - .;.-a a--= 
H20 ·z.o 'h, Xv- ?e.A \- Sample Date '?". z...1 .0 z,.. 
Start Date '1· c.j · OZ f1 cD End Date 

Test Conditions ZL' jr<.p i 6 n .. ps 
1 

0 1 3 6 8 10 ' 13 
Day We...A Th v •'""S s,., t 

Date q /J 4 /c,- '1 /7 
rep ~ a 6 ·~e,..- Ll c ct 

pH 6.0 1-1- I 1- .1( 1Lt I if, I 
alkalinity ISS 
salinity -~ 0 ..J... 

ammonia 1 •"l.'3 rr ~ co.·tf-.rol mit-

conductivity l.'i'la::> d"l 

15 17 20 22 24 27 28 
Day ·thu ..-s s.-~t /.v, Thurs '5P.-t 1'Jt?-$ IJL.:f. 

Date Cj lt~ "/z, Ct_h.j qf-uo <~I zf(' 10 /_t lt..">/.J-
rep h c- e. 0( e_ ~ ~ 

DO ~.'1 : .;.Cj ·co o : {, ,o 7.() I '1.0 r: Cj t)t:.5( G.l : f),lf iJ A ! (:,. ("" .5. 7 
Temp°C 1.-~. 1-- I 'l.L.\~ Q ·-z..~ol ~.e, ~-s:-D 11.'1)/ . ~'t- 'Z.. 1;{. v: .. 0 -l~., I 'l.'f-0 'L~i I li-0 _;s:!f 
pH '0.\ : ~.tl P, .... l- : ~\ \ -g.() : (.0 ',f-_j : -1-• ., '7 .q : '8 ·d-. '6.U : 1f ,, 1-'f 
alkalinity liB 
salinity ,~> 

ammonia ~.-z.o 

conductivity 311Ct: 
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Client L}) (?, Site _ __.l::C.~(L~--C.-=' ;______ Lab # 3u 2- 2 1 't 
H20 ')..o'/,k:: ""&£'- ~· "-S Sample Date 'i? 1.'3 oz. Species Info 1\R.-? LP Oicqocf (<.'t~r2:J 
Start Date C} . tj. 02. n CCJ End Date_~/i....l::O;....-..~t.J...:...-.....:():::.::t-:...__ ________ _ 

TestConditions ZD/rep. ~-ef5, l15rA.l ... ~ i {:,"iS . .J l-1•1' 

Day 
Date 

rep 
DO 

Temp °C 
pH 
alkalinity 
salinity 
ammonia 
conductivi!}l 

pH 
alkalinity 

salinity 

0 

\,)Q..~ 
cdJ 

'4 
-s-. 7 

:25,0 

7-7 
'iO 
~5 

<.ISb 
31100 

1 3 6 8 

---rhl..is> Se--t jZ;.!_> ~hurs 
r.t/~ q/"]- a, I/O c:/12 

(),. c b "d. 
5:s- :~s- ;,lj : '5 .'( b·O : '7·'f s.9 : t; .'\ 
ts: '9 : t-1./. {j 1-"\-'\ : ~.'f 1$: i) : '2t/. " Z.'f. z.. : 'L"f .0 
't. 8 : ~.~ 1.2-'t : 7,q_., 7 .. 9JB: 7.51 1'1-. y : 7 ,q 

""'"Se-t.. t. 0 1\ \-<- 0 \ )'.4 'h. 
(3{1\ 

15 17 20 22 

10 13 

.Sd }v.e-s 

<7/tt/ ot/1"1 

a c. 
14-.Cf iL() 5- ~ : 5". 8 

'2..'-\ ..i) : ]..lj. 'I '14. ~ : ~~-0 
7.5 :fll,l "75" : '7. g 
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Appendix 6. Total Number of Animals Surviving, Adult Sex Ratios, Dry Weight 
Determinations of Adults, and Numbers of Juveniles Found, Per Test Container 
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Tt,e SeaCrest Group 
lOUISVIlle, CQ 

Leptocheirus Dry Weights Page ;t· 
Form#: 31c 

Effect1ve December 2002 

Lab# ~~ 
Oven temp (•C) __ q.L.q~---Drying time (hr) _Z---Lt.j ____ Leptocheirus age ~'j - 30 rL. c 

A~ Replicate # Leptocheirus & Tare ~\ Tan{~ Weight (mg) Survivor# Mean weigh~ ) 
I OJ Sl j, OL/'-/S \F /.(fj07 1'3..A 'Zl .~.(A 1 o.M~ 
2- (h) -~ j,073j /.csol Jo-:D \\., .'f.~ 0, ~If 

,3( e-) I~ I L VG, z.s- f.o4 '-t I I PJ.'-1 \q a q,7 ().qq.. 

L.f 1 g{ /. O(o L\lo /,a;-/~ /:<,./ . \{, • B,2- 0·51~ 
s- (~) I :!F) J,os5"q /, tY-/7 li ~ 15" .fl t::..::J.. • Y1- 0.6-f-

1......-y--) 

nro y- (1.34 

NOTES 

'3vvtl/l ;;-e.~ <f' ~ 
a- z ~ lo ~~ I 

h- 3o h _i 4 
c..- - 5b r 'l 1(3 

d- '2f) A t:\ II 
e_--- y e. t"!.- "3 
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I 
I 
I 
I 
/I 

Lab # 3D2-QZ.. ~ JfS-~ 
Oven temp (•C) ___ 9 ....... £]-+-___ Drymg time (hr) __ 2-.....:t{ _____ Leptocherrus age Off- 3<l d..,. 

I 
I 
I~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Replicate 

Q 

b 
c., 
d 
~ 

# 

4~ 

L\1 
'-'2, 
4'} 
s-o 

Leptocherrus & Tare ~a\ Tare(Q.\ 

lo&ht- '~"/.C67B"" 

J.r£a-z /.QS44 
/.(JL{ 19 /.6~ 
J.o~~o i. o=.-ttft 
ltD700 J.ofo67 

'I" 
Werght (mg) Survrvor # Mean werght 

BH I \ ,j.(s 

4.3 €:> , s; t.f 
17.'0 \I .IS 

1.1 _\ la .L/;4-
'-13 \9 .~, 

L ...... ) 

( 9-/%) 'i"==O·l1C~ ) - ........ J 

NOTES 
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TI'Je SeaCrest Group 
Louisville. CO 

Leptocheirus Dry Weights 

Lab# '?D2.321- }5-~ 

Page#: 
Form#: 31c 

Effective: December 2002 

Oven temp (•C) _ ___.Cfl._._ ____ Drying time (hr) _Z_lf'------ Leptocheirus age aq -30 d._ . 
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FINAL REPORT 

Mortality, Ovary Formation, Embryo Production, Embryo Hatching and DNA 
Strand Damage in Grass Shrimp (Palaemonetes pugio) Exposed to Sediments 
from Sites in Southeastern Georgia. Embryo Hatching and DNA Strand Damage 
in Grass Shrimp Embryo Collected from Several Sites in Southeastern Georgia. 

Richard F. Lee 
Skidaway Institute of Oceanography 
10 Ocean Science Circle 
Savannah, GA 31411 

Telephone. 912-5982494 
FAJ<. 912-5982310 
E-Mail -~----=--~~ 
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INTRODUCTION 
In the present study juvenile grass shrimp (Palaemonetes pugio) were exposed to test sediments 
provided by Curt Rose and to reference sediments from the Skidaway River for approximately 2 
months. The following changes occur when grass shrimp are held in aquarium with test 
sediments: (!)juveniles grow into adults: (2) adult females produce large mature ovaries: (3) 
eggs are produced and fertilized; (3) embryos develop and hatch into the free living zoea stage. 
The developing embryos, enclosed in eggs sacs, are attached externally to the abdomen of the 
female. Embryos develop within the egg sac for approximately two weeks (at 27°C) after which 
the zoea emerge. The following data were collected: (1) mortality during the 2 months of the 
study; (2) per cent of females which formed mature ovaries; (3) per cent of females which 
produced embryos; ( 4) per cent of embryos which hatched into zoea; ( 5) amount of DNA strand 
damage (DNA tail moment) in late stage embryos. 

MATERIALS AND METHODS 

Sediment exposure 
_Three groups (n=3) with each group consisting of20 juvenile grass shrimp were exposed to test 
sediments (lOOOg) in aquaria with 20 liters of estuarine water kept at 27°C (salinity 28ppt). 
Grass shrimp were fed Artemia and kept under 12hour light/12 hour dark regime. Every 5 days 
the following parameters were determined: (a) number of dead grass shrimp; (b) number of 
females with mature ovaries; (c) number of females with attached embryos. After embryos 
reached stage 8 they were removed by a cut at the stem attaching them to females. Forty eight 
embryos were transferred to two 24 well polystyrene plates with each well containing 1.2rnl of 
estuarine water and 1 embryo was placed in each well. Embryos were collected from one 
female from each sediment exposure (n=3) .. Culture plates were kept in the dark at 27°C and per 
cent of embryos hatching out from each female was determined. Hatching generally was 
completed within 48 hours after transfer to the culture plates. Embryos from stage 7 were used to 
asses DNA strand damage, i.e. comet assay (see below for procedures). 

Hatching Tests and DNA Strand Damage on Embryos from Grass Shrimp Collected at Field 
Sites 

Grass shrimp with embryos were collected with dip nets in October 21, 2002 from a number of 
sites, including two sites at the LCP canal, Crescent River (Sapelo Sound), Troop Creek 
(Brunswick area) and Skidaway River (reference site). Hatching rates (see above) and DNA 
strand damage (Comet assay- see below) were determined with embryos taken from 3 different 
females at each collection site. 

Single-Cell Electrophoresis(SCG)Assays for DNA Strand Damage 
All chemicals were purchased from Sigma or Fisher Scientific. The procedures for the SCG asay 
are described by Singh et al. (1988) with modifications for marine animals by (Steinert et al., 
1998). The procedures described by Steinert et al.( 1998) were used along with a few 
modifications for grass shrimp embryos (Lee et al., 2000). Prior to the assay, agarose-coated 
microscope slides were made by inserting slides into a Coplin jar containing 1% normal melt in~-
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point agarose diluted in T AE solutions (0.04 M Tris-acetate and 1 mM EDT A), wiping the rear 
side of slide with tissue and then drying in air. Ten to 20 embryos from a single female were 
used and pooled for each assay. Embryos were ground with a glass homogenizer and left to 
stand for 5 min to allow heavy materials, e.g. embryonic coats, in the extract to settle. The 
supernatant was transferred to a microcentrifuge tube and centrifuged for 5 min ( 1000 x g). The 
supernatant was discarded, the precipitate was suspended using 50 J.Ll of0.65% low melting
point agarose diluted in Kenny's salt solution (0.4M NACL, 9mM KCL, 0.7 mM K2HP04,2mM 
NaHC03) then added onto the prepared agarose-coated slide, covered with a cover slip, and 
spread. After gel solidification (3min at 4°C for 2 hours), slides were soaked three times for 2 
min each in cold distilled water in a chilled Coplin jar to remove salt. For DNA strand 
unwinding, slides were transferred into chambers filled with electrophoresis and unwinding 
buffer (O.IN NaOH and 1mM EDTA, >pH13). After standing for 15 min, electrophoresis was 
carried out for 20 min at 25 V and 300 rnA. Slides were soaked three times for 2 min each in 
0.4M TRIS (pH 7.5) in a chilled Coplin jar to neutralize the gels, followed by transfer to ethanol 
in a Coplin jar for 5 min. The slides were then placed on a paper towel. Preparations were 
stained with l5J.Ll of the DNA stain, ethidium bromide (20J.Lg/ml). 

The amount of DNA strand damage was determined in cells using a Nikon Eclipse E400 inverted 
fluorescent microscope (x200 magnification). Fifty randomly selected cells per slide were used 
for calculation ofDNA tail moments (amount of DNA in tail times tail length) The cell images 
are projected onto a high-sensitivity CCD camera. The computerized image-analysis system 
(Komet Version 4.01, Kinetic Imaging Ltd) was used to determine DNA tail moments. 

Quality assurance 

At the beginning and end of the study positive control experiments were carried out with late 
stages embryos using lJ.LM, 2J.LM, 5J.LM and lOJ.LM 2,4-nitroquinoline-4-oxide. This is a known 
DNA damaging agent and previously shown to effect grass shrimp embryo hatching (Lee et al., 
2000). A dose-response curve was prepared where embryo hatching at each concentration was 
determined. The dose-response curves were within one standard deviation of previously 
prepared dose-response curves. In addition, we included during the study a reference sediment 
from the Skidaway River estuary which previously has been shown to have very low effects on 
the reproduction, embryo production and embryo hatching tests compared to controls. Controls 
were grass shrimp reproducing without sediment in the aquarium. 

RESULTS 

Juvenile grass shrimp exposed to test and reference sediments were allowed to grow into adults 
and reproduce. The reference sediments from the Skidaway had good ovary formation, good 
production of embryos, high hatching rates and very low DNA damage. Grass shrimp exposed 
to sediments with low levels of genotoxicants generally have DNA tail moments ranging from 
1.2 to3.0. Grass shrimp exposed to sediments from 5-C, 6-C, 7-C had DNA tail moments higher 
than this normal range. It should be noted that DNA tail moments of 10 to 20 were common in 
embryos collected from the LCP canal before and during remediation of this site. There was 
high mortality of grass shrimp exposed to sediments from 15-C, 6-C, H7-C. Grass shrimp from 
K7-C did not form ovaries and thus there was no reproduction of grass shrimp exposed to 
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sediment from this station. Embryo production was low for grass shrimp exposed to sediments 
from stations H7-C, K7-C, D-C, 7-C. and 45-C. Hatching rates were signficantly lower for 
embryos from shrimp exposed to sediments from stations 6-C, 5-C and H7-C. There was an 
odor of fuel oil or some other petroleum product in sediments from stations 6-C and K7-C. 
Grass shrimp zoea which hatched from shrimp exposed to sediment from station 6C were very 
weak swimmers. The embryos from shrimp exposed to sediments from station SC had unusally 
large eyes and possibly deformed eyes. The water above sediment from 45-C was very turbid, 
even though the water was changed several times during the course of the tests. It seems likely 
that the low amount of reproduction in grass shrimp exposed to this sediment may have been in 
part due to this high turbidity since the grass shrimp uses sunlight as a cue for reproduction (they 
will not reproduce in the dark). Much of the sediments from 45-C contained very fme clay 
sized particles which remained suspended in the water during the tests. There was very little 
light penetration in the aquaria with sediments from 45-C. Only sediments from station 45-C 
showed this high level ofresuspension. 
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Table 1 -Data for Mortality, Reproduction, Embryo Production, Embryo Hatching and DNA 
Damage of Grass Shrimp Exposed to Test Sediments 

Study began on Sept 2,2002 and ended on December 10, 2002 

Sample ID Mortality Reproduction Embryo Production 
(% mortality) ( % of females forming (% of females 

mature ovaries) producing embryos) 

CR-C 20,25,35 80,63,75 60,50,50 

TC-C 5,15,20 75,90,89 63,80,89 

H7-C 85,65,90 50,25,33 25,0,0 

1<7-C 40,65,50 0,0,0 0,0,0 

D-C 55,20,25 60,50,60 20,25,40 

5-C 35,45,60 50,40,29 33, 17,14 

6-C 80.90,80 50,17,29 33,0,14 

7-C 65,80,55 40,50,25 20,33,0 

15-C 5,20,15 90,100,88 80,78,63 

45-C 40,65,75 33,50,33 17,25,33 

Reference Sediment 10,20,10 83,100,71 83,57,43 
(Skidaway River) 
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Sample ID 

CR-C 

TC-C 

H7-C 

K7-C 

D-C 

5-C 

6-C 

7-C 

15-C 

45-C 

Embryo Hatching Test 
(%hatching into zoea stage) 

88,92,83 

96,85,90 

70,67,58 

no embryos 

92,83,88 

70,65,48 

46,65,40 

88,67,75 

92,81,94 

79,83,90 

Reference Sediment 94,85,96 
(Skidaway River) 

DNA Strand Damage Test- Comet Assay 
(DNA tail moment) 

1. 7,2.4,2.6 

2.4,1.9,2.1 

2.9,4.7,3.7 

no embryos 

2.2,1.7,3.0 

3.7,5.2,3.9 

3.8,2.9,4.1 

3.2,4.9,3.5 

1.5,2.7,2.2 

2.3,1.9,2.6 

1.3,2.4,2.9 
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Table 2- Means and Standard Deviation ofr Mortality, Reproduction, Embryo Production, Embryo 
Hatching and DNA Damage of Grass Shrimp Exposed to Test Sediments 

Sample ID Mortality Reproduction Test Embryo Development 
(% mortality of grass (% of females which (% of females which 

shrimp during 2 produced mature ovaries} produced embryos} 
months in test 

sediments} 

Mean S.D. Cn=3) Mean S.D. Cn=3l Mean S.D. Cn=3) 

CR-C 27 8 73 9 53 6 

TC-C 13 8 85 8 77 13 

H7-C 80 14 36 13 8 14 

1<7-C 52 13 no mature ovaries no embryos produced 

D-C 33 19 57 6 28 10 

5-C 43 13 40 11 21 10 

6-C 85 6 32 17 16 17 

7-C 77 11 38 13 18 17 

15-C 13 8 93 6 74 9 

45-C 60 18 39 10 25 8 

Reference 13 6 85 15 61 20 
Sediment 
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Sediment ID 

CR-C 

TC-C 

H7-C 

1<7-C 

D-C 

5-C 

6-C 

7-C 

15-C 

45-C 

Reference Sediment 

Table 2, cont. 

Embryo Hatching Test 
(%hatching into zoea stage) 

Mean S.D. Cn=3) 

88 5 

90 6 

65 6 

no embryos 

88 5 

61 12 

50 13 

77 11 

89 7 

84 6 

92 6 

DNA Strand Damage Test
Comet Assay 

(DNA tail moment) 

Mean S.D.Cn=3) 

2.2 0.5 

2.1 0.3 

3.8 0.9 

no embryos 

2.3 0.7 

4.3 0.8 

3.6 0.6 

3.9 0.9 

2.1 0.6 

2.3 0.4 

2.2 0.8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 3- Hatching Tests and DNA Strand Damage Tests (Comet Assay) on Embryos from 
Grass Shrimp Collected at Various Sites in Coastal Georgia 

Hatching Test 
Collection Site (% hatching into 

zoea stage) 

Mean S.D.(n=3} 

~ 
Cl)~ 4<:, S3 ;6~ Canal at LCP site 63,~.~ ~~4 

(rock rubble station) 

LCP canal where 79,88,90 86 6 
it empties into 
Purvis Creek 
(entrance to Purvis 
Creek station) 

Crescent River 90,98,85 91 7 
(Sapelo Sound area) 

Troop Creek 88.94,83 88 6 
(Brunswick area} 

Skidaway River 90,94,81 89 6 
(reference site) 

DNA Strand Damage 
Test (Comet Assay) 
(DNA tail moment) 

Mean 

5.7,4.6,3.3 4.6 

3.9,2.9,3.1 3.3 

1.5,3.1,2.0 2.2 

2.2,3.3,1.9 2.5 

2.4,1.3,2.7 2.1 

1}u!Ji2 rvuJ) 

Jtul'"(/ €__ 

rDs · 

S.D.(n=3} 

1.1 

0.5 

0.8 

0.7 

0.7 
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Table A- Hatching Rates and DNA Strand Damage from Grass Shrimp 
Embryos Collected in 1997, 1998 and 1999 from LCP Site 

Collection # 1 

Date of collection - October, 1997 
Collection site - pond with very high concentration of Hg at LCP site 
No evidence of grass shrimp reproduction in grass shrimp collected at this site 

Collection site - canal leading away from LCP site into Purvis Creek 

Hatching Rate 
(% of embryos hatching 
into zoea stageJ) 

35,63, 29 

Collection # 2 

Date of collection - October, 1999 

DNA Strand Damage 
(DNA tail moment 

3.7, 5.9, 8.8 

Pond with very high concentration of Hg no longer here. Cleanup of the site has begun 

Collection site - canal leading away from LCP site into Purvis Creek, rock rubble site 
within the canal, grass shrimp collected at mid-tide 

Hatching Rate 
(% of embryos hatching 
into zoea stage) 

4, 31,2 

DNA Strand Damage 
(DNA tail moment) 

10.5, 15.8, 20.5 
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SUMMARY 

An ecological monitoring investigation of the estuary at the LCP Site in Brunswick, 
Georgia, was conducted during October of2003. The investigation was performed according 
to an experimental design that was predicated on the design employed for a baseline 
ecological risk assessment (SERA) conducted for the estuary in 2000 and a subsequent 
monitoring investigation in 2002. Four chemicals of potential concern (COPC) - mercury, 
Aroclor 1268, lead, and polynuclear aromatic hydrocarbons (P AHs) - were addressed. 

COPC in Surface Water 

Surface water of Purvis Creek was characterized by concentrations of total mercury that 
ranged from 3 3.3 to 48.2 ng/L, as contrasted to levels ranging from 1.24 to 2.10 ng/L at two 
reference locations in Troup Creek and the Crescent River. Values of total mercury in Purvis 
Creek were marginally higher than the generic chronic ecological screening value (ESV) of 
25 ng/L established for mercury by Region 4 of the U. S. EPA. The percentage of total 
mercury that was in the form of methylmercury ranged from 1.8 to 2.6%. Methylmercury 
was not detected at the reference locations. 

Aroclor 1268, for which there is no specific ESV, was detected (1.0 ug/L) only at the mouth 
of Purvis Creek. Lead was never detected in the study area. 

COPC in Surface Sediment 

Surface sediment (0 - 15 em in depth) in creeks at the LCP site was characterized by 
concentrations of total mercury that ranged from 0.15 to 80 mglkg (dry wt). However, 
preliminary ecological remedial sediment goals (PERSGs) identified by the U. S. EPA for 
mercury ( 4 mglkg for all ecological resources except the federally endangered wood stork, 
Mycteriaa americana, for which 1 mglkg was established) were commonly exceeded only in 
the Main Canal (also termed the LCP Ditch), Eastern Creek (or North-South Tributary), and 
Marsh Grid. Concentrations of Aroclor 1268 in creek sediment at the site ranged from 
<0.28 to 33 mglkg. However, only the 33 mglkg value, which occurred at one sampling 
station in the Eastern Creek, exceeded the more stringent of two PERSGs for Aroclor 1268 
( 150 mglkg for all ecological resources except the wood stork, for which 24 mglkg was 
established). Lead concentrations in creek sediment ranged from 11 to 52 mglkg, with only 
sediment from the Eastern Creek routinely exceeding the PERSG for lead (30 mglkg for all 
ecological resources including the wood stork). Concentrations of total PAHs in creek 
sediment ranged from 0 to 11.60 mg/kg, with some sediment in all areas except the Western 
Stream Complex and mouth of Purvis Creek exceeding the PERSG for total P AHs (0.486 
mglkg for all ecological resources including the wood stork). 

Concentrations of all four COPC in marsh sediment at the site typically were lower than 
levels described above for creek sediment. Only mercury concentrations recorded near the 
Eastern Creek exceeded the 4 mglkg PERSG for mercury, although sediment near the Main 
Canal and at some stations in the western part of the site additionally exceeded the 1 mg/kg 
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PERSG. Aroclor 1268 concentrations exceeded the more rigorous 24 mg/kg PERSG at only 
· one station near the Eastern Creek, and, even there, the recorded concentration was just 25 
mglkg. Lead concentrations exceeded the applicable 30 mglkg PERSG only at the same 
station near the Eastern Creek. Total PAH levels were greater than the applicable 0.486 
mglkg PERSG at some stations near the Main Canal, Eastern Creek, and western part of the 
site. 

A supplemental study was conducted to document statistically reliable (i. e., accurate and 
precise) estimates of concentrations of total mercury and Aroclor 1268 in surface 
sediment of major areas at the site -- the Main Canal, Eastern Creek, and Marsh Grid. 
This effort, which was based on random sampling in each area, generated the following 80% 
confidence intervals (Cis) for mean concentrations of the two COPC in the three areas -
mercury in Main Canal: 5.50 to 11.70 mglkg; Aroclor 1268 in Main Canal: 2.59 to 4.35 
mglkg; mercury in Eastern Creek: 9.14 to 24.22 mglkg; Aroclor 1268 in Eastern Creek: 
21.68 to 79.94 mglkg; mercury in Marsh Grid: 0.36 to 1.50 mglkg; and Aroclor 1268 in 
Marsh Grid: 0.61 to 1.57 mg/kg. 

COPC in Biota 

Body burdens of COPC were determined in whole bodies of several types of biota- fiddler 
crabs ( Uca spp.), mummichogs (Fundulus heteroclitus), blue crabs (Callinectes sapidus), 
and several species of sciaenid fishes that included silver perch (Bairdiel/a chrysoura) and 
red drum (Sciaenops ocellatus). Concentrations of total mercury in fiddler crabs collected 
from the southern part of the LCP Site (mean mercury concentrations ranging from 0.18 to 
0.82 mg/kg; dry wt) were typically an order-of-magnitude higher than mean concentration of 
mercury in fiddler crabs from the Troup Creek reference location (0.034 mglkg). A 
difference of similar magnitude occurred for mummichogs obtained from the Main Canal 
(mean mercury concentration of 0.54 mglkg), Eastern Creek (0.50 - 0.71 mg!kg), and 
northern part of the site (0.39 mglkg) vs. reference fish (0.077 mg/kg). Blue crabs 
(Callinectes sapidus) from Purvis Creek were characterized by mercury body burdens (mean 
concentrations ranging from 1.48 to 1.60 mglkg) that approached two orders-of-magnitude 
greater than body burdens of crabs from the reference location (0.073 mglkg). The highest 
mean concentration of mercury in sciaenid fishes (1.61 mglkg) occurred in silver perch. 
Lowest mean concentrations of mercury characterized red drum, (0.67 mglkg), and black 
drum, Pogonias cromis (0.61 mglkg). 

Body burdens of Aroclor 1268 in fiddler crabs collected from two sampling stations in the 
southern part of the site (mean concentrations of Aroclor 1268 ranging from 1.83 to 2.06 
mglkg) were about 2X higher than mean concentration of Aroclor 1268 in fiddler crabs from 
the Troup Creek reference location (0.99 mglkg). However, Aroclor 1268 was not detected 
in fiddler crabs obtained from near the mouth of Purvis Creek. Mummichogs from all 
locations evaluated at the site displayed mean concentrations of Aroclor 1268 ( 1.09 - 7.97 
mglkg) that were as much as an order-of-magnitude greater than observed in reference fish 
(0.45 mglkg). Blue crabs from Purvis Creek were characterized by body burdens of Aroclor 
1268 (mean concentrations ranging from 2.76 to 3.60 mglkg) that approached an order-of
magnitude greater than body burdens of crabs from the reference location (0.43 mg/kg). The 
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highest mean body burden of Aroclor 1268 in sciaenid fishes occurred in silver perch (3.83 
mg/kg), whereas the lowest concentration was exhibited by red drum ( 1.02 mg/kg). 

Body burden of lead in fiddler crabs collected from the AB seepage area at the site (mean 
lead concentration of 32.86 mg!kg) was dramatically higher than mean concentration in 
reference fiddler crabs (0.41 mg!kg). In addition, mean lead concentration in fiddler crabs 
from near the Main Canal ( 1.55 mg!kg) was about 3X higher than in reference organisms 
(0.41 mg/kg); whereas mean lead level in fiddler crabs from near the mouth of Purvis Creek 
(0.56 mglkg) was only marginally higher than in reference organisms. The mean 
concentration of lead in mummichogs from the northern part of the site was 1.27 mg/kg, as 
contrasted to a reference value of 0.54 mg/kg. Lead was seldom detected in blue crabs or 
sciaenid fishes from the study area. 

Chronic Toxicity of Surface Sediment to Biota 

In a laboratory-based study, amphipods exposed for 28 days to creek surface sediment 
collected from eight sampling stations at the LCP Site exhibited impaired survival (from a 
statistical perspective) in sediment from six of these stations - sediment from the Main 
Canal, two stations in the Eastern Creek, a station in the Western part of the site, and two 
stations in the Marsh Grid- vs. survival of reference organisms (i. e., organisms exposed to 
sediment from either Troup Creek or the Crescent River). Conversely, amphipods exposed 
to sediment from the Western Creek Complex and from a second station in the western part 
of the site were characterized by survival that was statistically indistinguishable from 
survival of at least one cohort of reference organisms. Growth (weight) of organisms 
exposed to sediment from all eight stations was significantly less than growth of reference 
organisms. Reproductive response of organisms at all site stations and reference locations 
was statistically similar. 

Grass shrimp exposed in the laboratory for 2 months to creek surface sediment from the 
same eight stations at the site were characterized by survival that was generally higher than 
survival of amphipods. Indeed, only survival for one station in the Marsh Grid and a station 
in the Western Creek Complex was significantly lower than survival of reference organisms. 
Percent of surviving female grass shrimp forming mature ovaries generated results that 
were similar to survival of shrimp except that just shrimp exposed to sediment from the 
station in the Marsh Grid displayed ovarian formation that was statistically distinguishable 
from that of reference organisms. Percent of surviving female grass shrimp producing 
embryos was impaired only in sediment from one station in the Marsh Grid, and percent of 
embryos hatching was impaired in sediment from the same station. Assessment of DNA 
strand damage in embryos (which is a reversible condition) generated information that is 
largely redundant to information generated by the other measurement endpoints. 

Coefficients of determination (?) derived from paired data addressing concentrations of 
COPC in creek surface sediment vs. toxicity of sediment to amphipods and grass shrimp 
indicate that COPC played only a limited role in sediment toxicity. In the case of the 
chemical-toxicological relationships for amphipod toxicity, greatest correlation occurred 

? 
between concentration of lead in sediment and survival of organisms (r- == 0.57), 
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concentration of total PAHs and survival (r2 = 0.61 ), as well as concentration of lead and 

growth of organisms (r2 = 0.63). However, even this last correlation value merely implies 
that only 63% of the variation in amphipod growth can be explained in terms of variation in 

') 

concentration of lead in sediment. The relationships (r~ values) between concentrations of 
COPC in sediment and grass shrimp toxicity are all unremarkable. These findings are 
supported by the U. S. EPA in its conclusion that many inorganic chemicals (e. g., arsenic, 
cadmium, chromium, copper, and silver) are present in site sediment at concentrations (or 
detection limits) exceeding generic ecological effects values (EEYs) established by Region 
4 of the U.S. EPA. 

Toxicological Condition of Indigenous Grass Shrimp 

Percent of embryos hatching (mean hatching success) from indigenous female grass 
shrimp collected from a sampling station located mid-way in the Main Canal at the LCP Site 
and from a station situated in the Main Canal at its confluence with Purvis Creek was 
statistically similar to hatching of reference and control shrimp. DNA strand damage in 
embryos from female shrimp obtained from these two site stations was statistically 
indistinguishable from damage in reference and control organisms. 

Time-series Differences in Toxicological Condition of Indigenous Grass Shrimp 

Percent of embryos hatching (mean hatching success) from indigenous female grass 
shrimp collected from a sampling station located mid-way in the Main Canal at ~he LCP Site 
in 1999 (about 3 months after removal activities in the estuary at the site were completed), 
2002, and in this investigation (2003) increased by over 7-fold (from 12 to 87%) between 
1999 and 2003, an increase that is statistically significant and, also, reflective of baseline 
conditions for the site. Hatching success of grass shrimp obtained from the Main Canal at its 
confluence with Purvis Creek in 1997 (about 3 months before removal activities were 
initiated), 2002, and in this investigation (2003) increased from 42% to 85-86%, also a 
statistically significant increase and reflective of baseline conditions for the site. 

DNA strand damage of embryos from the Main Canal, as measured by DNA tail moment, 
significantly decreased from 15.6 in 1999 to 2.6 in 2003. However, a decrease in DNA tail 
moment of embryos from the Main Canal at its confluence with Purvis Creek from 1997 (a 
6.1 value) to 2003 (2.4) is not statistically significant. DNA damage recorded for both 
locations in 2003 appears to be approaching baseline conditions for the site. 

Time-series Differences in Concentrations of COPC in Environmental Media 

Qualitative (i. e., non-statistical) time-series comparisons of concentrations of COPC in 
environmental media routinely monitored at the LCP Site indicate that the highest levels of 
COPC in environmental media typically occurred in 1995, with substantially decreasing 
levels recorded thereafter. 
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In one of the more extreme examples, concentration of total mercury in surface water in the 
Main Canal at the site was 7,400 ng/L in 1995, decreased dramatically to 1 70 ng/L in 1996, 
and decreased again to 14 - 59 ng/L in 2000 (the last year in which water chemistry was 
monitored in the Main Canal). Similarly, concentration of total mercury in creek sediment 
from the Marsh Grid decreased from 330 mg/kg in 1995 to 4.3 - 46 mg!kg in 1996, and to 
2.2- 22 mg/kg in 2003. Also, concentration of Aroclor 1268 in creek sediment from the 
Marsh Grid decreased from 910 mg/kg in 1995 to 3.3-21 mg!kg in 1996 and to 0.94-3.5 
mg/kg in 2000, appeared to increase in 2002 (6.5- 92 mg!kg), and decreased again in 2003 
(0. 79 - 24 mg!kg). 

Decreases in concentrations of COPC in environmental media were still occurring in 2003 at 
a number of locations at the site. These cases were total mercury in creek sediment, marsh 
sediment, and mummichogs; Aroclor 1268 in creek sediment, marsh sediment, fiddler crabs, 
mummichogs, and sciaenid fishes; and lead in marsh sediment, fiddler crabs, mummichogs, 
blue crabs, and most sciaenid fishes. Other cases were observed in 2003 - notably Aroclor 
1268 in blue crabs from Purvis Creek and lead in fiddler crabs from the AB seepage area -
that clearly merit continued evaluation. 

The numerous and dramatic decreases in concentrations of COPC documented in 
environmental media shortly after 1995, the decreases in concentrations of COPC in 
some environmental media that occurred i~ 2003, and the need to further evaluate 
levels of COPC observed in other environmental media in 2003 collectively constitute a 
rationale for continued ecological monitoring of the estuary at the LCP Site. 
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l. INTRODUCTION 

This report presents the results of the 2003 ecological monitoring investigation of the estuary 
at the Linden Chemicals and Plastics (LCP) Site in Brunswick, Georgia (Figure l ). The 
report consists of two volumes. This volume (Volume I) contains the most germane 
information generated in the investigation. Volume II contains the laboratory reports and raw 
data that constitute the basis of Volume I. 

The 2003 monitoring investigation was conducted according to the same basic experimental 
design that was employed in a monitoring investigation performed for the estuary in 2002 
(CDR Environmental Specialists and GeoSyntec Consultants, 2003a). That earlier 
investigation, and, in tum, this investigation, reflected modifications of the design of a 
baseline ecological risk assessment (BERA) conducted for the estuary in 2000 (CDR 
Environmental Specialists and GeoSyntec Consultants, 200 l ). These modifications were 
implemented primarily in response to a critique by Region 4, U. S. Environmental Protection 
Agency (U.S. EPA, 200la), of the results ofthe BERA. The modifications included a focus 
on the "holistic" Purvis Creek system, as contrasted to individual, isolated sampling stations 
within the system. This focus resulted in a reduction in the number of sampling stations 
employed in the 2002 and 2003 investigations, which also represented the natural evolution 
from the scientific requirements of a BERA to those of a subsequent, routine monitoring 
investigation. 

An additional modification in the 2002 and 2003 monitoring investigations was a strict focus 
on chemicals of potential concern (COPC) at the LCP Site- mercury, Aroclor 1268, lead, 
and polynuclear aromatic hydrocarbons (PAHs) - as contrasted to analyses of extensive 
suites of chemicals in the BERA. Similarly, studies and analyses that did not generate useful 
information in the BERA were curtailed or eliminated. Consequently, chemical studies of 
surface water, evaluation of environmental media for mercury species other than total 
mercury, and use of reference locations were de-emphasized. Toxicological studies of 
surface water, community studies of indigenous macrobenthos, and normalization of 
concentrations of COPC in sediment and biota according to various abiotic variables were 
completely eliminated. 

In the 2002 and 2003 monitoring investigations, additional sampling stations were 
established in western part of the site to better characterize that part of the estuary than 
occurred in the BERA. The number of sampling stations evaluated for sediment toxicity was 
also increased from the number evaluated in the BERA to include those stations 
characterized by the highest concentrations of COPC in the BERA. Measurement endpoints 
in toxicity tests with "laboratory" (i. e., uncontaminated) grass shrimp (Palaemonetes pugio) 
exposed to sediment obtained from the site included DNA strand damage in embryos, which 
was not evaluated in the BERA. New studies were also conducted of the condition of grass 
shrimp indigenous to (collected from) the site. Red drum (Sciaenops ocellatus), a target 
species not collected in the BERA, and other sciaenid fishes, were captured in 2002 and 2003 
and evaluated for body burdens ofCOPC. 



Finally, this report presents both statistical and qualitative (i. e., non-statistical) comparisons 
between historical and contemporary estuarine conditions at the LCP Site. In particular, a 
statistically rigorous sampling design was employed to estimate concentrations of total 
mercury and Aroclor 1268 in surface sediment of major areas of the estuary at the site. 
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2. PROCEDURES 

Field activities conducted during the 2003 monitoring investigation of the estuary at the LCP 
Site occurred during October (usually during the period of October 14- 17, 2003). 

The 2003 monitoring investigation was conducted according to a work plan developed by 
CDR EnviroiiDlental Specialists and GeoSyntec Consultants (2003b). The fundamental 
sampling frame employed in the 2003 monitoring investigation was identical to the sampling 
frame established for the 2002 investigation. Consequently, the 2003 investigation focused 
on three general strata at the site: I) creek surface water (and associated biota); 2) creek 
surface sediment (and biota); and 3) marsh surface sediment (and biota). The sampling 
stations occupied in these basic areas and the environmental media sampled are illustrated in, 
respectively, Figures 2, 3, and 4. (It should be noted that these sampling stations are not 
sequentially numbered because they are a subset of the more numerous sampling stations 
initially established in the BERA.) In addition, Troup Creek and the Crescent River were 
selectively utilized as reference locations. 

The basic experimental design of the 2003 monitoring investigation (Table I) is best 
reviewed in the context of Figures 2, 3, and 4. In addition to this basic design, a supplemental 
study based on statistically rigorous protocols was employed to estimate concentrations of 
total mercury and Aroclor 1268 in surface sediment of the Main Canal (also termed the LCP 
Ditch), Eastern Creek (or North-South Tributary), and Marsh Grid (where sediment removal 
actions occurred during 1998- 1999) in the southern part of the site. 

Surface water samples intended for analyses of total mercury and methylmercury were 
collected by the "clean-hands" technique and analyzed by Frontier Geosciences, located in 
Seattle, Washington. All other chemical analyses were performed by the STL Laboratory in 
Mobile, Alabama. Toxicity tests with amphipods (Leptocheirus plumulosus) exposed to 
surface sediment were conducted by The SeaCrest Group, located in Louisville, Colorado. 
Sediment toxicity tests with grass shrimp were conducted at the Skidaway Institute of 
Oceanography (Savannah, Georgia) and were supervised by Dr. Richard Lee according to 
protocols developed by him. Both types of laboratory toxicity tests were conducted with sub
samples of the same surface sediment analyzed for COPC. The term "surface sediment," as 
used in this report, refers to a layer of sediment approximately 0 to 15 em in depth. 
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3. RESULTS OF 2003 MONITORING INVESTIGATION 
AT LCP SITE 

The 2003 monitoring investigation consisted of a basic study and a supplemental sediment 
study. In this section of the report, key elements or concepts of the investigation are often 
identified in bold print to facilitate reading of the report. 

3.1 Basic Study 

The basic study addressed presence of COPC in environmental media, chronic toxicity of 
surface sediment to biota, and toxicological condition of grass shrimp indigenous to the LCP 
Site. 

3.1.1 Presence of Chemicals of Potential Concern in Environmental Media 

Surface water, surface sediment, and biota at the LCP Site are sequentially addressed. 

3.1.1.1 Surface Water 

General water quality characteristics of surface water at the LCP Site, as reflected by 
conditions at several sampling stations in Purvis Creek, and at the two reference locations 
were generally similar (Table 2). Water temperature ranged from approximately 23 to 25° C. 
Salinity, and the related variables of conductivity and total dissolved solids, were typical of 
estuarine water. However, these values for Troup Creek were substantially lower than values 
for the other stations. Values of pH ranged from 6.6 to 7.2, and dissolved oxygen 
concentrations ranged from 6.1 to 7.4 mg/L. 

Concentrations of total mercury in surface water of Purvis Creek (33.3 - 48.2 ng/L) were an 
order-of-magnitude higher than levels at the reference locations (1.24- 2.10 ng/L), and were 
marginally higher than the generic chronic ecological screening value (ESV) of 25 ng/L 
established for mercury by Region 4 of the U. S. EPA (Table 3). The percentage of total 
mercury that was in the form of methylmercury ranged from 1.8 to 2.6% for Purvis Creek. 
Methylmercury was not detected at the reference locations. 

Aroclor 1268, for which there is no specific ESV, was detected (1.0 ug/L) only at the mouth 
of Purvis Creek. Lead was never detected in the study area. 

3.1.1.2 Surface Sediment 

Surface sediment in creek habitat and marsh habitat of the LCP Site is separately addressed. 
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a) Creek Habitat 

Silt and clay content of creek sediment at the LCP Site ranged from 9.0% at Station 33 to 
99.2% at Station 0, whereas silt and clay content at the reference locations ranged from 28.6 
to 39.1% (Table 4 ). Total organic carbon (TOC) content generally exhibited the expected 
positive relationship with silt/clay content and ranged from 0.94 to 5.9%. 

Total mercury concentrations in creek sediment at the site (0.15 - 80 mglkg) ranged from 
about I to 3 orders-of-magnitude higher than mercury levels at the reference locations ( <0.02 
- 0.044 mg/kg). All mercury concentrations recorded at the site exceeded the gereric 
ecological effects value (EEV) of 0.13 mg/kg established for mercury by Region 4 of the U. 
S. EPA. However, preliminary ecological remedial sediment goals (PERSGs) identified by 
the U. S. EPA (200lb) for mercury - 4 mglkg for all ecological resources except the 
federally endangered wood stork, Mycteriaa americana, for which 1 mg/kg was established -
were commonly exceeded only in the Main Canal, Eastern Creek, and Marsh Grid. 
(Concentrations of mercury [and Aroclor 1268] in creek sediment from the Main Canal and 
Eastern Creek are definitively addressed in Section 3.2 of this report.) 

Aroclor 1268 concentrations in creek sediment at the site (<0.28 - 33 mg/kg) were always 
greater than levels at the reference locations (<0.20 mg/kg). However, the more stringent 
PERSG identified by the U. S. EPA (200 1 b) for Aroclor 1268 - 24 mglkg for the wood stork 
as contrasted to 150 mg/kg for all ecological resources- were exceeded only at one sampling 
station in the Eastern Creek (where the above-referenced 33 mg/kg value recorded at that 
station exceeded just the 24 mg/kg PERSG for the wood stork). 

Lead concentrations in creek sediment at the site (11 -52 mg/kg) were always greater than 
levels at the reference locations (7.5 - 9.4 mg/kg). However, only stations situated in the 
Eastern Creek (and, also, the single station evaluated in the northern part of the site) routinely 
exceeded the generic EEV of 30.2 mg/kg established for lead by Region 4 of the U. S. EPA 
and the PERSG identified by the U. S. EPA (200 1 b) for lead (30 mglkg for all ecological 
resources including the wood stork). 

Total PAH concentrations in creek sediment at the site (0 - 11.60 mg/kg) were usually 
~levated over levels observed at the reference locations (0 - 0.03 mglkg). In addition, all 
evaluated areas, with the exception of the Western Stream Complex and mouth of Purvis 
Creek, were characterized by concentrations oftotal PAHs at some stations that exceeded the 
generic EEV of 1.684 mg/kg established for total PAHs by Region 4 of the U.S. EPA and/or 
the PERSG identified by the U. S. EPA (2001b) for total PAHs (0.486 mg!kg for all 
ecological resources including the wood stork). 

b) Marsh Habitat 

Concentrations of all four COPC in marsh sediment at the LCP Site (Table 5) were typically 
lower than levels described above for creek sediment. However, all mercury concentrations 
recorded at the site except at the AB seep location exceeded the generic EEV of 0.13 mglkg. 
Conversley, the 4 mg/kg PERSG for mercury was exceeded only near the Eastern Creek, and 
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the 1 mg/kg PERSG was additionally exceeded only near the Main Canal and at some 
stations in the western part of the site. (Concentrations of mercury [and Aroclor- 1268] in 
sediment from the Marsh Grid are definitively addressed in Section 3.2 of this report.) 

Aroclor 1268 concentrations exceeded the 24 mg/kg PERSG (the more rigorous criterion for 
Aroclor 1268) only at one station near the Eastern Creek, and, even there, the recorded 
concentration was just 25 mg/kg. Lead concentrations exceeded the 30 mg/kg PERSG and 
generic 30.2 EEV only at the same station near the Eastern Creek. Total P AH levels 
exceeded the generic 1.684 EEV at that same station and, also, at one station in the western 
part of the site; the 0.486 PERSG was additionally exceeded near the Main Canal and at 
another station near the Eastern Creek. 

3.1.1.3 Biota 

Body burdens of total mercury in whole bodies of fiddler crabs (Uca spp.) collected from 
the southern part of the LCP Site (mean mercury concentrations ranging from 0.18 to 0.82 
mg/kg, dry wt) were typically an order-of-magnitude higher than mean concentration of 
mercury (0.034 mg/kg) in fiddler crabs from the Troup Creek reference location (Table 6). A 
difference of similar magnitude occurred for mummichogs (Fundulus heteroclitus) obtained 
from the Main Canal (mean mercury concentration of 0.54 mg/kg), Eastern Creek (0.50 -
0.71 mg/kg), and northern part of the site (0.39 mg/kg) vs. reference fish (0.077 mglkg). 

Blue crabs (Callinectes sapidus) from Purvis Creek were characterized by mercury body 
burdens (mean concentrations ranging from 1.48 to 1.60 mglkg) that approached two orders
of-magnitude greater than body burdens of crabs from the reference location (0.073 mg!kg). 

Sciaenid fishes were captured only from Purvis Creek, and not from a reference location. 
The highest mean body burden of mercury ( 1.61 mglkg) occurred in silver perch (Bairdiella 
chrysoura). Lowest mean concentrations of mercury characterized red drum, Sciaenops 
ocellatus (0.67 mg/kg), and black drum, Pogonias cromis (0.61 mg/kg). 

Body burdens of Aroclor 1268 in fiddler crabs collected from two locations in the southern 
part of the site (mean concentrations of Aroclor 1268 ranging from 1.83 to 2.06 mg/kg) were 
about 2X higher than mean concentration of Aroclor 1268 in fiddler crabs from the Troup 
Creek reference location (0.99 mglkg). However, Aroclor 1268 was not detected in fiddler 
crabs obtained near the mouth of Purvis Creek (mean default value for Aroclor 1268 was 
0.44 mg/kg). Mummichogs from all locations evaluated at the site displayed mean 
concentrations of Aroclor 1268 (1.09 - 7.97 mg/kg) that were as much as an order-of
magnitude greater than observed in reference fish (0.45 mg/kg). 

Blue crabs from Purvis Creek were characterized by body burdens of Aroclor 1268 (mean 
concentrations ranging from 2.76 to 3.60 mg!kg) that approached an order-of-magnitude 
greater than body burdens of crabs from the reference location (0.43 mglkg). The highest 
mean body burden of Aroclor 1268 in sciaenid fishes occurred in silver perch (3.83 mg/kg), 
whereas the lowest concentration was exhibited by red drum ( 1.02 mg/kg). 

6 



Body burden of lead in fiddler crabs collected from the AB seepage area at the site (mean 
lead concentration of 32.86 mg/kg) was dramatically higher than mean concentration in 
reference fiddler crabs (0.41 mglkg). In addition, mean lead concentration in fiddler crabs 
from near the Main Canal ( 1.55 mglkg) was about 3X higher than in reference organisms 
(0.41 mg/kg); whereas mean lead level in fiddler crabs from near the mouth of Purvis Creek 
(0.56 mg!kg) was only marginally higher than in reference organisms. The mean 
concentration of lead in mummichogs from the northern part of the site was 1.27 mglkg, as 
contrasted to a reference value of 0.54 mglkg. 

Lead was seldom detected in blue crabs or sciaenid fishes from the study area. 

3.1.2 Chronic Toxicity of Creek Surface Sediment to Biota 

Chronic toxicity of creek surface sediment at the LCP Site to arnphipods and grass shrimp is 
sequentially addressed, followed by an evaluation of the relationships between 
concentrations of COPC in sediment and observed toxicity. 

3.1.2.1 Amphipods 

Survival (mean survival) of amphipods (i. e., uncontaminated organisms) exposed in the 
laboratory for 28 days to creek surface sediment collected from eight sampling stations at the 
LCP Site was most severely impacted (from a statistical perspective) at Station 7 in the 
Eastern Creek (Table 7). In addition, survival of amphipods exposed to sediment from a 
number of stations - both stations in the Marsh Grid (H7 and K7), Station 6 in the Eastern 
Creek, Station 45 in the western part of the site, and Station 5 in the Main Canal - was 
significantly lower than survival of reference organisms (i. e., organisms exposed to sediment 
from either Troup Creek or the Crescent River). Conversely, arnphipods exposed to sediment 
from the Western Creek Complex (Station 15) and from a second station in the western part 
of the site (Station D) were characterized by survival that was statistically indistinguishable 
from survival of at least one cohort of reference organisms. 

Growth (weight) of amphipods exposed to sediment from the eight site stations generally 
· reflected the above-described pattern of survival. One major exception is that the least 

affected arnphipods (organisms exposed to sediment from Stations 15 and D) exhibited 
growth that was significantly less than that of both cohorts of reference organisms. 

Reproductive response of amphipods at all site stations and reference locations was 
statistically similar. 

It is important to note that all sediment samples evaluated for tox1c1ty were composite 
samples (typically consisting of five grab samples) and, consequently, represent substantial 
areas of the estuary~ 
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3.1.2.2 Grass Shrimp 

Grass shrimp exposed in the laboratory for 2 months to creek surface sediment collected at 
the LCP Site (Table 8) were characterized by survival that was generally higher than the 
above-referenced survival of amphipods. However, sediment from Station H7 in the Marsh 
Grid was identified as being toxic to grass shrimp, as well as to amphipods; and Station 15 in 
the Western Creek Complex was additionally determined to be toxic. Sediment from all other 
stations at the site was no more toxic than both reference sediments and even control 
sediment. 

Evaluation of percent of surviVmg female grass shrimp forming mature ovaries 
generated results that were similar to those described above for survival of grass shrimp. 
However, one notable exception was that ovarian formation of shrimp exposed to sediment 
from Station 15 in the Western Creek Complex, as well as ovarian formation for all stations 
except H7 in the Marsh Grid, was statistically indistinguishable from that of reference and 
control shrimp. 

Assessment of percent of surviving female grass shrimp producing embryos indicated a 
more complex statistical relationship among individual stations than was the case for survival 
and ovarian formation of shrimp (note the more numerous horizontal lines in Part 3 of 
Section C of Table 8). However, the primary relationship between site stations and reference 
locations was fairly constant; namely, that Station H7 in the Marsh Grid was the only station 
for which ovarian production was significantly impaired as compared to reference conditions. 
(Note that only the Crescent River reference location is employed in this comparison because 
of the high variance (s

2
) associated with Troup Creek, which, in tum, would have precluded 

the use of parametric analysis of variance [ANOVA] in the overall assessment.) 

Evaluation of percent of embryos hatching indicated no statistically significant differences 
in hatching among site and reference stations. However, Station H7 in the Marsh Grid was 
not included in the statistical analysis because of the high variance (s

2
) related to hatching for 

that station. On a qualitative basis, Station H7 was clearly characterized by impaired embryo 
hatching. 

Assessment of DNA strand damage in embryos (which is a reversible condition) offered 
little additional information regarding toxicity of sediment at the site. This relatively 
sophisticated measurement endpoint identified only Station H7 in the Marsh Grid as 
exhibiting significantly greater DNA damage than damage at a reference location. 

It is important to again note that all sediment samples evaluated for toxicity were composite 
samples (typically consisting of five grab samples) and, consequently, represent substantial 
areas of the estuary. 

8 



3.1.2.3 Chemical and Toxicological Relationships 

") 

Coefficients of determination (r"") derived from paired data addressing concentrations of 
COPC in creek surface sediment (Table 4) vs. toxicity of sediment to amphipods (Table 7) 
and grass shrimp (Table 8) indicate that COPC played only a limited roie in sediment toxicity 
(Table 9). 

In the case of chemical-toxicological relationships for amphipod toxicity, greatest correlation 
occurred between concentration of lead in sediment and survival of organisms (r

2 = 0.57), 
concentration of total PAHs and survival (r

2 = 0.61), as well as concentration of lead and 

growth of organisms (r
2 = 0.63). However, even this last correlation value merely implies 

that only 63% of the variation in amphipod growth can be explained in terms of variation in 
concentration of lead in sediment. 

The relationships (/ values) between concentrations of COPC in sediment and grass shrimp 
toxicity are all unremarkable. Indeed, the numerous cases, for both amphipods and shrimp, in 

") 

which "reverse correlation" occurred, or for which r"" values were extremely low, indicates 
that toxicity of sediment is caused largely by chemicals other than COPC. The U. S. EPA 
(200 1 b) supports this finding in its conclusion that many inorganic chemicals (e. g., arsenic, 
cadmium, chromium, copper, and silver) are present in site sediment at concentrations (or 
detection limits) exceeding EEVs promulgated by Region 4 of the U.S. EPA. 

3.1.3 Toxicological Condition of Indigenous Grass Shrimp 

Percent of embryos hatching (mean hatching success) from indigenous female grass shrimp 
collected from a sampling station (Station 25) located mid-way in the Main Canal at the LCP 
Site and from a station situated in the Main Canal at its confluence with Purvis Creek 
(Station 5) was statistically similar to hatching of reference and control shrimp (Table 1 0). 

DNA strand damage in embryos from female shrimp obtained from the same two site 
stations was statistically indistinguishabl_e from damage in reference and control organisms. 

3.2 Supplemental Sediment Study 

The objective of this supplemental study was to document statistically reliable estimates of 
concentrations of total mercury and Aroclor 1268 (together with general sediment quality 
variables) in surface sediment of major areas of the estuary at the LCP Site. The areas 
addressed in this study are the Main Canal, Eastern Creek, and Marsh Grid (Table 11 ). 
Sediment data derived in this study for these areas are intended to serve as definitive 
substitutes for the limited sediment data presented in Table 4 of this report. 

Statistically reliable estimates of any variable must be accurate and precise (i. e., 
sufficiently precise to achieve the objective of the study). Accuracy is usually achieved by 
some form of random sampling, thereby ensuring that each unit in a population (e. g., every 
location in each of the three major areas at the site) has a theoretically equal chance of being 
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) sampled and measured. Appropriate precision is most commonly achieved by taking enough 
samples from the population. In this study, the appropriate number of sediment samples to 
collect from each of the three main areas was determined by use of the following formula 
(U.S. EPA, I982): 

2 2 2 
n = (t .2o) (s ) I 11 , (Equation I) 

with n = number of samples; t = "t" value for a "two-tailed" confidence interval and a 
probability of 0.20; s

2 
=variance of sample; 11 = RT- x; RT =regulatory threshold (PERSG 

of I mglkg for total mercury and 24 mglkg for Aroclor I268); and x = mean of sample. The 
basic principles involved in estimating the appropriate number of samples to collect is clearly 
evident from this equation. Appropriate sample size is a direct function of the estimated 
variance of a sample and is inversely related to the magnitude of the difference between the 
estimated mean of the sample and the regulatory threshold. 

Both s2 and x in the above-referenced equation were estimated for all three major areas from 
results of a sampling effort in the Marsh Grid during the monitoring investigation in 2002. 
The resulting estimation of sample size for total mercury and Aroclor I268 in sediment 
indicated that a greater number of samples were required for Aroclor I268 to achieve desired 
precision than for mercury. The required sample size was 22, which was increased to 25 to 
provide an extra margin of safety. This number- of sediment samples (25 samples) was then 
randomly collected in 2003 from each of the three major areas by use of a random numbers 
table applied to a grid developed for each area. Each of. the 25 sediment samples was then 
analyzed for mercury, Aroclor I268, and associated sediment quality variables (TOC ~d 
grain-size distribution). 

The results of this supplemental sediment study (Table II) indicate that surface sediment 
from the Main Canal was characterized by a mean concentration of total mercury of 8.60 
mglkg, with an 80% confidence interval (CI) ranging from 5.50 to Il.70 mg/k:g. For Aroclor 
1268, mean sediment concentration was 3.47 mg/kg, with a CI of from 2.59 to 4.35 mg/kg. 
Consequently, it can be concluded with 80% confidence that mean levels of mercury and 
Aroclor 1268 in sediment from the Main Canal were, respectively, greater than and less than 
applicable PERSGs (I mg/kg for mercury and 24 mg/kg for Aroclor I268). 

The Eastern Creek contained sediment in which the mean concentration of mercury was 
I6.68 mg/kg, with an 80% CI of from 9.14 to 24.22 mglkg. For Aroclor 1268, mean 
sediment concentration was 50.81 mglkg, with a CI of 21.68 to 79.94 mglkg. Once more, it 
can be concluded with 80% confidence that the mean level of mercury in sediment was 
greater than the I mglkg PERSG for mercury. However, for Aroclor I268, sample size was 
not quite large enough to clearly indicate (with 80% confidence) if the applicable 24 mg/kg 
PERSG was exceeded, although the "closeness" of the lower limit of the 80% CI (21.68 
mglkg) to the PERSG (24 mglkg) suggests that the PERSG was probably exceeded. 

The Marsh Grid was characterized by mean concentrations of mercury and Aroclor 1268 
in sediment that were substantially lower than observed in the Main Canal or Eastern Creek. 
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4. COMPARISONS OF HISTORICAL AND CONTEMPORARY 
ECOLOGICAL CONDITIONS AT LCP SITE 

This section of the report addresses time-series differences in toxicological condition of grass 
shrimp indigenous to the LCP Site and, additionally, time-series differences in concentrations 
of COPC in environmental media routinely monitored at the site. 

4.1 Toxicological Condition of Indigenous Grass Shrimp 

Percent of embryos hatching (mean hatching success) from indigenous female grass shrimp 
collected from mid-way in the Main Canal at the LCP Site (Station 25) was evaluated in 
October of 1999 (Lee, 2004), October of 2002 (CDR Environmental Specialists and 
GeoSyntec Consultants, 2003a), as well as in this investigation (Table 12). (October of 1999 
was about 3 months after removal activities in the estuary at the site were completed.) 
Hatching success increased by over 7-fold (from 12% to 87%) between 1999 and 2003, an 
increase that is statistically significant and, also, reflective of baseline conditions for the site 
(Table 10). 

Hatching success of grass shrimp obtained from the Main Canal at its confluence with Purvis 
Creek (Station 5) in October of 199.7 (Lee, 2004 ), October of 2002, and in this investigation 
increased from 42% to 85-86%, also a statistically significant increase and reflective of 
baseline conditions for the site (Table 1 0). (October of 1997 was about 3 months before 
removal activities in the estuary at the site were initiated.) 

DNA strand damage of embryos from Station 25, as measured by DNA tail moment, 
significantly decreased from 15.6 in 1999 to 2.6 in 2003 (Table 12). However, a decrease in 
DNA tail moment of embryos for Station 5 from 1997 (a 6.1 value) to 2003 (2.4) is not 
statistically significant. DNA damage recorded for both stations in 2003 appears to be 
approaching baseline conditions for the site (Table 1 0). 

4.2 Concentrations of Chemicals of Potential Concern 
in Environmental Media 

Qualitative (i. e., non-statistical) time-series comparisons of concentrations of COPC in 
environmental media routinely monitored at the LCP Site (Table 13) indicate that the 
highest levels of COPC in environmental media (indicated by red coding in the table) 
typically occurred in 1995, with substantially decreasing levels (identified by green coding in 
the table) recorded thereafter. (Note that these time-series comparisons are based on a 
number of different investigations and reporting protocols. In addition, although sampling 
stations in the earlier investigations [ 1995 to 1997] were selected to conform to the general 
site locations addressed in the later investigations [2000 - 2003], this "matching" of stations 
may not be precise. Also, only selected site locations are included in this evaluation. 
Consequently, the general, qualitative character of this table merits emphasis.) 
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In one of the more extreme examples, concentration of total mercury in surface water in the 
Main Canal at the site was 7,400 ng/L in 1995, decreased dramatically to 170 ng/L in 1996, 
and decreased again to 14 - 59 ng/L in 2000 (the last year in which water chemistry was 
monitored in the Main Canal). Similarly, concentration of total mercury in creek sediment 
from the Marsh Grid decreased from 330 mg/kg in 1995 to 4.3 - 46 mg/kg in 1996, and to 2.2 
- 22 mg/kg in 2003. Also, concentration of Aroclor 1268 in creek sediment from the Marsh 
Grid decreased from 910 mglkg in 1995 to 3.3-21 mg/kg in 1996 and to 0.94-3.5 mg/kg 
in 2000, appeared to increase in 2002 (6.5- 92 mg/kg), and decreased again in 2003 (0.79-
24 mg!kg). 

Decreases in concentrations of COPC in environmental media were still occurring in 2003 at 
a number of locations at the site. These cases were total mercury in creek sediment, marsh 
sediment, and mummichogs; Aroclor 1268 in creek sediment, marsh sediment, fiddler crabs, 
mummichogs, and sciaenid fishes; and lead in marsh sediment, fiddler crabs, mummichogs, 
blue crabs, and most sciaenid fishes. 

Other cases were observed in 2003 - notably Aroclor 1268 in blue crabs from Purvis Creek 
and lead in fiddler crabs from the AB seepage area- that clearly merit continued evaluation. 
These cases are indicated by orange coding in Table 13. 

The numerous and dramatic decreases in concentrations of COPC documented in 
environmental media shortly after 1995, the decreases in concentrations of COPC in 
some environmental media that occurred in 2003, and the need to further evaluate 
levels of COPC observed in other environmental media in 2003 collectively constitute a 
rationale for continued ecological monitoring of the estuary at the LCP Site. 
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Figure 1._ Location of LCP Site in Brunswick, Georgia 
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Figure 2._Locations of sampling stations for creek surface water and associated biota of estuary at LCP Site 
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Figure 3._Locations of sampling stations for creek surface sediment and associated biota of estuary at LCP Site 

• 



• 

···------.... ·. _ .. ,. 

,'WESTER~ P.ARTOF smt'.: 
I 

.. . -. ,- .. ' 
' .,_ .. 

" .. 
'---~· / ~r--..... · . ·j_.~,.:.:-- ·' 

. ;-:;-;.."'": ...... ·'-.·· -- ,.. I A"·•-. • ...1. ... ~ 

' 
' I 
I' 
'; 
\ :; .... 

• - ''<·~- •' . 
\ 

., . 
'•' ·-

1 1; ~
1 

:. ~-
1 

'·' 

. -. ___ . __ . 

I' J 
Turtle River· 

; ~ : ._::-! 

:-----· 
' 

. ' . .. . NORT~~~N.:f0RJ OF SITE 

. - •. -,( _.·: -·; ~--~~-- _:·(_ -~--1··-...,_ 
.._;_. 

. ---- '-· 

400 0 

N 

t 

J.IIWlSl 
IEnylrpnmeotal Midi• SemDIIdl 

Sediment chtmlally: all atatlona 

Fiddler craba: Stations AB, 25, and 28 

400 Meters 

Figure 4._Locations of sampling stations for marsh surface sediment and associated biota of estuary at LCP Site 
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Table 1._Basic experimental design for data generation and analysis in investigation of estuary 

at LCP Sitea 

Measurement 

General water quality 
characteristics 

Total mercury 
Methylmercury 

Arodor 1268 
Lead 

Grain-size distribution 

Total organic carbon 

Total mercury 

Arodor 1268 

Lead 

PAHs 

Grain-size distribution 

Total organic carbon 

Total mercury 

Aroclor 1268 

Lead 

PAHs 

Amphipods 

Grass shrimp 

Grass shrimp 

BiQta Collected 

Fiddler crabs 

Mummichogs 

Blue crabs 

Silver perch 

Red drum 

Black drum 

Spotted seatrout 

Number of 
sampling 

stations 
b 

5 

5 
5 

5 
5 

25 

25 

25 

25 

25 

25 

13 

13 

13 

13 

13 

13 

10 

10 

4 

Analytical 

methode 

Typical 
reporting 

limit Other details 

Surface Water Chemistry - Creek Water 

Hydrolab 

CVAFS; FGs-Q69 
CVAFS; FGs-070 

8082 
60106 

0.15 ng/L 
0.025 ng/L 

0.5 ug/L 
0.005 ug/L 

Sampling performed by "clean-hands" technique 
Sampling performed by "clean-hands" techr:ique 

Surface Sediment Chemistry- Creek Sedlmentld 

ASTM 0422 

9060 

7471A 

8082 

60106 

8270C 

0.05% (dry wl) 

0.02 mglkg (dry wl) 

0.2 mg/kg (dry wl) 

1.0 mglkg (dry wl) 

0.007 mglkg (dry wt) 18 different PAHs evaluated 

Surface Sediment Chemistry- Marsh Sedimentld 

ASTM 0422 

9060 

7471A 

8082 

60106 

6270C 

0.1%(drywt) 

0.02 mglkg (dry WI) 

0.1 mglkg (dry wl) 

0.5 mglkg (dry wl) 

0.007 mglkg (dry wt) 18 different PAHs evaluated 

Surface Sediment Toxicity -Creek Sedimentd 

CBPfrRS 89/93 

Standard Lee test 

Special Lee test 

28-day chronic test; 5 replicates per sampling station; 
evaluation of survival. growth, and reproduction of 
amphipods exposed to sediment in laboratory 

2-month chronic test; 3 replicates per sampling station; 
evaluation of survival. reproduction. and DNA strand damage 
(Comet Test) of shrimp exposed to sediment in laboratory 

Direct evaluation of reproduction and DNA strand 
damage (Comet Test) of shrimp collected in field 
(no laboratoty exposure to sediment) 

Chemical Body Burdena- of Biota (Whole Bodies I - Creek and Marsh Stations 

4 

8 

3 

5 to 7 replicates of about 1 0 - 40 com posited male crabs 
per sampling station; replicate weight= about10- 30 g; 

2 to 3 replicates of 3 - 40 composiled fish (about 50 - 70 mm 
in length) per sampling station; replicate weight = 20 - 100 g 

7 replicates of individual male crabs per sampling station; 
crab length (point-to-point on carapace)= about 110- 175 mm 
{102- 375 g) 

8 replicates of individual silver perch per sampling station; 
fish length (total length) = 145 - 195 mm {39 - 103 g) 

8 replicates of individual red drum per sampling station; 
fish length (total length)= 340- 390 mm (431 - 628 g) 

8 replicates of individual black drum per sampling station; 
fish length (total length) = 155 - 245 mm (52 - 238 g) 

8 replicates of individual spotted seatrout per sampling station; 
fish length (total length) = 280 - 420 mm (222 - BOO g) 



Table 1._Continued 

Measurement 

Total mercury 

Arodor 1268 

Lead 

Number of 
sampling 
stalionsb 

Analytical 
methode 

Typical 
reporting 

limit 

Chemical Analvses Pet1onned on Whole Bodies of Biota 

7471A 0.02 mg/kg (dry wt) 

8082 0.1 mglkg (dry wt) 

60108 0.25 mg/kg (dry wt) 

Other details 

8 1n addition to this basic experimental design (or basic monitoring program), a statistically based study was conducted 

in which 25 surface sediment samples were collected from the Main Canal. Eastern Creek, and Marsh Grid. These samples 
·(a total of 75 samples) were analyzed for total mercury and Aroclor 1268 (also, total organic content and grain-size distribution). 

bNumber of sampling stations sometimes includes up to two reference locations- Troup Creek and the Crescent River. 

cAnalytical methods are U. S. EPA methods unless otherwise indicated. 

dSurface sediment is defined as between 0 and 15 em in depth. 



Table 2. General water quality characteristics of creek surface water of estuary at LCP Site8 

Total 
dissolved Dissolved 

Temperature Salinity Conductivity solids pH oxygen 
Sampling station (OC) (ppt) (mS/cm) (mg/L) (pH units) (mg/L) 

Purvis Creek 

Upper Purvis Creek (36) 24.6 21 33.3 20 7.1 6.1 

Mid-stretch Purvis Creek (29) 24.8 21 33.7 21 7.0 6.9 

Mouth of Purvis Creek (16) 25.2 22 34.2 21 7.2 7.4 

Reference Locations 

Troup Creek 22.9 10 18.4 11 6.6 6.5 

Crescent River 23.0 25 39.5 24 6.9 6.2 

8 Surface water in Purvis Creek was evaluated. between 1500 and 1545 on October 14, 2003, during ebb tide. 
Water at the Troup Creek reference location was measured at 1000 - 1015 on October 14, during ebb tide. 
Water at the Crescent River reference location was measured at 11 00 - 1115 on October 14, 2003, during end 
of flood tide. 



) 

Table 3._Chemicals of potential concern (COPC) in creek surface water of estuary at LCP Site8 

Sampling station 

Mouth of Purvis Creek (16) 

Mid-stretch Purvis Creek (29) 

Upper Purvis Creek (36) 

Troup Creek 

Crescent River 

Mercury (ng/L or ppt) 
b 

Methyl 
Total (%of total) 

Southern Part of Site 

33.3 0.613 (1.8) 

Northern Part of Site 

44.1 1.01 (2.3) 

48.2 1.23 (2.6) 

Reference Locations 

2.10 <0.025 (<1.2) 

1.24 <0.025 (<2.0) 

Aroclor 1268c Leadd 
(ug/L or ppb) (ug/L or ppb) 

1.0 <5 

<0.50 <5 

<0.50 <5 

<0.50 <5 

<0.50 <5 

8Creek surface water samples were collected on October 14, 2003 (most samples) and October 16, 2003 
(site samples analyzed for Aroclor 1268 and lead) usually during ebb tide. 

~he U. S. EPA Region 4 chronic ecological screening value (ESV) for mercury (total mercury) is 25 ng/L. 

~here is no U.S. EPA Region 4 chronicESV for Aroclor 1268. However, the Region 4 ESV for Aroctor 
1254, which is generally considered to be a more toxic Aroclor, is 0.03 ug/L. 

dThe U.S. EPA Region 4 chronic ESV for lead (total lead) is 8.5 ug/L. 

------- ------------------------------------------------------------------------------------------------



---- -~----- ------------------- -----

Table 4._Physical/chemical characteristics and chemicals of potential concern (COPC) in creek surface sediment of estuary at LCP Site 

(all measurements in dry weight)a 

Sampling station 

Main Canal 
(ugstream to downstream) 

1 
2 
3 
4 
5 

Eastern Creek 
(ugstream to downstream) 

6 
7 
8 
9 

Western Creek Comglex 
{uRstream to downstream) 

13 
15 

Mouth of Purvis Creek (16) 

Near old oil-processing site (33) 

Mouth of southern creek (45) 
Northern stretch of "U" creek (A) 
Western stretch of "U" creek (8) 
Western inlet from Turtle River (C) 
Northwestern inlet from 

Turtle River (D) 

Silt and clay 
(%) 

24.5 
89.3 
53.2 
92.1 
68.7 

82.7 
90.4 
84.5 
75.7 

91.4 
88.4 

90.9 

9.0 

98.1 
90.9 
96.3 
96.7 
99.2 

Total organic 

carbon 
(%) 

Total 

mercur/ 
(mg/kg or ppm) 

Southern Part of Site 

1.3 3.3 
3.8 8.4 
1.4 8.0 
3.4 4.0 
3.2 10 

3.7 80 
3.1 4.2 
4.3 36 
3.6 15 

3.6 0.48 
3.5 2.8 

3.7 0.59 

Northern Part of Site 

0.94 0.34 

Western Part of Site 

3.0 0.62 
4.2 3.4 
4.3 1.5 
3.6 0.15 
3.2 0.56 

Aroclor 1268c 
(mg/kg or ppm) 

3.3 
11 
3.5 
9.9 
24 

19 
3.7 
33 

0.60 

1.3 
0.79 

0.71 

0.32 

0.70 
0.73 
0.87 

<0.28 
0.87 

Leadd 
(mg/kg or ppm) 

11 
32 
21 
26 
27 

47 
43 
37 
46 

23 
28 

27 

50 

17 
25 
22 
13 
22 

Total 

PAHse 
(mg/kg or ppm) 

0.02 
0.30 
0.47 
0.68 
2.45 

0.72 
11.60 
0.13 
1.36 

0.41 
0.34 

0.09 

0.64 

000 
0.53 
0.48 
0.26 
0.08 



Table 4. Continued 
Total organic Total Total 

Silt and clay carbon mercur/ Aroclor 1268c Leadd PAHse 
Sampling station (%) (%) (mg/kg or ppm} (mg/kg or ppm) (mg/kg or ppm) (mg/kg or ppm) 

Marsh Grid 

87 92.6 3.7 2.2 0.79 31 3.19 
09 78.6 3.6 14 6.3 28 0.93 
H7 93.3 3.0 6.8 2.2 21 0.08 
K7 70.7 3.3 22 24 26 4.97 
N2 92.0 5.9 3.6 1.8 52 1.10 

Reference Locations 

Troup Creek 39.1 1.3 0.044 <0.20 9.4 0.00 
Crescent River 28.6 1.1 <0.02 <0.20 7.5 0.03 

acreek surface sediment (0 - 15 em in depth) was collected during the period of October 14 - 16, 2003. 

bPreliminary ecological remedial sediment goals (PERSGs) for total mercury are 4 mg/kg for all ecological resources except for protection of the 
federally endangered wood stork, for which 1 mg/kg has been established (U. S. EPA, 2001 b). 

cPERSGs for Aroclor 1268 are 150 mg/kg for all ecological resources except for protection of the federally endangered wood stork, for which 
24 mg/kg has been established (U.S. EPA, 2001b). 

dThe PERSG for total lead is 30 mg/kg (U.S. EPA, 2001b). 

ePAH values reflect only detected PAHs (i.e., no adjustments are made for undetected values; e. g., assigning these values 1/2 of their 
detection limits). The PERSG for total PAHs is 0.486 mg/kg (U. S. EPA, 2001 b). 



Table 5._Physical/chemical characteristics and chemicals of potential concern (COPC) in marsh surface sediment of estuary at LCP Site 

(all measurements in dry weight)a 
Total organic Total Total 

Silt and clay carbon 
b Aroclor 1268c Leadd PAHse mercury 

Sampling station (%) (%) (mg/kg or ppm) (mg/kg or ppm} (mg/kg or ppm} (mg/kg or ppm) 

Southern Part of Site 

Main Canal 
25 90.7 3.9 2.0 3.3 24 1. 11 

Eastern Creek 
(ugstream to downstream) 

21 93.0 4.9 32 25 42 3.35 
23 93.3 4.0 6.3 5.3 28 0.59 

Western Creek Complex (27) 98.8 3.7 0.64 0.87 22 0.23 
Mouth of Purvis Creek (28) 30.8 1.2 0.28 0.48 8.8 0.10 
Seep location (AB) 2.7 0.1 0.03 <0.12 2.1 0.00 

Western Part of Site 

Mouth of central creek (46) 35.8 1.7 0.59 0.66 16. 0.34 
Northern stretch of "U" creek (A) 99.3 4.1 2.1 0.84 26 0.12 
Western stretch of "U" creek (B) 99.1 4.1 2.2 0.77 26 0.05 
Western inlet from Turtle River (C) 84.0 4.4 0.62 0.79 28 3.43 
Northwestern inlet from 96.2 3.8 1.0 0.82 24 0.06 

Turtle River (D) 

Reference Locations 

Troup Creek 94.4 4.2 0.076 <0.33 21 0.00 
Crescent River 66.0 1.7 0.039 <0.25 12 0.00 

aMarsh surface sediment (0- 15 em in depth) was collected during the period of October 14- 16, 2003. 

bPreliminary ecological remedial sediment goals (PERSGs) for total mercury are 4 mg/kg for all ecological resources except for protection of the 
federally endangered wood stork, for which 1 mg/kg has been established (U.S. EPA, 2001b). 

cPERSGs for Aroclor 1268 are 150 mg/kg for all ecological resources except for protection of the federally endangered wood stork, for whicb 
24 mg/kg has been established (U.S. EPA, 2001b). 

dThe PERSG for lead is 30 mg/kg (U.S. EPA, 2001b). 

ePAH values reflect only detected PAHs (i.e., no adjustments are made for undetected values; e. g., assigning these values 1/2 of their 
detection limits). PERSG for total PAHs is 0.486 mg/kg (U.S. EPA, 2001b). 



Table 6._Chemicals of potential concern (COPC) in whole bodies of biota of estuary 

at LCP Sitea 

95% 
Biota and Replicate Mean confidence 

sampling station 2 3 4 5 6 7 8 (x)b intervale 

TQ~I M!!rs;uct (mg!kg Qr Rl!m,d!)! ml 

Fiddler Crabe 
(all m•~!l •tat!2nsl 

Soo.otMm E!IO 2! ~~ 
Bv "AB" ... ,_ from land 0.91 0.97 0.56 0.88 1.00 0 76 066 0.12 0.17-0.17 
Main C&nal -: up- (251 0.37 0.44 0.42 0.45 0.39 038 0.41 0.41 0.38. 0.44 
fJoutt> ol PY<vis Cr.- (281 0.16 0.17 0.18 0.17 0.20 0.20 0.21 0.11 0.11-0.20 

Blftm~e ~ee Location 
Troi.ID Cntek 0.043 0.032 0.035 0.033 0.025 0.034 0.02e - 0.042 

Mymmlehoa• 
(all e!!!:!! ata~sl 

Sou!!llm E!!!l 2! ~~ 
Main Canal dc>Mostroam (51 0.54 0.54 0.54 0.54 
eastern Cr.--- (61 0.71 0.69 0.73 0.71 0.11-0.71 
eastom Cr.---- (91 0.45 0.49 0.56 0.50 0.:11. 0.11 
Westom CIMI< Comotu (131 0.19 0.20 0.13 0.17 o.oe- o.:ze 

Nco tl>em E!lll 21 ~~ 
Near Old oii-QrOcessina silo (331 0.51 034 0.31 0.31 0.12-0.66 

~~~tm flll2!. §ill 
ll.4oulh ol Sot-.. CIMI< (451 0.16 0.15 0.15 0.15 0.14-0.16 
Wostam inlot from Turtle River CCI 0.13 0.11 0.13 0.12 0.09-0.15 

Reference LQ9D!2:£! 
Troop Creek 0.047 0.100 0.063 o.o77 0.010- 0.144 

Blye Crabs 
Silo 

UPOer Puf'Yis Creek 1.8 3.1 0.93 0.88 1.9 1.2 1.4 1.60 0.89-2.31 
Lower PuMs Cteoll 0.78 2.5 3.6 1.3 0.64 0.74 0.59 1.41 0.42-2.54 

Reference Location 
Troup Cteoll 0.049 0.078 <0.02 0.04 0.27 <0.02 0.056 0.073 

Sliver Perch 
Purvis CAJek 1.4 1.8 1.0 1.2 1.4 1.5 2.4 2.2 1.61 1.20- 2.02 

B!!!....C!!:ll! 
Pucvis Creek 1.3 0.38 064 0.59 0.30 1.2 0.30 0.66 0.87 0.35. 0.99 

Black Drum 

Purvis Creek 0.53 0.59 0.53 0.67 0.75 0.42 0.90 0.51 0.61 0.41· 0.74 

:il!!!tted ~·tro~ 
Purvis Creek 1.5 1.7 1.4 1.5 1.3 1.6 1.2 1.2 1.43 1.28· 1.56 

A!:Q!Cior 1268(mg!kg or Rl!m,dct wtl 

Fiddler Crabs 
(ill martb m!iQosl 

So!l!!ltm E!1~ 2Bi~1 
Bv "AB"- from land 2.0 2.4 3.1 1.9 1.4 I 8 1.8 2.08 1.55-2.57 
fJain Canal - - (251 1.4 2.2 1.1 1.9 2.1 1.8 2.3 1.53 1.42-2.24 
ll.4oulh of PuMs CIMI< (281 <0.67 <0.77 <0.91 <0.83 <0.10 <0.10 <077 0.44 

Rolerouce Location 
Trouo Creek <0.69 <0.61 1.8 1.3 1.2 0.99 

Mummlchoaa 
(all crMk atations} 

Soo.otMm E!!!! S!l ~~ 
fJoin CAnal- -.stream (51 5.7 9.1 7.40 0-29.08 
Eastern CiM« -upstream (6) 6.8 11 6.1 7.97 1.39. 14.55 
Eastern Creek - downl1team (9) 3.5 4.3 2.9 3.57 1.83. 5.31 
Westam Creek Comolex (131 1.0 1.4 1.5 1.30 0.64. 1.96 

NQrtheni Part of ~it~ 
Near old o•t-orocessinq site (33) 1.6 2.2 11 1.63 0.26-300 

Wes1em Paa of Site 
~outl'l of Southern Creek (-'5) 0.97 1.1 1.2 1.09 0.80- 1.38 
Western inlet from Turtle River (C) 1.1 1.4 1.1 1.20 0.77-1.63 

Reference Loc..iltion 
Troup Creek <0.87 <0.95 <0.67 0.45 



Table 6. Continued -
95% 

Biota and Replicate Mean confidence 

sampling station 2 3 4 5 6 7 8 (x)o interval' 

ArQS;Ior 1268jmgtkg Qr l!l!m,d!J! wtl- ContlnuiS! 

Blue Crabs 

§!I! 
UPOer PUMI Creek 2.1 1.7 2.2 3.7 3.0 4.7 1.9 2.71 1.74-3.78 
Lower Purvis Cleek 2.2 1.8 5.0 1.7 4.0 7.9 2.5 3.60 ·1.52. 5.08 

Reference LQC!bOn 
Troup Creek <0.45 <0.28 <0.33 <0 .• 5 <0.26 2.0 <0.26 0 43 

Silver Perch 
Pur.;s Creek 3.9 3.0 2.8 5.9 2.8 4.1 4.3 3.8 3.83 2.97. 4.89 

Red Drum 
P\JNis Cleek 0.97 1.0 1.0 1.1 1.1 1.0 0.98 0.98 1.02 0.98 ·1.06 

B .. ckDrum 
PuMI Creek 4.9 1.1 3.8 4.2 4.0 1.8 2.2 1.2 2.88 1.85-4.11 

Spotted Seatrout 
PUMI Creek 2.3 7.1 2.6 1.5 1.4 5.2 4.8 4.4 3.88 1.96. 5.311 

L!!i!d jmg/kg or l!llffi,!!!J! ~~ 

Fiddler Ct!!bs 
(all marsh , .. ttonsl 

Sou1hem Pert ol S!!o 
Bv "AB" _,_from land 20 34 39 52 38 36 11 32.88 20.42. 45.30 
Main can.t - ups~ream (251 0.95 2.1 1.0 4.2 1.1 0.79 0.72 1.55 0.39. 2.71 
MoUih or Purvis Cleek (281 0.70 0.57 0.66 0.54 0.42 0.27 o.n 0.56 0.40. 0.72 

Reftf1t!lC4 Location 
Troop Craek 0.42 0 55 0.82 <0.25 <0.25 0.41 

Mumm!cboas 
(all cretl! •l!tlon•l 

tD 
SOy!htm PI!! o! Silo 

Moin can.!- -rum (5) 0.59 0.55 0.57 0.32. 0 82 
Eastern CleM- upo1rUm (8) 0.31 0.38 0.52 0.40 0.13. 0.87 
Eas1om C...- -.uum (91 0.36 0.43 04-4 0.41 0.30. 0.52 

Wos1om Crwk ~· (131 1.1 0.82 0.85 0.79 0.12. 1.48 

Nortnom P1!1 of 5!!1 
Near old o1~ srte (33) 1.3 10 1.5 1.27 0.64 ·1.90 

Western Part of Sffe 
MoUih of Sou!hem Creek (45) 0.46 0.37 0.56 0.46 022-0.70 
Wes1om inlet from Turtle River (Cl 0.58 0.4-4 0.48 050 0.32. 0.68 

Retmnce Location 
Troup Creek 0.49 0.49 0.63 0.54 0.34. 0.74 

Blue Crabs 

~ 
Upper Purvis Cleek 0.30 <0.25 <0.25 <0 25 <0.25 <0 25 <0.25 0.15 
Lower Purvis CtMk <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.12 

Refef'!!!C! L.ogrtion 
TrOUD c.-1< <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.12 

Silver Porch 
P\JNis Creek <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.12 

Red Drum 
Purvis Creek <025 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.12 

B .. <:k Drum 
PuiVII Creek <0.25 <0.25 0.36 <0.25 <0.25 <0.25 0.38 0.30 0.21 

SDOtted Soatrout 
Purvts Creek <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.12 

"Biota were collected during the period of October 14- 17, 2003, by hand (fiddler crabs), baited minnow traps 
(mummichogs and blue crabs). as well as hook-and-line and nets (sciaenid fishes). Two of the four types of bait 
employed in minnow traps contained low concentrations of two COPC (freshwater catfish: 0.033 mg/kg of total 
mercury; pork neckbones: 0.51 mg/kg of lead). 

bBold print identifies mean body burdens at site sampling stations that appear to differ substantially in 
comparison to mean body burdens at reference location. Mean values include undetected chemical values 
calculated as 112 of their detection limits. 

'Bold print identifies body burdens at site sampling stations that are statistically greater in comparison to 
body burdens at reference location (i. e., lower limit of 95% confidence interval at site station > upper limit of 
95% confidence interval at reference location). Confidence intervals are not determined for sets of chemical data 
that include undetected values. 



Table ?._Statistical analysis of survival, growth, and reproductive response of amphipods 
(Leptocheirus plumulosus) exposed for 28 days to creek surface sediment of estuary 

at LCP Site a 

A. SUBV!VAL OF AMPHIPODS 

b 
1. Ba!! 12!1! (!!umber of !l!!tm!!!!l 

Replicate - r Mean 

Sediment source ~Sl 2 3 4 (Xl 

Control 20 t6 15 20 15 t7.2 

Southern Part of Site 

Main Canal (Stat 5) 10 6 4 8 7.4 

Eastern Creel< 

Station 6 9 3 8 8 7.0 
Station 7 0 0 0 0 o:20 
Western Creek Complex (Stat 15i 9 13 6 17 16 12.2 

Mml&ill 
Station H7 6 9 3 9 6.0 

Station K7 10 12 6 15 9 10.8 

Weetem Part of Site 

Mouth of southern creek (Stat 45) 12 5 16 9 8 10.0 

Nortllwestern 1nlet from Turtle River (Stat 0) 11 9 14 14 14 124 

Reference (R) Locations 

Troup Creek 10 13 17 13 16 13.8 

Crescent River 12 18 11 19 16 15.2 

c: 
2. Cochran'! ICI teat for homogeneity of vadanc:g of am!!hlpoc! ourvlyal 

Source of variation 
m survival 

Sed1ment source ( S )· 

Error(B): 

Total (T): 

Sediment source (5): 

Mean (x) survival: 

C(coi.J = s2
(max.) I s2

(totaJ) 

c(col.) = 21.7 198.8 = 0.22 ns, 

as compared to c( .... ) = 0.31 

for P = 0. OS. k = 11 and v = 4 

3. Parametric: O!Jt1"1V anallf!i! of vadai!C! (ANOVAI followed by 
d 

Tuke(tlwl lett of amp/!lpod !!Jrvlyal 

Degrees of 
freedom I dl) 

s- I = 10 

s (r- 1l = 44 
sr- 1 =54 

L H7 

0.2 6.0 

Sumo! Mean 
squares (55) square (M5) 

1,159.60 

~ 
1.55460 

115.96 
8.98 

7.0 7 4 10.0 10.8 

F(cal) 

12.91 ••. 

as compared to 
F(tob.l = 2.64 for P = 0.01, 

10 numerator df. and 44 
denominator df 

12.2 12.4 13.8 15.2 17.2 

w{P. o.05) = 9 (square root of error M5 I r) 

= 4.80 (square root of 6.9815) 
= 2.68 

Variance 

(52) 

6.7 

4.8 

5.5 
0.2 

21.7 

9.0 

7.7 

17.5 

5.3 

7.7 

12.7 



Table 7. Continued -
II, !iROWTM IWEIGH!l Qf YeH!POOS 

1. B!!! Ia!!! IIII!ID ~!!12f &urVtvm; 1!!11 !l!l! l!!l 
Replicate - r Mean 

Sediment source 1 S l 3 4 5 !•! 
Control 0.31 0.36 0.33 0.27 0.29 0.312 

Southern Part of Site 

Main Canal (Stat. 5) 0.07 0.07 0.14 0.10 0.16 0.108 

lii!•l!III! !:;[!l!!k 
Station 6 0.13 0.11 0.03 0.06 0.05 0076 
Station 7 0.10 0 0 0 0 0.020 

Western Creek Complex (Stat. 15) 0.16 0.19 0.07 0.21 0.21 0.168 

~ 
Station H7 0.07 0.07 0.12 0.07 0.14 0.094 

Station K7 0.18 0.07 0.18 0.23 0.11 0.154 

W-em Part of Site 

Mouth of south9m creek (Stat. 45) 0.11 0.12 0.10 007 0.11 0.102 

Nonllwestem inlet from Turtle River (Stal 0) 0.22 0.17 0.16 0.17 0.12 0.168 

R.r..-.nc:e (R) Loc.ttons 

Troup Creek 

Crescent River 

Soyrce of variation 

i!!..nl!l!ll 

Sediment soun:e (S): 

Error (R): 

Total (T): 

0.34 0.50 0.30 0.32 0.31 

0.49 0.33 0.36 0.33 0.32 

c 
2. Cochnm'w (Cl ~for homoqeneitv of yartai!Cu of ampl!ipod we!Qht 

-Crcot.) = s2(max.)1 s2
(total) 

Crcot.l = 0.007 I 0.028 a 0.25 ns, 

as compa-ect to c(lob.l = 0.31 
for p = 0.05, k = 11 and v = 4 

3. e•rametric oot-waylllliylla of v!!lanct !ANOVAl follow!!! by 
d 

T\lkrt'l (wl ~ of •!D!!hii!Od W!!oht 

Degrees ol 
freedom (ell) 

• -1 = 10 

s (r -1) = 44 

St-1=54 

Sumof Mean 
SQU!!!S (SS) square (MS) 

0.690 0.069 

2JJl! 0.003 

0.605 

F(cel.) 

23.00-. 

as compared to 

0.354 

0.366 

F(lm.l = 2.84 for P = 0.01, 

1 0 numerator c11. and 44 
denominator of 

Sediment source (S ): 1. t:!l Q 

Mean (x) -ight 0.020 0.076 0.094 0.102 0 108 0.154 0.168 0.168 0.312 0.354 0.366 

w1p. o."'l = q (square root of error MS I r) 
= 4.80 (square root of 0.003/ 5) 
= 0.053 

Variance 

(12) 

0.001 

0002 

0.002 
0.002 

0.003 

0.001 

0.004 

0.0004 

0.001 

0.007 

0.005 



Table 7. Continued 

!;<. REPBQQI.!CI!l£!:i B!ili~~lili Qf AIIP!l1~12li 

1. R- Q!Y! ([!!1!!3!!lii!:!IVIID1!2!l!!l 
e 

Replicate - r 

Sediment source (S) 
b 

3 4 

Control 0.04 0.15 0 0.04 

Southern Part of Site 

Main Canal (Stat. 5) 0.14 0 0.10 0.50 

t;ia~tem !:;!:!!!!!, 
Station 6 0 0.17 0.50 0 
Station 7 0 0 0 0 

Western Creek Complex (Slat. 15) 0.12 0 0 0 

f!lml:!JZill! 
Station H7 0.50 0.20 0.25 0 
Station 1<7 0 0.07 0.10 0 

Western Part of Site 

Mouth of southern creek (Slat. 45) 0.06 0.25 0.06 0.07 
Northwestern inlet from Turtle River (Slat. D) 007 0 0 0.07 

Reference (R) Locationa 

Troup Creek 

Crescent River 

Source of yanation 
in reoroduc;tive response 

Sediment source (S): 

Error(R): 

Total (T): 

0.08 0 0.07 0.07 
0.10 0.0<1 0.10 0 

2. Cod!r!n't (CI tnt for homog!neitv of variances 
c 

of •!!J!h!ROC! !!IK9ducytye !!!Q!!!!!! 

C(coi.l = s2(max.) I s2
(total) 

c1co~. 1 = 0.051 10.164 = 0.31 ns. 

as compared to c(lob.) = 0.31 
for p = 0.05. k = 11 and v = 4 

3. Porwnetr1c one-way l!!l!n!t of yad!nce CANOVA) 
d 

of amphii!Od C!prod!!Ctlu !U!!!!!!H 

Degrees of 
rreedom (dl) 

• -1 = 10 

s (r- 11 = 44 

sr-1=54 

Sumof Mean 
squares (55) square (MS) 

0.237 0.024 

~ 
0.886 

0.015 

F(cal.) 

1.60 ns, 

Mean 

(X) 

0.06 0.058 

0 0.148 

0.38 0.210 
0 0 

0 0.024 

0 0.190 
0 0.034 

0.00 0.088 
0.12 0.052 

0.17 0.078 
0 0.048 

as compared to 

F(tob.l = 2.06 for P = 0.05, 
10 numerator df. and 44 
denominator df 

V..-i.nce 

(12) 

0.003 

0.043 

0.051 
0 

0.003 

0.043 
0.002 

0.009 
0.003 

0.004 
0.003 

3
Surface sediment (0- 15 em in depth) employed in amphipod toxicity test was collected on October 14- 16, 2003. Control 

sediment was formulated in the laboratory. Laboratory dilution water was formulated with artificial sea salt to a salinity of 20 ppt. 

bEach replicate (r) consisted of 20 amphipods at start of test (i. e., 20 amphipods at end of test= 100% survival). 

cCochran's (C) test indicates homogeneity of variances when C1co~. 1 is identified by the symbol "ns" (P = 0.05). 

dA parametric ANOVA indicates statistically significant differences among sediment sources when F1co~. 1 is identified by the 

symbol··- (P = 0.01) and absence of significant differences when associated with the symbol "ns" (P = 0.05). Tukey's (w) 
test indicates the specific sources of any significant differences detected in an ANOVA. In Tukey's test. data underscored by 
the same horizontal line are not significantly different. whereas data not underscored by the same horizontal line are 
significantly different (P = 0 05). 

e Reproductive response is calculated as 1/2 of the number of juveniles produced in a replicate I number of surviv1ng 

adult females. 



Table B._ Statistical analysis of survival, reproduction, and DNA strand damage of 
grass shrimp (Palaemonetes pugio) exposed for 2 months to creek surface 

sediment of estuary at LCP Site a 

A. SURVIVAL OF SHRIMP !JyYEN!LE TO ADULTi 

1. RIW turv!YI! dl!a ('J!o f!!!'I!YIIl 

Replicate- r 
b 

Sediment source !Sl 2 3 

Control (Siddlwly R!_, eo 90 75 

Southern P1rt of Site 

Main Canal (Stat 5) 90 75 90 

Eastern Clllek 

Station 6 75 65 55 
Station 7 65 75 70 

Western Creek Complex (Stat. 15) 55 70 50 

~ 
Station H7 25 20 35 
Station K7 90 65 75 

w-.. Part of Site 

Mouth of southern creel< (Slat. 45) 65 75 95 
NortllWI!stem inlet from Turtle river (Slat D) 65 eo 65 

!!m~ IBI Louttona 
Troup Cr&M (TC) 90 75 65 
Crescent River (CR) 95 eo 65 

Mean Variance 

. !•> !s2l 

82 58 

85 75 

72 233 
77 58 

58 108 

27 58 
83 58 

85 100 
83 8 

83 58 
87 58 

2. Coch[!n't(C)I!ft fot hO!!IO(!!!!!Ity of Ylr11!!Cf! Of Bu!'IIYI! d!!tl C 

C1cai.J = 233 /872 = 0.27 ns. 

as compared to cl .... J = 0.42 

tor P = 0.05, k 2 11 and v = 2 

3. Pt[!!!!!Cr!c: O!l!-WJY onalnlt of yor11nct [ANQVAI follow!d by 

Tullty't [wl tut of turyln! dl!a d 

Source o! variation 
~ 

Sediment source (S) 

Error (R) 

Total (T) 

Sediment source (S): 

Mean (x) survival ('!6): 

Degrees at 
lreedom (dl) 

s -1 = 10 

~[r-1}=~ 

sr-1=32 

27 58 

Sumot Mean 
squatea (SS) squana (MS) 

9,646.97 964.70 

~ 79.55 

11,396.97 

I !&!Jl. 

72 77 82 83 

Q 

83 

F !call 

12.13 ••• 

as compared to 

F I''"''= 3.26 lor P = 
0.01, 10 numeralor d!. 
and 22 denominator c1l 

83 65 85 87 

Wtp = o 05) = q (square 1001 ot error MS I r) 
= 5.06 (square root at 79.55 I 3) 
= 15.0 



Table 8. _Continued 

I!· PliB!<IiHI QE :i!.f!M!l!Hg E!iMAI.!ii1.i EQRMIN!;i !!! Tl!Rii QVAB!!;ll 

1. Blw !HYI:!!.I!!DII!Il 

Replicate - r Mean v-.ce 
Sediment source !Sl 2 :!. (X) 

Control (Siddaway Rlwr) 79 92 70 80 

~·Part of Site 

Main Canal (Stat 5) 55 89 73 72 

EastemCfl!!!k 

Station 6 78 73 75 75 
StatiOn 7 63 82 89 78 

Western c.- Complex (Stat 15) 78 73 67 73 

~ 
Station H7 27 55 18 33 
Station K7 63 91 60 71 

W....., Part of Site 

Mouth ol 50Uihem aeek (Stat 45) 78 82 67 78 
Northwestern inlet tram Turtle river (Stat D) 54 90 78 7. 

f!efwence IBIL.ocatlons 
Troup Creek (TC) 91 82 78 a. 
Crecent River (CR) 75 92 70 79 

Z. Coc!!ran'a (Cl teet tor ho!I!OQ!!!!Ity of yar!arn:• ot dtt! • 

Cl""' 1 = s2
(max.) I s2

(1olal) 

C1ca1 1 = 37211 ,!165 = 0.20 ns, 

as compared to c1,.. 1 = 0. 42 

lor P = 0.05. k = 1 1, and v = 2 

3. Pl!!mttr!c 011!-WAY aotly!!t of Vlr!a!!C! (ANQVAI to!IOW!Cf by 

Tukey't (wl tm of dtt! d 

Degrees of Sumo! 

Source g! yaria!jqn fnladom (df) squares (55) 

Sediment source (S) • ·1 = 10 5,442.00 

Error (R) J(r·1l=~ ~ 

Totatm sr-1 = 32 9,177.33 

Sediment source (S): !:!I lSI. ~ 1.2 

Mean (x)- %: 33 71 72 73 

Mean 

square (MS) 

544.20 

169.79 

Q § ~ 

74 75 76 

F (cai.J 

3.21 •. 

as compared to 

F (tab I = 2.30 lor P = 
0.05, 10 numerator dl, 
and 22 denominator dl 

I QR ~· 

78 79 80 

w{P = o 051 = q (square root ol error MS I r) 

(s') 

122 

289 

6 
181 

30 

372 
292 

80 
336 

4<4 
133 

= 5.06 (square root ol169.7913) 
= 22.0 

~ 

a. 



Table 8. _Continued 

C. Pfif!!<li!H Qf li!.!!!Yri!NQ FliM~!Ji!i fi!QQII!<JfjQ fil!!!!lf!l:Q!i 
1. B!lw !lab ~~ l!!!!!!lesl 

Replic:ate- r 

Sediment source !S) 2 

Control (Skld.lway River). 38 42 40 

Soulhem Part of Site 

Matn Canal (Stat. 5) 27 22 36 

Eastern Creek 

Station 6 44 27 25 

Station 7 27 18 44 

Weslem Creek Complex (Sial. 15) 22 18 22 

Mm!lS.i!i9 
Stalion H7 9 18 0 

Stalion K7 18 8 20 

Western Part of Site 
Moulh of soutnem cr8ek (Slat. 45) 33 45 56 
N~Siem inlet from Turtle river (Sial. D) 27 22 38 

f!-'-tcl !BIL.ggU!ZIII 
Troup Creek (TC) 
Crescent River (CR) 

82 36 33 
27 22 38 

2. C:OC:hran't (CI!ut for l!o!nog!n!!ty of var!ancu of d.l1a 

(ucludlng TrouP !Cr!!klc 

C(cai.J = s2(max.) I s2(1otal) 

C(cal 1 = 17 4 I 673 = 0.26 ns, 

as compared to c1...,.1 = 0.44 

for P = 0.05. k = 10, and v = 2 

3 flf!rnttrtc C!!!HAY lnalllllt of YJ!rti!!CI (A!QYAI fot!OW!d !zy 

TukiY't (wl !HI of dlta ltxelud!na Troup C!!!l!l d 

Degreesol Sum ol Mean 

Source ot xaliation frMdom(df) squares (SS) square (MS) 

Sediment source (S) s ·1 = 9 3,052.03 339 .. 11 

Error (R) ~ ,, • 1) = ~0 ~ 73.17 

Total (T) sr-1=29 4,515.36 

Sediment source (S): I 

Mean (X)-(%): 9 15 21 28 29 29 30 

Mean Variance 

{x) 

40 

28 

32 

30 

21 

9 
15 

45 
29 

50 
29 

F leo! I 

4.63 ..... 

as compared to 

F 11001 = 3.48 for P = 
0 01, 9 numerator df. 
and 20 denomlll8tor d1 

32 40 

(I') 

4 

50 

109 

174 

5 

81 

41 

132 
67 

754 
87 

w1p = o.05i = q (square root of error MS I r) 

= 5.01 (square root ol73.17 I 3) 
= 14.3 



Table 8. _Continued 

ll- eEB!<E!II gf EMIB!Qli ~ TCHI!I!J 

1. B!:« !I!S!II!I hatchi!!lll 

Replicate - r 

Sediment sou ice !S! 2 3 

Control (flldcUway Rlvw) 95 100 85 

SouiiMm Part of Slt8 

Main Canal (Stat. 5) 90 85 90 

Easlem Creek 

S!ation 6 90 85 90 
Slation 7 100 90 90 

Western Creek Comple.t (Slat. 15) 95 85 80 

~ 
Station H7 65 25 15 
Station K7 90 90 80 

Western Part of Site 
Mouth o1 southern creel< (Slat. 45) 96 62 86 
Northwestern inlet from Turtle river (Stat D) 90 90 80 

Bmrenc•IBI 1.~!!1!! 
Troup Creek (TC) 
Crescent River (CR) 

Source of yatla!jOO 

Sediment source (S) 

Error (R) 

Tela! (T) 

80 75 90 
100 95 95 

2 Coch!l!D'!ICI tut f!!r l!omoq!n!!ty of nr!a!IC!f of d!Q 

I exclud!!!ll 5t!1!on HD c 

c1"''-l = s2(max.) I s2(1otat) 

Cleat) = 58 I 349 = 0.17 ns. 

as compared to c,,.._, = 0.44 

for P ~.05. k = 10, and v = 2 

3. elf!!l!!!r!s O!lt-WU anatnit of Ylrlt!!CtiANOVAI 
. d 

ltxc!!!!l!na St«!!oo HD 

Degrees of Sumo! Mean 

t.-n(df) squams(SS) square (MS) 

• ·1 = 9 504.97 56.11 

~(r·JI= 2Q 704.00 35.20 

sr-1=29 1,206.97 

Mean v-.c. 
(x) 

93 

88 

88 
93 

87 

35 
87 

88 
87 

82 
97 

Flc.l-1 

1.59 ns, 

as compared lo 

F 1,.. 1 = 2.39tor P = 
0.05, 9 numerator r1f. 
ana 20 aenominator r1f 

(a') 

58 

8 

8 
33 

58 

700 
33 

52 
33 

58 
8 



Table 8. Continued -
~ QNA !!!RAND QAM&j!i IN §I!!!B!UQ!i 

1. B!w !Y!!1 lt!HA IJU moment) 

Replicate - r Mean v.n.nce 
Sediment source !Sj 2 

Contrul (~y R1vw1 0.9 1.7 1.3. 

s..uu-n P1rt of Site 

Main Canal (Stat 5 28 31 22 

l;j!Stg[!Ji:;~k 

Station 8 1.9 2.6 2.2 
Slation 7 2.1 1.3 2.2 

Western CrMk Complex (Stat. IS) 2.2 1.1 2.5 

~ 
Station H7 2.9 3.7 4.3 
Station K7 1.7 21 2.8 

Westem P1rt of Site 
Mouth ol southern creel< (Stat. 45) 2.2 1.1 1.9 
Northwestern inlet from Turtle river (Stat.-0) 0.9 1.9 2.5 

Refel eo>e1 IBl b!!!;.Uone 
Troup CrMk (TC) 2.3 2.1 2.8 
Crescent River (CR) 0.9 1.9 2.3 

2. Cochr!n't (C)1!!!t for homogeneity of vu!•ncee of d!!ta c 

CccatJ = s2(max.) /s2(tolal) 

Source ot v8!'ia!ion 

Sediment source (S) 

Error (R) 

Total (T) 

Cecal.)= 0 65/3.69 = 0.18 ns. 

as compared to C1100_1 = 0.42 

for P =0.05, k = 11. and v = 2 

3. P1!'1!!!!!r1c O!lt-WIY l!!lll!l!t of ytrii!!C! IAN()IIA) fo!low!cl by 

!ukrt't IWI!Bt of e11t1 d 

Degrees of Sum of Mean 

fr9edom (dt) squares (SS) squore (MS) 

s ·I= 10 11.83 118 

• ,, -I)=~~ ill 0.34 

sr-1 = 32 19.25 

Sediment source (S): 

(X) 

1.30 

2.70 

2.23 
1.87 

1.93 

3.63 
2.20 

1.73 
1.77 

2.40 
170 

FtcoiJ 

3.47 ••. 

as compared to 

F (tab I= 3.26 for P = 

0 01. 10 numerator dl. 
and 22 denominator dl 

(s') 

0.16 

0.21 

0.12 
0.24 

0.54 

0.49 
0.31 

0.32 
0.65 

0.13 
0.52 

Mean (X)-("): 3.83 2.70 2.40 2.23 2.20 1.93 t.87 t.n t.73 1.10 t.30 

w1p • o.051 = q (squa<e root ol error MS 1 r) 

= 5.06 (squate root ot 0.34 /3) 
~o.98 

"Surface sediment (0- 15 em in depth) employed in grass shrimp toxicity test was collected on October 
14- 16. 2003. Laboratory control sediment was uncontaminated marine sediment obtained from the 
Skidaway River. Laboratory dilution water was estuarine water (28 ppt). 

0 Each replicate (r) consisted of 20 grass shrimp at start of test (i.e., 20 grass shrimp at end of 
test= 100% survival). 

cCochran's (C) test indicates homogeneity of variances when C1ca~ 1 is identified by the symbol 

ns (P = 0.05). 

dA parametric ANOVA indicates statistically significant differences among sediment sources when F1.., 1is 

identified by the symbol"~' (P = 0.05) or "•~· (P = 0.01 ). The symbol "ns· indicates the absence of statistically 
signinicant differences (P = 0.05). Tukey's (w) test indicates the specific sources of any signifiCant differences 
detected in an ANOVA. In Tukey's test data underscored by the same horizontal line are not signifJcanUy 
different, whereas data not underscored by the same horizontal line are significantly different (P = 0.05). 

"Only two replicates were conducted for this control sediment. A symmetrical statistical design was 
achieved by assigning the mean value of those two replicates (i.e., 1.3) to a hypothetical 3rd replicate. 



Table 9._ Coefficients of determination for relationships between 
concentrations of chemicals of potential concern (COPC) and 

toxicity of creek surface sediment of estuary at LCP Site a 

Relationship 

Chemical of potential 

concern (COPC) in sedimentb 

Toxicological 

endpoint evaluated in sediment b 

Total mercury 

Arodor 1266 

Lead 

Total PAHs 

Total mercury 

Arodor 1266 

Lead 

Total PAHs 

Total mercury 

Aroclor 1266 

Lead 

Total PAHs 

T ota1 mercury 

Aroclor 1266 

Lead 

Total PAHs 

Total mercury 

Arodor 1268 

Lead 

Total PAHs 

Total mercury 

Aroclor1268 

Lead 

Total PAHs 

Total mercury 

Arodor 1268 

Lead 

Total PAHs 

Total mercury 

Aroclor 1268 

Lead 

Total PAHs 

Amphlpod lleptoc,.lrus plumulosus ~ d 

Survival 

Growth (Weight) 

Reproduction 

Grus Shrtmp IPaiaemonetes puglo ~d 
Survival 

Fonnation of ovaries 

Production at embryos 

Hatching of embryos 

DNA strand damage in embryos 

•creek surface sediment was o - 15 em in depth. 

Linear 

coeffiCient of 
detennination 

(~)c 

0.079 

0.15 

0.57 

0.61 

0.11 

0.12 

0.63 

0.24 

Reverse correlation 

Revene correlation 

Reverse correlation 

0.19 

0.0021 

Reverse correlation 

0.020 

Reverse correlation 

Reverse correlation 

Reverse correlation 

0.0001 

Reverse correlation 

0.0052 

0.078 

0.055 

0.020 

Reverse correlation 

Reverse correlation 

Reverse correlation 

Reverse correlation 

0.0089 

0.050 

Reverse correlation 

ReveBe correlation 

~oxicity reflected in this table could be associated with chemicals other than COPC. For example, 

numerous metals other than mercury and lead were probanly present in sediment. and dioxin was 
not evaluated in sediment 

0 Linear coefficient of detenmination (~) describes the percent of variability in toxicological 

endpoints that can be explained by variation in chemical concentrations. The tenm "reverse 

correlation" refers to cases where decreased toxicity is associated with increased 

concentrations of COPC. 

~he amphipod study (Table 7) and grass shrimp study (Table 8) were conducted with sediment 

from eight creek sampling stations and two reference locations. 



Table 1 O._Statistical analysis of reproduction and DNA strand damage of indigenous 

grass shrimp (Palaemonetes pugio) collected from estuary at LCP Site3 

A. !!!iRCENT OF §liBBY~ tMTCHIHQ 

1. Baw I!!!! I~ l!m!llng) 

Replicate - r 

Location 2 3 

Control (Skldaway River) 90 95 90 

Southern Part of Slta 

Main Canal 

Station 25 (mid-way in Main Canal) 85 80 95 

Station 5 (in Main Canal at confluence 75 90 90 
with Purvis Creek) 

BefeNnctiRI !,ocatlons 

Troup Creek (TC) 90 100 85 
Crescent River {CR) 90 80 85 

2. Cochran's ICI t.nt for bomogtnettv of variances of dftl b 

Source of variation 

Location (L) 

Error (R) 

Total (T) 

Cccalol = s2(max.) I s2{total) 

Ceca~, = 75 I 207 = 0.36 ns. 

as compared to C(tab.) = 0.68 

for P =0.05, k = 5. and v = 2 

3. Pa!'l!!!ltric; on!-W!y ant!ysl! of varianee (ANQVAI c 

Degrees of Sum of Mean 

freedom { df) squares (SS) square (MS) 

1-1 = 4 73.33 18.33 

l(r- 1) = 10 416.67 41.67 

lr- 1 = 14 490.00 

Mean Variance 

{X) 

88 

87 

85 

92 
85 

F (cal.) 

0.44 ns, 

as compared to 

F (tab.) = 3.48 for P = 
0.05, 4 numerator df. 

and 10 denominator elf 

(s') 

8 

58 

75 

58 
8 



) 

Table10. _Continued 

B. DNA ~TRAND DAMAGE OF EM!!fiYOli! 

1. Raw datil (DNA l!ll momeml 
Replicate - r 

Location 2 3 

Control (Skldaway River) 2.9 1.1 1.6 

Southern Part of Site 

Main~anal 

Station 25 (mid-way in Main Canal) 2.8 1.9 3.1 

Station 5 (in Main Canal at confluence 2.2 3.1 1.9 
with Purvis Creek 

Rllfertn!£! (RI LQg!!:qnt 

Troup Creek (TC) 
Crescent River (CR) 

Source of variation 

Location (L) 

Error (R) 

Total (T) 

1.9 2.9 1.3 
1,1 2.9 1.8 

2. Cochnm'• ICI tnt for homoatn•ttv of V!r\anCf! of datb 

Ccco~. 1 = s2(max.)/ s2(total) 

Ceca~.) = 0.86 1 3.11 = 0.28 ns, 

as compared to C(lab.) = 0.68 

for P =0.05. k = 5, and v = 2 

3. Palllmetric one-way analYsis of vartans;e (ANOVAic 

Degrees of Sum of Mean 

freedom (df) squares (SS) square (MS) 

1-1.= 4 1.21 0.30 

I (r-1) = 10 6.24 0.62 

lr-1 = 14 7.45 

aGrass shrimp (three females from each location) were collected in October 2003. 

Mean Variance 

(X) 

1.9 

2.6 

2.4 

2.0 
1.9 

F (cat.) 

0.48 ns, 

as compared to 

F (tlb.J = 3.48 for P = 
0.05, 4 numerator df. 
and 1 0 denominator df 

(!2) 

0.86 

0.39 

0.39 

0.65 
0.82 

°Cochran's (C) test indicates homogeneity of variances when c(cal.) is identified by the symbol "ns" (P = 0.05). 

cA parametric ANOVA indicates the absence of statistically significant differences among locations when F<caJ> 

is identified by the symbol "ns" (P = 0.05). 



Table 11._Statistically based concentrations of total mercury, Aroclor 1268, and general sediment quality variables ii'l surface sediment of 

major areas of estuary at LCP Site (all measurements in dry weight)
8 

Main Canal EutamCrHk Marsh Grid 

• 
(Sample No. 1 at mouth; Sample No. 25 at headwater) (Sample No. 1.at mouth; Sample No. 25 at headwater) (Sample No. 1 at NW comer; Sample No. 25 at SE corner) 

Total Aroctor· Total organic Total Aroelor T otBl organic Total Aroctor l otal organiC 
Sample mercury 1268 content Sill/day mercury 1268 content Sill/day mercury 1268 content 

number (mg/kg)b (mg/kg)c (%) (%) (mg/kg)b (mgtkg) 
C· 

(%) (%) (mg/kg)b (mglkg)c (%) 

1 3.9 6.4 4.0 85.4 4.2 1.1 4.1 92.6 0.11 0.15 0.47 
2 1.7 6.6 2.9 78.3 2.2 0.94 2.9 91 1.7 2.5 1.5 
3 5.3 6.2 3.3 87.4 3.6 2.2 4.1 89.8 0.12 0.10 0.46 
4 1.7 3.0 3.8 87.8 3.8 15 3.8 90.3 0.17 0.29 0.56 
5 3.2 5.1 2.8 84.2 0.062 0.25 3.3 93.5 1.1 0.26 1.1 
6 5.5 1.3 3.9 93.7 0.86 4.5 4.9 95.5 0.47 0.23 0.86 
7 11 3.3 2.8 70.4 0.13 0.24 3.7 92.7 0.45 0.35 1.1 
8 3.4 1.1 3.8 78.5 53 390 4.1 88.6 0.79 0.42 1.5 
9 2.3 0.99 3.0 73.5 19 140 3.4 74.9 11 9.1 5.3 
10 5.3 1.3 2.5 68.8 30 78 4.3 78.4 1.8 1.8 1.6 
11 20 9.8 3.8 21.3 9.6 1.6 3.9 94.2 0.14 0.18 0.31 
12 7.9 10 4.0 87.8 140 410 4.6 93.2 0.44 0.44 0.72 
13 9.6 9.2 3.2 79.3 17 57 4.1 92.9 0.24 0.31 0.56 
14 6.2 3.4 4.3 93.6 24 45 4.1 75.7 0.33 0.20 0.75 
15 7.4 9.6 3.4 85.8 17 33 4.6 78.5 0.34 0.65 0.80 
16 12 1 8 3.6 81.9 0.42 2.1 2.4 52.8 0.38 0.83 1.3 
17 20 1.3 3.9 85 31 71 5.7 69.1 0.34 0.65 0.92 
18 55 2.0 3.5 83.6 5.3 3.4 3.3 58.8 0.64 1.7 1.9 
19 3.7 0.28 4.6 83.1 0.069 0.33 2.8 92.8 0.44 0.24 0.92 
20 26 0.26 2.6 82.8 6.0 3.8 4.5 95 0.48 1.7 1.2 
21 1.3 1.4 2.5 78.1 10 2.6 4.5 68.9 0.95 1.0 1.5 
22 0.90 0.75 7.8 17.8 11 1.4 5.6 77.8 0.03 0.13 0.19 
23 0.48 0.70 0.85 25 16 3.9 3.4 62.8 0.15 2.7 0.32 
24 0.52 0.32 0.91 40.8 1.8 1.2 2.7 38.8 0.01 0.43 0.30 
25 0.72 0.55 1.2 26.1 11 1.7 8.1 93.6 0.62 0.84 0.42 

--·---------
Mean (x): 8.80 3.47 3.32 71.2 18.&8 150.81 4.12 81.3 0.113 1.09 1.08 

Stand. dav. (s): 11.75 3.36 1.38 24.0 28.80 110.150 1.17 15.4 2.115 1.83 1.00 

SO'Yo conf. lntar. (CI): 5.50-11.70 2.59-4.35 9.14-24.22 21.88 - 79.94 0.35 - 1.150 0.81 -1.57 

Racal. sample alz:e d: 6 30 1,641 

8
Surface sediment (0- 15 em in depth) was collected during the period of October 14- 22. 2003. Sample collection was based on a random procedure in which 25 sediment samples were 

collected from midstream of consecutive 20-meter long segments in the Main Canal (-420 meters in length) and Eastern Creek (-840 meters in length). In the Marsh Grid, sediment 
samples were randomly obtained from 25 of 83 coordinates (A-1 through P-1) of a -30-meter-square grid system. 

bPreliminary ecological remedial sediment goals (PERSGs) for total mercury are 4 mg/kg for all ecological resources except for protection of the federally endangered wood stork, for which 
1 mg/kg has been established (U.S. EPA, 2001b). 

Sill/clay 

(%) 

9.5 
34.5 
9.2 
13.1 
39 

18.5 
27 

18.9 
83.8 
43.2 
81.2 
16.3 
11.4 
15.9 
13.3 
27.9 
7.7 

32.6 
17.8 
22.8 
24.7 
7.5 
7.7 
9.5 
9.6 

24.1 

20.3 

cPERSGs for Aroclor 1268 are 150 mg/kg for all ecological resourcas except for protection of the federally endangered wood stork, for which 24 mg/kg has been established (U.S. EPA, 2001b). 

dSample size for this evaluation (n = 22. increased to 25, for each evaluated area) was based on an objective of estimating with 80% confidence if mean sedimentary concentrations of total 

mercury and Aroclor 1268 in the three areas exceeded worst-case PERSGs (1 mglkg for total mercury and 24 mglkg for Aroclor 1268). This estimation was based on a sample-size equation 
applied to a data set obtained in 2002 addressing concentrations of Aroclor 1268 in sediment from the Marsh Grid (n = 5. x = 36.80, and s" 38.94) . (Aroclor 1268 was always determined to require 
a greater number of samples than total mercury to achieve the desired precision.) Recalculated sample size tor each chemical in each area is based on the new (2003) values for sample size (n). 
mean (x). and standard deviation (S). 



Table 12._Statistical analysis of time-series differences in reproduction and DNA 
strand damage of indigenous grass shrimp (Palaemonetes pugio) collected 

from estuary at LCP Site3 

Location 

Station 25 (mid-way in Main canal) 

Station 5 (in Main Canal at confluence 

with Purvis Creek) 

A. PERCENT OF EM~RYOS HATCHING 

1. R!!W data I"& ha!&!Jing) 

Replicate - r 

YearM 2 

Main !:;anj!l in ~Qulh~m Pi!!:! Qf Stl~ 

1999 4 31 

2002 63 46 

2003 85 80 

1.997 35 63 

2002 79 88 

2003 75 90 

3 

2 

53 

95 

29. 

90 

90 

b 
2. Cochran's !C) test for hQmoaenettv of variances of data 

C(cal.) = s2(max.) I s2(total) 

Station 25 Station 5 

c(caJ.) = 262/393 = 0.67 ns. c(cal.) = 329/438 = 0.75 ns. 

Source Qf varij!tion 

YearM 

Error (R) 

Total (T) 

Source of vanation 

YearM 

Error (R) 

Total (T) 

as compared to c(tab.) = 0.87 

for P = 0.05, k = 3. and v = 2 

3. Parametric one-way anarvsts of variance (NiOVAlc 

Degrees of 

freedom (df) 

y- 1 = 2 

y lr- 1) = 6 

yr- 1 = 8 

Degrees of 

freedom(df) 

y -1- 2 

y (r- 1} = 6 

yr -1 = 8 

Station 25 

Sum of Mean 

squares (55) square (MS) 

8,328.67 

787.33 

9,116.00 

Station 5 

Sum of 

squares (SS) 

3,698.67 

an.33 

4,576.00 

4,164.34 

131.22 

Mean 

square (MS) 
1,849.34 

146.22 

Mean Variance 

(x) (52) 

12 262 

54 73 

87 58 

42 329 

86 34 

85 75 

F (cal.) 

31.74**, 

F (cal.) 

12.65 ". 

as compared to 
F (tab.)= 10.92 for P = 

0.01, 2 numerator df, 
and 6 denominator df 



Table 12._Continued 

B. DNA l;iTRAND DAMAGE IN EMBRYOl;i 

1. Raw !H!! {DNA ~II mQm!!!ll 

Replieate - r Mean Variance 

Location YearM 2 3 

Main Ci!!!i!l in Soythem Pi!!i Qf lii!1e 
Station 25 (mid-way in Main Canal) 1999 10.5 15.8 20.5 

Station 5 (in Main Canal at oonftuence 

with Purvis Creek) 

2002 

2003 

1997 

2002 

2003 

5.7 

2.8 

3.7 

3.9 

2.2 

4.6 3.3 

1.9 3.1 

5.9 8.8 

2.9 3.1 

3.1 1.9 

b 
2. C~Xhran's {CI test fur homogeneity of variances of data 

Station 25 

C(cal.) = 25.0 I 26.8 = 0.93 *, 

C(cal.) = S2(max.) I S2(total) 

Station 5 

C(cat.) = 6.5 17.2 = 0.90 *, 

as compared to C<labl = 0.87 

for P = 0.05, k = 3, and v = 2 

3. Nonparametdc; Q!!!tW8Y anatvsle of yarlance jANOVAl 

(Kruskai-Wallis Test; H)d 

H = [ 121 n(n +1) I:1 R
2 In;]· 3 (n + 1), 

(x) (s2) 

15.6 25.0 

4.5 1.4 

2.6 0.39 

6.1 6.5 

3.3 0.3 

2.4 0.39 

witll n; = number of data points in tile ;til sample, 
n = r n;. and R; = sum of ranks for ;til sample 

Station 25 

H = [(0.13) (279)] • 30 

H=6.27*, 

Station 5 

H = [(0.13) (265)) • 30 

H = 4.45 ns, 
as compared to chi square = 5. 99 
for P = 0.05, and 2 df 

8
Grass shrimp (three females from each location) were collected during the month of October in 1997, 1999, 

2002, and 2003. 

bCochran's (C) test indicates homogeneity of variances when C(cal.l is identified by the symbol "ns" and 

heteroscedasticy when associated by the symbol "*" (P = 0.05). 

~he parametric ANOVA indicates statistically significant differences among years since F<cal.l is identified 
by the symbol ...... (P = 0.01 ). 

dThe nonparametric ANOVA indicates statistically significant differences among years whrn "H" is identified 
by the symbol "*" (P = 0.05) and the absence of statistically significant differences among years when "H" is 
identified by the symbol "ns" (P = 0.05). 



Table 13._ Qualitative analysis of time-series differences in concentrations of chemicals 
of potential concern (COPC) in environmental media of estuary at LCP Sitea 

Environmental medium Site Year of evaluation 

(unit of measurement) Location 
b 1995< 1996d 1997

8 2000f 2002° 2003h 

Total Mereu!]: 

Surface water (ng/L) :;!outhem Pan of Site 
(unfiltered) Main Canal 32-398 

Mouth or Purvis Creek 22 26-43 16 11.3 33.3 

Reference locations 3.6-5.8 <5-26 1.7- 3.3 1.14- 1.24 1.24-2.10 

Surface sediment Southern Pan of Site 

in creek Main Canal 24-65 1.2- 11 5.50-11.70 

(mg/kg, dry wt) Eastern Creek 9.5 1.1- 110 3.8-48 9.14-24.22 

Western Creek complex 1.9 1.4- 2.6 1.8-2.6 2.0-9.7 1.3- 1.5 0.48-2.8 

Mouth of Purvis Creek 1.8 0.28 0.23 0.59 

Nonhern Pan of Site 0.048- 4.6 0.34 

Western Part of Site 0.15 0.24- 1.4 0.15-3.4 

Marsh Grid 1.3-50 2.6-62 

Reference focations 0.13 0.05U- 0.13 0.008 - 0.027 0.0076- 0.24 0.025- 0.038 <0.02- 0.044 

Surface sediment Southern Pa!] of Site 

in marsh Main Canal 8.5 2.0 

(mg/kg, dry wt) Eastern Creek 13 6.3-32 

Western Creek complex 0.97-1.8 3.3 2.1 

Mouth of Purvis Creek 0.75 0.53 1.0 

Northern Part of Site 0.12-3.2 

Western Pan of Site 0.030-0.79 

Marsh Grid 

Reference locations 0.13 .088-0.13 0.047 - 0.050 0.0032- 0.28 0.032 - 0.094 0.039- 0.076 

Fiddler crabs Soulhern Pan of Site 

(mg/kg, dry wt) AB seepage area 1.1 0.95 0.82 

Main Canal 0.74 0.67 0.41 

Eastern Creek 0.45 

Western Creek compldx 0.27 0. t4- 0.30 

Mouth of Purvis Creek 0.11 0.16 0.13 0.18 

Northern Part of Site 0.50 

Western Part of Site 0.44 

Marsh grid t.8 

Reference locations 0.05 0.01 -. 0.043 0.01 - 0.02 O.Ot8- 0.031 0.027 0.034 

Mummichogs Southern Part of Site 

(mg/kg, dry wt) Main Canal 1.0 

Eastern Creek 

Western Creek complex 0.38-0.55 0.33 0.43 

Mouth of Purvis Creek 0.22 

Nonhern Pan of Site 0.34 0.39 

Western Part of Site 0.18-0.27 0.12-0.15 

Reference locations 0.10 O.Q2 - 0.04 0.025- 0.041 0.12 o.on 

Blue crabs Purvis Creek 0.97- 1.0 1.5-1.6 

(mg/kg, dry wt) Reference locations 0.10 0.069- 0.078 0.14 0.073 

Silver perch Purvis Creek • 1.6 

(mg/kg, dry wt) Reference locations 0.15 

Red drum Purvis Creek 0.81 0.67 

(mg/kg, dry wt) Reference locations 

Black drum Purvis Creek 0.92 0.41 0.61 

(mg/kg, dry wt) Referenca locations 

Spotted seatrout Purvis Creek 0.64 0.90 

(mg/kg, dry wt) Reference locations 



Table 13. Continued -
Environmental medium Site Year of evaluation 

(unit of measurement) Locationb 1995° 1996d 1997° 2ooo
1 2002g 2003h 

Aroclor 1268 

Surface water (ug/L) :;!ou!hern ['art of :;lite 

(unfiltered) Main Canal <0.2- 5.5 l.OU 

Mouth of Purvis Creek u <0.2 1.0U 1.0U 1.0 

Reference locations 0.22 u <0.2 0.33 -1.0U 1.0U <0.5 

Surface sediment Southern Pa[J of Site 

in creek Main Canal 62 0.25-23 

(mg/kg, dry wt) Eastern Creek 63 

Western Creek complex 2.1-2.8 

Mouth of Purvis Creek 11 1.9 0.71 

Northern Part of Site 0.14 0.32 

Western Part of Site 

Marsh Grid 

Reference locations 0.081 0.006-0.06 <0.028 o.044U - o.089U 0.092U- 0.19 <0.20 

Surface sediment :!outhern Pa!lQf Si!e 

in marsh Main Canal 

(mg/kg, dry wt) Eastern Creek 

Western Creek complex 

Mouth of Purvis Creek 

Northern Part of Site 

Western Part of Site 0.61 -1.5 0.66-0.84 

Marsh Grid 

Reference locations 0.081 0.0077 - 0.027 <0.028 0.046U - 0.063U 0.061U- 0.10U <0.25 - <0.33 

Fiddler crabs :;;outhern Part ol ~ite 

(mg/kg, dry wt) AB seepage area 2.8 

Main Canal 2.8 

Eastern Creek 

We stem Creek complex 0.81 0.53-1.9 
Mouth of Purvis Creek 

Northern Part or Site 1.5. 

Western Part of Site 1.2 

Marsh grid 73 

Reference locations 008 0.08-0.13 0.04-0.06 0.15-0.17 0.18 0.99 

Mummichogs Southern Part of Site 

(mg/kg, dry wt) Main Canal 7.4 

Eastern Creek 7.9-8.6 3.8-8.0 

We stem Creek complex 

Mouth of Purvis Creek 0.66 

Northam Part of Site 2.2 1.8 

Western Part of Site 0.21 -2.4 1.1-1.2 

Reference locations 0.08 0.20- 0.22 0.11 0.45 

Blue crabs Purvis Creek IJil 1.9-2.4 

(mg/kg, dry wt) Reference locations 2.7 0.15. 0.21 0.09 0.43 

Silver perch Purvis Creek 2.9 

(mg/kg, dry wt) Reference locations 0.33 

Red drum Purvis Creek 

(mg/kg. dry wt) Reference locations 

Black drum Purvis Greet: 4.2 

(mg/kg, dry wt) Reference locations 

Spotted seatrout Purvis Creek 0.99 

(mg/kg, dry wt} Reference locations 

) 



Table 13. Continued -
Environmental medium Site Year of evaluation 

(unit of measurement) Locationb 1995c 1996d 1997° zooof 2002g 2003h 

ill!! 
Surface water (ug/L) l!outhern Part of Site 

(unfiltered) MainCanat 

Mouth of Purvis Creek u <2 sou <0.005 

Reference locaUons u <2 -1t S.OU sou <0.005 

Surface sediment Southern Part of Site 

In creek Main Canal 11-24 11-32 

(mg/kg, dry wt) Eastern Creek 

Western Creek complex 20-23 23-29 31-32 23-28 

Mouth of Purvis Creek 20 

Northern Part of Site 13-63 

Wes1ern Part of Site 14- 19 13-25 

Marsh Grid 24-35 13-35 21-52 

Reference locations 24 5.0-20 1.7-6.3 2.0- 12 12-14 7.5-9.4 

Surface sediment l:;ou!IJern Part of l:;lte 

In marsh Main Canal 12 24 

(mg/kg, dry wt) Eastern Creek 23 25-34 20-21 28-42 

Western Creek comple.x 18-23 26 34 22 

Mouth of Purvis Creek 16 

Northern Part of Site 14-91 

Western Part of Site 16-28 

Marsh Grid 

Reference locations 24 16- 19 10-11 5.9-24 16-24 12-21 

Fiddler crabs Southam ~a£1 of Site 

(mg/kg, dry wt) AB seepage area 

Main Canal 22 1.9 2.8 1.6 

Eastern Cmek 

Western Creek complex 1.1 1.0-2.2 

Mouth of Purvis Creek 0.42 1.0 

Northern Part of Site 1.8 

Western Part of Site 0.87 

Marsh Grid 8.7 

Reference locations 0.66-0.77 0.36-0.41 0.96- 1.3 1.4 0.41 

Mummichogs Southam Pa[l of Site 

(mg/kg, dry wt) Main Canal O.t8- 0.21 0.62 0.57 

Eastern Creek 0.22 0.98-1.2 

Western Creek complex 0.10. 0.39 

Mouth of Purvis Creek 0.11 

Northern Part of Site 

Western Part of Site 

Reference locations 0.26-0.39 0.87-2.8 1.3 0.54 

Blue crabs Purvis Creek 0.71-1.1 

(mg/kg, dry wt) Reference locations .75-1.1 1.2 0.12 

Silver perch Purvis Creek 1.6U 

(mg/kg, dry wt) Reference locations 2.2U 

Red drum Purvis Creek 0.50 0.12 

(mglkg, dry wt) Reference locations 

Black drum Purv1s Creek 1.8U 

(mg/kg, dry wt) Reference locations 

Spotted seatrout Purvis Creek 1.8U 

(mg/kg, dry wt) Reference locations 



Table 13. Continued -
Environmental medium Site Year of evaluation 

(unit of measurement) Location 
b 1995c 1996d 1997° 2ooof 20029 2003h 

Poly:nuclear Aromatic H!idrocarbons {PAHs) 

Surface water (ug/L) ~ouJ:bem Part of Site 

(unfiltered) Main Canal u u 
Mouth or Purvis Creek u u 

Reference locations u u 

Surface sediment Southern Part of Site 

In creek Main Canal 0.44 0.21- 1.4 

(mg/kg, dry wt) Eastern Creek 0.39-0.67 0.28-4.3 

Western Creek complex U-0.081 

Mouth of Purvis Creek 0.33 0.09 

Northern Part of Site 0.56 0.64 

Woslern Part of Site 0.027 0.030- 0.42 0-0.53 

Marsh Grid u u -0.22 u ·1.0 

Reference locations u 0.17-0.89 u u 0-0.03 

Surface sediment li!outl1ern Part of Site 

in marsh Main Canal 0.83 U-0.52 0.39 

(mg/kg, dry wt) Eastern Creek 0.007-0.17 

Western Creek complex u 0.18 

Mouth of Purvis Creek 0.010 0.20 

Northern Part of Site 0.28 U-0.80 

Western Part of Site 

Marsh Grid u 0.69 

Reference locations u u- 0.005 u 

"color scheme employed in this table is intended to suggest general, qualitative (i. e., non-statistically based) trends over the 
years in concentrations of COPC in environmental media from various locations at the LCP Site. Red color is employed to identify 
levels of COPC prior to 2003 that have clearly not yet decreased to a point of equilibrium. Or.•rll;le •color signifies levels of COPC in 
2003 that are apparently in the same state of flux. Green color identifies years in which levels of COPC decreased substantially in 
comparison to previous years. 

bSite locations are relatively large areas in which numerous samples of environmental media were often taken at different 
points in the locations during a year. 

cData for 1995 were generated by the U.S. EPA (Sprenger et al.. 1997) and are mean values derived from parts of Tables 24 
and 25 (surface water); Tables 3, 4, 9, 10, and 12 (creek and marsh surface sediment); Table 31 (fiddler crabs); Table 42 
(mummichogs); and Table 37 (blue crabs). 

dData for 1996 were generated by PTI Environmental Services and CDR Environmental Specialists (1996) and are single values 
derived from parts of Table 5-1(surface water); a range of values. sometimes from several sampling stations in the same location, 
and always at different depths at the sampling stations, from parts of Table 5-2 (creek sediment); mean values for several 

0.23 

0.93 

0 

depths from Figure 4-4 (most marsh sediment); and mean values from parts of Table 5-4 (marsh grid) and Figure 4-6 (fiddler crabs). 

9
Data for 1997 were generated by NOAA and Region 4, U. S. EPA (1998) and are typically a range of values, sometimes from 

several sampling stations in the same general location, derived from parts of Figure 3.1, Section 3.2.2, and Section 3.2.3 
(surface water); mean values, sometimes a range of mean values from several sampling stations in the same general 
location, from Figures 3.4, 3.5, and 3.6 (creek and marsh [bank] surface sediment); and mean values, sometimes a range of 
mean values from several sampling stations in the same general location from Figures 3.20, 3.22. and 3.23 (fiddler crabs) 
and Figures 3.13, 3.15. and 3.16 (mummichogs). 

1
Data for 2000 were generated by CDR Environmental Specialists and GeoSyntec Consultants (2001) and are typically~ 

values or a range in values derived from parts of Table 3 (surface water), Table 4 (creek sediment), Table 5 (marsh sediment), 
and Table 6 ( fiddler crabs, mummichogs, blue crabs, silver perch, black drum, and spotted seatrout). 

9Data for 2002 were generated by CDR Environmental Specialists and GeoSyntec Consultants (2003a) and are typically mean 
values or a range in values derived from parts of Table 3 (surface water). Table 4 (creek sediment). Table 5 (marsh sediment). 
and Table 6 ( fiddler crabs, mummichogs, blue crabs. silver perch. red drum, black drum. and spotted seatrout). 

hData for 2003 are abstracted from the following tables in this report: Table 3 (surface water), Table 4 (most creek sediment), 
Table 5 (most marsh sediment), Table 11 (total mercury and Aroclor 1268 in sediment from Main Canal, Eastern Creek and Marsh 
Grid), and Table 6 (fiddler crabs, mummichogs, blue crabs, silver perch, red drum, black drum, and spotted seatrout). 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

INTRODUCTION 

SCG Project No.: 304308 

Procedures have been established as a means to monitor the potential effects of 
contamination on aquatic systems. These test procedures can provide a measure of the impact on 
mortality, reproduction, and growth in acute and chronic exposures. The present report details 
the results of chronic testing on an aquatic invertebrate, Leptocheirus plumulosus, from 
sediments collected from sites near Brunswick, Georgia. 

MATERIALS AND METHODS 

Sample Collection 
Grab samples of sediment were collected at twelve sites from October 19, 2004 to 

October 25, 2004. These samples were placed in clean, plastic containers. Federal Express 
shipped the samples in two separate coolers on October 27, 2004 for overnight delivery to the 
SeaCrest lab. They arrived at 12:40 pm on October 27, 2004. After delivery, the sediment 
samples were refrigerated at 4°C when not in use. The Chain of Custody forms documenting 
sample collection and transfer times is included in Appendix 1. 

Dilution Water 
Moderately hard laboratory reconstituted water was used as the overlying water for the 

sediment. Reconstituted water was prepared by mixing sodium bicarbonate, calcium sulfate, 
magnesium sulfate, and potassium chloride in deionized water 

Test Organisms 
The tests were conducted with a benthic estuarine amphipod Leptocheirus plumulosus. 

The amphipods used in the sediment tests were between one and two days old as prescribed by 
the test procedures. Organisms were tested in a reference toxicant test using copper sulfate to 
insure their health and test acceptability. 

Test Procedures 
The tests followed the procedures outlined in USEPA (1994) 3

. The Leptocheirus 
plumulosus tests were started on January 12, 2005 with the addition of water over the sediments. 
Animals were added to the test containers on the next day. The tests ran for 28 days, ending on 
February 9, 2005. 

The sediments did not require sieving but were thoroughly stirred and all large particles 
(i.e. branches, stones) were removed manually. Each of the sediments was visually inspected for 
indigenous organisms but none were observed. All sample sediments were treated in the same 
manner in regards to processing and addition to the test containers. 

Test containers were 300 ml glass jars to which 100 ml of the homogenized sediments 
were added. To this was added 175 ml of reconstituted water. The sediments were tested at the 
100% concentration only. Twelve replicates were used for each sediment sample. Two sets of 

The SeaCrest Group, LLC 4 
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controls were run for the nineteen sediment samples. The control set used clean, uncontaminated 
sediment created with medium-to-fine grain sand mixed with a small amount of organic material 
(decaying leaves) and potting soil. 

The water over the sediments was changed twice daily. The test containers were 
monitored for temperature and dissolved oxygen, before and after a daily water change. Water 
used for the change-outs was held in the incubator at test temperature. The containers for the 
reconstituted water were refilled immediately after each change-out so that the water would be at 
test temperature by the next change-out. The data sheets documenting the batch preparation and 
water quality checks are located in Appendix 2. 

Test animals were fed once a day. All Leptocheirus plumulosus test chambers received 1 
ml of "Gorp" solution. Observations of mortality and/or effects were made a~ water change-out. 

The wate_r over each sediment sample was measured for pH, salinity, alkalinity, 
conductivity, and ammonia at the beginning and at the end of the tests. The data sheets 
containing the daily readings of temperature and dissolved oxygen, anc the water quality 
readings taken at the beginning and end of both tests, are located in Appendix 6. The tests were 
held at a temperature of 25 ± 1 °C in an incubator with a programmed day cycle of 16 hours light 
and 8 hours dark. The daily temperature readings for the incubator are located in Appendix C. 
The temperature readings for the incubator were higher than those rc.:·')rded in the tests 
themselves (as seen on the test data sheets), however, the incubator readings show consistency 
and adjustments to the temperatures in the incubators were made, as needed. 

Dissolved oxygen levels were maintained above 4.0 mg!L, as per tl-.e sediment toxicity 
test guidelines. All sediments in both tests were aerated from the beginning of the tests due to 
low initial dissolved oxygen levels. 

At the end of the Leptocheirus plumulosus test, water was pulled from each replicate of 
each sediment test and composited by test sediment for final water quality readings. The water 
was poured from the samples into a clean plastic pan and searched thoroughly for live animals. 
Then the sediment was added to the pans and thoroughly searched. Diligent ~ffort was made to 
account for every test organism, either by retrieving them live or finding a body. The 
Leptocheirus plumulosus were sexed and present juveniles were counted. Live organisms were 
euthanized and placed in a drying oven at 60°C overnight. The Leptocheirus plumulosus were 
then weighed on a four-place analytical balance to determine average dry weights. The data 
sheets containing the dry weight determinations, the number of surviving Leptocheirus 
plumulosus per replicate for each sample, sexed adults and produced juveniles are located in 
Appendix 8. 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

RESULTS 

Leptocheirus plumulosus Test 
The amphipod test was run with all nineteen collected sediments. Two control sediments, 

using clean sand mixed with leave litter and potting soil, was run along with the sediments. 
Daily comment sheets for the test are located in Appendix 7. Table 1 summarizes test results. 

TABLE 1. TEST SURVIVAL AND WEIGHT RESULTS FOR THE LEPTOCHEIRUS PLUMULOSUS 

SEDIMENT EXPOSURES. 

I I 
Control-2C---r-- 75-95 86 0.14-0.32 I -022-

----T64293-C6------;--------20-55 ------1---- 37---r o.16-o.s4 --:--- ~o--:.3=8 ____ ---l-

---2-=o4294-=MGH1--r--------Ts=3o -----r-----:24--~ o.3s-o.6o i o.so 
-----03~04299-CTOT---~--------55~95 -----r-----72-- ---r 0.11-0.35 -r------ 0.23 ---
···--·---------------·--·'--------- _____________ _.___ ______ ~;;.--------''----;~~--=::;;----1----

4-04295-A-C , 25-45 i 33 0.16-0.97 0.41-
-5-04299-CTOI---;-------JS-80 -------i 55 I 0.24-0.38 ;----o.rr --~ 

--- . --~------------------r- ~-------=--------1 
~--6-04299-C102 ) ____ ~_:_60 ---+- 47 L 0.24-0.57 I 0.40 
f--- ?-04299-CIOS __ _[ ________ 0 ___ ---+ 0 ! 0 _l-__ 0 ___ _____, 

8-04296-D-C ! 45-75 i 49 0.14-0.38 i 0.23 
---9-04299-C I 00 r---65-90------~ 76 0.28-0.31 ~--- 0.29 ---
-------------------------~-----------L----------- . - L__ _ __ 

10-04299-Cl04 ! 50-90 ! 66 ! 0.27-0.34 ! 0.32 
-·-Tr:o;r295:cR. _____ , _____ ---25~-so ----- --r------·-4a _______ i ---o"J>S-0:28-- -~----- o.1s ------
----r2=o429s-c4:s-- ---- --- o-4.5 _____________ 23-- i o~oo-o. so :- - o.26-
·--··--~----~----------·-·-··----·- ---··-- ----·· •·----~·---··------·...;,.....,, ____ ----------··- -+-------· • I ·-------

13-04294-MGK7 I 10-70 i 41 i 0.21-0.35 I 0.29 
----------------·--··--------·-·-···~----- --- --···--------· --------··--·----·-----1--------------+--------·-···· ----·-

14-04293-C5 : 45-75 I 63 j 0.34-0.50 1 0.40 
-·-····--·----------------~---·-·-·-·-··i _________________________ ~·------·--·- : ·--~· ------------

15-04295-TC i 25-60 ! 42 i 0.30-0.43 I 0.36 
--·-·--·------ -------·-·--·--·-··--------·----··-----4-----------·· ------------

··-·--!l-~04~~liW'J?;·f~!L __ 3t?6%-----·t----~- ---i-- ~:i~~~:!~ +----- ~:;; ---
-----rs-o4294-=-cTs-----r---------o-1o---------r 3 · 1 o.oo-o.85 r-- o.25 ----
___ f9-o429-s:MAs~-r-------- -5--::3 5 ----~-----rs----1 0.1 0-0.62 r---- 0.30--
·-------------------------------L-----------------+---------------+------------------..L--------------

Beginning ofTest ! NA [ NA ! 0.09 I 0.09 

The amphipod Leptocheirus plumulosus was also tested to measure the fertility and sex 
ratio responses. Sexed adults and juvenile production for the tests are located in Appendix 7. 
Table 2 summarizes these test results. 

The SeaCrest Group, LLC 6 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

TABLE 2. TEST SPECIES SEXING AND JUVENILE PRODUCTION RE.SU.TS FOR THE LEPTOCHEIRUS 

PLUMULOSUS SEDIMENT EXPOSURES. 
. - ---- .. .--~ - . 

., !"'~~·~1,' _· 1 ·t;,i11:<P!1:1 . ,' 

; I Ti i L ·< " • t .I' I' .I ,I •. 
.-.. ........ , __ ·--.-~ ...... J 

Control 20 8 29 c-oi1troi=2-i·- --- ------------ ---- -8------------ -----~ .. ------- .... ---- ------5-""'3;;.---------------j 
----·--·-·l-04293-C6 . ··-·-------------- 5 --------~------ ------ 30 

==?j~;i:~~~~~=E~---~-===~r= ~-==~ ==£- ---=-~~-_ __ 
4-04295-A-C : . 4 ! 2 ----------

-- 5-04299-=cwt---~-----------tr--- --,-: ----- -· 11 -
6-04299-C1 oi----~-------------6 : -----· ---30------------1 
7-04299-CT05-----~-----------------------o·---------"---.... ----o- ----·-----

=··--:~4~Jg~-gl~b=~·=--[~~~--~-===-~~--=~~~-~=~--==~=-===;-~·~===-=----···-·~-= ~~-------------1 
---To-oif:2'99-=-c-ru~r-:------------ - -------·s--·-----------:---------- .... ____ 44 --·--

-----iT-o429s=cir---:------------------ __ s ___ ·-------!--·------ ... ______ 45 ___________ __, 
..... _______ ...... ;... _____________ .. __ ... ___ .. _, ____________ ; _______ .... ----------··-----------1 

12-04295-C45 i 3 ! 1 
--~ 3-04294-MGK7_f ____________ 5 _______ i ----- 2 
---f4-04293-C5-----,-. ----------·- 8 __ __L_ _______ - 7;--·--------t 
----------..... L---- _____ .. ____ ------ ...... ___ .. _____ _ 

15-04295-TC , 5 30 
-----i6~04293-C7 . ·t-----------------2·-- 0 

-···-T7.:-o429s:::-cT5-- _, __________________________ i;-----------------~------.. --- · ----·24 ___________________ _ 
-1s.:-o4294.:-crs--r- ·--------------c--- -------1---------- ·· ·-------,r-------
___ T9-o429 5~-uxs· -· r------- -----------------r-------·--------t--·---- · ..... -------r---------
........ _________ - .......................... _ _. •. - ......... C ................................. _ ............ _ ..... ·-- .................... _________ ·----·- ______ l_ ·-----.. --....... -·---·-·--·-·--·----·-·-----

REFERENCE TOXICANT TEST RESULTS 

Leptocheirus plumulosus 
The test organism history sheets from the supplier (Aquatic BioSystems, Inc., Ft. Collins, 

CO) are located in Appendix 4. The amphipod animal batches us~d in the sediment tests were 
tested against the reference toxicant copper (the toxicant recommended in the guidelines) to 
determine their health and test acceptability. This non-toxic substance was used instead of 
cadmium and the results should be interpreted with this in mind. The Leptocheirus p/umulosus 
test was conducted from January 12 of 2005. The test consisted of 5 replicates per concentration, 
two organisms per replicate. The test beakers contained water <ind a small amount of sand 
placed over the bottom of each beaker. The test was a static, non-renewal; meaning the water 
was not changed daily. The animals were fed 0.1 ml of gorp on days 0 and 2. The test 
concentrations run were 250, 125, 62.5, 31.25, and 15.63 ppb copper. 

The LCSO created was 121.85 ppb copper using the Probit statistical method. This 
method produced control results and followed methods according to the guidelines. There was no 

The SeaCrest Group, LLC 7 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

information in the guidelines as to what statistical method or LCSO range was used in order to 
produce the results for an acceptable reference toxicity tests for copper. 

REFERENCES 

1. APHAIAWWA/WEF. 1998. Standard Methods for the Examination of Water and 
Wastewater. 201

h Edition. American Public Health Association, Washington, D.C. 
2. Hach Chemical Company. 2002. Hach Water Analysis Handbook. Hach Chemical 

Company, Loveland, Colorado. 1260pp. 
3. USEPA. 1994. Methods for Measuring the Toxicity and Bioaccumulation of Sediment

associated Contaminants with Freshwater Invertebrates. EPA-600-R-94-024. 
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Site: Brunswick, Georgia 

Appendix 1 - Chain of Custody Form 

The SeaCrest Group, LLC 

SCG Project No.: 304308 
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- - - - - - - - --- -·~>- - -.:_;_-----
(of 2-

T.~!/.!9s;t1'!.'9.~9.'lP Chain of Custody Record Purchase Order Number 
An E1111lr__. Servk:H C......, 

1341 Cannon Street • Louisville, Colorado 80027 
(enclose with each shipping container) 

303-661-9324 • FAX 303-661-9325 Project Number (lab use only) 

Client: c '.)•:-\: \?.:.>~ ( Contact: Address: 
30~3o8 

Program/Site: Lt. I" 8:.\" .... ..t,.r-v• ( Lc- Phone: S .)i.t~ 'ZS) -ltb S 

I Acute Chronic I These fields may be used 
Collected by: for field test results 

/_~I b ·2 I I I ! I u. I a; 
0 ~ 

. 0 c.- f'! 
Sample ~ ;§ ai 

0 /J///~/g Sample Identification Date Type viii// Total Total 
(Etlluent, Receiving, Sediment, list other) Sampled Time (compos•te. grab) Units Volume 

1 ,_;.'-t h ~- c s IO{iC, {ay _..- c~·,. 1)c.bt\( Z~-t t.£ A ""'D_l,\ 
' .,. 

01 ' t pc.:.~ l 

2 C·'-i 2 '1) · C.L lo/11(v4 ---- t 
3 OL.flq )- L t (() i l'i Jv4. --- l 
4 ~4:l'iy- C..l~ /U {2P(v4 --- I 
5 o 41 ~ 4 - MG.-- tf/CC /() jlo{o_~ -- l 
6 t.l'-t 2 ~t..t- MC· K/(t:' I0/1v(V4 - I 
7 o4l~ >- TC:. i() /2tl~ .....-- I 
8 v~t~:;-C..R ~ (1l\V4 -- I 
9 o~·1i)- MA\\ IU j1\ l!A.\ --- \ 

- c..,..., /U{2llD~ .-- I \Y 10 C.:'41~) :) .:::. ·vr \ 
Comments and special testing instructions:--------------------------·-----------

(!) Rv...., i pv..i.,'\\v( ~-kt·\ CMc;.) 2 ~t~gc\'~' L'-'1111\v\J 

Relinquished by: CvJ '\ RoK. Representing: C.~ fl \;:\.-1.v\~M<..\ I Date/Time: 10/ 2~ /04,; 14&0 

Relinquished by: ---------- Representing: ________ _ Date/Time: 

Next recipient: _________ _ Relinquished by: _______ _ Date/Time: f-Yl.. 1d:1 - I Z. '-ID 

WHITE COPY: Accompanies samples 



- - ·- - - - - - -. -··i·- - -:,;, - - - - - -2. o"f C 

-w:~!l!9~t,J.t9.t9.'lP Chain of Custody Record Purchase Order Number 
a. Emrll __ ..._. s--.. Campanr 

(enclose with each shipping container) 
1341 Cannon Street • Louisville, Colorado 80027 

303-661-9324 • FAX 303-661-9325 
----~-7"'!""---------------------------------1 Project Number11ab use only) 
Client: C '-'"\ \(ol{ Contact: Address: ________ _ 

• i) !I · · r·-· c'"" 1 ·- 3o'-\.3o8 Program/Site: U V ~:--,,'l.r-11"1..- t.:.'-< Phone: :i ::> "t- ~ L J · lb '> 

Collected by:--------------
I Acute I Chronic j 

1 #/J/1!#/J/11./~1 
Sample Identification 

iEHiuent, R&eeivinq, Sediment, list olhe~ 

Date 
Sampled 

1 OU'Z.\)- C4S IU/1.i(OY 

10 

Time 
Sample al ~· ,"? j u j ~ j al' j ~ I ~ 7 

Type { """' / ..:t / & ..:t fj 
(composite, grab) 1.( 'q' 1.( 'q' 

These fields may be used 
for field test results 

Total Total 
Units Volume 

( 

( 

I 
I 

I 
l 

t 
\ 

\ 

Comments and special testing instructions:-------------------------------------

Relinquished by: ----------- Representing: ________ _ 

Rellnqui&hed by: --------- Representing: ---------

Next recipient: ---------- Relinquished by: _________ _ 

WHITE COPY: Accompanies samples 

ToWhom: ----------

To Whom::t 

Rec'dby:I~ 
CANARY COPY: Client 

Date/Time: 

DatefTime: 

Date/Time: 1-::>.:. 1o'i- 1 2. U 
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The SeaCrest Group 
Louisville, CO 

Sample Receipt Form Form#: 42 
Effective: November 2003 

Project #: 3d43:8 ( i · 1 ff) 
Date: toJ..10l1 

Samples Were: 
1. Shipped Hand Delivered 

Notes: 

2. Airbill Present 
Notes: 

3. Chilled to Ship 
Notes: 

4. Cooler Received Broken or Leaking 
Notes: 

5. Sample Received Broken or Leaking 
Notes: 

6. Received Within Holding Times 
Notes: 

7. Aeration necessary 
Notes: 

8. Sample Received at Temperature between 0-6° C . 
Notes: S;,...,_f~ r~.:.~'uet:i ~..., '!:c.~ 

Sample#: 
Initials: -s--~------

(circle one) 

N NA 

Ambien(9 {circle one) 

~ Blue Ice (circle one) 

Y G) NA 

y 0 NA 

N 

y N® 
y N 

9. Description of Sample (Color, Odor, and/or Presence of Particulate Matter:): 
eft: 

rec'g 

DO Temp pH Cl c Time DO pH 
0 
-~ 
CIJ 
<{ 

COC Tape Was: 

1. Present on Outer Package CY) (j£s9 
2. Unbroken on Outer Package 

3. Present on Sample 

4. Unbroken on Sample 

(!) N NA 
y ® 
y N c3 

COC Record Was: 
1. Present Upon Receipt of Sample c0 N 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

Appendix 2- Water Batches Used for the Leptocheirus plumulosus Tests 
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Measured in parts per thousand (0
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Page#: 
Fonn #: 29a 

Effective: January 2003 
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Site: Brunswick, Georgia 
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Appendix 3- Daily Temperature Readings of the Incubator during the Leptocheirus 
plumulosus Test 
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The SeaCrest Group 
Louisville, CO 

Incubator 1 Temperature Record Page#: 
Form#: 77a 

Effective: January 2004 

Incubator#: 1 

Incubator Make: Dept. of Ag Incubator Model: PC678 
Acceptable Temperature Range: 24-26°C Acceptable Light Rang_e: 50-100 foot candles 

NIST Correction: Date of NIST Correction: 

Date: Initials: Light Meter Reading Top: 

Light Meter Reading Middle: Light Meter Reading Bottom: 

Date Temperature Initials Maintenance Notes 

I ~.Z70Y 2(.,6 .S-f 

12.. ?..~0'1 llo 0 5/Y 

I Z Z"I0'--1 7...5.~ sf 
tt..soo~r 25· (.__, rz~ 

I 2 ~I "' 'I ?.:> v t'4' IN"\. 

OtO I C>J-1 2~.:..o -:,f' 

!:>1 oL.6'1 "2~1 sf 
-

oto..3C:•"f ·"25 I ?J :;..P 

0/0'-(0')" Z). U (l--P''-h. 

-- u~ a Jo f"0 ) ?(.. 0 

QJ Ol, 0 5 ·z"'. c IV:v ('~l d) ( cJi {.:. "TID.(?,. ,.ro ft.( £.. ! -4t ....... !ll'l'LW ll'>i"k (!fJ ~tt(l'· 
I v 

0(()70} }(g.~ U""'"' 
0 i0b ..:~-- Zt.:. .o ~-~ 

o 1 u 9 or ?(., .; ~ 
OJ/CO~ z.-;. 1 ;.lt} 
Of I I o ~- ?b-0 flf'~ 

uut...:J\ 2. :) .1.-J A). -h,,.,.... eJ t.i r' . 

CJ I J 3 u ':)- 1"1. l.v h f1.1 f tA<£1) SVL-6 5- ~-·-~ -, 1' 

0/1'10-J Z.w. t.f ~ 

61 c')o) c \.. '1 r&rf "'h 

0 I/~'[)<' 2 ~ '-{ w 
C•t I ·-j c. '\ l.v-' t\P 
Off!::•'•i z ),"0 ~-"\A..... 

-- ) (UP""'-0 It '1v) c: "' (:, 
OtZ.Oo~ ?_ 7· 0 ~"""-
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The SeaCrest Group 
Louisville, CO 

Incubator 1 Temperature Record Page#: Z 
Form#: 77a 

Effective: January 2004 

Incubator#: 1 

Incubator Make: Dept. of AQ Incubator Model: PC678 

Acceptable Temperature Range: 24-26°C Acceptable Light Range: 50-1 00 foot candles 

NIST Correction: Date of NIST Correction: 

Date: Initials: Light Meter Reading Top: 

Light Meter Reading Middle: Light Meter Reading Bottom: 

Date Temperature Initials Maintenance Notes 

01 2 105"'" Zlo S-P 
u 12z.,;·•;- l.to·-0 z2..f"w1 

0 I L-3'7 -~ 2.~. 7 Pi} 

_0_1 '2..4-0 s- l~- (3 AI± 
0 I 7. ;;: <-1 J'" Z~- <? ItO-
01 z 00:) 2-0. 8 ~fW\, 

n 1 z, 7-- o.:;- _Z_~. <.... A¥ 
012 t{o·) 1i .;- {Z.fw"- CHANCiH'> ltl.tt I ~--,._& > lt-3> DAI'IINI.q LJ~ ~.vI( i '1rt-t. A-T vc·c·• T£n?l"' 

0 I Z_'j 0\ 

0/3)0) 2-7. I AY 
vi 31 o ) 2 (v. ~-· ~ 
Ol.b I 0 ....-- 2(,.. 6 Mt-1.-., 
cJZ.u-z=y lev. o ~--1' ~ 

0 L c ·5 ._, ;- 2--t, I )\1-
Ol-0 '-(O ~ .7 .. 1.. 0 ~-~ 

D20:'5'o~ z..s.vr ~ 

n '2 C•(..., or 2-t.. ,- AU=. 
I ~~-"I : ": ·~i ., ~ z (c I I'IJ· it.ri"-(Lt• i.-~~h••lb{ I~ Y. 

n-"Jo8os- 2L?. \ ~ 
' ..., "l v .:..lY or- u., G f--1'1t.-\ 

()-z_ I V C· ':>- 2<. 4 N1-
OZ.[tc..J'} -zrv. ') f/1t., T -'f • 'fl/'1_ -tv<rD '><-"-"·..J S <-h. •·I 

o;:t z ..... .,.- Z 4.r{ f':."f>W\ 

o-L,-3 ... r ?.'t- 1'1 A} 

0 Z.,4o'i' ·z_~.:, M 
0_],1 ~ 0 j- -z~-- 0 Pe 

fl--z_L/..;or- zs· . .:: Pb - ?\. 0 1~"-c' '-,v) 
--- 2lt. cj o;:z~)) t'l-f'""'-. 

'.:J[_z.:ru:l ?~.n r--r~~'--

http://ii.it
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

Appendix 4- Test Organism Supplier History Sheets 

The SeaCrest Group, LLC 12 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-a 

1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 

ORGANISM HISTORY 

DATE: 1113105 

SPECIES: Leptocheirus plurnulosus 

AGE: <l week 

LIFE STAGE: Larvae 

HATCH DATE: Variable 

BEGAN FEEDING: Immediately 

FOOD: 

Water Chemistry Record: Current 

TEMPERA TIJRE: 

SALINITY /CONDUCTIVITY: 17 ppt 

TOTAL HARDNESS (as CaC03): 

TOTAL ALKALINITY (as CaC03): 100 mg/1 

pH: 8.37 

Comments: 

27 ~ 'l" s . raczzty upervzsor 

Toll Free: 800/331-5916 
Tel: 970/484-5091 Fax: 970/484-2514 

Range 

15-22 ppt 

l 00-160 mg/1 

8.05-8.62 

p~ 
--+--·-- .. ----·--··--· 

I 0._ 
~, (_.} 

-·~:~~-
"2..::> 1 ~c 

Aquatic BioSystems, Inc • Quality Research Organisms 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

Appendix 5- Reference Toxicant Test Bench Sheets 

The SeaCrest Group, LLC 13 



I 
I 
I 
I 
I 
I 
I 
I 
I 
·i 

::.·.·. 

I 
I 
I 
I 
I 
·I 
I 
I 
·I 

The SeaCrest Group 

Louisville, CO 
Sediment Organism Reftox Benchsheet Form#:: 108 

Effective: October 2002 

Purpose: L.p\\Ary!I1IOSJ.•;, (( lk• Salt Used: _ ___,_C.....::L<::......:cS_c_· _;'-I~ _______ Date Made: 1j1 3/ ._.") 
OilutionSenes: Sc'), Template#:------ OilutionWater: ...-~,l~lbC S-<!.;1 ....--,x (Z.:.'(/.,.) 

Name. age & source: j ~ Al?>S 01 1 :;1. _, 5 (- 7,·1) Test Start: o 1 1 2.::; t:; {I(, 3::•) Test End: t:H-~ 1o 0 < ( {\o '-TO') 

---;:;J.,.,N ('"LA)~~.J,...{i_,' 
J 

Test Conditions: ..:.f:.' Fec.d u~ 4x hr\. f--z-3 £\nv• -j>.o) · ... <-4() 
0 

•(CLq- -;.. 

1. 
2-

z. 
2 

DO ={. I 
Temp Z.'-i. ~ 

pH S. I 

Cond 3D '!;.o <..' 

111) ·z 
rts t...is 7-. 

'''"I,., Z-
rn z.. 

1.. 

DO ~ .4 
Temp 2.'{ j 

pH 8.1 
Cond 3 C' }.0 

[2) -z. 
l·:2,r.b· -z.. 

hr7h L. 
T' z. 

z.. 

DO ~. '6 
Temp 'Z.Y I 

pH s, 
Cond ~-~f., 

Initials fl..J.}. 

Reftox1 
Hardness 
Alkalinity 
Chlorine 

~mmonia 
2. Feed1ng Schedule 

Not fed: 

24 
'Z. 

Z-
2 

2-
z... 

''· ( 
2-'t.'O 
7.7 

2 
'L 
z_ 

1... 
7-

5·1 
Z'f.t; 
7. L, 

2 
z. 
'Z-

z.. 
z.. 

~ . "L-
~'T-1 
(.tp 

Reftox2 

Fed Irregularly: 

4. Screened Animal Enclosers 

D~r 

48 72 96 0 
'2. ].. -z._ 1(3) L 

"t. 2 'Z- lt.2.~ z.. 
?__ -z 

., 
.h 'Z.. 1..-

'2 z_ 2 I z.. 
z... 7. 2-- 'Z-

6- io 5~ '3'2 DO l&.'i 
.2'-'1. 2.. L'.J. I li.t. J Temp "Z.. "f. 3 -,1 "1 7- +-~ pH B.t 

Cond ~~cO 
1.- ., 7 1(4) 'Z.. 
~},- .., 

'2 il-" 2.. ~ 

')... ' 'Z. J> ... b '2.. 

1,. 7 z z.. 
v "'L z z_ 

~.) S. I DO ~-'1 
l.-·\.'3 2't. I Temp "Z 'i '3 
-r~ 7 'i pH 8' 

Cond I..!.~ L:J v 
'2.. . .,. z 1(5) l. '-

l&w-+ 2- z. I (:;q• _L ,_, "l. z .::..J}. l 
1 'Z- z "' _Z, 

.1..- ., 'l. 2., 

5t ~ 2.. s·., DO .L.5. 
2lt. 2..- 'Zof. ( z.J. ~ Temp Z4 I 

t..<=>r T. "r '1.Cf pH 6.o 
~. Cond ~c.· 2.0' 
~ A!}- A.}- food !-:e.c~ 

Recon #1 Recon #2 1. Exposure Chamber 
Total Capacity: 
Test Solution Surface Area: 

Test Solution Volume: 
Water Depth (constant): 

(cycl1c). 

Fed Daily: 

0 & 48 hours Food Used: --------------- ----------
Not Used: X Used: em diameter 

1 2 
z ·2-

2 1--
~ J 
z. y 
z. ·-z-. 

:;, . I SY 
1.'1-B 2>-1-~ 
7.5_ 1.<1 

'Z.. "2.--
z. "2.-

2.- 1 
2.. ..z_ 

1- .z....-

':) . I '5~ 
Z."f. 7 2.:;. I 
7.7 g v 

~__.'§ (l.l'~i-"\ 

'L i 

2.. l.. 
2- "1.... 
2- -"2-.. 

I I 

_2.2_ 5'-f 
Z.'-f. c.. 2-Ll ;. 
J, 7 1_'-( 

- (:'.oJ 

3. Aeration 
30ml 

cm2 

2C J5-ITTt""""' 
em 

to em 

5. Condition/appearance of surviving organisms at end of test (i.e., alive but immobile; loss of orientalion; erralic movement; etc.): 

6. Comments: 

3 4 
2 l 
z l 

I I 

z ? 
z 2 

5 L $.1 
bt.'-1 2"1.1 

f-"• ·r--lS 

z. 
I 

l 

I 

.e-

.:;.j s.z... 
L..-t .5 .l"-\ z... 
~'"' r-.'1 

~ -
I ·----
2. I 

2 I 

-t:7 6 

{.,~ 2.. 5-1 
~-"'i z..J. '--' 

'? " 7 ·'l 

Slow: 
Med: 

Fast: 



············ VC::.L..:::>.J..Ul.L L..:;l ""'""'"'*********"'"***************"' 

I Results calculated using the Summary Method. 

************************************************************************** 

I 
I 
I 

Sponsor 
Species 
Study Number 
Dates of test 
Test Material 
Concentration 
Report run by 
Date of report 

01-12-05 to 

Units 

CDR 
LEPTO 
304308 

01-16-05 
KCL 

ML 
SP 

02-23-2005 

I************************************************************************** 

************************************************************************** 

I Concentration Number Number Percent 
( ML ) Exposed Dead Dead 

------------- ------- ------ ------

I 250.0 10 8 80.0 
125.0 10 5 50.0 
62.5 10 2 20.0 

I 
31.3 10 1 10.0 
15.6 10 0 0.0 

Control 10 0 0.0 

It************************************************************************* 

~ 95% Confidence Limits 

If=~~~~----------~---------~~~~-------~~~==---------~~~==--------:~~~=-----
--N/A--·· 

I
. inomial 

oving Average 
ro).:>it 

* 
125.00 
125.00 
121.85 
121.50 

31.25 
77.45 
81.64 
77.22 

0.00 
303.52 
215.50 
245.27 

--N/A--
2.58 
3.82 Lagl.t 

1-------------------------------------------------------------------------

1 
Note --

I 

In order to produce this summary report, no warning or diag
nostic messages were given (if any occurred). An asterisk 
appearing next to the method indicates that there was a 
warning associated with the corresponding method. You should 
run the full report for this method to determine the problem. 
This report is intended for informational purposes only. 

i***************************** End Of Report ***************************** 

I 
I 
I 
I 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.: 304308 

Appendix 6- Daily Instrument Readings 

Daily Temperature, Dissolved Oxygen and Beginning/Ending Water Quality Readings for 
Leptocheirus plumulosus Tests 

The SeaCrest Group, LLC 14 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Site 

Sample Date 

~Jt 

~ ... , ..... ~ (,~ c.li h.\.t(.4.,..\l ~"'("'')-
.e<,l ,1£}§~ , Lab# _______ _ 

-------- Species Info A e s 0 I I I 0 s ( L. r I .Jmu.l,),\1,1~ 
Start Date o 1 1 z. 0 ~ End Date t: L C 9 c 5 

Test Conditions +=~·...~:so.~rn"-Y'p::..!.l.::..(. --!Jf"--L_-+(--==~'-"Cl...,au.'~t2"'t"""'t.."---'T::;,.,:I);,_-_-___,C._,.,Cc,),___ __________ _ 

0 1 3 6 8 10 13 

Day Y.w ~\t\lJ (.(~ I~ ~rvtt.Dit 'f -r~,~ ~ S" ·'f\.1 v tt SCI A 't ~·""~ riJJ::' 
Date 1/I'L Oll~C5 o~ I So.; (JI I~ C.\- 01 z.c.:) S' 0 ''22 -~,) 01Z'10S 

rep A {'_ f, I) r:.. I)... "' DO <-#14 ic~'2-: Sl8 ').~ : 'o.l 5~'\\ :sc; '1·0 : ~. lj -:.~ I . 
•.<.:> r.:::,: li 51'; I I 

Temo°C lti-1 z l:2'i ~~ L2~ .3 2'-t. 5' Z'1~1 tz'f.l z.q.l,.. Z'1. 2 2 'f. '- l'-l·' .: "'1 f i4 I !1L; r 
pH 1~4 1"1 ct i '11: -,,8 7 .5' B. I =f.q 7.6 fj,Q ~._1 "Lq "'. I i ·01( , ~ 
alkalinity 1~"1S 
salinity Z.r>"Jo, 
ammonia i let;, 
conductivity 1=<\ '-IDe 

15 17 20 22 24 27 28 
Day -~'"th. 6 --;4.\ T u C..."l T~~,..~ So.+ lv<-l wcJ 

Date nr~"" 1-Dt; U\'2-'i o S 020\0:.. O_l.03 o') 0""Z,..J>oS 0 L-O~oS I o ·z.d'll 
rep i':7 c.... ~ F l'\: ii {"__ 

DO 4? : ~:;; 51• : .>'- ~ '"f. 'I : (p I }.,_ 't.Y : S'l 8' ""-llc;:c;·"\ 'f.:J : "5 I L S''2... 
Temp°C 11tf \ 2/112 2-l.{. z.... 2 '1·'- ~~~v 2S.J 17!/._L- '2r+:<i' ''2<1 ~ '2~ 10 ·zif. 3 l1s- .4 2-'i-~ 
pH I-S" 1·1 7.b i~~ ?.iJ b u r::S I~ _(.j t::r_~ ....., . =: ~1-1 1 ?.'1 ; .0 
alkalinity •n;-s-
salinity zz.7;, 
ammonia 1 1<-i 5 
conductivity j ':3 ~;: 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 
Fonn #: 109a 

Effective: September 2002 

(.~Q 
l'S.:\ .. ",1)"-t J..< -

Client G.{ c i 1?. 0 <;,( Site n d,. I dcfttt::,..o Lab # --------
H20 /V(.(.C( _ ';;,l'.t-,...... ,· 'f (~J Sample Date Species Info At3 s 0 1 1 1 "S" ( L. rl""-~1.,"" 
Start Date 0 1 1 1 c ) End Date_--=O~"l=Z_'l,_,o<-5;:;;..._ ________ _ 

Test Conditions 4- Sa.,,,pll Jz... ( rl\ ~- H] {C.)~ Sct""'V"I"' ~ :::C 0 

Day 
Date 

rep 
DO 

Temp °C 
pH 
alkalinity 
salinity 
ammonia 
conductivity 

Day 
Date 

rep 

DO 

Temp °C 
pH 
alkalinity 

salinity 
ammonia 

conductivity 

\ 
I 

0 1 3 6 8 10 13 

\J It. ltiuR.S ~~ru~tti.A-1 ·T -..~£.,PA-Y T"'UR~ -s.~~ !uz; "' 
Ytz fJ11 ~05 OatSC5 .t:l I I IS' C. -;- o I Z<..A;'> u.·zL. .. t; 012c;Q~ 

A (/ l~ b E.. L-\- ,-) 
14.3 5£& :5'b 

lt. ' 
: (,. fj 5.'1 iCi_c 'f.<t : s .. , -? c.::,;.: . .,. u ~ c-j : (u I 

1'-t.l 12Lt-3 2'1 2.- 2'1.'8 ZS . ..5 z-. . .) il+.l Z'1. 5""' 2'11 7-{·t.),z. ..... • I~?'/ . z.. i 2. "' I 
1.1 11.<1: 4-1(' 7. ~ ,7. (p i?.~ i1.4 7'J 7.CJ /•7i ··~ I "'1-. ~ : ~]? 
II ;.1 
~o·l .. 
in~ 

l31iOG 

15 17 20 22 24 27 28 

11:tU.£S S' .~"'\"' r'u ~ -:.,!)/1 'I 1hi,A....-~ '5«AT Tvu INu• 
Ol:Z.WS a 1"2-~ o 5 .. vl..o ao~- 0'2.0?,.::.<{" oz. c: ScS oz.o_Bo..;- Dl~'J 
~ (/ ~ A B C_ I) 

1'1-. I :c; I 5.):~\.v to.n : (o. 2 le, .. S :~.;; ". \ 
: <... ~t £ .C, : (o.S 5~ 

2 5 2-i 'l't."l. z_..-. I 2-~.·1 2.- 'r. c.. z.>. 1 lzc.f. 1 '}'f .-1 -a. 't . "1 "Z.<,; • l 24f.l 2.\-.L. 2'1.~ 
~~-q i1t:J 1-"( l ... 'l 'i'.B ifV ::{.;). --=I·&J -a (.(, ~.1.. -=1.1- l.-5, -

'o--:J:. 
t'3~~ 
1~.51; 
[?,2~ 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheoll"us Benchsheet 

Form#: 109a 
Effective: September 2002 

C~.'L 
£xi.NO..._ J< --. 

Client c~.( ,t_r f? o'::>( Site a.J, ,·cHp;e•""l - Lab# ------

H20 MA.Gl _ 5c'"u":o' y t;f.:- Sample Date Spc·r;ies Info M3f. 0 1 t.' -o;) ( L. fl"'m""-1 .:>~.J 
Start Date 0 1 1 2. •P S End Date 6 -z_ E.> C( e;. :;;-

Test Conditions 5wplc ~ 3 { Sa lX)rft :rod-- C- 1 a~~>--------

0 1 3 6 8 10 
Day wu~ Thu.,...s ~4 TVftD 1 '( T ~Jdl.l, -rH V R <;, CJI't 'f <.. ...... \ -·-t 

Date IYt z. v. 3{ 0.;- 0 II SDLj 011 !(" \,.J. Oll.-Ooc;" '--'·2-1-0f 
rep A e 5 I) ~ LA .. 
DO 't.i./ ~.15 :5.?- {p.O : 5_. CJ (C:o :c.,.o 5.5' I G.-o /."L: r... ....... 1-/. I 

-
Temp °C 1..Ll.3 I.2Lf. I :2~-c 2'1. ~ z.s:.o 74-.3 ! l'-1 s Zl/.3 -zs., I Z.. '\. '1 Z"'i.-~ 

.. •... 
pH ?-. 0 1"'1.'1-- : t- g 7. (, 7.cl 11-.5 : "1.tt 7.8 B.o 1/-1 "(. c1 .,-

l." 

alkalinity qt1 
salinity ~'2---
ammonia IO~>n 
conductivity i31l.t CQ 

-15 17 20 22 24 27 28 
Day THul' \ s I.A<; 'f"\J IZ-S \hu.r~ c; ·~ ........ '1::.,, ... W~l 

Date r1 L2'1tl_s 0 •2-'i<> s 0 2.,..0 I L' c;; D2.-o'3a~ oz....:.'C'I s oz.~o,; en ca 
(!J (__ A "? 

. 
j) rep c. c_ 

DO 1 4.0 i 'tCt 6. i :~o 4. rl I 
~.'{ 5 . ..2 : (p. ( <. ~ :t,. 2.. 5.o : c,, .'-1 5'~ ' 

Temp °C ~~ 2.!?-'t. l.'1.'ll ~- \ "1- i..r • I 2.>.J ~&~. ·; i Z4. ":/ "2.'f :) z.4. -r -z~.'-( i "Z. '+."f. l.'t-<.:. 
pH "1 'Z j ~. r·'C> 1-, .1 /.1 7., 'f·S : '3_. ·t- "/.!) l· (co "?."f :-:(1- l.l 
alkalinity /~?, 
salinity %--7-f&rJ 
ammonia }'·51 
conductivity llscP 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client CuttT ~..;)se Site __________ Lab#~-------
H20 !Jt•d _ Se~'n•)c (.loX..) Sample Date Species Info M.So I { ( 0 5"" ( L. plv.,.,.da 
Start Date .:9t f 2 0 ~~- End Date __ D:::....=c:Z-=ou=-"'...!.I...;:..;,:::...~-----------
Test Conditions:* ( s,,, ... , t>lti If 4) :::::Y A - C 

0 1 3 6 8 10 13 

Day \J"' -n:, ... ,.) ~~'::>t\~ ~~~I)~ ~/lj' ~ 1\-u.r ~~St>t+ -c ('> 

Date Vn ... y, l 0115_0 5_ _L' _l_ I ,S"_,. .;"" cJ I Z..O l1 ::r (lo -z..-z. vS· 01 z 50 t:; 
rep A (' ~ v E:.. A /) 
DO '-+· y 5.ct :s {o. '5. Ll 5. 9 5.'1 : ~.1 5.u : s.~ I . .> : (...'"t L-;. 1.,_. : 0.2. 
Temp °C 'Z. 4. I 2-t.t.o ! 24.1 Zlf.3 Z'-f.b z..4.' ! ·z~_.) Z't 3 z_~.o ::?-1-S! '1."". '1 Z4.D : 2LI " 
pH ?.<.:. 1t q h 'h_ 7-"1. :z.~ '1-9 :e.1 7.1 8.0 ---;: (): 1-~ 1-::f-.1- : ~ s 
alkalinity IS0 
salinity }...:~ 'J.;· 
ammonia 3 ur, 
conductivity r.;z'2,0{) 

15 17 20 22 24 27 28 
Day Tt-tu..K-5 <:; k_'l -rue..~ ·'111lftA <'~\ \..Jl~ w_nt 

Date ()I ;)":H)~ ..... ~. ?.<:.f oc; O~OtOS' OZ-~ '3C~ 6l.o.So? ozo~o;- I Q'l.o"t 
rep A c_ e_ A. ~ c.. 1) 

DO Lf q :_t;: 5 5 .) : .r "1 5.5_ : (.., 3 S . ..;~. :C... I 5''-l : ~-' ~-~ : 1., .0 S'.'"f 
Temp °C 2c.;.u!ttf.q ·z""'.e 'X I l.'f.3 ;:.,:; .\ zr.J.·~ 7-'f.i' "2..~--~ l."\ . ' CC.'t'.' 'Z..i-b Z."{.(.. 

pH +.~:~.1 qQ t.o 7.1 t; I -=1.?. ":I. g -r."'\ "T. -r --,. I '""'1 ,(p 1.~ 
alkalinity N·'t 
salinity i:fl'ca 
ammonia '(). ~,., 
conductivity '-;jJ I o..-. 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

Site Lab# 

Form#: 109a 
Effective: September 2002 

--------
Client 

H20 1 ~ (_ n L _ _ . u,i_ Sample Date Species Info A 4 s 0 1 1 1 ... c"' ( L. <Pl .. -·-1---·< 
"-J;a. ~ -~·"l•........ fVf;, -------- .1! ';1 ... J t- •• ·- ----, 

Start Date _ ___:::::O..!.I..:..I.=Z...:I$.}:....:~:..__ __________ End Date O -z.oj 0 'r 
Test Conditions <::"" 1- 14- ,..... 1 -r 0 "' -== A -I ot:> 1 'lf.o..p..'fp ? - S:<.cnp c ..... _~ L 

0 1 3 6 8 1(; 13 --
Day tJr:p ---r\.v-.r; s~ , . };;; s· TI.•.u·" <;",_.,I ""T,_u_ ~ 

Date ai•2~ u1 \-:a,oS U \~~o.£ o. ,::;o s o' ·z.o os -:.;>\ 1Lo;..__5_ Otl.<S.,;)) 

rep A. c. \J ]3 F ~~ c. 
DO ~:-? 5. \ :s "=::> ..... .., : <;;"" I ~ .t;: ~-S 

'". '3 
:b.(, G.~ L-_,_ .:, 14.2- :~.1 

Temo°C ~"~·I Z,L/. 'i '2'-c . ., ll'-1.2.-! ~" ·7 2 "'J -zs.' l. '1. "'L. :'2Lf. 0 LLI' ' Ll'-L-_l__ IZJ.I.;:) ! '2.14."' 
pH 10 1.~1 

.,_., -i ~: t-b -r-1 '· <- I "":1 • .::> l · .,.. . " I. ~t ; i, '1 ~o.8 lB.~ .,;.;. 

alkalinity 132-
salinity WI a-
ammonia 113, 
conductivity 7-')lt .. ~ 

15 17 20 22 24 27 28 

Date n 1 "2.-":~ c .;- QZ.cacS 
rep 1J A B C D 

_it. 'I : 5 . "" ~--'S"_.::..,l-S' .. ,~~M-=--.. t,-1 DO 4-.3 :s. -z..... 
Temp °C 2't. 3 "24-.o 
pH t:,. E -=f. S 
alkalinity 

salinity 

ammonia 

conductivity 

• .. 1 : ~r 
Z'r.t 2S'.3 

I.\ 7.b I.'-: 7. ( 

file:///S.yp
file:///jUfJ
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form tt: 1 09a 
Effective: September 2002 

Client C-D\<._ Site (o Lab # 
------~~----------- ---------------

H20 :.~. t--)~JL -Sc...."-"""'~2- .... fc....SampleDate ______________ Specieslnfo AAS olttof (L-plu'YIVi~~ 

Start Date ' ·9;.!, t'Q 0 :;- ~- End Date E)Z o'9 0 :;-

Test Conditions '~~ \r; \.1: b .....:.x:c;~ __ ___,__,--=--0-~--------------

0 1 3 6 8 10 13 

Day I.A>IitQ ·~"""C. -.1 (' <;. <;.~ Tve) Th...tr) .;_7 -r .. u.s 
Date e>l 121;~ 0 l ' '" 5 0116•'> o,,~.:s 01__20 C'. "•n ... '> o,z.~.:.r 

~ c... \.) ~ - A c. rep ~ 

DO o-·~ '14 : c;; '1 t; ? : ">' :'_;, -s>c lf.s. \ 15-> l~#.O ?" s-· : ( . . ...:. I if.! :s. 5 
Temo °C Li-b 'Zi-l H.( z_'-'(. I 'Z..'-\-7 Z-i-~ t.'i -s ll!f.t l'f.J l 'i -2. i '2.'1- "?, ~ . .) :~.') 

pH I .I (. L..( "1.5 -, .9 ·-,.C., . .,_l (~~ 1.~ "1-~ l._k :-,.-<. 1"1-C. i 8.-t 
alkalinity 11~ 
salinity :?a/,,; 
ammonia '2 ft;'f 
conductivity 2r:;LJ,;,V 

15 17 20 22 24 27 28 
Day Uur~ s.4liv 4>/\t -( r'' l't.u~5 S.-'lf\lllO/M ·\vl-S l~;,J 

Date DfZ1oS" OIZ~Io<;- f.Jlv 1 (·\- o'Z.o~o 1 0'20~0$' OZDAro~ 01.-cll 
rep b ~ t= A 1'1::. __L_ i'\ 
DO ~-'1 !s.<a '>"' '= : (...I 4-- \ :s. z. ~y : >.ce. 14. 1.. : ~t) '-t. 3. : S. I :;.o 
Temp °C 2"\."\ !2 'f-.l.. i-'1 ~ l-j :z .... ·z.s.o 2.}.3 z.l4. (,_ l tS'- 'l. l'1.\D Z!J-, 0 lz.~, I 2-'- ~ ,24.3 
pH 7 't i8.c 7-7 7- '1 '1-...,. "1-. '1 -r.> if.~ 7-3 1-~ ,..~ 1--lf "1 ... 
alkalinity j-3(, 
salinity ~~ .... 
ammonia '~{. 
conductivity l3o::t-c 

file:///2b.O
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The SeaCrest Group 
Louisville . CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client (_ U ,<_ 
H20 1\Ji?.L~ --)U<.t ... , ,,.;; Lu/ou 

t~Q. 
&VIoo(.)"V\(..~ ___, 

Site __._f;_,~=.;...i'..;..it.;::....:::k. ~{~o_::;;:;_,.. ____ _ Lab# 

Sample Date Sp:;cies Info Ats s e i l! 
0 

·S: 

Start Date 0 1 l ~ ~ :5 End Date o ·z. ..p<=t: ~ . .;;;..:::._-s-________ _ 

Test conditions _S:..L;;;,~~~f-") \.l!,;rc.__* __ I-=--_--::=;>__:_.....,Go:::::::c_=:===~=o=="';>==f)_.... ____ _ 

0 1 3 6 8 10 13 
Day t...K:Q -~.;..-) SA-\- \..>e.;), ll,w:.r > S£>.\ 'fu~~ 

Date eotl"~ c.. .• "'}.:> _t; c:>., .s'6 s o ,,s .... 5 £:l t z.o oS" I c.u ... 5 '"'' -,s~ r 
rep A c --u y .b /)..,__ c. 
DO c.:.>.~ ~ - C,: ~ - I '-f.-z..,:'-f-5 ('p.'i : (p_ "\ s: Z- :t.c,_ 0 (.: I :c.:, _ ~ o.t.s :s:L 
Temp °C )...'{. 5 '"2-~- '3 2~ - ' 24-'1 f· 2>(. s 2~-'f Z.f. "') 'Z-!1__. I ! 2.4 .) ' l.-1-i 3 L~~ :-( 2.'1.1 !N. '2-
pH 7'1 ----r.s 7.-f "'1 -'1 : I ."1 1 - ~ - ~ """+- -~ i 1- .Cf c~u I~ \ • 1+.(; i 93. '+ .... 
alkalinity ~~ 
salinity lzc-7~--
ammonia 3.1.3 
conductivity l25··f(,"b 

-
15 17 20 22 24 27 28 

Day n, .. ,..~ ":JA.Iv;:,f>K( -rc:~ \. ~ ...... '> 5Ar '~.) I~J 
Date 0! z. ?-o~ o 1 Z.'f o> 0"10 10-::-- 0'2.~oS' 0 z_,, ~ ~ S'" 01.-<)fi.O~ ~~q 

rep D ~ E /~ r~ C- I} 

DO 5 ?, : -:)_,1 t..d : (p. 5" '-' : " . 2.. 3.0J : z. .,$ l.J : t;",to ~5 : 5 .'1 lf.' 
Temp°C 2'l.'3 !l'l -3 li.y . t5 L..1 ,f zt.-1- ! zs. 7 Z'-1-' z.~. I :Z."f.8 ~->._f. ·z_~ I ~- .. ~ IP4: s 
pH ':f."\ : e . .:J 1 . 'I 11 . 0 t -li iCj( . .? I.Y 1-> 7,:3 fj . (.) 1· '!i '1-.cl 7.5 
alkalinity 13S 
salinity W/. 
ammonia .-zw 
conductivity ~7 !!a::. 

file:////t.t
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client 

H20 

Site 

10 .,(__ .t.. _ ~""''ll-.L-/.,.# Sample Date _______ _ 

Lab# ---
Species Info A/3.5 ot 11 o-s-

Start Date ~(!)=:....:..t .l...l z~o~-r---------~;;;.- End Date c;) z OC( ..:.·.r-
Test Conditions s~r:,:)\t;- ~- ~ - ~ ~ 

~t:'6f=\) 

0 1 3 6 8 10 i' 13 

Day /,Jf::v ~u• • s .....--\- J • .L) Th, •> s ,.:..\ L~· 
Date 1>, I Z• s D \\ "?Ct; 6H6 ° < 0\'.3-..iS" 0• z~ os- c.£-z. .. .s Q/ "t.. s- .;,..:-

rep A G. \..,:) t;S E 1\ 1 .. ( 
DO ?. . .::> .5- 'I : ':) 1 ~~ 

: ( _, 'S"1 : (p-2 5. ff :~") (, """' : v ~ II.},(. : s: ll 
Temp°C Z,.'1.1 2.'1-{, z. r_u .2..'{. "1 -z.. ~ . "1 1.1--t., -z.s.~ 7+-1 iZif-.2 l '"'· 1 .... :-4..) ly. '3 !Z4:L. 
pH 7-4/ 7-~ (. ·-r ~~ 1."\ I .... 1-7 L~,__5_ lJ:io ,_, ..... ~ r.:.r ..... ltJ.~ . :J 

alkalinity ttl'4 
salinity (.OJ ... 
ammonia ; z;; 
conductivity 2') ~'0 

15 17 20 22 24 27 28 
Day lhu.~ ~AT u (t..l)/1('{ -r:::;-... ~ -rt•-411} S"\_rutl...a1-t '\...x..:. I\J.k·l 

Date o, z·~os- O• 2'1 °'5' 0 ~- 0 l """' OZ.u}dS OZC' )'.:.'5 tOZD'AO~ ~~ 
rep D -s e. A l) (, __ j) 

DO 't-~ ::s. c,.. 5.& : "· l ss- :l.l "f.O : 'i."S I..J.u : 5. "2- '-L 3 :s.4 '-f.Y 
Temp °C 2'+. "3 Z{S ~'1 . .3 z.s.1- l~-3 lS. t z..~.s t.') ... Z't-~ l.,S, { .-. 

"2.'-i. f" : l-i"" ·I 2'1.( 
pH -:(.'3 B1 7'0 7. 1 !'?-.~ +'i ....., ."'L- 1·~ _"l_. I 7.5 t·f i "':j.Y '7·3 
alkalinity ~5 
salinity '.1.3'/.:f' 
ammonia 0-1~5 
conductivity "21 a::ru 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client .:_ j){( Site Lab# 
--------

H20 ..1..C.9... ~ . ..,;X t."J,, Sample Date Species lnfo___._A ..... s .... s"'-------
Start Date 0 II 2 .Q j" End Date ____ .,;.(!)~?I!!F?::!11:;4L~Oi-l·::L ________ _ 

Test Conditions $~ ·=if q - ~=rz le ·-;rotA. :::, (~~::::· ==:!::/ o:=.:::u:::-~::r;'-----------

.. 
0 1 3 6 8 10 13 

Day {uJ ~r\ 5A"TUil0!1i ru~s0.+-1/ -n,:,~JOk-.· S4T Tv~~ 
Date VltlCS u~~~ c"i OliS""05"" 01 '"'0~ t>· z.oc ~ OIZ..2-D'> ~lt.S~) 

rep A G (2.. f) f. A (l 
DO "> "(. ~ 7: r;.,.o s.-z... : .5'. I 4.~ : b.3 5".1.. : lc> . ' 5. ,- : " I 5.n :(c. Z-

Temp°C zs ~ 2S-<o l. ~ ' z~t. 2.. lzs. 1 2'1. 2- 2'1. Cf 2~.: "ll-1 .c.. 2'1.3 l~-1 lz.;[ i) '2.4. '\' 
pH It-. '1 •g, \ ~~ 7 I i ~.D f·{,p B.o A.v Sv 7. 't 8.0 7--L. g,, 
alkalinity nz. 
salinity ...,()"/""' 
ammonia 2 ,-:z,. 
conductivity 12swu 

15 17 20 22 24 27 28 

Day TI4V£.SDA'/ ? .A rv r..(J J1r.f -rukc; "f~Vrt.SI>Ai 5ATVlto.trf li.Jt''Jo, IIAl-Rd 
Date DIZ7os- Oll'i..,, 02-otOS 02o3o'> oz.oso ·~ D-zollo .;- ot..R 

rep ~ D I~ A p., c., f) 
DO ).O :~.3 ').I.,:. 

I 

"'' 5.2-: ~- i) 5'.3 :~.I 5.0 :"·8 I L.f_. q :(c,C., '-(.';;J I 

Temo °C l't. 7 25.1 l't. 3 Z'f.S- ?c.i.~l-'-1 lb 24.' l'r.l.:. z5.J z£.6 ILLf-.~ : z..s I ~:t .. 
pH -,. ~ .,_ '1 7.7 'd . c.) 1~."3 i <6. J 7. 'I !f.' 7. (, 8.0 l·' i-r.'l It_ 
alkalinity l21.. 
salinity 2 'fY.;_. 
ammonia 'l..31 
conductivity :3£., O.'J 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client 0::?((. Site __________ Lab# _______ _ 

H20 t-?aLJL-<;~,:~"'/c.c. SampleDate Speciestnfo AB50ttlo'S"' 

Start Date D 1 t ~ 0 5' End Date ~ '-:fJ. "l ~ 
Test Conditions ~ ~\'= ~ I 'V - SaC'() r It r.o~~~~§;""""jj"'"::::Sc,;..-~0ii~' ==--~,...,)~-------

0 1 3 6 8 10 13 

Day VG-'V -rl.. r-> S.~ TVttoA '( -n;~ SPA 'f Thv.r'>d'-'~ SA·Iv(l.l)""i 'Tu~~ 
Date Otll.t.o5 (.)1 I~ 1.> .5 OIIS-0 ~ Olt~OS' 0•2...,..;;~ _QI 2-2.-0'>- 0(Z')g('" 

rep A G (?, i) £ A (' 

DO ?. . I " 5 I .. ( 
I lr:;;>. 5".0 :5.1 ~.2- :~-~ 5.J :c.. 4 5.~ : 1,. z_ 5.~ :~.-l-

Temp °C z.., \ Z'i-l z5v 2'-4. '2- Z,('.l) Z_'l_3 !Z'J-\ 2.af-. I '2tf. '1 Z"f. 3 2-"1. e 2-cf. I Z.4: a 
pH -~- ~ 

. ., _q '-4 1.e f ) • L 
.,_ 1 :t:. 0 '1 c; 7-'3 7- t'J 6-0 ~-1- ~-J 

alkalinity ,c;q 
salinity -zol<P 
ammonia 0 CiciO 
conductivity z. ".) [;(Jt> 

15 17 20 22 24 27 28 
Day f~V!Z.>PIH S~T'U~D.~ \Uf'S TI-4UCZ.':::l S ATv <t-0.~ fH•~ lt-1~ 

Date CJ\Z-7'-') 01 Z.."\1}':) o ·z.o 10_5 02..030"; 0 2.-D<; 0 C,- ozos=~o...- l')Li>t 

rep B () ~ A ~ c n 
DO 5'.<; :c...~ 5'.3 : ~-J S. I Li.l ¥ 5.3 : ~- 'l ,;.4 : fo.O ~ ·~ : lo .J -<'. \ 
Temp°C 2-'f. (., Z.'-1. 4 l-'1 3. Z'1.'1 ;l4.1 !ZtL~ z~. 3 'Z-'1. 7 Z"f.O Z5·3 Z'f- 1 zs . .;:) 2'".· > 
pH 7.~ eo ,,, '6.0 + K : ct" I 1.1::> 9. \ 7.~ Y~ \ _[_.8 ~.~:> (./ 
alkalinity I DID 
salinity i~.sa 
ammonia .Sl-3 
conductivity '1L 9D> 

file:///-is.i
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The SeaCrest Group 
Louisville. CO 

C.. vi<.. 

28-day Leptocheirus Benchsheet 

\) C.~t~Q 
\:)~'-"•W··.._k -

Site ~,..,·zft~CS" 
--~~~~~---------

Lab# 

Form#: 109a 
Effective: September 2002 

Sample Date ------------- Species Info Ag Sc..d 1 1 as-
Start Date 0 ( 1 ~ End Date ~..:.>.:) 

Test Conditions -~~~~"=-=--=---~--.-.:...1 .:..l ---=:::.:.......S~a.06....£:co1.l..5PL!I~~--'-':rt:.....:..:o::...___=>.:__~~=~==-::::;C.;:.£.... ___________ _ 

0 1 3 6 8 10 13 

Day t..k:=-0 -r\..u--s SMu ;U) It 'f ;vtf>PM Ihudo.--'. _5_A"[v {tDf't 'j_ ·Tv' 
Date o-.ll.ll.S C"?c::..5 Oll'ios- Oil~ OS Q, 2-..J l) S" OIZ..Z..O) Dtl: 5" o5 

rep he C- g. {) _£_ A C 
DO t' "3 ~<>5 : lo . ., 5.~ :s e. 5.2. : C.,._3 -~-if :~.0 l5c C, : (p.l.. "'·" : ".' Temp °C v;;. (..) 2-"> l.. '2<;; '> 2~-3 z..s-.3 z 'f. 1. l'f. ... 1"24. I 2-'(t... z,_!1_. 3 ! ZS· Z... ~+. '3 fZ4.~ 
pH 17.~ 

,_., ,_Cf 17.7 7.c; 7.b 8-v "1' '9 "l.j 7 ·'"I i8. (.) "":~."'? : e. '3 
alkalinity f4'l. 
salinity p~&>. 
ammonia lo-1-lo 
conductivity I ji> 0$ 

15 17 20 22 24 27 28 

Day IHuR->0'\'f ':':>AtiJ.Z..D/\"'i \U t;c; fH lilt <:>i:JA, '{ SATu~C>Ai iuo!Sot4Lt i~l 
Date C'l 2.. 7 0 ">- 012.'iO'> 02-0aO_c;. 0 2,.030 ':;"' 02.050 'S' _D_Z-0 R,o.;J <" Ina~ 

rep (:, D -:t: A e, C_. i) 
DO S"'.i,.. :~.3 5.1-. : (o ~ 5.5 :5:0 'f.(,p :{p,) 5.2..: (17.0 't. '\ : S". (, '-1-e 
Temp °C 25". 1 Z'T."i l '1. c, Z'1.' ;l_tf I Ztt-3 Z"t.L... llr., Z4.e •tS.o "Z'i. s lU./ ~\:f 
pH 7.7 e., 7./7 ~0 "'1.<o 71 ~ 9.1 7. I :8.0 ""7.'+ !i.C) 7.1 
alkalinity 7. 7 'IS 
salinity lz4.~)' .. , 
ammonia ;;l..~(, 

conductivity 'ii.~J 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

Client C vt<.. Site -------------------- ------------------- Lab# 

Form#: 109a 
Effective: September 2002 

H20 ,f.J?:CSL scP""v'-<- L1·) Sample Date 
--------------- Species Info A •3S 0 \ lt 0 5" 

Start Date 0 1 \ ;a, 0 .£___ End Date ~ :i.l ~ 

Test Conditions S~ \1; ~ \1.- - c:§i: t?\.(. -J' t) a~"> Jiiji2 
--~--------~=========-----------

0 1 3 6 8 10 13 

Day ~0 S4TUflM1 "1Vi.>OM T; ot~.Y <;AnJJU)-1 t ..,-_,...~ 

Date Dl 2.~ olt5"0) 011~0.) Ot2n o'\ Otz.z..o> 01 ~~ 0-:;.-
rep A c... r; 0 e A c .... 
DO l-1 c...'j_ : (.;;?.~ ~-0 : "· t 6'-fl lG,.O 5'1- :Co. I 5.v : b-1 4-t-2- lG,_<;' 

TemQ°C l-':).2.. '2.l-l-'" z_.£, c. z 4. 5"'! z ~- 2- Z'f.) z5.J 2'+- t :-~'-' .s l't. L zs. a -zq..-z.. "2.4--.~ 
pH 7.f> ' _c; 1."1 7.7 : 6 (.) ].j_ 8u '":f- -'1 :R.o 7.1 8-t ~-'t ~L 
alkalinity 43 
salinity 'lo •!...., 
ammonia Lu~ 

conductivity Bl-..~ 

15 17 20 22 24 27 28 
Day THU~SM'( <;, o\ T " >!.() 1\-'-f 'TU~<.:.,. 'f'Hv(t~C.itt"f SA--r\JitOJ'rl ·TueJ W4l 

Date or z 7os- OL 'Z-"1 O,S' bL.0\0~ o·.2..c 3c.5" oz,o~os- o·1. D'S01 oz~Cl 
rep Q, I;) c:; .A e, c. b 
DO 5'-7 lG,.5 'S. 7 i 

~-' 4.'1 :_41: 5'. \ : "· 2 5.7 : (o. \ 5.1.!> : in :z 5-Z.. I 

Temp °C z'-f.t 2->. 2 2 5. (.) zs, I 24 . .Sl2A.S z'-f . .:J lz'1-" 2~.1ll'1.4 z ... ,_s z.-s-.z. 24-7 
pH 7. 5" s. \ 7."1 ~.0 ~~- c{ ! }{_ J 7- '0 !8-1 "{. ~ ! 8-· \ 7.Y B.f (.~ 
alkalinity \1 '2 
salinity l-l .,.-... 
ammonia D·L1'1 
conductivity ~~~ IO~ 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

'St ...... )-... "<. 

Form#: 109a 
Effective: September 2002 

Client ICvtz. r (2o<.:.L. Site J?ah cds:: !uc:::s? 1 Lab# 

H20 No.t-1 _ !7t ... ,.,,·,.. · Sample Date________ Species Info Assu 1 1 10~ 
Start Date _...lcO~I....:.t-=2.=-=~~f" ________ _____,,........c:::: End Date.....--= ~'& t'.., 0 -

Test Conditions SAMPQ.. ~ 1 ~ ~\: "".C~-~- -~ .... ~~-Kl ~ 

Day 

Date 

rep 

DO 

Temo°C 
pH 
alkalinity 

salinity 
ammonia 

conductivity 

rep 

DO 

Tern 
pH 
alkalinity 

salinity 

ammonia 

conductivity 

0 

~eil 
VIL 

A 
3.~ 
2'1.1. 
7. '2.~ 

icD 
2c;t,, 
/ • .")L{ 

111~'-''-~ 

1 3 

l\.-.\LiS. ~t. 
'Y,:~ Y,, 

B ~-
5.o:c,_·~ .c;· .-, : '5' '1 

1.'# I i·H.3 '2-"'\-~ '2..'--'\-4 
1-.1 :·1.e 7_'(, '7-s 

6 8 10 13 

Tuf: c, llUR~ SA-r-v~IYtf T vii.~ (')/Yi 
'h 8 1 01.200? OIZ.lO) o; Z5o' 

c._ E: A B 
5'-<o : (.p, '-1 [Q.S l(t.'.O ~:-. ~ : (£,. I ;. (p :s. f 
2..~. '1 i25 "l... 'Z.4.Z. ~~4.~ l't.l. Z.'-t. 9 ZLt· 3 125'. I 
7.8 :7.1 '14 : -fB._ 7.s- 7._1 -'~-'1 :7 ., 

24 27 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

CDR.. Site~ 
~~~--------------

Lab# 

Form#: 109a 
Effective: September 2002 

--------
Nt-._c 1 _ :sa,., 'l! ·'c?%_, Sample Date------------ Species Info __.t\:J,...-o~>:.....:IO~t .l.JI tw~~c-~-

Start Date 1,-.., 1 I"Z. c )" Fru!Q~ 07 .. , \) ~ 

Test Conditions ----=S::::::A:J...:.!~.:...;f~LL-=-.!..1 '1~--___..;~~~=~~lt_MJ~L.::.~-... ---__ ~C-:::.._ -_4_.!_ .. ~!-.. -::5-"-~--------------

Day 

Date 

rep 
DO 
Terns;> °C 
pH 
alkalinity 

salinity 

ammonia 
conductivity 

rep 

DO 
Tern 
pH 
alkalinity 

salinity 

ammonia 

conductivity 

0 

Wet> 
0!•Z05 

A 
1-~ 
z.~. 'i 
7.~ 
Zc J 
1-'Jo, 
'f. kJ 
zq lf-o., 

1 3 

11. ...... ~~ ~ ...... 
0113><~•~ 0\.\ <;" 0 ~ 

i3 "D 
Y-~ :sJ <) :?-3 
'2-'4. z. i24 .j -z.. -,. '?: ""Z."'t .'4, 

7-.<J : ~-&f ro ::.~ 

6 8 10 13 

. t ...:H.> .n-\ ufL."S SA ru~c.1.t. Tvts.t>JY'f 
OI/80Y 01'2.005_ 012l.D::i Ol Z..>b~ 

(.... ~ A ~ 
-"-> : ~- > 5."1 :_s· s 5.~ l G,.D ),7 l-~-1 
'l-'1 ~"li 2.S'. 0 ~.OiZ4.~ Zl.f. ~! 2~. \ Z5·3 i l.S.O 
7.fi :~.0 ?-.qi<;{() 7.'1 i"B.o 7-~ i~.v 

24 27 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

n C-bn. 
I~G ..... u-....'-V.: -

Fonn #: 109a 
Effective: September 2002 

Client C D R.. Site _t~f1c:th~\c~~~h~w~1t:::........ __ Lab# 

H20 N(,&_{ 1- czec..xzlt Sample Date Species Info t\as 0 , 11 err 

Start Date c- 1 1 1. C' s," End Date 0 2 0 c1 0: 
Test Conditions --=<.3~A'-'-=IM.:...Jf.....:L=--'tL-.---.:..I~S""L---.l..o~~====!:fJ::''f'=..>:=t?=tl.===~==:Ij~c:®=-=·'7"------

0 1 

Day WfC> Thv.o. 
Date 011 2.{1) 011"?:.0\;" 

rep A \"3 
DO 4.1 +~ 't-~ :5:L. 
Temp °C 
pH 

alkalinity 

salinity 

ammonia 

conductivity 

Day 

Date 

rep 

DO 

Temp°C 
pH 

alkalinity 

salinity 

ammonia 

conductivity 

Z"t.to zq..t !1..4 ."1 
7.'1 1.'6 :7-3 
15~ 

IZ "(II 0 

1.12 
11bw 

15 

141- 2S. 3 
Lt Cl 'b·.z 

3 6 8 10 13 

5~T \JV nttu(S ~l'l. ru 14> -t"'f TVi~OI\-f 

r~) \ •> o c OIIBCl~ 0\ZvOS OIZ.."ZAJ5" 0 I z...,;o S"" 
y c... ~ A ~ 

5--i :5"$ 5.7 : s_q s~ :s ~ 5.(p : 5.-=t_ 5. 7 : "· 0 

-z'\.J. 21..\. r l."f. tj !l'1. (, 'Z5.D !25·2 Z~- Z Z'f.' z.,.e Z.'f.cr 
.,_ -"'\ \ .4 ....,, 1 :7.~ ~-"""' : 'i.l .K.o 8-1 s.o 80 

17 20 22 24 27 28 
\ .. HI 

S.c : S.~ "-1-._j 

""1.7 
Ill# 

3!l.~· 
J.cs 

:J.J loJ 
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The SeaCrest Group 
Louisville. CO 

Client CDR. 
H20 rJr-...(1 - "zl.ot,.., ,·;. 
Start Date .::::• 1 1 -~ o f-

Test Conditions 

Day 

Date 

rep 
DO 

Temo °C 
pH 
alkalinity 
salinity 

ammonia 

conductivity 

rep 

DO 

Tern 
pH 

alkalinity 

salinity 

ammonia 

conductivity 

0 

WE[) 

011205' 

A 
ILJ. l. 
24.B 
7.1-
tct r 

jt.; ./.,. 

'~-~.; 
21-i l.o~J 

1 

~.;·· 
L'\1'30f 

~ 
~ :'t.1 
"Zi.f.~ 7-i.r' 
'1-. ~ ":f. Q 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Site Lab# -----------------Sample Date --------------
--:---------

Species Info A$<:> c 1 1 I os 
End Date o-zo ~a~ 

((p e-'""'f'~ ro~- c<~-'---+-------

3 6 8 10 13 

~~"\ T\J~__s ·(\itAjr;!,S ___5A-rv (U)_+-t 'T\J~SO+"f 
C)l tc;."O <; 01 lt!>t-'-) S)l2.005 01 Z, 'Z...O c~- OIZ.>os-

--r:> c_ ~ A & ._,_ .., : '-\. "' 5. '1 : (p.~ t?:__Lf :s.t- 5'.8 :eo.L 5.8 :GP.o 
'l.~-, Z'-'-" z.§. L iz.s-1 I~.Cf !z.5 o Z-4. ~ zs. 2.. Z4. Cp ! z..11.8 
7-6 -,_c, 7. ~ 1"7-, ~,0 1__21.)_ 7- 'l t5 l 1.1 iBV 

file:///j-iZfi
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client ~0 n._ Site Lab # -------------------- ---------------
H20 tJe C...t. -'X=.e""'~ Z-j,.,) Sample Date _____________ Species Info /v3~al!! 

0 
L 

Start Date 0! IZ 0 -;- End Date \.0 z ~ 4. 0 .;-

Test Conditions ~ \G ~ l 7~5:~-~lc .;i: Q ~ ~ C -~:) 

0 1 3 6 8 10 13 

Day oeoo 'Tt1Lt~S ~ .... ...-;- --1 LLES luvR.5 "';>Aiv R.DAY J/1"1; <:..,. 
Date tf·~·-f o' tees Op':)oc:7 6!1~5 01 z.oo s.- 01 :z..z.os Dr 'Z 5o C, 

rep A (. 0 c;. _.B. A b 
DO '-/.1 Sl- Uo.~ -:;'.,: s' s b~ ' :IP 2 ?.s-'":7.(, s.~ : ~-1 IS".3' : c;.r 
Temp°C Z. '5 .I 25.t i J.Jt :l. 2'-\· ~ i Z"<· Z... ~i.f..C 2.. tf-. 5 2.'1. I 2.~.1) Z."f. ~ 2-S. '2. 24. Oi24.1-
pH ''1. \ r 4:4- : 1. C) 'i:-0 :·-, ,q <iS . I KO 8.1 l3. i B,D B-1 ~~-~ i~.fd 
alkalinity l ,:;' '2 '1.'.2..~ 

salinity 2.-J ... t... 
ammonia 1.5).. 
conductivity ·,l;gjCO 

15 17 20 22 24 27 28 
Day ~ r ~ ~.1.\ fV~~ IHv~.S 'S~ 1--;e.,. __.Je_~ 

Date 01 L. r-.c) o,z..-t o5 02CI05" 0~0305' 02050S O"Z<l> 1os- ~Yz ~ <:> 
rep c ~ ... - E. A ~ c D 
DO 5.5 :" .\ ~ . ., : c..-~ $.10 : ~.l 5.'"1 : if.. 2 s '-\ l <...L s.l.:, :c.. 7 ~-1' 
Temp °C 24--l- l~ c/ 'Z..'"\-5 Z..'\·_, Z'-f.l> l l-5.3 2'1.3 Z'f _/j -z_. ..... t... ·-u) 2~-" £')_ "7, 1'1.~ 
pH ~.I : f.\. z... 9-.> .. , t? .7 8. \ iR.3 18. 2- e. ?:. ~.l e'1- _fi. I q,_[) 3'0 
alkalinity IJ'to 
salinity 12-3 7'c:n 
ammonia ~-~' 
conductivity 

..., --

file:///zi.b
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: September 2002 

Client 

H20 

Start Date 

Day 

Date 

rep 

DO 

Temp°C 
pH 
alkalinity 

salinity 
ammonia 

conductivity 

Day 

Date 

rep 

DO 

Temp °C 
pH 

alkalinity 

salinity 

ammonia 
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The SeaCrest Group CDR-LCP Brunswick 02/21/2005 

Date: 02/21/2005 
Species:Leptocheirus p. 
Facility: SeaCrest Group 

--
Test: 28 Day Chronic 

-
Sexed Adults Dry Weight(mg) 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment# 1 a 5 2 1 1.1491 1.1499 0.8000 0.16 

04293-CS b 8 3 1 1.1405 1.1436 3.1000 0.39 
c 11 2 >100 1.1465 1.1524 5.9000 0.54 
d 9 3 1 1.1432 1.1468 3.6000 0.40 
e 4 1 >50 1.1506 1.1523 1.7000 0.43 

--

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment# 2 a 4 2 0 1.1387 1.1411 2.40 0.60 
04294-MGH7 b 6 2 1 1.1422 1.1445 2.30 0.38 

c 3 1 0 1.1456 1.1471 1.50 0.50 
d 5 1 >20 1.1512 1.1539 2.70 0.54 
e 6 2 1 1.1382 1.1411 2.90 0.48 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment# 3 a 14 5 5 1.1499 1.1543 4.40 0.31 
04299-C103 b 10 4 3 1.1534 1.1569 3.50 0.35 

c 19 5 2 1.1367 1.1388 2.10 0.11 
d 16 5 2 1.1564 1.1581 1.70 0.11 
e 13 3 1 1.1583 1.1618 3.50 0.27 
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- -- -------·---·-- - - - -
The SeaCrest Group CDR-LCP Brunswick 02121/2005 

Date: 02/21/2005 
--- --

Species:Leptocheirus p. 
-

Facility: SeaCrest Group 
--

Test: 28 Day Chronic 
--

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment#4 a 6 2 1 1.1411 1.1434 2.30 0.38 
04295-A-C b 6 2 2 1.1537 1.1595 

--r-
5.80 0.97 

.. 

c 9 4 4 1.1508 1.1531 2.30 0.26 
d 5 2 0 1.1486 1.1499 1.30 0.26 
e 7 3 2 1.1440 1.1451 1.10 0.16 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment# 5 a 8 3 5 1.1597 1.1622 2.50 0.31 
04299-C101 b 12 4 >10 1.1443 1.1489 4.60 0.38 

c 16 10 >20 1.1509 1.1559 5.00 0.31 
d 12 5 >20 1.1577 1.1613 3.60 0.30 
e 7 3 >30 1.1506 1.1523 1.70 0.24 

·-
Sexed Adults Dry Weight(mg) 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment# 6 a 8 3 >15 1.1445 1.1491 4.6 0.57 

--

04299-C102 b 12 1 >30 1.1435 1.1498 6.3 0.52 
c 9 4 >40 1.1398 1.1433 3.5 0.39 
d 9 5 >40 1.1404 1.1426 2.2 0.24 
e 9 4 >25 1.1463 1.1487 2.4 0.27 
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--- --- ... ------f-- -:-- --- - -
The SeaCrest Group CDR-LCP Brunswick 0212112005 

··-

Date: 02/21/2005 
Species:Leptocheirus p. 

---- 1--
Facility: SeaCrest Group 

--r--· 
Test: 28 Day Chronic 

--
Sexed Adults Dry Weight(mg) 

-

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment# 7 a 0 XX XX XX XX XX XX 

04299-C105 b 0 XX XX XX XX XX XX 
- -------·-

c 0 XX XX XX XX XX XX 

d 0 XX XX XX XX XX XX 

e 0 XX XX XX XX XX XX 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment#S a 11 5 0 1.1456 1.1473 1.70 0.15 
04296-D-C b 10 4 >15 1.1678 1.1692 1.40 0.14 

c 15 7 5 1.1499 1.1528 2.90 0.19 
d 9 2 >20 1.1417 1.1445 2.80 0.31 
e 13 6 >10 1.1442 1.1492 5.00 0.38 

Sexed Adults Dry Weight(mg) 
-

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment# 9 a 14 6 >25 1.1522 1.1563 4.10 0.29 

--- -· 

04299-C100 b 18 7 >25 1.1164 1.1217 5.30 0.29 
c 15 9 >20 1.1410 1.1452 4.20 0.28 
d 13 2 >50 1.1448 1.1487 3.90 0.30 
e 16 7 >25 1.1496 1.1546 l 5.00 I 0.31 
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- - - - - - ... - -~ -: - - -: - - - - - -
The SeaCrest Group CDR-LCP Brunswick 0212112005 

Date: 02/21/2005 
Species:Leptocheirus p. 

·--· 

Facility: SeaCrest Group 
-·------

Test: 28 Day Chronic 
-- --- -----

Sexed Adults Dry Weight(mg) 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + larvae(g) Total Individual 

Sediment # 10 a 10 3 >15 1.1513 1.1547 3.40 0.34 
-

04299-C104 b 13 4 >75 1.1459 1.1502 4.30 0.33 
--

c 18 9 >30 1.1425 1.1474 4.90 0.27 
---

d 11 6 >50 1.1427 1.1463 3.60 0.33 
e 14 6 >50 1.1446 1.1489 4.30 0.31 

--

Sexed Adults Dry Weight(mg) 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment# 11 a 8 3 >50 1.1530 1.1534 0.40 0.05 

04295-CR b 5 1 >100 1.1498 1.1512 1.40 0.28 
c 10 2 5 1.1473 1.1494 2.10 0.21 
d 10 6 >40 1.1420 1.1435 1.50 0.15 - -- ---------
e 7 3 >30 1.1374 1.1388 1.40 i 0 20 ------

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + larvae(g) Total Individual 

Sediment # 12 a 3 1 0 1.1489 1.1499 1.00 0.33 

04295-C45 b 9 4 1 1.1355 1.1400 4.50 0.50 
c 0 XX XX XX XX XX XX 

d 8 5 3 1.1628 1.1641 1.30 0.16 
e 3 0 0 1.1480 1.1490 1.00 0.33 
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-------- -:~-'·:-- -~-- -- - -
The SeaCrest Group CDR-LCP Brunswick 02/21/2005 

·--
Date: 02121/2005 

-

Species:Leptocheirus p. 
Facility: SeaCrest Group 

~-·-

Test: 28 Day Chronic 
·---

Sexed Adults Dry Weight(mg) 
-

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae( g) Total Individual 
Sediment # 13 a 7 2 0 1.1490 1.1512 2.20 0.31 
04294-MGK7 b 5 3 1 1.1419 1.1431 1.20 0.24 

c 2 0 1 1.1611 1.1618 0.70 0.35 
-· 

d 14 7 5 1.1442 1.1472 3.00 0.21 --
e 13 3 4 1.1451 1.1493 4.20 0.32 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment # 14 a 9 3 >15 1.1470 1.1515 4.50 0.50 
04293-C5 b 14 4 3 1.1584 1.1635 5.10 0.36 

c 15 7 6 1.1617 1.1673 5.60 0.37 
d 14 5 8 1.1419 1.1467 4.80 0.34 
e 11 3 2 1.1462 1.1509 4.70 0.43 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment # 15 a 8 3 >25 1.1413 1.1439 2.60 0.32 
04295-TC b 12 5 >25 1.1592 1.1628 3.60 0.30 

-~ ---

c 10 6 >50 1.1408 1.1450 4.20 0.42 
d 5 1 >25 1.1430 1.1447 1.70 0.34 
e 7 2 >25 1.1471 1.1501 3.00 0.43 
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- -·· - - - - ... - -· -··:;- - -:-;,. -·- -· - - -
The SeaCrest Group CDR-LCP Brunswick 0212112005 

--.--- ------
Date: 02/21/2005 

·-·---- -
Species:Leptocheirus p. 

-- -----
Facility: SeaCrest Group 

-- ---·-

Test: 28 Day Chronic 
------r----

Sexed Adults Dry Weight(mg) 
--

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment # 16 a 6 2 0 1.1438 1.1451 1.30 0.22 

04293-C7 b 2 1 0 1.1540 1.1548 0.80 --r-----------
0.40 

c 1 0 0 1.1439 1.1443 0.40 0.40 
d 5 2 0 1.1405 1.1422 1.70 0.34 

r--
1 1 0 1.1447 1.1456 0.90 0.90 e 

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment # 17 a 12 5 >50 1.1452 1.1498 4.60 0.38 
--

04295-C33 b 7 2 >30 1.1466 1.1491 2.50 0.36 
-----

c 10 1 >25 1.1503 1.1542 3.90 0.39 
d 7 3 6 1.1575 1.1588 1.30 0.19 

r--
6 2 8 e 1.1505 1.1531 2.60 0.43 

-- -----
Sexed Adults Dry Weight(mg) 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 
Sediment # 18 a 0 XX XX XX XX XX XX 

04294-C15 b 0 XX XX XX XX XX XX 

c 2 0 9 1.1475 1.1492 1.70 0.85 
d 1 0 >10 1.1385 1.1389 0.40 0.40 
e 0 XX XX XX XX XX XX 
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------------~~~=~=-=--~~~~-~~--~-,-----· --------
The SeaCrest Group CDR-LCP Brunswick 0212112005 

1--------'-:-------+-----t--------r-------t------t---------t-------t------·---
Date: 0212112005 
~~---~~--~---~----~-------~----4--------~----~-------·-
Species:Leptocheirus p. 

---1-------t-----------+----·----+-------·---+-------+---·-·---·-
Facility: SeaCrest Group 

-----'--+-----+--------+----------+--------+--------- ·-----!---··---·· 

Test: 28 Day Chronic 
J.------'=----,--------+-----t-=------:--:-:;--::----t---------'---t------+----··--·-·---t------L-.----··--. 

Sexed Adults Dry Weight(mg) 
t---------if------+-------,--+---------+-.,--------------t-----·--+-------------·----- ~--·-----···· 

Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan+ Larvae(g) Total Individual 
Sediment# 19 a 4 2 0 1.1504 1.1529 2.50 0.62 
\-----+-------+----=---+----=-----+-----=------~- ·-·-t-----c------J--·-----

04295-MAB b 7 2 3 1.1524 1.1544 2.00 0.29 
c 1 0 0 1.1524 1.1525 0.10 0.10 

------~-----+---=---+-------:----+----~---+-.,-----~~-r---~---+------~----
d 2 0 1 1.1622 1.1628 0.60 0.30 

~=========:====e========1=========0=====:=======0====~---+~-~-~-1~.1~4-6~3~---~~----_=-1-.1-46-5--+--0.-2-0-+--~0~.2~0----

Sexed Adults Dry Weight(mg) 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan + Larvae(g) Total Individual 

Sediment# 20 a 18 15 >25 1.1437 1.1487 5.00 0.28 
Control1 b 20 10 >25 1.1391 1.1448 5.70 0.29 

c 20 10 >50 1.1640 1.1699 5.90 0.30 
d 16 5 >20 1.1270 1.1287 1.70 0.11 
e 18 12 >25 1.1364 1.1480 11.60 0.64 

Sexed Adults 
Treatment Rep Surviving (males) Juvenile production Pan Weight(g) Pan+ Larvae(g) Total Individual 

Sediment#21 a 18 8 >100 1.1516 1.1574 5.80 0.32 
1~--~=-+--~--t---:-::---+--~~---t------=-=------lr------:-~~-+---~-:-=-:-~--+-----=---=-·-+-·----·· -- . 

Control2 b 19 8 >25 1.1656 1.1710 5.40 i 0.28 
~-----+------t-------t----~---+---~-------1---'-----+---

c 17 10 >20 1.1740 1.1763 2.30 0.14 
d 17 7 >20 1.1584 1.1623 3.90 0.23 

Treatment \ 

r----·---·-+----e ----+---1_5 __ --+--___ 1_1 ___ +----·->_1 o_o ___ ____,l-__ 1_.1_39_0_--+--___ 1_.1_41_3 __ ;-' __ 2.30 --=r=_---~~- ~ 

Sexed Adults ! Dry Weight(mg) 
su-rv-iv-ing 1 (males) i Juvenile produc-tio-n rpanweig-ht(g) ~-P-an-+ Lar-Vae( g) -c ··To-tal -,-lndiviuual ·1 Rep 

Pre-Treated XX 60 N/A N/A 1.1459 1.1514 5.5 0.09166667 
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INTRODUCTION 
In the present study juvenile grass shrimp (Palaemonectes pugio) were exposed for 60 

days to test sediments collected by Curt Rose and to reference sediments collected by us 
from the Skidaway River. When juvenile grass shrimp are held in aquaria for 60 days 
with test sediments the following should occur in the process ofnormal development: (I) 
juveniles should grow into adults; (2) adult females should produce large mature ovaries; 
(3) eggs should be produced and fertilized; (3) embryos should develop and hatch into the 
free living zoea stage. The developing embryos, enclosed in egg sacs, are attached 
externally to the abdomen of the female. While attached to the female, embryos go 
through a 14 day development (at zr C) followed by hatching into a free swimming 
zoea stage. The following data were collected over the 60 day exposure period: (I) 
mortality after 60 days; (2) per cent of females which formed mature ovaries; (3) per cent 
of females which produced embryos; ( 4) per cent of embryos which hatched into zoea; 
(5) amount of DNA strand damage (DNA tail moment) in late stage embryos. Previous 
work showed that females exposed to high concentrations of certain contaminants did not 
produce embryos or if embryos were produced there was poor development (low 
hatching rates) and/or DNA strand damage. 

In addition to sediment toxicity tests, a series oftests (embryo hatching and DNA 
strand damage) were conducted on embryos taken from females collected from the LCP 
site, Crescent River (Sapelo Sound area), Troop Creek (Brunswick area) and Skidaway 
River (reference site). 

MATERIALS AND METHODS 
Sediment exposure 

To each aquarium with test sediment (IOOOg) were added 20 juvenile grass shrimp 
along with 20 liters of estuarine water and the aquarium was maintained at 2-rc (salinity 
28 ppt). Sediments from each station was tested in triplicate (n=J). Juvenile grass 
shrimp for the tests were collected from the Skidaway River. We have collected grass 
shrimp for many years from this river and found them to show normal reproduction and 
both the sediments and grass shrimp from this river were found to have very low 
concentrations of standard contaminants (various metals, organochlorines and polycyclic 
aromatic hydrocarbons). Grass shrimp in the aquaria were fed Artemia daily and kept 
under a 12 hour light/12 hour dark regime. Every 5 days the following parameters were 
determined: (a) number of dead grass shrimp~ (b) number of females with mature ovaries~ 
(c) number of females with attached embryos. For the hatching tests, stage 8 embryos 
were removed by a cut at the stem attaching them to females. One female containing 
embryos was tested for hatching in each aquarium Forty eight embryos from a single 
female were transferred to two 24 well polystyrene plates with each well containing I 
embryo and 1.2 ml of estuarine water. Culture plates were kept in the dark at 2-rc and 
per cent of embryos hatching from each female was determined. Hatching generally was 
completed within 48 hours after transfer to the culture plates. Stage 7 embryos from each 
aquarium were used to assess DNA strand damage (comet assay). 

Hatching Tests and DNA Strand on Embryos from Grass Shrimp Collected at 
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Field Sites 

Grass shrimp with embryos were collected with dip nets in October 2004 from a 
number of sites. including two sites at the LCP canal. Crescent River (sapelo Sound). 
Troup Creek (Brunswick area) and Skidaway River (reference site). Hatching rates and 
DNA strand damage (Comet assay) were determined with embryos taken from 3 different 
females at each collection site. 

Single-Cell Electrophoresis CSCG> Assays for DNA Strand Damage- Comet Assay 
All chemicals were purchased from Sigma or Fisher Scientific. The procedures for the 

comet assay described by Singh et al. (1988) and Steinert et al. (1998) were used along 
with a few modifications for grass shrimp embryos (Lee et al., 2000). Prior to the assay, 
agarose-coasted microscope slides were made by inserting slides into a Coplin jar 
containing 1% normal melting-point agarose diluted in T AE solution (0.04 M Tris
acetate and I mM EDT A), wiping the rear side of slide with tissue and then drying in air. 
Ten to 20 embryos from a single female were used and pooled for each assay. Embryos 
were ground with a glass homogenizer and left to stand for 5 mi11 to allow heavy 
materials, e.g embryonic coats, in the extract to settle. The supemantant was transferred 
to a microcentrifuge tube and centrifuged for 5 min (1000 x g). The supemant was 
discarded, the precipitate was suspended using 50 l-11 of0.65% low melting-point agarose 
diluted in Kenny's salt solution (0.4 M NaCl, 9 mM KCI, 0.7 mM K2HP04, 2mM 
NaHC03) then added onto the prepared agarose-coated slide, covered with a cover slip, 
and spread. After gel solidification (3 min at 4°C for 2 hours), slides were soaked three 
times for 2 min each in cold distilled water in a chilled Coplin jar to remove salt. For 
DNA strand unwinding, sldies were transferred into chambers filled with electrophoresis 
and unwinding buffer (0. IN NaOH and I mM EDT A, > pH I3 ). After standing for IS 
min, electrophoresis was carried out for 20 min at 25 V and 300 rnA Slides were soaked 
three times for 2 min each in 0.4 M TRIS (pH 7.5) in a chille3d Coplin jar to neutralize 
the gels, followed by transfer to ethanol in a Coplin jar for 5 min. The slides were then 
placed on a paper towel. Preparations were stained with 15 111 of the DNA stain, 
ethidium bromide (20 llglml). 

The amount of DNA strand damage was determined in cells using a Nikon Eclipse 
E400 inverted fluorescent microscope (x200 magnification). Fifty randomly selected 
cells per slide were used for calculation ofDNA tail moments (amount of DNA in tail 
times tail length). The cell images were projected onto a high-sensitiviy CCD camera. 
The computerized image-analysis system (Komet Version 4.01, Kinetic Imaging Ltd.) 
was used to determimne DNA tail moments. 

Quality assurance 
At the beginning of each test, positive control experiments were carried out with late 

stage embryos using I lJ.M, 2!J.M, 5~ and 10 !1M 2,4-nitroquinoline-4-oxide m(NQO). 
This is a known DNA damaging agent and has been sh0\.\111 to effect hatching of grass 
shrimp embryos (Lee and Steinert, 2003;Lee et al., 2000). The percent of embryos 
hatching at each concentration of NQO was used to prepared a dose-response curve. 
Dose-response curve were within one standard deviation of previously prepared dose
response curves. In addition, we included a reference sediment from the Skidaway 
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River. Earlier work showed that this reference sediment did not affect reproduction, 
embryo production and embryo hatching rates compared with control shrimp not exposed 
to sediment. 

RESULTS 

Juvenile grass shrimp exposed to test and reference sediments were followed as they 
grew into adults and as reproduction took place. Grass shrimp exposed to the reference 
sediments (Skidaway River sediments) showed good ovary formation, good production 
of embryos, high hatching rates and very low DNA damage. Grass shrimp exposed with 
low level of genotoxicants generally have DNA tail moments ranging from 1.2 to 3.0. 
None of the grass shrimp exposed to the different test sediments showed significant DNA 
damage relative to grass shrimp exposed to reference sediment. It should be noted that 
DNA tail moments of 10 to 20 were noted in embryos coUected from the LCP canal 
before and immediately after remediation ofthis site. There was high mortality of shrimp 
exposed to ClOl and C7 sediments and embryo production was low in females exposed 
to sediments from stations C 1 OS, C33, C7 and C 101 (Table 2). Embryo hatching rates 
were reduced in females exposed to C7, C 33 and MG-K7 sediments (Table 2). 
Reproduction and embryo production in grass shrimp exposed to sediments from the 
other stations were in the normal range. 

Female grass shrimp with embryos collected from several stations showed normal 
hatching rates and no significant DNA damage with the exception of embryos from the 
females in the canal at LCP site which had a mean DNA tail moments of3.7 and mean 
hatching rate of 60 (Table 3 ). 
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Table 1 -Data for Mortality, Reproduction, Embryo Production, Embryo Hatching and DNA 

Damage of Grass Shrimp Exposed to Test Sediments 

Study began on October 29,2004 and ended on January 10.2005 

Sample ID Mortality Reproduction Embryo Production 
(% mortality over (% of females fanning (% of females 
60 days) mature ovaries) producing embryos) 

C15 45,30,30 58,43,75 42,36,53 

C5 25,35,40 58,57,46 42,21,23 

C7 85,65,70 58,60,56 8,0,0 

C6 75,55,50 80,78,58 40,33,25 

C102 65,55,85 55,56,58 36,22,25 

C105 25,35,50 55,63,46 9,25,0 

C45 65,55,40 31,63,67 15,27,44 

C104 75,50,85 50,64,69 40,54,53 

C33 80.55,40 75,80,78 17,10,0 

C103 85,60.70 85,78,67 31,33,22 

C101 90,80,90 82,78,67 18,11,0 

C100 20,25,35 83,78,73 25,33,18 

CR-C 10,15,15 85,78,77 38,44,31 

A-C 50,40,55 64,67,54 27,33,31 

TC-C 15,20,20 85,64,67 38,36,44 

M-AB 10,25,15 83,73,78 33,36,33 

D-C 35,55,30 73,67,85 18,22,23 

MG-K7 35,25,40 79,67,64 14,11,27 

MG-H7 15,30,20 82,78,67 45,44,25 

Reference sediment 10,20,10 64,72,78 29,45,33 
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Sample ID 

C15 

C5 

C7 

C6 

C102 

C105 

C45 

C104 

C33 

C103 

C101 

C100 

CR-C 

A-C 

TC-C 

M-AB 

D-C 

MG-K7 

MG-H7 

Reference sediment 

Embryo Hatching Test 
(% hatching into zoea stage) 

85,90,90 

90,80,80 

45.35,55* 

75,90,80 

85, 80,95 

65.50. 80 

95,85,95 

95,80, 80 

55, 70, 75 

95,80, 85 

50,75,65 

90, 80, 80 

95,90,95 

95, 95, 85 

75,60,85 

85,80,90 

80,65, 70 

65, 75,70 

85, 90, 70 

90,80, 90 

DNA Strand Damage Test
Comet Assay 
(DNA tail moment) 

2.2,2.4,1.8 

2.4,2.2., 2.0 

3.0, 2.4, 5.0* 

2.4, 2. 7, 2.2 

1.9, 2.3, 2.7 

2.7, 3.4, 2.2 

2.1,1.7,2.3 

1.9, 2.2, 2.7 

2.5, 3.1' 2.2 

1.6, 2.4, 2. 7 

2.7, 3.4, 3.0 

2.7, 2.1' 2.2 

2.4, 1.5, 2.0 

1.8, 1.7, 2.3 

2.2, 3.1' 2.2 

1.5, 2.4, 1.9 

3.7, 2.4, 2.1 

2.4, 1.7, 2.9 

1.8, 2.4, 2.5 

1.7, 2.3, 2.4 
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I Table 2- Means and Standard Deviations of Mortaity, Reproduction. Embryo Production, Embryo 

Hatching and DNA Damage of Grass Shrimp Exposed to Test Sediments from 

Coastal Georgia 

I Sample ID Mortality Reproduction Test Embryo Development 

(% mortality of grass shrimp (% of females which (% of females which 

I during 60 days in test produced mature produced embryos) 
sediments} ovaries} 

I 
Mean S.D. (n=3) Mean S.D.(n=3) Mean S.D. (n=3) 

C15 35 9 59 16 44 9 

I C5 33 6 ~Stt 10 ~2'1 11 

~ .·. C7 73 10 58 2 73 5 

I C6 60 13 72 12 33 8 

I 
C102 68 15 56 2 28 7 

C105 37 13 55 9 11 13 

I C45 53 13 54 20 29 15 

:_.· C104 70 18 61 10 49 8 jo"· .• , 

:I 
C33 58 20 78 3 9 9 

.I C103 72 13 71 10 29 

C101 87 6 76 8 10 9 

I C100 27 8 Jll?fl 3 25 8 

CR-C 13 3 80 4 38 7 :.I 
A-C 48 8 62 7 26 8 

·I TC-C 18 3 72 11 39 4 

M-AB 17 8 78 5 34 2 

I D-C 40 13 75 9 21 3 

I 
MG-K7 .}((33 5 70 8 17 9 

MG-H7 22 8 76 8 38 11 

I Reference sediment 13 6 71 6 36 8 

,'on , , 
.._ ·~ ct.<{ t:c..' I(.M ") 

I 
I 
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I Table 2- Means and Standard Deviations of Mortaity, Reproduction. Embryo Production, Embryo 

Hatching and DNA Damage of Grass Shrimp Exposed to Test Sediments from 
Coastal Georgia, cont. October, 2005 

I Sample ID Embryo Hatching Test DNA Strand Damage Test-
(% hatching into zoea stage) Comet Assay 

I (DNA tail moment) 

Mean S.D. (n=3) Mean S.D. (n=3) 

I 
C15 88 3 2.1 0.3 

I C5 ~~3 6 2.2 0.2 

p;:;.; C7 45 10 3.5 1.4 

I C6 82 8 2.4 0.3 

I C102 87 8 2.3 0.4 

C105 65 15 ]/.(2.<; 0.6 

I C45 92 6 2 0.3 

~·.- C104 85 9 2.3 0.4 

I C33 67 10 2.6 0.5 

:1 C103 87 8 2.2 0.6 

C101 63 18 3 0.5 

I C100 ~g~ 6 2.3 0.3 

CR-C 93 3 2 0.5 ;:I 
A-C 92 6 1.9 0.3 

I TC-C 73 13 2.5 0.5 

M-AB 85 5 1.9 0.5 

I D-C 72 8 2.7 0.9 

MG-K7 70 5 2.3 0.6 

I MG-H7 82 10 2.2 0.4 

·I Reference sediment 87 6 2.1 0.4 

I ( bIZ C:..V[.! { '-.f ~£..~A l 

I 
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Table 3- Hatching Tests and DNA Strand Damage Tests (Comet Assay) on Embryos from 

Grass Shrimp Collected at Various Sites in Coastal Georgia 
October, 2004 

Collection Site Hatching Test DNA Strand Damage Test 
(% hatching into zoea stage) (Comet Assay) 

(DNA tail moment) 

Data Mean S.D. (n=3) Data Mean S.D. (n=3) 

Canal at LCP site 65, 45,70 60 13 4.5,3.4,3.1 3.7 0,7 
(rock rubble station) 

LCP canal at a point 80,90,75 82 8 3.2,2.0,2.1 2.4 0.7 
where the canal 
empties into Purvis 
Creek (entrance to 
Purvis Creek station) 

Crescent River 90,75,95 87 
(Sapelo Sound area) 

10 3.2,3.1,2.2 2.8 0.6 

Troop Creek 65,90,80 78 
(Brunswick area) 

13 1.9,3.0,2.2 2.4 0.6 

Skidaway River 95,80,85 87 
(reference site) 

8 2.1,2.3,2.7 2.4 0.3 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

INTRODUCTION 

SCG Project No.:306727 

Procedures have been established by the United States Environmental Protection Agency 
(USEPA) 1

'
2 as a means to monitor the potential effects of contamination on aquatic systems. 

These test procedures can provide a measure of the impact on mortality, reproduction and growth 
in acute and chronic exposures. The present report details the results of chronic tests on one 
species of aquatic invertebrate, Leptoceirus plumulosus (L. plumulosus). from sediments 
collected from Brunswick, Georgia. 

MATERIALS AND METHODS 

Sample Collection 
Grab samples of sediment were collected at twenty-four sites during October 2006. 

These samples were placed in clean, plastic containers. Federal Express shipped the samples in 
three separate coolers on October 17 and 19, 2006 for overnight delivery to the SeaCrest lab. 
They arrived at approximately 1000 on October 18 and 20, 2006. After delivery, the sediment 
samples were refrigerated at 4°C, in the dark, in sealed containers with minimal headspace. The 
Chain of Custody forms documenting sample collection and transfer times are included in 
Appendix I. 

Sediment grain size 
L. plumulosus are found in very fine mud and muddy sands and are tolerant of variable 

grain size. Although sediment grain sizes were not established prior to testing, observations of 
the sampled sediments suggest a mix of silts and clays with no one sediment characterized as a 
purely sandy sample. 

Sieving and Homogenization 
The sediment did not require sieving but were thoroughly stirred and all large particles 

(i.e. branches, stones) were removed manually. Each of the sediments was visually inspected for 
indigenous organisms, but none were observed prior to test initiation. All sample sediments 
were treated in the same manner in regards to processing and addition to the test containers 

Pore water quality 
Total ammonia, salinity, temperature and pH of pore water from surrogate containers 

were taken on days zero and 28. Isolation of interstitial water was accomplished by the 
centrifugation of 50 ml of each homogenized sample collected. Samples were centrifuged for 30-
45 minutes at 4,000 rpm. Results indicate pore water ammonia levels below 2.0 mg/1 in all 
collected sediments. The pore water chemistry results are located in Appendix 2. 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

Overlying Water 

SCG Project No.:306727 

Pore water quality determinations for salinity averaged 20 parts per I ,000 for the 
collected sediments. From this result, deionized water was mixed with the marine mix, Crystal 
Sea, at a rate of 20 parts per 1 ,000, in order to create the salt water environment used as the 
overlying water during the sediment tests. 

Test Organisms 
The tests were conducted with benthic estuarine amphipod Leptocheirus plumulosus 

purchased from .Chesapeake Cultures. The amphipods used in the sediment tests were size 
selected using a 600 and 250 micron mesh screen method as prescribed by the test procedures. 
The Leptocheirus plumulosus organisms were tested in reference toxicant tests using copper 
sulfate to insure their health and test acceptability. Along with the reftox, one set of twenty 
animals were randomly selected as a pre-weight criterion to compare growth endpoints for the 28 
day tests. 

Test Procedures 
The tests followed the procedures outlined in USEPA 1 guidelines EPA600/R-Ol/020. 

The Leptocheirus plumulosus tests were started on October 22, 2006 (Day -1) with the addition 
of water over the sediments. Pore water total ammonia was also measured on Day -1 and is 
included in Appendix 2. Twenty animals were added to each test container on October 23, 2006 
(Day 0). The test ran for 28-days, ending on November 20, 2006. 

Test containers were 1 L glass jars with a 10 em inner diameter to which 175 ml of the 
homogenized sediments were added. To this was added 750 ml of reconstituted salt water. The 
sediments were tested at the 1 00% concentration. Five replicates were used for each sediment 
sample. Two sets of negative controls were run during the testing period. 

400 ml of water was replaced in each test container during the change-outs. Change-outs 
were done three times per week. The test containers were monitored for temperature, dissolved 
oxygen, pH and salinity before and after the water change-outs. Water used for the change-outs 
were held in the incubator at test temperature. The containers for the reconstituted salt water 
were refilled immediately after each change-out so that the water would be at test temperature by 
the next change-out. .The data sheets documenting the water batch preparations are located in 
Appendix 3. 

Test animals were fed three times a week after each water change-out. All Leptocheirus 
plumu/osus test chambers received 1.0 ml of Tetramin solution. Days 0-13 received a 20 mg 
Tetramin solution and days 14-28 received a 40 mg Tetramin solution. Observations of 
mortality, feeding regimes and/or effects were made at water change-outs and are located in 
Appendix 4. 

The water over each sediment sample was measured for pH, salinity, alkalinity, 
conductivity, dissolved oxygen and ammonia at the beginning and at the end of the tests. The 
data sheets containing the daily readings of temperature and dissolved oxygen, and the water 

The SeaCrest Group 4 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia . 

SCG Project No.:306727 

quality readings taken at the beginning and end of the tests are located in Appendix 5. The tests 
were held at temperature of 25 ± zoe in an incubator with programmed day cycle of 16-hours 
light and 8-hours dark under a wide spectrum florescent light bank at 700 lux illumination. The 
daily temperature readings for the incubator are located in Appendix 3. The temperature 
readings for the incubator were higher than those recorded in the test themselves, as seen on the 
test data sheets; however, the incubator readings show consistency and adjustments to the 
temperatures in the incubators were made, as needed. 

Dissolved oxygen levels were maintained above 4.0 mg/L, as per the sediment toxicity 
test guidelines. Any deviations in dissolved oxygen levels were corrected as discovered. All 
sediments in both tests were aerated from the beginning of the tests due to low initial dissolved 
oxygen levels. 

At the end of the Leptocheirus plumulosus test, water was pulled from each replicate of 
each sediment test and composited by test sediment for final water quality readings. Each 
sediment replicate was sieved into a clean plastic pan and searched thoroughly for live animals. 
Diligent effort was made to account for every test organism, either by retrieving them live or 
finding a body. The Leptocheirus plumulosus were sexed and present juveniles were counted. 
Live organisms were euthanized and placed in a drying oven at 70°C for a 24-hour period of 
drying. The Leptocheirus plumulosus were then weighed on a four-place analytical balance to 
determine average dry weights. The summary tables containing the dry weight determinations, 
the number of surviving Leptocheirus plumulosus per replicate for each sample, sexed adults and 
produced juveniles are located in Appendix 7. 

RESULTS 

Leptocheirus plumulosus Test 

The amphipod test was run with all twenty-four collected sediments. A negative control, 
using purchased control sediment from Chesapeake Cultures, was run along with the twenty-four 
sediments. Pre-weight animals were collected on Day 0 and are included within Table 1 test 
results. All tabular data is located in Appendix 7. 

The SeaCrest Group 5 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

TABLE 1. TEST SURVIVAL AND WEIGHT RESULTS FOR THE LEPTOCHEIRUS 
PLUMULOSUS SEDIMENT EXPOSURES. 

-~-ftl]B!Vl~fiJfii!~~J!~~liJ.} ~"~~·>.:~",T(!YJ)'~~,.,-~·:t"'1/;;,., . ___ lfVfyaJ .. \: o _. ... , m ~. . ,'p~r,a~nnaJ~(hig)k 
C-103 45-95 80 0.38-0.72 0.58 

C-104 70-95 80 0.25-0.43 0.36 

C-105 70-90 ' 82 0.34-0.59 0.49 

FS-AREA-·1 30-50 42 0.28-0.39 0.32 

FS-AREA-4 70-95 85 0.25-0.84 0.65 

FS-AREA-5 80-95 88 0.38-0.52 0.43 

FS-AREA-6 60-90 78 0.24-0.42 0.35 

C-45 50-80 60 0.24-0.37 0.34 

C-36 70-95 84 0.37-0.48 0.43 

C-15 70-95 79 0.39-0.71 0.62 

C-29 80-90 84 0.21-0.55 0.38 

C-33 45-90 70 0.52-0.88 0.76 

C-16 70-100 87 0.29-0.51 0.38 

FS-AREA-3 75-95 87 0.26-0.57 0.43 

C-5 65-100 87 0.59-0.85 0.71 

FS-AREA-2 0-5 I 0-0.50 0.10 

M-AB 45-100 81 0.21-0.45 0.32 

D-C 60-100 87 0.47-0.55 0.53 

C-7 80-100 91 0.49-0.61 0.56 

C-6 40-90 67 0.41-0.67 0.59 

CR-C 65-95 88 0.18-0.48 0.32 

TC-C 40-85 72 0.27-0.51 0.40 

MG-K7 60-75 71 0.39-0.89 0.74 

MG-H7 50-80 66 0.35-0.53 0.46 

Control 1 90-100 95 0.60-0.97 0.74 

Pre-weight NA NA NA 0.14 

The amphipod Leptocheirus plumulosus was also tested to measure the fertility and sex 
ratio responses. Sexed adults and juvenile production for the tests are located in Appendix 7. 
Table 2 summarizes these test results. 

The SeaCrest Group 6 
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I 
Site: Brunswick, Georgia 

TABLE 2. TEST SPECIES SEXING AND JUVENILE PRODUCTION RESULTS FOR 

I 
THE LEPTOCHEIRUS PLUMULOSUS SEDIMENT EXPOSURES. 

( C-103 3 13 2 

C-104 5 11 7 

[ C-105 5 II 8 

FS-AREA-1 3 5 

l FS-AREA-4 7 10 <I 

FS-AREA-5 4 I5 I2 

[ FS-AREA-6 4 12 1 

C-45 5 7 0 

[ C-36 6 11 12 

C-I5 6 10 15 

[ 
C-29 6 11 3 

C-33 5 9 19 

C-16 8 10 13 

r FS-AREA-3 7 10 15 

C-5 9 9 IO 

( FS-AREA-2 0 <I 0 

M-AB 4 I2 4 

l D-C 6 11 8 

C-7 5 13 10 

[ C-6 4 9 3 

CR-C 5 13 9 

[ 
TC-C 4 10 1 

MG-K7 4 10 2 

MG-H7 2 10 3 

[ Control I 7 12 14 

l 
[ 

[ 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCC Project No.:306727 

REFERENCE TOXICANT TEST RESULTS 

Leptocheirus plumulosus 

The test organism history sheets from the supplier, Chesapeake Cultures, and reftox are 
located in Appendix 6. The amphipod animal batches used in the sediment tests were tested 
against the reference toxicant copper sulfate to determine their health and test acceptability. The 
Leptocheirus plumulosus test was conducted from October 21, 2006 to October 25, 2006. The 
test consisted of 2 replicates per concentration, 10 organisms per replicate. The test jars 
contained salt water and a small amount of sand placed over the bottom. The test was a static, 
non-renewal; meaning the water was not changed out daily. The animals were fed 1.0 ml of 
Tetramin on days 0 and 2. The test concentrations ran was 0, 30.5, 61, 122, 244 and 488 ppb 
copper sui fate. 

The LC50 created was 165.98 ppb copper sulfate using the Probit Statistical Method. 
This method produced acceptable control results and followed methods according to the 
guidelines. 

REFERENCES 

1. US EPA. March 2001. Method for Assessing the Chronic Toxicity of Marine and Estuarine 
Sediment-associated Contaminants with the Amphipod Leptocheirus plumulosus. First 
Edition. EP A600/R -01/020. 

2. USEPA. 1994. Methods for Measuring the Toxicity and Bioaccumulation of Sediment
associated Contaminants with Freshwater Invertebrates. EPA600/R-94/024. 
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APPENDIX 1 -CHAIN OF CUSTODY FORM 
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Effective: November 2003 

Project #: __ -_~_O_b_/----;1:--l-:-----:-----
Date: \<:Yl_-=> GIQ 

Samples Were: ~-~ 
1. Shipped Hand Delivered ~~V 

Notes: 

2. Airbill Present 
Notes: 

3. Chilled to Ship 
Notes: 

4. Cooler Received Broken or Leaking 
Notes: 

I 

5. Sample Received Broken or Leaking 
Notes: . 

6. Received Within Holding Times · 
Notes: 

7. Aeration necessary 
Notes: 

8. Sample Received at Temperature between 0-6° C . 
Notes: 

'\'-1'-l 
Sample#;.._: ---:,....-,--'--'--
Initials: W 

(circle one) 

N NA 

Ambien~ (circle one) 

Blue Ice (circle one) 

y NA 

y (}[) NA 

N 

y 

N NA 

9. Description of Sample (Color, Odor, and/or Presence of Particulate Matter): 
eff: 

rec'g 

DO I Tern~ pH 

COG Tape Was: 

1. Present on Outer Package 

2. Unbroken on Outer Package 

3. Present on Sample 

4. Unbroken on Sample 

COC Record Was: 
1. Present Uoon Receiot of Sa mole 

Cl 

G) N 
(Y) N 

y ® 
y N 

(;) N 

§ _T..:...i:..;.;m..:...e~+--0~0-+-__.!;;P..:...H.;....__ 
~ 

~ ----~---+-------
G) 

~ ----~---~-----

NA 

@ 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 2- PORE WATER CHEMSITRY RESULTS 

The SeaCrest Group 15 
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Bulk Sediment Pore Water Total Ammonia 

Project Name: CDR Environmental Specialists Project Number: 306727 

Test Day: 102206 (day-minus 1) Test Type: 28 day 

Bulk Sample (Client Sample ID) Pore Water Total Ammonia (mg/L) 
C-103 0.028 
C-104 0.098 
C-105 0.022 

FS-AREA-1 2.08 
FS-AREA-4 0.071 
FS-AREA-5 1.69 
FS-AREA-6 0.090 

C-45 0.045 
C-36 0.065 
C-15 0.008 
C-29 0.170 
C-33 0.018 
C-16 0.092 

FS-AREA-3 0.066 
C-5 0.048 

FS-AREA-2 0.081 
M-AB 0.021 
D-C 0.059 
C-7 0.073 
C-6 0.090 

CR-C 0.089 
TC-C 0.011 

MG-K7(M) 0.037 
MG-H7(M) 0.041 
Control #1 2.101 

Recorder: SP 
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Sediment Pore Water Quality 

Project Name: CDR Environmental Specialists Project Number: 306727 

Test Day: 102306 (day-0) Type: 28 day 

Bulk Sample Pore Water Salinity Temperature p.H 
(Client Sample ID) Total (ppt) (Degrees C) (SI units) 

Ammonia 
(mg!L) 

C-103 0.018 21 24.1 7.7 
C-104 0.090 21 24.1 7.7 
C-105 0.021 20 24.3 7.3 

FS-AREA-1 2.00 21 24.3 7.5 
FS-AREA-4 0.061 20 24.6 7.4 
FS-AREA-5 1.60 20 24.0 7.5 
FS-AREA-6 0.090 20 24.2 7.6 

C-45 0.045 21 24.3 7.7 
C-36 o:o55 21 24.6 7.8 
C-15 0.008 20 24.2 7.5 
C-29 0.162 20 24.0 7.9 
C-33 0.018 21 24.0 7.6 
C-16 0.090 20 24.1 8.0 

FS-AREA-3 0.069 21 24.0 7.5 
C-5 0.048 21 24.5 7.7 

FS-AREA-2 0.081 20 24.3 7.7 
M-AB 0.021 20 24.0 7.9 
D-C 0.059 20 24.0 7.8 
C-7 0.065 19 24.1 7.5 
C-6 0.090 20 24.3 8.0 

CR-C 0.081 21 24.0 7.9 
TC-C 0.011 20 24.1 8.0 

MG-K7(M) 0.035 20 24.1 8.0 
MG-H7(M) 0.036 20 24.1 7.9 
Control #l 2.042 20 23.6 7.3 

Recorder: SP 



[ 

[ 

'[ 

[ 

[ 

[ 

[ 

l 
r 
[ 

[ 

([ 

[ 

( 

[ 

[ 

[ 

[ 

[ 

Sediment Pore Water Quality 

Project Name: CDR Environmental Specialists Project Number: 306727 

Test Day: 112006,(day-28) Type: 28 day 

Bulk Sample Pore Water Salinity Temperature p.H 
(Client Sample ID) Total (ppt) (Degrees C) (Sf units) 

Ammonia I 

(mg!J..,) 
C-103 0.004 20 25.7 8.0 
C-104 . 0.010 20 24.9 7.6 
C-105 0.003 20 24.9 7.9 

FS-AREA-1 0.089 21 24.1 7.8 
FS-AREA-4 0.006 20 25.9 7.8 
FS-AREA-5. 0.024, 20 24.2 8.0 
FS-AREA-6 0.001 20 25.3 7.9 

C-45 ND 21 24.3 7.7 
C-36 0.002 21 24.1 7.8 
C-15 ND 20 23.7 7.9 
C-29 0.037 20 24.6 7.9 
C-33 0.010 21 24.1 7.6 
C-16 0.090 20 25.2 8.0 

FS-AREA-3 ·o.oo9 21 25.6 7.9 
C-5 0.002 20 25.9 7.7 

FS-AREA-2 0.011 20 24.9 8.0 
M-AB NO 20 24.2 7.9 
D-C 0.014 20 24.0 7.8 
C-7 0.002 20 24.1 8.1 
C-6 0.019 20 24.9 8.0 

CR-C 0.004 21 23.5 8.0 
TC-C NO 20 25.8 8.0 

MG-K7(M) ND 20 25.5 8.0 
MG-H7(M) ND 20 24.1 7.9 
Control #1 0.069 20 23.8 7.7 

Recorder: SP 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 3- WATER BATCH PREPARATION AND DAILY TEMPERATURE 
READINGS FROM IN CUBA TORS 

The SeaCrest Group 19 



The SeaCrest Group 
Louisville, Colorado 
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The SeaCrest Group 
Louisville, CO 

Incubator 1 Temperature Record Page ft. \ ~ 
Fonn ft. na 

Effective: January 2008 
~ 

Incubator#: 1 

Incubator Make: Dept. of Ag Incubator Model: PC678 
~cceptable Temperature Range: 24-26°C Acceptable Light Range: 50-1 00 foot candles 

NIST Correction: Date of NIST Correction: 

Date: Initials: Light Meter Reading Too: 

Light Meter Reading Middle: Light Meter Reading Bottom: 

Date Temperature Initials Maintenance Notes 

1-'01 J;,06 2 5_ ') {ftJ 

( ol7o/ (J -zz;.?.- tk 
IIJI ~D-6 -z f-o It'"-' 

Joltfol.ri -z.s.o IK 
lD2 ooto 25.3 A-~ 

I o-z..\ o c., '1.-S. ~ A<'-
t~-z.~ '2Lc ltkJ 

tol-~~-~ 2-'-t-'\. ffo.J 

ro 1-'-fo-6 1.->-o hw 

ln~o{J '2$. 3 IF[ 
1t/Zt'b6 2>-L... kw 
101.1 0~ 2SJ Al.d 

1 oz;<oo (Q 2t;. Lf *-
IVl~t:-'6 zs,-;- lrtv 

( 0-'3,1 Ch 2 ).y lrt-v 
iO 5£ Ob 2S.l ttl~ 
li{)[b-6 -z5.) ji.J 

lloltJC '2-.L'L 11t.J 

\\Cl)(l~ (S- z NA 
l(DL/6~ c.S:. 3 M-
1( ~0.6 '15-'1 frw 

I I u-bb6 23."{ f!LV' 
fto70~ 1.-~ .L/ Jte. 
It D~fJ.G 75- ~ ltw 

I( oq()L. 2c; -~ ~ 
111 Do..b 25'- 1- }fw 

Hllou zs.o A{ 

ll11v.f ",!5.) tf IJ 

ll I ~I) f:i 'lS- 3 hv 

\1 1 'i 6c 2)5 kw 

~ 
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The SeaCrest Group 
Louisville, CO 

Incubator 1 Temperature Record Page#: I 2 
Form#: 77a 

Effective: January 2006 

Incubator#: 1 

Incubator Make: Dept. of Aa Incubator Model: PC678 

!Acceptable Temperature Range: 24-26°C Acceptable Liaht Range: 50-100 foot candles 

NIST Correction: Date of NIST Correction: 

Date: Initials: Light Meter Reading Top: 

Light Meter Reading Middle: Light Meter Readina Bottom: 

Date Temperature Initials Maintenance Notes 

lll ~Db '2.Cl Hr...J 

Ill Gob" 1>=. I . 11w 

t l/1tJ (.p -z.s,z. IK-
I\ I 8 Db -;).S. S /lA 

\.ll q a((; 'ZS. z.. M-
H -z_v o(p 25.0 A-(_ 

1/ Z.( 0 (p 2.'5.'3 J1C 
1 ' 'Z- z. o(.n 2S.~ t1C__ 

tl?.-~'D~ 25.'1 At-
(:--., • 

1!2. ~Ob .15-4- NA 
\(z...>o..b ')_ > ,j JfW 

\l"U>oc. 2 5.1.. 11v' 

\II Zro~ Z.>::z. H'w 

\('2 ~0' 2lf_q }(w 

llMdc. "'? .s. 2... l!w 

lt~DOl.o '2. c._; . I IK 
JZ.OIO~ -z,c:;. 0 ;1-C. 

/"2-0'1. Ole z-s.c ~ 

l"l-D1n-6 2>-o }tv 

I 2.ol{6f, ?S. 7_ n-v 

l-u;.)3..& "2.S. ~ ltv 

12 a6 o£ 2S.(J Ntl 
/( 0176 7.5.) It tv 
\2.o%o& L.S -'> J/A 

/Z-6qQ(,Q Zt; .If A-C-. 
I 2too? 2) .. '] rtt-V 

I 2..\lcG Z..> .. L hlv 

1'2.1?1·( 2.). 'f IIW' 

' 12.l30(p z~. Lo ~ 

!2./Lfdc "2 ).- ) ffw 

~ 
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The SeaCrest Group 
Louisville, CO 

Drying Oven Temperature Record 

Drying Oven: 1 

Make: American Scientific !Model: 
Acceptable Temperature Range: 90-110°C ·f:-j ue..tJ~ 
NIST Correction: Date of NIST Correction: 

Date Temperature Initials Maintenance 

}/'Z.- o"b ItO 1-1.~ I lii''N~ D ]).rv-- ,.._) J 
,, 21 0-6 7:S Hit-) 

rruolo 71 II,._) 

L- ~., '- D·· ,._-.:._ A"1"' ~I: 

D.,~w.v 

Page#: 
Form#: 77h 

Effective: January 2006 

f'ofl- <~t> --rcc::.TS 

Notes 

r0 S' \1(' ~T rofl- ~ o- 1 T<w-.r 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 4- OBSERVATIONS OF L PLUMULOSUS 

Note: This appendix contains daily records of the observations made on amphipods 
exposed to 24 samples of sediment for 28 days. Because of the voluminous nature of the 
appendix, it is not included in this report. Please contact CDR Environmental Specialists 
for a copy of this appendix. 

The SeaCrest Group 24 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 5- DATA SHEETS CONTAINING DAILY CHEMISTRY READINGS 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 oloo 

Site 0 ~ ) t cr- c - I o3 Lab # 306727 -d:--/ 
------~------------

Sample Date I 0 / 1 6 
---~--------

-------------
Species Info L. Plumulosus -------------

1 0/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11101106 11103/06 11/06/06 

rep A \\ D c E ll fj 
DO 4.2 _i ~ : t, .-+- ~ .. s :\.;..~ _t.,-.1 : Lo.i l-Z_ :~- 2._ ~' i&_/ 6- '5 ib_'G 
Temp °C 21.-"""S ..Z.3..> :'Z~ "j 2.3 .2- :-:. -~ :1 l'.l~.1 :-)..~ .. ~ -~).' : 2.)-2 t >.:; : 2 'J_ '1 2 'Z .f !Zkt'.t 
pH 7.'0 "7· s h. s ~.lp 1.10 ·l\o 1-l IT+ ! 1-1 1-iJ r. v -~- ~ : :i .o 
salin_ity 1.1 'Z.--\ "Lc, ~' 'Ltl '}~ "2-C> 21 ; "2 I ,, . .-; '"- 20 ; Z--1 
alkalinity 'ii7 
ammonia ).OY14 
conductivity '%.-!.Z..:V 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 

rep co C" ~-- ,k\" R ~ 
DO )·.'1 iG.j IC - i(A ~-l j (;, "1 fft_ __ g- i (.') [R:z.. j &. if j.<J ...,.0-/ I 

Tem_Q_°C 2..4. 7 _k4 . b' [2_.(. t !2'2 1. ~ ~ 1 :-z·.) c., .z·~ s :z'J-"G Z-1. s· :24-( Q.\ 

pH 7-Ci !R. t1 18_i; :--r~ :..:_{ "7 :70J Ji l : Tf.l -; :-1. b. ':1 ... .J ..... 
salinity ,'1 ~ ~l..t 1v ~/Z? ·zu ~ '7.__ c> q--z...~ /Q_:., '2-t ~ .--z.._} L.-1 
alkalinity j rJ'S 
ammonia '} 03'* 
conductivi_ty Z(,./(0.) 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

CDR Site 0 (;.:2 ~ -C- fo4- Lab# 306727 .::t:f'2 
20 o/oo Sample Date ---:-1-o'/'I....,.G _____ _ Species Info L. Plumulosus --------

Start Date 10/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A \..S E i) r /l B 

pH /.I ;.4- 1.j· ,S 7-~ ·1.') ·1.~ ''\.'\ 1.1 'f.') 1 . .r 1·1 h.'"\ 
salinity t-~LI-:--+"L-...:;;...:..\ ~-"'Z.;.;o;;.......a....·l._a_ ....... _zo~ ..... ..,.:;u::>=-....-·= lo_....,;z ... L .............. Z ... r~.._;..Z~J_._·-.z~'J-.&..:::;;2..~0--~ ..:'L..,-1~ 
alkalinity q ·-z_. 
ammonia O.iJ~11t 
conductivity 2 i r.w 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep 'lJ L- l: .~( -~ ( 
DO G.D i b- ( ~~ i 0 s t.l i (; 'cl to _ ~ i~& fo.Z. :t;.{ (-,.~ 

Tem_Q °C jZ. <-t I :L~-b 1.2-~ fz).o I L-Lf . " : 1. 5 ·t '1~~ :~ 121 ~ rLf:? L';.O 

pH 1"'1._5 !]. ts !5 :?.7 (4 i7° .1-Q : £ff~v lr_ . ., : "f_;]_ 7.(., 
salinity '2.\ ;'Ll 11 t1.. ; 'l.-'1 22 ; 'Z.Cl 7..-'L; @.:> ""i,....f ;z.;> 2.1 
alkalinity '1/ 
ammonia ~JJI'L' 

conductivity 277-0() 
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The SeaCrest Group 
Louisville, CO 

28-day leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 oloo 

Site 0 (~ ~ ~q -c.- I o) 

Sample Date--l-C/+.i-,6.....:-------
----'-------

Lab # 306727 ~ '3 --------
Species Info L. Plumulosus --------

10/23/06 End DalE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep Pr --~ ~ c /::. II & 
DO s 't) (,.~ i (.o \.2.\0 : 1.:--~ 'i .1.. lS'.\4 _1_j_ i 1_. ' V.- ') i ~ s- _6_2 i r,_ 'L I I._:... 

Temp°C i..-1.2 21.. "'1 : '1...1.1 .L >:L :1•1.\. -:25'.\0 :')a;.~ D.l. :'2'3. l. 2). 6 : -z">-'1 l.2.- g : '1.2-: 
pH ,_.3 (. s 1- s '1.7 Tl 1."' 1.-~ 1 ' 

1-·Y 1-.· &' ~·~ 1-\ !'7.~ 
salinity '2G '2..'-. 'l..\ Z'L ·z. i 'l.. i . ·'1. () 2-o Zl 72. :Z( zo ~ z._. I 
alkalinity ~l{ 
ammonia 1111_0._ 
conductivity 2~il)~ 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/9af06 11/10/06 11/13/06 11/15/06 11/17/06 11120 

rep 4 ..... c (.; It '.$ f\ 
DO ~-4- : :7. ~ 1(. 0 i ·6 6--I··"' C..'\l iiY·b {9.;7 : b.7 (,. 1 : 0·"1 6-.S 
Temp °C 2.4-7 : Z"i-'1 1. '7 ·t l'[J :l 'lr 't. I C, '>. '} "Z)."l iZ3 ~ Z5Cf l"2..1-Y 2.1-S 
pH /.rJlT1 h1 : I . 't1 .....,_"( :(."\ ~ ·, :.~~.j ,., :--z.l ~-0 
salinity 'Ll ;£.\. 1.\ ;2o ·L.u ; f..0 -~ ;;LO eN ;"l.v 21 
alkalinity ~ 0'<1 
ammonia 'j,L>3;'{ 

conductivity !.(.(,/01 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 o/oo 

Site o 02 ~q- f' 5' -,4rth - I 
Sample Date It>/ J b 

Lab # 306727 ·tl 4-
Species Info L. Plumulosus 

1 0/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep ;\~ I~ \{ (, ~ l> A \~ 

DO I~'Z n-o : G, _5 1·\ :·,.<i ;.f.{J :s:~ sl'f :c..o 5.-1 :s."-1 <b~ '1 : """f .. c 

Temp °C ~3 2:Z. "1. :~3 a ·2..\f.O : 1.3-~ ·1s 3 :-;.'i.1 1. ). i :11. q 1.4.0 :v.s '24.4+ '1.1.1 
pH 1. 5 {/7 !!.7 ,.i.? .,_., 

'1-W ""\."1 y.( l.S"" 9-I ! 1-" 7~' ! 7./:J 
salinity ·1..-1 I"'' 

~ ~ 'l."'lr "'1-1 2.0 "1-\ Zv "2.i 7 ( ~-:zz. -1-v ~lb 
alkalinity !1'1 
ammonia I. So 
conductivity z:. i o.> 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep \..) o. ... ~ [_ ~ A Q ft-
DO t;;. &'. :s·_q s· .4-iG.-o : "'},o :. " tt 1{;.1. :~b t.v. ·7 f G .. r;, 111':·1 
Tem_p °C 2!1- ') !'1. { .o 24-b l~'f-'1 r[J._u:rz~:z 123_-' :-t-3.( 2_4..:> :-z>_ '\ ·z_Lf.:~ 

pH 1-:J !:Z 'd 7.1 'll? ·-"]"]_ 1_7. 'G ·t-'\: "-~ _.,_ 't h '"1 17-Cf:. 
salinity 'Z-\ ; '2-l I:Z...' Vl.o ·t..-4-; Z-\ 1. q.._; ~ '2-3 ; -1... I '2.-'5 
alkalinity "&'\ 
ammonia ry,iJJS I 
conductivity P-.'1~)..) 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 o/oo 

Site 0 (; ?-- ~'1 - F~..,- A •e., - 4- Lab # 306727 ~ ~ --------
Sample Date 1 0 1 ( (, --.r-..;:.,,,......._...o..-__ _ Species Info L. Plumulosus --------

10/23/06 End DalE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 ·10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep Or ~- '\S ·p c E ('; {s' 
DO lt--'2.. G,.o:<)/ \,;J :,.l ~-1> :s.u G,t : ~.,) ---.c. i .,.. r ...) . I _)..- 4-,7 : (o. u 
Temp °C '22-1 "7'2.1 : 21.1 1.3.1:'( :B:'f ~".0-1 :2.,.\f 7>.1 : :n1 "?_ L(.{:, : J-1{.2 2'4,4: :23-~ 
pH '14 1-\ !1.G TIQ ! '1.1 ., .I.J ,_, '1--'1 '1·-T -~-~ "<g {-L {:; 
salinity z_.;, '2.-f 1'l..o l."l. 1 '1..1 1-1- lL '!.I Zt 2"-> -z?.-- "'L\ 'Z\ 
alkalinity '6'0 
ammonia !,.1)/{JL{ 
conductivity lz.'iS'/00 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep . (_ . \) 6 A- ~ 
DO ~ t.r : S'. ) ).\) : ~~ 7 ).(;, : c.\ <;'( ~-'3 "'J-.4,_iC "L. c. t 
Temp °C zq:r rz.4. l, z~·.o :-~") 1. 4 .4·l·z-~ G -z4-, -f!-24-.c 24J) r'l1- ti 14t 
pH ,_ -'- ;.-T~j 'G'.o : ~.., ft; 

h " 
ce \J :e.(.> -r:1 : -,_ "G ~:) 

salinity 2.2- l]. \ Zo (jo ""1---( l rz.o '(..? yZ£7 Zc l·'f.Q "tl 
alkalinity 1-( 
ammonia p, .. )iL<~ 
conductivity Z.'i$200 

' 
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The SeaCrest Group 
Louisville, CO 

CDR 

28-day Leptocheirus Benchsheet 

Site 0 (;, 2. '6q- F'S- A-C" .. -) 

Form#: 109a 
Effective: January 2006 

Lab # 306727 ·\:} b --------Client 

H20 20 o/oo Sample Date i o ( ( (, Species Info L Plumulosus --------
Start Date 10/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A c\s E 0 '-- fl:- \-::;> 

DO )b_ £-c : ~-3 . , ..... :-, --~ "5.\ :~.3 t;.) : ~-!,.. 5. ) : s. 1 S.-'> iG.rz. 
Tem_Q_ °C 2'2:2.. f-77.'-; .-z.:J. 7. ~-1.. b3-1 ·l.uJ) : ')..,:1 '1.'-<-1- ltJ.~ z~-'7: l/.5" 2S-~ l 2.4.'1... 
pH '7,f 1"1. " !1-"' 1.~1 .,_ ro .,_~ -,.g ol.-L.l ~-b (-I !.1 ?P1 ·-,.~ 
salinity 1P 1..-o ~ '2. 1. 2,l '2\ 2l... ~'l.. 22- ll 21 2../ ~, rL-1 
alkalinity '67 
ammonia l·l ~ 
conductivity z.'6t.foo 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 

rep "\/ 0 f: /-t ~ { 
DO <: 7 ~-W [5.2 :s--~ b ~ : G,) l(,.o : &>~ <; G.ty----t c;. £ f.,.;). 
Temp °C l?l.\.<5 :'2.r.o 'L~-0 : -t s .( (L1·.1 iL.S. 7 r24-.4 ;t4. 'Z 24-J.lZ'.>-1.. _lj-_g 
pH lB.o : Lf ::> ¥..:. : (.J ~-1 : 't1. '2. ~- ·z_.: rs. ·c 7. Lj:l 7-'fJ fLo 
salinity I']_ ~1. ~ . ..-z. > 2..1 ~ (.....J ~q-- ~ ~2 b-u. ~ 1..--C>. 1--> 1 ~ z~ 1.1 
alkalinity I J'1 
ammonia o.')l7 <1 
conductivity 27'-f.'): 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 
Start Date 

CDR 

20 o/oo 

Site 0 b 2 £f cr- F)- Are,. -c Lab # 306727 ~r-

Sample Date ·I o i /6 -----""---'-..:...;_ ___ _ Species Info --------L Plumulosus 

1 0/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- -~~ D c - .-1 r: ,_( \~ !: "·' 
DO '<I' 4":-~ : .,_ 5 4_.P, : s:~ s.o i ';'. "?, (,. .t ~~-! ~- ) i ~-,.. s.~ I&, 7. •. I I 

Temp°C ·1'2.-~ •J·? 'r h:s.z. 'L"\. y :-2.'t.1. j..').'t :L.S",lo l)-~ :-r~.D 2 '{.'I : .?."1· z rz4-'1 : ~ .. ~ 
pH /.C.. :-1~3 !IS \.9.. !,., 1.1 l.t ''l-_-? TS !\ .£1 <.u T~ !1.7 
salinity ·v -z.:s ~ ~ "ll- ~ 2.. ' 'Z.t 'l.l 'Z.i 22. -:z.;. -:z.Z. u ~ 2--1 
alkalinity Gs 
ammonia .-0'111 
conductivity 316DO 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/_15/06 11/17/06 11/20 

rep <...~ (_ -t;-:' ~ .rp A 
DO 5. 't$ i (,.o " . \ i '-·o !il. l i (e, ~ c_ '3 : ~-(;, ~ 5" :r.: _7_ _{_./ 
Temp °C '24-7 :·ZJ;.2 tl_4.4 :)LJ.tJ Z'f. 3 :23 7 rz+-~ ~4."2 'rZ4--6> :"'Z.f. 'if 24-'t 
pH 7 ;./ : /_ 'd P.. a -

I 'f!.o ·u I '(,. l' : tf..:. 
~-· 

: 'b' ,( "1 / l7:-tt- T,~ 
salinity ·'Z.) ~7 "? "Zi ~ --uJ 'V( f(/c .Z.\ ~~ 2-u ~ 7 ~ 21 
alkalinity "7, 5 i3Y 
ammonia PH 

j, )Z.':$7. 

conductivit}" z 7C)()(j 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 o/oo 

Site 0 6 Z t:f o -C- 45-
-------------------- Lab # 306727 \4 ~ -------------><---

Sample Date ____ :....1 o_/~---:....IJ--L------ Species Info L. Plumulosus 
---------------

1 0/23/06 End DalE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- '<i c. l: 0 fi \_s' 
DO i--t, ( ~-t :;n 1. z_ :1. C) s.\ ic;.~ ~-3 :_r..'l ;_!., i c- ,-

I ~ ~.) 16.4 :~.\ 
Temp °C ""22.2 ?2-7 :'11f "J..~.a :-z_ '"\.1 'l.S .'i :"2. 5 -~- 1.. 7. 1-: ?.~-~ "J.I(.£t: '1.~.'6 2~ '2.: 24-."f-. . 
pH 17. i, 1-~ (;1 .,_, 1-"1 ,_s •. t 1-7 '"J ·l ?--1 '1·1 ...., . -, !7.~ 
salinity ""2--\ '2..'~ ~-:> ~(') 1-\ "2..~ "2..1- 2"} ·z. I :Z..'I 'Z.L -z_' j 'rl.. J 
alkalinity U() 

ammonia 0-101 
conductivity .31 z_OC. 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11,£15/06 11/17/06 11/20 

rep ~/ <-· t;. {--\ ~.5 A 
DO IS ·1 :s.~ ,_ 2. :e:,.o 7~·1 iuo c;. 0f :~1. s 3 :~ -'1 ,_) 
Temp °C rz4-'1 :·2y.l.. "L<J-7 :24.1 24.-t :1-~'1 rcs ~ :<Ut.-e '24-~' :·z.-t "!- 15>: 
pH 7- u !-/_ {) f. '1 !--r.or l.f : "l"{ 0 '"' : '6_..1:7 11-~ :-r.i /.'\ 
salinity -z..-.3 !Z .:.\ -?_ ~L ! (. \ 7d ! 1_p rt..o !'Zo ~ !2-" -l.-\ 
alkalinity CL ~1$" 

\) J 

ammonia 1?. ul'i3? 
conductivity 21';_10 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site 

20 o/oo Sample Date 

. 10/23/06 

0 67.... '1' o- C-3 { Lab# 306727 ~'1 
{ 0/1 1 Species Info L. Plumulosus 

End DatE 11120/06 

Test Conditions 

0 ·2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep ]<-< ~ rJ E 0 L ,., "'6 
DO ~-'2 ~ 11.\ j (~I ., .·1. :1.0 ... (l i S.l "·') : G-··1 fJJ.u : ~,1 (.,__4 : (/. s 
Temp °C 1.. b & i..'l. t. ~ J.L '1..-\:1 : 1-"\-~- '.),S.') : l.S".'-t 1i.t_ ,·J : 1-'-1. 0 1..'1-t : 2 '1. :r "!.S.4-!-"'24. ( 
pH r.e '(1',.::. ! f;,J ,_q ,_q T'l .,_ r.l "fA !1-- '1 (.J 

I 
'{.I ~' u~.; I 

I 

salinity 2.\ L\ l 2-.o:> '1..\ Ll 2."1... '1..2- ZL l 2. I ~?- l 2. 2- ~ l 'll 
alkalinity IlL'3> ' 
ammonia Jliq_: 
conductivity 3 IOD() I 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep 1\) <::__ r;:- Pr \~ A 
DO !('."' : '·"' (:; -~ : k7.'3 ".'1- :0.\ '-4- :~ ·4-- 0.'3 liP 4 ~'1 
Tem1>_°C IL~-¥ :2s·1 12..4-~ :'24 -~ '.21-.3 r.:: '\" ' rzcs. 4 ::.:L '5. 2.. 'ZS·'-' P4:7 ).4.6-
pH 1· 'G !-z 't q.co :,.~ :5.0 : ~.0 "6. ~ : b.\ --·t'1 :.,_.. '1 _ft.. t 
salinity I~ '3 rz_-z... lt?"l- Zl -L-\ ~ 7: .. '-' ·z_p <>o LA- ~'2c> 2u 
alkalinity 12'3 
ammonia O.;ji7J 

conductivity 2:.-r})or::. 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site __,Q"-· _b_2_')_'_6_-_c_-_l)_· ___ Lab # 306727 ·" I o 

20 o/oo Sample Date_--+\;...~O-J/'-. ..L.I_"f--'---- Species Info L. Plumulosus 

10/23/06 End Date 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10lf5/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep f\-- li' c t v A- ~ 
DO fo (c.-~ ... : ,.,_ b '1.1 : ~-'·' s.o if..l 1.L j, 

If .·f (. 2... : h i) (;.) : {;,1, 

Temp°C 7:Z. .1.. zz .q l '1.) "1 ·t·l.O lt.(,.."f -- ·' .... ~. : '21.·1 1.'1-0 : 2.3. r n.> l 2.;. l.. 21~ :z-u 
pH I. ~1 & .. o ,_q .,_, 

•·'i .,_en 1-."'l i )\ "1-9 .. H '1 .ti 7-<- '1-'1 
salinity tu. 'l...:5 ·'1 I 2.0 '£_() 1;2. 22.. ?l '1:') _,... .. -" 

..:.~ 'u\ 't:.A 
alkalinity qK ' 
ammonia t ~11-
conductivity '31"100 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 . 11/10/06 11/13/06 1W5106 11/17/06 11/20 
rep v (....__ t:;. /T '6 It 
DO fd.o : ' \ _is· : S' '1 ~ ,'l : /1 ~ &./ :,,(; 0-3 :c.s lk.S 
Temp °C ?_4~~ l"1.4." '11. 4 :~3'-1 I 'J <t.7 lLC}.I -?>. 4 :·J:s~ Z::?-t. !25- t' -z-'1.3 
pH ir. --z. l ~- '2 ~:I l LJ.( k.3 lt''3 i'L ') ;q 2 z~ l'1. 7 '1S. \ 
salinity 21.. ~ :.z 3 /...~ ~ .tz... ( ll ~ Lo V{ ~'Z-0 "7-t ~':Lv ~-z._ 

alkalinity 105 
ammonia r,.J2'53 
conductivity ·z.7"ioo 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site 

20 o/oo Sample Date 

10/23/06 

0 (, q D-C- 2 'i Lab# 306727"1+-11 

I'-' /It Species Info L. Plumulosus 

End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep -~ '~ D c e ."r '\"5 
DO 14-7 ~-{, i 'i ., S-l : ~-- "t ").1 i 

11.2. : '?.' f. -I I S' .-1_ &_.4 : -"· '{, I I I 

Temp°C ·'1.~-1 '1. :-1.'6: ..,_ '3 3 2:1.0 :'1.t.:7 '2.3. 'i\ 
I 2J.h : ~1.~ 1?,_ '-1 : .:z~. 3 z. T =- m ."f-I 

pH 1:7 17.--? I ., ·\o '"\-1 '\.1 1A 1-. if r--1 7-~ 7-7 fl. '1. :'7 ;1 
salinity 7o ~'L., (1..-l . 1-1- '1..\ 'LL. 'Z( 12. '2..'1- ?"J l'P\ t-71 
alkalinity H· 
ammonia /J.utc1 
conductivity ~13.:>0 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 11/10/06 11/13/06 11/1p/06 11/17/06 11120 
rep (\./ c.-- G It \:) A 
DO l&-0 :~-z.... (a8 ib- ., ... ~ i(o_"f- ~.,_(; i&.) 14 I : ~~ '( 16-C 
Temp °C iZ.'1'~:24 S 'Z..'L ~ lZ-33 "ZS) :z4.t 2SJJ : ];)_2. <"L). G. : 2 3. 7 22-3 
pH 9-· ~&'Of ~-D 7. t h.r ~-t. 

I I ~ -c 1'1.4- :.,._s 't, 1 I 8- \ . ., "' I t3·· 
salinity '27.-- 1Z.3 23 z-z ...-z.·( : ·-z....u 'lb 1~-0 Zc 1VO 21 
alkalinity I 3 ;z_ 
ammonia ;',, :)Lfz..') 

conductivity ~. 
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The SeaCrest Group 
Louisville. CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site D (."( 0 - C-33 Lab# 306727 ~ 1:z 
20 o/oo Sample Date 1 0 

/I 7 Species Info L. Plumulosus 

10/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 
Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- ~-t.. '\I (;~ t:. 0 L. A '--~ 

DO 4--o ~: l/l-S":1 "i. g : .. ..,, it _cf :s.~ -:).c : 1.v r;.; : {;..D "'-~ : (, 1.. 

Temp °C 'J.Z-J "'2.1-~: '21-3 11.0 : ll.. a ') .. '4.' :z_"\.0 n.tr : ?.~-'1 '2-H : -z. ')-'( 23o :12--5 
pH -,_s '7-·9 "1.· ~ ,.( "'1-~ -,_~ 1-1 r.c.. 1-.t; <2/.. 2.- {.2-- ~. \ ·tr. \ 
salinity '2-1 q.-{ 1-" 'l..l 7...i 'LI "1..() 21 z; '1..1 -z-z.. '--1 '-"2.--f 

alkalinity g~' 
ammonia a.;c> 
conductivity 3iJ"loO 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep ~) c 1: ff uf.~ 1\ 
DO c; . ( :~c) 6.5 :~ s "--\ it: \ (,.+ : t. s· G..S it.P.7 ~-'1 
Temp °C 24-f:. t2+ <i. I :..L <. ~ : 23. t; 7.. ~-) !l4 ~ 12? 7 :~~ ~;,; :'2..3-7 ~-7 
pH 7<1 :, <=? 7." :-,_ '1 IL "i :-7. q 1)'. "Z. : ~ ,· L ""L '1 ~~- q q_.-z.. 
salinity 22 ;2 I 1'11 7...c> 'L{ ;-7 ":J tJ,7 ;·z.o ZJ r tt/fJ -~ 

alkalinity iif/ 
ammonia p,02.?'6 
conductivity 272.')'"':1 

/ ,. / 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site 

20 oloo Sample Date 

10/23/06 

0 G 2'1' 0 -C- /6 Lab# 306727 -:t:J\3 

1 o/ 1 -, Species Info L. Plumulosus 

End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/~3 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep 1±- Jc> p ( Ia: .. r; .1- 2 
DO ~-..; ~ v ·u : c.. 'l:J G.() : ..... ·2- "'iS : '-=. J "1 ~.'l: C., 1 r;. , . - i- 1 

I ~· " h,.~ : &,.~ 
Temp°C 2'1-.l '12 a.. :,11.'1- 23.~ :z...3.o 1."-tS :.;}'5 .j 1'1.- ': : 2,_ "l. 1-- ~rrlt: "l•t.( '2+~ : Z-l-:7 
pH 7 .. ') 11.9 7:~ .,.8 .,_, , .. ~ ·- ·'1 r .• · "14 1-.4 1'1· 7*"! 1- .'I; 7.'0 !-7-tt 
salinity ·1.-o '11 . (,.-C/ 

·l,..\ '2.' 'l.\ l-l -t:'"> -.:Z.. z.l ~ -z, L..r:J ~ z....( 
alkalinity ~ 
ammonia "- ~ )'1-
conductivity IZ-75D•J 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep ~ 

... • c f+ tp tt "-'" 
DO ~ '1 . i '·"' L1 i r;_ .-z__ c~ i c; ~ IG.h !'-'. ~ 67 i c;. (p S'1 
Temp°C 2S.I ~.ltj 24 _, :-24-. s 2Cf .. u !2 <;.3 ~-"· :Z4--I ZSJ :2-s.-t '1..$.') 

pH 7h :., .ct 7.' 1 :-~-~ ~ J :f.;_, n.b :-,_"'' ·-z-~ :-,, 1 l·'t 
salinity 2.-1 ~~ rz, ~ "tv r-- "lo ~ ·t.u ~ 12-t) ·c.::.. 
alkalinity fJ·.) 

ammonia ).0'2-~ i 
conductivi_!y ~700 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site 

20 oloo Sample Date 

10/23/06 

0 f2 1 - f5 --.A-re.. -J Lab# 306727 ·tt- \1: 
{ o /II Species Info L Plumulosus 

End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep IT- •ti c f _I)_ A "'~ 
DO '!>.0 4-- '2..-: ')_ s 5.?! iu.O C....~ i\,..0 b.b : f .. C J·" : S ~-V L:-.'7--: L~ 
Temp °C :z.t.. '3 ..Z..'?. .o 

I "23.-9 'l3.~ :-z3.~ '.)'i ·\ :::l'-i s :L '1. '1 : 27- ?- '2-{,8 : '!,"'."'f 24,? :2..4-1 I 

pH l~-o 7 .. 1 (. 4- "1-3 1-l '1-lq !1.<0 't .. C. ! 1.(. 1--'-f 1-~ f I 8 !7.4. 
salinity "2...1 'W 'ht/ 2.' 'Z...\ '1..1 : ... 'i : ~ ~ \'2.6 '2-b '7.0 ?..0 i -z.--( 
alkalinity _qc1 
ammonia iJ-'NJi 
conductivity 'ZU'id:._ 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 

rep ~) ........ 1.: 1:+- '{")' c. 
DO 7 C( : 6.t-t- s .1 : 5'.'1 {;.'5 : (:, ? (ti . .& :_~- t; (?_ 'd : (;_.g /.,- .f,. 
Temp °C 24~9 :74.G} '2S\ ;24-~ ~q-;-z. s {. ;1'41~ :-z.4.e, -u.4 !1..-; •. ~ 'L't_. I 
pH 11. '2- : ,_· (7 '1 (, :'7:1 ~.'b._ :,_t; _2 -~ \..1_. "J -z'J_ I . - - 1~1-b -r.3 
salinity I~ ~'l. ~ 2..t ~'l.D 'ZJ i· c:.v ~ '2-v "'LV t}.<7 2~ 

alkalinity 57 
ammonia 10./)2'31 
conductivity -z.160v 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site _6..l..C~2~q.!.-(J_.-_c_-_S __ _ Lab # 306727 ~ \S 

20 o/oo Sample Date _ ___!_; .;...c .L../..:...1 .....:1 ___ _ Species Info L. Plumulosus 

1 0/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- ·~ E 0 L (I -~ 

DO 4--A- C..:-7 :C.-~ s.rr i " ·-· ., ·1 : 5." r.;. ~ : Y~ 1- -- / i 5-i (,_d : (g_ s I .. ":) .)--> I 

Temp °C '2:1-·1 '2""> -· 0 : '"1. 3 4-- ?.?> () :;.:\.5 ~ 'i ,'{ :Js.-s 1~.1:J : _1 'i <;" 1'1. ~ :'2.'1-~ '14.7 !'2.a ,C.. 

pH 7--o zj,o "h-0 1.l\ !1-~ . , .?, 1.l'l ~-7. {.L ~-1 r,_, .;, ....• 
~ :::> ! ~-' 

salinity 1--1 "!.-\ 'lv 'Z...1.. ~ '2.' -:..L 21.. 'ZI •21 '21 "1.0 :A\ ~ -'- I 

alkalinity q~ 

ammonia o .. ')1G 
conductivity rznoo 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 

rep '\,/ (her::._ (_ c /<r-" ·-~ A 
DO G. o i~-G G.~ :G . .J ~.:1 : u .;7 0>S ih ]- 0.'1 : (,_ '6 s .'iS 
Temp °C [24. '1 l25. 'L ~' :.ztt;, i!i q I : 2'>. v 214 ~'1-h' ?4-e : ·14. 4 12-3 <6 
pH fl. D : ~.a .. ,_7 !7. 'i": 

t' _, : ,_'; -;./ & . .:.> : S-u 7.~ : I. I 7·7 
salinity 2i ~ (Ll ~i ~ 'l.c 7~ ~..Z.D £_\:"" ~Lu ·Zu ~ v·o "Z.\ 
alkalinity i(.,'L 

ammonia {UJJ<I7 
conductivity Z..]Z•JV 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Fonn #: 109a 
Effective: January 2006 

Client CDR Site 0 b '2 oro ~ f- S- Are" -tab# 306727-#l b _____ ___;~-
H20 20 o/oo Sample Date __ .._I _~...._/....;.1_1 __ _ L. Plumulosus Species Info --------
Start Date 1 0/23/06 End DatE 11/20/06 --------------- ---------------. Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A '4.{ e D t It_ 13' 
DO rio (b.S : c;,_' 1.£..6 : ~.iv i{.q : 5"·1 1,"1 : 1-l.. ).~ .: ('.? (l./J : lo-4 
Temp °C n_rz 2._?.~ :21-'2. ).3.5 :·13a.t as.o :L' .... ~ 2'!.-3 : l-1,_6 -t·~-1 : 1.1-1 ~·~--b rzt--< 
pH 1-:> ""1.~ ! 'iS-0 61 .I .... ~ '1-'t :'1-~ 

g_ '!, : ~- .7 S-~ {.~ 'tiJrL-: '6- 'l.. 
salinity ~1. \_j i"2o ·z._O 'l.O 1.\ j l.. \ --z..e; j to lfl 26 '--Z/ tz,o 
alkalinity l&i'K 
ammonia 6-.Yll 
conductivity Z57Du 

16 18 21 23 25 28 
Day Wednesday Friday ·Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 J1/17/06 11/20 
rep \./ (_ ~ A- (6 ~ 
DO _<;G ~~? {, 'il u; -r ,lo 4- : t: I. {.ct : G-l . '- \ : G.f-f- Ct 
Tem_l) °C -~'- :2s. \ '7....~~7 : '2 5'.:. ~A:-z'J..t. Z-4-' :r24-lf ~$-I ::z)_.f 11-l-" 
pH b._'/ : e.2- e. c. !7- '1 v._ '7 : 'f(_ I ~ -) ~-{t3 -· "2- Ro : ~--~ (.t; 
salinity CJ...O irl./1 w i •"2-.:> ~-:e. i .( -z.._ . Lc:> -~~:\':-~.~ ~ i ·0, '!Af' 
alkalinity .' ' il7o 
ammonia ).0/5~ 

conductivity Z7(cV< 
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The SeaCrest Group 
Louisville, CO 

28-day leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site (j C 2'i o-M- A'J> Lab # 306727 ~ \1 --------------------20 o/oo Sample Date _____ 1'-0_.._( _I 7 ___ _ Species Info L. Plumulosus 

1 0/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Man Wednesday Friday Monday Wednesday Friday Monday 
Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep Pr c.s v .,,"~: t> c. t; 11 '_j_ 
DO 4-.l -~ L-Trt l-;.4 iu-~ ... 7 : (.. l) 

..,_,, : 'll _I.'} i ,.. A' 
• J_; t";.S :b./5 

Temp °C "7_rJ .<1.. 'r~.o : ']l.1 (if .o : z.~ 4' ·J.&s.l :'7$,, 2JG : ~ ) .. l. Pf· f : '1..'(.) J..~,, : 'L4-J} 
pH .7~ (."'\ :,, T~ ., ·1. .,. 'l- ,_, g -i (., ~-0 I .. ·~ I .. (' f/.5 ·'1 : '!:),.( 

salinity -~ '}...-\.. 1 tl,...t. 1.0 "2.0 -=~l "'2-1 .VJ 2c -z, 1t.W b7.AJ 1/...-o 
alkalinity ~D 
ammonia lt~ 1-':! 
conductivity 2.'0~0.) 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 
Date 11/0WOQ. 11/10/06 11/13/06 11f15/06 11/17/06 11/20 

rep ~-

' if B- \6, A 
DO ~-4- i(::,_ (!:, c : (o .'7 {~ i ~ ~ &. I i ~I 6- ( i(;.4 ltr;.t/-
Temp°C 'Z.S i..: rz.s 2 'Z.S.'6 !v-1 7~, ;r(g. 7 24;::;,- k2_4-;'l 2.>-e: 2{3 )3.') 
pH y, .() : 8: ~ f,. \ : t;', ( i3.) :~.·L ~-'-: Y. "[., f?_o : t.. ,v <?." 
salinity Q..~ ;-c.q- ~;Zc\ -t-s l 24-- "1-1.. l~jJ -L3 l-z.o ;Z...i 

alkalinity 

~ 
/]-_3 

ammonia J:Y.:56 
conductivity 

&f 
Z'].Z./.>() 
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The SeaCrest Group 
Louisville, CO 

28-day leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site _ _:6::_0l,l.l J_:..,l:..l q.....: ..... ....:..(_-.....;:])~-(_~-- Lab # 306727 -t~t\~ 
20 oloo Sample Date __ v Species Info L. Plumulosus 

10/23/06 nd DalE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- '6 D c. ~ I} '\5 
DO t..--\ h-'L- h..o 5' .tt i "-\ -i-3 : .... ?> '1-"> : 1- -I s-'· : ~-" 16-& : [;z,." I 

Temp°C '2'1-1 ~ "1,.C,. !13---:\ 't3S : 2.'~ ,, 'l.S.l : J..S,o 2.-3. <t : 2- !,. 3 'l~.tf : t-17 f-'2-S . ·-o 1'2 \ f'l 

pH "7 ~" I' 7 ! '1, '6 .,.~ \.1 •. ;j '·1 ;J -~ Tt( t_ 1 /), ' '& 0-IJ :··tb 
salinity -1A> 'l_q ~..-z_D 2..1) 1..0 ~v "'2-b 1..1 Z.{ /] I 1-l $- (Z..--( 
alkalinity '{f, 
ammonia D,CS"I'-
conductivity [2.73Dt. 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 
Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11120 

rep v c t; fr- ~ 7\ 
DO 5:0 LS' 7 G.b i " ~ i (, _t i G-b G .C. i C ) It e-~~ --~ In. 1 {:, ~ s-.c. 
Temp°C '2-4 !'\ ~ s. 4- 12(_$ : '2.5 -l l?f l :'7.4.) "Z-J-J :2.>. 7 Z'J.7 :zs. I at 
pH ; _ Ct,>l g.o 14-:4--:, <J -(.-=t :K. o v In:. I 0-f I • (. '1: 7. <-f II. G 
salinity ~ '1 ~2 (. 17'1.' L.-t 1 ---z.z._~-z...( I'LA rz.__ \ :Z.l ~ 2..<? '1.o 

alkalinity ?.~ vs 
ammonia 01( ~~Qlql; 

conductiv_i!y 2'?//o:: 
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The SeaCrest Group 
Louisville, CO. 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR Site 6 (, 2 4 (- C- 7 
20 o/oo Sample Date { o /I l 

10/23/06 End DatE 

Lab# 306727*\ '\ 

Species Info L. Plumulosus 

11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep J+-· ~i D E c A -~ 

DO \.<1 :L.:l : c 1 s.o :5.L \,..\ : l. .2... 1-·'1 : -,_ '1. c c; i .--
'-~ i G._ -I < . I ··) 

Temp°C 'Ll-'1.. '1'1. ~ :-z:~.4 ·z.J.·L : ·z.'i. I ., ..... ::>. ... -'b -z;_'--f I 
7.)_) 2 •J .. 1 I 

}.1-'1 'lt:~> !'2._4-<7 I I 

pH 7-£? 7-.S !7-7 ., -'l. ,_"' 1-6 ··"' 11- .<? 1-J t 1 1- 1 ~ 1.1 ~!--r _o-r 
salinity '2.--C. .-z.t ~"7 ~ z.o ·zo '2..1 2.\ "Z.t t.t 'ZA -;z._ ao ~ -~ 
alkalinity· 1li 
ammonia 0 (l'i z._ 
conductivity z_'()loo 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11~8/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 
rep ~/ ·r- r- H- \...( H. 
DO I<?.S i s~ ';) (, v 

--~ i t "- {&' :s~ 1_<.:> i06 (...__~ : ~'9 (...7 
Temp °C I'Z4. '1 : 2 4-<il 2 b. ) :2" s-.t; '2 S'. v :?4-( t!(-e : 2.1--:_6 2.~'1 :z_s·J .1~.8 
pH "1.' : 'l-.::.'1 tr. ~- hl~ '/_- (: l "'],_5 t-<1 tl_.'-1 7.C, t7-Ji '7. ~ 
salinity Vi._3_ !Z3 '25 1 To '7.--'J-!:L"'.., ?. ·z. l --z__ .. '2-i l'Z..c 7::; 
alkalinity 1·02. 

ammonia Q_. ·)I 71 
conductivity 7~ 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

CDR Site Db 2 "1 t- c- G Lab# 306727 p1c Client 

H20 20 o/oo Sample Date l D i 1 8 Species Info L. Plumulosus 

Start Date 10/23/06 End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep 
DO 

Temp°C 
pH 
salinity 
alkalinity 

If-

l'L-1 
'7.4 
"1.l 

ammonia c:dlf;'t 

conductivity 2'Dooo 

16 

Day Wednesday 

Date 11/08/06 

rep p 
DO IS_"r i 5.' 
Temp°C 2 f-9. l1.4 "(! 

pH .Ut ~7.'1!'7~ 
salinity -71 l e. ( 
alkalinity 
ammonia 
conductivity 

18 
Friday 

11/10/06 

(' 
~-~ i "· b 
'J..[._. L l 2 &.J 
(.~ : 7>!) 

'1..'1. l1. ( 

j) 

i..? .'-\ : c...\ 1. I i .. ~ ·~ 
~S.l lJ,S.:l 

1-.1 1.1 

21 23 25 28 
Monday Wednesday Friday Mon 
11/13/06 11/15/06 111.1?/06 11/20 

--
t p- /'~-~ It 

~:7 iG (.. 17<-0 i&. s {:_;l(] :G.&' (.,.'-/ 
"2).( l<Z-4. '1 u." :zt o . l?sA :z:,.t r...S.'-/ 
i1./ l·7.'1 f'. \ : t'. () ['7.7 :7.'6 7. <J 

z.. 4- r.J...~ ~/] (G-o tl li-...o l./ 
_/.) L 
~. - .,_. 7 ,,), .. ) --
2'S(c i) t 
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The SeaCrest Group 
Louisville. CO 

Client 

H20 

Start Date 

Test Conditions 

0 
Day Mon 

Date 10/23 
rep H-
DO 4--·~ 
Temp °C 'Z"7'2. 

pH (.( 

salinity /"[.~ 

alkalinity ~) 
ammonia 1). v'l~ 

conductivi!}' ~i310D 

28-day Leptocheirus Benchsheet 

CDR Site 0 bl/ J - Cf_-C 

Form#: 109a 
Effective: January 2006 

Lab# 306727 ~'2-i 

20 oloo Sample Date 1 J /1 ri Species Info L. Plumulosus 

10/23/06 End DatE 11/20/06 

2 4 7 9 11 14 

Wednesday Friday Monday Wednesday Friday Monday 
10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

\( L= D· c- A- '·~ 
t.'\ lG-r ~-. \ i . =t. (I 

(., -' :""_3 r· I : ,__ 1.) S-~ : ~.c. J.y."C> r; _.1.., 

'1-l.'\ : -z.']+ n.~ :.zs.~ '2.u.o :~-ss z·q : 1;, 't :..>. '1 : ~5'.1, "h7- o l"Z.-C.L-
~ t;.... '(,.) ! '1,."' '1.8 

.,_, 1.3 ,_, f· ., 1-1- 1- -'l 1.q ~7-'l:f? . .') 
'Z.o rz.; 1..0 l.O. -~o -.11 :;!-t 1-t .Z..( ·t I ;:;}o ~ --.2.-¢ 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 
Date 11/08/06 11/10/06 11/13/06 11/15/06 11/17/06 11/20 

rep \V c lr c- H- \.-) A 
DO ).o : 5.5 C 4 u; 4 P-5 lb s ~f) :&.c.. Gt : (;.'ti 5t:t 
Temp°C tz4.9 : -z.~. '2- "'l..[ \ : 2 r; z. rzs--.1 l'1._5_A-- IZ-_6.2-: ·1b. 't '2<;.·. c; : Zt:3 )~.J 
pH fJ,o : 7~3 c) : ff-i:> 7~ : f(. i) b-1 : 'ti'. I 7.c.Jl£,<1 '1.CJ 
salinity t7_ { i -z._ ' 

1 .. \ i "7 I 2'2.i21_ Z>"t ~ V .z.r i ·c..:, .Qo 
alkalinity II :3 
ammonia ~ Ji7(c 
conductivity 2"iZ..J•) 
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The SeaCrest Group 
Louisville, CO 

CDR 

28-day Leptocheirus Benchsheet 

Site --------------------

Form#: 109a 
Effective: January 2006 

306727 ~ 1'1-Client 

H20 20 oloo Sample Date ------'·(c..;;o=+(......~l_ti~· ____ _ Species Info L. Plumulosus -----------
Start Date 10/23/06 End DalE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Man Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep /L ·'-S_ D D l '-1 ~ 
DO i..t, <;•1 i 

~ -S -t.1 : S'. \ t;:.l is-.z.. ""?.;> i ~~ .') <"_C. i - ) s -: &~4 I I I _l_. J 

Temp °C ~?_"3 Q:1.<"-\ rl.}_ ~ -~'\.3 :-z.:;..i J.5 ·~ :,s.l. 1. 7.6 : ·z r,.( z .,_:] : z•t. 'f 12-1-c b.4..L-
pH -;- ;., K.z I '1;. 1·1 !'7.8 1. <\ ,,~ ---; '7 7 7 "1-~ 1. 'f 1-J ./-. h -'6' I .• 

I ,. 

salinity "2-\ '1..-0 jU '2..0 jl.O 1 . .\ 1...\ '2 I '7.( 1..o 'L ~0 ! L" 
alkalinity /tJC 

ammonia O'(')g 

conductivit}' "2.'6(X)Q 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Man 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11f.l.Z/06 11/20 
rep 4 ...... .~ (_, l- A ¥7 r-t-
DO r:,j i <; .4- ;j .j i S'l(j> I G. ( :&b '·1 :~s V"o~< ..... : G~- <; u..o 
Temp°C 'J_<t.t :2s.'Z !?..f -~ : Z<>-.4- ~L-S l I : 25. ~ l-z_4:(; :ZJ4 ~-ii tl-4~q 2.'-L ~ 

pH .:-L y,;:_ :~- e ,1.5 _:,. ~ LJ ~7. 't3 71 : '7..C, 7. ~: 7..7 '7- '--( 
salinity '0- ~-"'1 II. ')._~ ~ -'2. ( .;z;-;; ~ io [r. ~-·w Zu ~ ""l~ ~0 

alkalinity '14 
ammonia ~.D!(/i 
conductivity Z3$oo 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

CDR 

20 o/oo 

Site 

Sample Date 

10/23/06 

0 {21' 1-f\(~-{..1 (/If Lab# 306727·~1.3 
1 o /f l(3 Species Info --L-. P-lu_m_u-lo_s_u_s --

End DatE 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday __ . 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- v D c. { A ~s 
DO 4-t.> f.. J l ,(,' _4:_ ss : !,-,~.., ~-'i l (,.~ '1 c 

i l) (" . c: i 5.(. ),'1 :~··1 .. I I 

Temp°C '22.._:, ,'1_.t:'\ !'2. ). '- J.3 .'I : l.'t.O :l.S .z. :l~·· t"J. {I 
I 

.. -;' 4 
I H8 --:1 C. 'iJ :. 1.-'> .·( I ;·_, I I 

pH 7C 7ft h .. ~ ,.8 :,. ! "'7.«(\ !,-1 'J '6 1:1 1-·"i 1-·Y h.7 :~~ 
salinity "1..( 1-l 1_.'[) '2-l 14> 1.1 121 il '2-1 ~ 26 ,lD 11...1 
alkalinity 1~ 
ammonia lt) .. c:.2'L 
conductivity ~gZ<J() 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 '!)i_17/06 11120 
rep v c._., l:: .j-\ '·o It 
DO 4.'\ : '>· ~. ~-L- : .).Cf {rb : ft (, G..-'5 ll.7 G.. C) :G.& t; --1 
Temp°C r<:'4-1. : -zs·. 1 'l( 4- :1.$'. !. zs.\...:25.1 '«;._ 4-1 '2+5 '(.t 1 :-Z:{~o 'Zlj. s 
pH Q~ ~l- cr: r. _r. 'h-.. I "(> 1-6 ~ .u : ()' ~~ -- ""I:...Z-5 l¥f.o : /.~ 7.L( 
salinity t~ 1 Z..f ·'2.1. 1 () .:7 ~.Y 1?,. () I"Z-1 ~~ ·~ l 'Z-1:..' 20 

alkalinity 
\A. 7 -~ ,~c::: 

,_}_) 

ammonia ~ p,o/-n-J 
conductivity ' ~'i( ?;.)l( •) 0 
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The SeaCrest Group 
Louisville, CO 

28-day Leptocheirus Benchsheet 

Form#: 109a 
Effective: January 2006 

Client 

H20 

Start Date 

COR Site 0 b2 '1 I -M~?-11 J{M )Lab# 306727-ttz '\' 

20 o/oo Sample Date { u ( I 't3 Species Info L. Plumulosus 

10/23/06 End DatE 11/20/06 -------------------------------
Test Conditions 

0 2 4 7 9 11 14 

Day Mon Wednesday Friday Monday Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 . ; 11/06/06 

rep A- ~\] . \ p t_ t.; .l't. _b 
DO &I G ·' : '_{ I c;.l. iss (Q.'{ : ~-'?> 1 ."\ : ) •{ , i ,.. r;. 5. ~ : (., -~ ,.. . :> I 

Temp °C r'J.-L-3 trr~ :<g._ uct : z~.l ~<;.3 ~r;.o t '>.'1 ; 2.~_3 1 '1 -4 l '2H ) 21-l 1'2-+-"' 
pH ·-z (, 7,~ h-~ 

.,_, :,_, ., -1 ,_, ;:q ~-~ 1--'1 ~. '1 7.Cf 7., 
salinity ·'l-o <1.-\ ~ 1. a ·z.l !t.() "l...'L 'LI 'Z.-1 11 ~-\ 1t 'J-11 7...1 
alkalinity ~~t 
ammonia Ll.ul'l:; 

conductivity iz-~ooo 

16 18 21 23 25 28 

Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/15/06 11ft,J106 11/20 

rep v c ~ A '..! I 8 ./ 

DO <;_, i < '0 5'."'' i c. ( 1.6 i { tl-· ro. t i~_, I &.'f- i ~ k. tJ. 
Temp°C "'2-S-i : ?5.4 '[f,J :·2s .,. ~£ ')AJ ~s". Lf ru.'i ~~ ... I ~ IL6. 7 : ·Z--$.~ 24-.2. 
pH ....., .Ci. : 7.4 '7.7 'r{- 7 17 .r :1 '1 ff. \ I f>1 l'. o: '?- "'! R.o I 

salinity I -u, l--z_.l.) 1( l'l.> 7/:> l'1o Z...v f~ 7.N l"Z<> .;lt 
alkalinity }33 
ammonia 0.;}.5'11 
conductivity --z_!-17.?-:5 
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The SeaCrest Group 
, Louisville, CO 

28-:day Leptocheirus Benchsheet 

CDR S~ --------------------

Form#: 109a 
Effective: January 2006 

Lab # 306727 1' (, I Client 

H20 20 oloo Sample Date Species Info L. Plumulosus 

Start Date 10/23/06 -----E-nd_D_a_tE ___ _ 11/20/06 

Test Conditions 

0 2 4 7 9 11 14 
Day Mon Wednesday Friday Monday _: Wednesday Friday Monday 

Date 10/23 10/25/06 10/27/06 10/30/06 11/01/06 11/03/06 11/06/06 

rep A- \3 D C: f_ A '\S 
DO 3:7 l.J :t~-1 "',, : '->-t <;.~ :~.s; 1-~ : i,) C,_& iC$' ~.'L !<0- S' 
Temp°C 2'2.'\ l1...~ : ll.q l,:!J _i) : 'l.l.·& _'Z.,"_3 • 0 : 'l.J. I 1.'3.{) :n.r 'Z'Z."J : z.; it 71-· :z.zcv 
pH 7-> g.c 1A ~1-l!l 1.\Q -,.~ .•. f( 1- ,.; T~ '1-~ '1-.g '/.& !1-& 
salinity 7_J> ~c 21J '2.0 '2..0 '1.0 1-0 t.l l'l 1b '20 -z..o j·'l__ I 

alkalinity 'l'b 
ammonia ll_.-~~ 
conductivity Uc::.= ,. 

16 18 21 23 25 28 
Day Wednesday Friday Monday Wednesday Friday Mon 

Date 11/08/06 11/10/06 11/13/06 11/~/06 11/17/06 11/20 
rep ") ·c..-- E 1-t ~ ~ 
DO b-~ i~-7 ,_,/,. nJ' 6.4- :c s G.( i {,.,.~ 1"-~ : /C. ff 6+ 
Temp °C 24 4 !-;(4.7 !Z44-:24A- 'L45 :z4.e "21:t :2.-J ./ 'me :24--o 4l..S-) 

pH T'> : f. "1 1. b :·7._]_ t,.'ci !/ 9 I o, \1J1 (. _9_--r -" (.7 
salinity -=r-:-s- rz.-.> -z.., (.p ~- ~ 7..~ '?,_ ... ~-7 _....> -'U! ~-'to ~ 
alkalinity :1-~o iOO 
ammonia ~-- ~--'31.:: 
conductivity z.~ IOC 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 6- L PLUMULOSUS HISTORY SHEETS FROM THE SUPPLIER, 
CHESAPEAKE CULTURES AND REFTOX 
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Chesapeake Cultures 
P.O. Box: 507 Hayes, VA 23072 (804) 693-4046 (804)694-4704 fax i':)LOI.)l..?- S.f 

www .c-cultures.com J ft'C '\.l-iD 
e-mail growfish@c-cultures.com 

h e4Ct-Gs r ~l f-o uP 
Shipment Information 

Date 

pH: r. ~ 

Do. 'J.t;.l> 

te~ ·. ;;13.S 

tO J,t:t Job 
~ { 

P.o. No._-=-IL.._/1.L--=.o __ 

Quanitity ()..] ;).() -f Invoice No. S-c:JSCj 

-+ ?-L- ~o-tu._ llt~ 5ea_,~ 
- H-liYIA 0 t:j-Nt ~ u ~ p.,.LU 

Temperature (;)Lf b C 

Biolog~;__ 
~ Please inspect shipment and report any problem immediately -»: 
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The SeaCrest Group 

Louisville, CO 
Sediment Organism Reftox Benchsheet Form#: 108 

Effective: January 2006 

Purpose: \L.!.t=-Pt- kph f Salt Used: --'C""'->"-~;V~.!_,_f_..:S...:.:··.;..~'[""~·;..:.I<,__ _____ Date Made: _..;_1:.>:;....'.;;...··,_1 o"'"y""· -------

Dilution Series: ·; o"1;, Template#: Dilution Water: 1. :>-,., :.;,, ... -r '-H.t> --------- -~~~~~~~--------------
Name,age&source: leer<> of~•X S«.\.e ... -.<() (~o.)TestStart: IOZ..Io:...,- rz...:>::. 
Test Conditions: Norl- Q.(~\.UC\L 

0 
C) 10 
0 tO 

DO ~.0 

Temp ;.:_ <t:7.... 
pH 

~-· Cond 
1) iO 

1-:>.)3>1-:, !D .. 

DO ~. 'D 

Temp ~._ 'i. ·L_ 

pH S. I 
Cond 

1(2) 10 

ltt.e.-h 10 

DO 0 
\.. I 

Temp Z.'i. 'j 
pH q,, 

Cond 
Initials 5P 

Reftox1 
Hardness 
Alkalinity 
Chlorine 
Ammonia 
2. Feed1ng Schedule 

Not fed: 

24 
lO 

:o 

"1· ~ 
"1-£;. I) 

' ,. .•. ~---

iO 

10 

~-1 

'2 '\ ."i 
'0- '2-

jO 

iC 

'"1 ' -~ 
z.. 'i. l'( 
9.1.L 

~p 

Reftox2 

Fed Irregularly: 

48 
.j 

:J 

.{. Cj" 

z_l(, I 
~-~ 

.. j 

JO 

~<i( 

7....'/- ( 
¥L 

i.J 
/0 

C:..7 
-zfl-.l 

"'.l... 

, ___ .... · 

Recon #1 

0 & 48 hours 

72 
I 1 
,' 6 

/.,. (p 
'L'f,~ 

CZ' .L 

/0 

ifJ 

b.g 
-z.Y. R 
y·.t_ 

; 0 

i I) 

r..'l 
2'l·_g 
i.. z. 

----·--. 
i __ ... / 

Recon #2 

96 0 
;a 1(3) IO 
I [j ilt~, \0 

0.8 DO (.. .'?:, 
;z_'f._6 Temp :."t. ~ 
~Z-- pH q .-:-

Cond 
/0 (4) IO 
iJ l..'t"t ;>!'\· iD 

C,.&" DO C.,-.~ 

2-'t 0 Temp '2-'i. 3 
g.L. pH ~"'!.-

Cond 
/fl 1(5) ~c 
'1' ~~,~-~~h. \0 

L7 DO '-· ."=!-
Z.'f. ~ Temp "2.'1.3 

~.2- pH 8L 
~ Cond 
1/ food i 1\o'L.. 

1. Exposure Chamber 
Total Capacity: 
Test Solution Surface Area: 
Test Solution Volume: 
Water Depth (constant): 

(cyd1c): 

Fed Daily: ~"'~ J. ~ (\,..,. ... r~~-..._ ... ,_) 
Food Used: ----------- --------

4. Screened Animal Enclosers 
Not Used: X Used: em diameter 

Test End: 10 "L <) ·::>;., - 1 z. 1 s 
--~~-~_.;;...~~----

1 2 3 4 
\D fO ~ 7 
10 ? 9. s-

::1-:o G. J1' "-· l C:. "]_ 
1..'1. ~ z.~, I '2-'1·1 7_tf. I 

~.'7.. 'if. 7... ~-.z_ "(77 

10 't 5 t.f 
A 1 Ll t.f 

~0 k.~ 4, .'7 f.t-
'L4.<l., zlf.'L z._ <t. '(:, ·z..r, I 
';\. '7_ <(Z. ~ .2_ 'l;<',C, 

-r ~ 2 c 
~ _3 0 Cl 

(, "~ . I b.R· L _., t-.t, 
')..'1 '7 Zlf.~ -z. '1' .ce,.. 'z't. 0 

S"L )<:". '-- 5(5 g,3. 

- frv.L - ----
3. Aeration 

30ml Slow: ---em2 Med: ---15 ml Fast: ---em 
to em 

5. Condition/appearance of surviving organisms at end of test (i.e., alive but immobile; loss of orientation; erratic movement; etc,): 

6. Comments: 
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Results calculated using the Summary Method. 

************************************************************************** 

Sponsor 
Species 
Study Number 
Dates of test 
Test Material 
Concentration Units 
Report run by 
Date of report 

102106 

SEACREST 
LEPTOCHEIRUS 

REFTOX 
to 102506 

CUS04 
PPB 

cw 
01-15-2007 

{
************************************************************************** 

************************************************************************** 

[ Concentration Number Number Percent 
( PPB ) Exposed Dead Dead 

------------- -------- ------ ------

·[ 488.0 20 20 100.0 
244.0 20 12 60.0 
122.0 20 8 40.0 

[ 
61.0 20 1 5.0 
30.5 20 0 0.0 

Control 20 0 0.0 

1[ ************************************************************************** 

· 95% Confidence Limits 

[
Method W LC50 Lower Upper Slope 

- --------------------------------------------------------------------------

Binomial 172.53 61.00 488.00 --N/A--

[
Moving Average 159.19 129.27 201.77 --N/A--
Probit 16.5_,_9.._8 132.36 209.37 3. 68 

' Logit 171.63 130.94 237.27 5.09 

[ --------------------------------------------------------------------------

[ 

l 

Note -- In order to produce this summary report, no warning or diag
nostic messages were given (if any occurred) . An asterisk 
appearing next to the method indicates that there was a 
warning associated with the corresponding method. You should 
run the full report for this method to determine the problem. 
This report is intended for informational purposes only. 

[ ****************************** End Of Report ***************************** 

[ 

[ 
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Client: CDR Environmental Specialists 
Site: Brunswick, Georgia 

SCG Project No.:306727 

APPENDIX 7- SUMMARY DATA SHEETS RELFECTING RESULTS OF L. 
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The SeaCrest Group CDR-LCP Brunswick 12/18/2006 

---'f-------1-------'-----'---------+-------;----------------------------------------------------- -------

-__:-:----'------;------+------i----------;..---------'------~--------------- ___: ___ _c_ ---·- -------· --- --- ------ ------

~.~----::..--;----'-----'--_::__.-'--'----'-'------;-----t----------i------i----------i-------+------------'---------------------------------------------
1 

---~----;-----~-----'-------r------r----------,'--------;------------------------ -------------------

-----~--~-~-C~-~-~--~-~~-~1 ____ 3 I 1.1305 ~--)J~~-------~~~----Q~~---
-----'------i---:----------:-------------2 ___ _:_ __ 1._1_4-,--5,4 __ j_ ___ 1_. 1579 _____ j ___ ~_?_:?_QQQ ___ , ______ q:_~~----- -

0 1.1398 1 1 .1463 i 6.5000 0.72 
----;----=------+-----'--------=-o-----;--__;_1;;_:_.1-=-36-"--'2=-----~ ----,-:14s9-------,--9:7o-c>o---_,--------o.6s ____ -

----:------'----':--~----'-7 ___ --;-_ _:_1_;_.1c-=2=22=-----.T_~~-----1~1~9-5~~~-~-~ . 7 ~3-Q_QQ_=-~- -= jL3_~---~-~-: 
-------,----------'---------------'----------------- ------------ --- --- - -- --------

; Dry Weight(mg) 
Juvenile prod-uction: Pa-n ~iii9t1t(g)-:--Pa_n_+_Lan;a-e(gf ____ Total - --lndividuai __ _ 

0 1.1564 1.1612 4.80 0.34 
---'-----'------,------:--------,---,-----.-------=----f-------'----.;..----'---------'----:--:-:c-::-~----.---------:------- ----------- - --· -------------- ------- ---- --------------

0 1.1385 1.1445 6.00 0.43 
----------'-----.-------r---------;---------~------'----=--"---=---- --------------------,---------- --- ----

11 1.1413 ____ !.:)_'!?_8 ______ 6.50 .. - ____ 9_}_4 _____ _ 
"------

13 1.1546 . _________ 1_J§_2_~--- _ _ J.]O __________ 0.43 
12 1.1559 ______ 1.1~j}-~------- ; ___ 3.7Q_ _________ Q_:g? ___ _ 

-------------,--------;--------+-------+----------~------------------------------------------- ----
: Dry Weight(mg) 

i Juvenile produ--c--t-io_n_:,_: P-,--a-n--Weight(g}-Pan_+_LaiVa-e(g)- -- --Totiii"---~-ind-ividual 

--f------=--3 ____ --+---1_.1_4_0_1 _______ ~_:}-~-~- --- -~:19_ ------ --- _0.58 -
11 i 1.1318 _1:]_~-~~---------~:~_0.______ 0.?9_-
8 1.1251 ' 1.1345 9.40 0.52 

___ ____:::_ ___ -+-___ :_::_ __ ~ __ ____::16'-------i---1c__:__._:_16=38----=-~~-_:f1§~~---=--~~~::~-f1"o __ -_~-- -- -- o.34_~---~--:--

o 1.1709 1.1775 6.60 0.41 
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The SeaCrest Group CDR-LCP Brunswick 12/18/2006 

----+--~-----;-----::c---+----=-----~----:---+------:-0 ---+ 1
: -~1:-.1:-5:=24-:-------:----1-,-._1_~~Q__ ______ ?.:®2Q - _: ______ 9:.~? ... ------

-------'--+--------+-----i------,----+-------+----o=-------i------:-1.-:-1-=-37:.-:1:--~----_!J_~~~----: _1JQQQ ___ ~-- _____ q:?§ ____ __ 
--+---=---;----=----r----':------l-----5::::._ ___ ,___1.:. '-'.1_7:,--=-32~-'------- ___ 1__._1_7§L ___ ~--?.-1:!999 ______ O,?_~ __ __ 

---------+-----=-----t---=-=--+----==-----+---~----"------:o--=---+---=-'1 .'-:-1 :.1'"= 8=-::6:--------.,-----!.JJ_~t __ -c--3~5QQO_ " _____ Q}~ 
__ ::::.__-;-_.....:...=. _ ___J__ __ --=----+-----=::.__--+------=--0 ----+---1._1_ 5_7_5 _ __.;....-- _1:1608 -----~,-~_Q_Q_Q ______ ···-- .9.:.~~ ....... --

! ---·------·-·---- ··-·· 

: . Dry Weight(mg) 
! Juvenile production Pan Weight(g)""!Pa_n_+"Liirvae(g)--~-----Totaf _____ liictividuai--
i 1 I 1.1156 ·! 1.1299 14.27 0.84 i o 1.1402 --T1489~, --8.7o-· ---- -01>2 --

-----:----------:--------'------::"---+-------:---!l.-------::-0 ----.-----=-1.-=-16::-:8:-0.:--+-------1-:1725-·--:- ---4~50-- -- ---- -"6."25 -----
1 o 1 .1469 IT~~4 _ =~J_2.s_9_=-=_~:-~~9_ . .74 ------=-~-
1 2 1.1656 1__._1~Q§__ __________ :!_~,2Q ________ .9:~.9 __ ---

---------r-------;-----+----------i-----__;__--------+-------;-· ----------------- . ·-·· -· .. .. - ........ . 
. , Dry Weight(mg) 

: Juvenile production Pim Wei-ght(g) :P"an--+-Carvaelii) _______ Total _________ liicuvidual 
12 1.1531 1.1603 7.20 0.38 

·----:----'----'---+-----=-----+-----=--=-----i-----,-1-.:::7----'---1-.1-7_1_8,. ---::-----1 :1794-- ----- -----7-.sa·· ---c--------o~48 
~-'-------~--~---=----4~--~--1-=-.--=--12=-=9~4-~- ---~~~77----------~~o-~-~----~:si __ _ 

18 1.1350 --f 1422"·--------:---------i-20 ____ ------- 0".46---
1o-------1-.1'"""'457 · -1-.1-533 ___________ 6_:6o .. --------------o:35- ---
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The SeaCrest Group CDR-LCP Brunswick 12/18/2006 

---:-------:-·--;-----r----+------+-------r------------'--------+----------------·--,-------------·-·------------------------
~---=----=:---:---=-----·-----'---~------i--------!--------"-----------+------·-!--- ----------------------- -------------- --

l I -==-=:---:::-.------:--''-----------;----+------l----------t--------+--------!---------------,-----------;---------- - ---
-------''--------,-----------+------i------+-------'------------,-----------i-------------,--------,-- ------- ----- ------
--------=------+------+--'----------1------------;-------------'------~-------·--------------------------------------------

! : ! ! Dry Weight(mg) .. __ 
--=---::----::-------+----cc------t-----=----:---____,,r--J-u-v-e-n--,-i!'-e-p1roduction • Pan weight(g) : Pan--+--L:arvae(si}--:--rc;tai--r---inCiiviciual 

c__-+-----=----~-_:__;--+-------=-o ___ -+! __ 1;_·;_15;_1 __ 7_--;-----!:..~?.?..~---------.]:_~Q90 _____ ~ ______ ~_._?~----
1 1.1240 1.1304 : 6.4000 0.36 

--------'--------'------------+---'-----=------+-----=---+--_____:__.==---------+------o=--------+--'-----1_:_.1=284 -- ___ t.1.~~!!_-=-_J.=iQ9Q.(L:_~-~~-=---cL3_~~-----
o 1.1502 1.1577 7.5000 0.42 

-+------=-----;-----'--"'---'-------------'6 1.1297 __ 1-.-1-3ss------:-.=- • ~~~~~oo~L~ __ :--_-_:-_~- 9~4T ---
----------i----------'---------+--------+----------;----------.;---------i----------------------- ------

-----+-------+-11 ---------,--- ; --- __ ; ______ ------------------~---- -~r.)'-~~~g-~t(n1~) ----
1 Juvenile production : Pan Weight(g) ! Pan + Larvae(g) : Total Individual 

__:_--~----=--0 ___ -+l------'--'1.;_16.::_16 1.1 §?7 __ j ___ ~:_19_ -----------~:~~-------
0 1.1455 1.1507 5.20 . 0.33 

·---------:-=--;-------------:,-------f-------:::------t---------=---------;-------:---;-_--:::-=-----,---------------:--;-------------- ----------------- -- -
0 1.1557 1.1588 3.10 0.24 

---=-------7----_:__::_-----~0:_ ___ --i-__ 1:_:_.-=1288 --_ 1:1 ~t[_--=~_: ____ ~~~Q __ ------ -- _Q_}~ ---- --

----------;------=---------'-------'--=----r-----=::____-------+-----=-------;-----o-=--- 1.1423 _ _J,1~§_§_ _______ A:_g_q_ __ ______ _q:~-~ __ _ 
------'----------+-------l----------'-------- -;-------------:-------------------- -- -- .. ----- ----------- ---- --- ---------

: : , . Dry Weight(mg) __ 
--------.:--____ ____J _____ ___;_: Juvenile production : Pan Weight(g"')i-Pan+-Larvae(g) -- Total---- -Individual 

1.1970 7.70 0.41 :...,_ _ ____::___~ __ ___:_:__ _ ___,__ ___ ___:_ ___ --,---· __ --:-___ --i----------· ------------- -- -- - -----· 
. 1.1503 : 7.30 0.41 

_____:::_____---i---------=---=------7--__:_:_c.::---=:;_---+------_--·-~~~1~14J_0-___-_=~~-----7~~Q-----~-: __ -__ -_·~--:~Q;_4§ ____ _ 
1.1732 8.10 0.48 ----- --1.1392-----------5~2o ________________ o.-Ji ______ _ 

0 ! 1.1893 
30 1.1430 
10 1.1397 
0 1.1651 

20 1.1340 
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-:--:-------,-----,---J------+------+-i---------'------+------------:_ ______ , ________ , ___________________ _ 
I ! • 

-'--=-'--'----:-----;-------+------+----------i------i-' ------------;-----------·-----------------·----·--·--

----=-"-'---'-:-=-::..:......:::.:...=.-=-"'----i-----+------+--!--------:'------------'-------'---------·;-----------------------------·--
------;------t-------+-------;---------+-------;---------·--~----------~--.... ____ ,__ .. _ .. ____ __ 

! --------.------+-----i--------+------..:--------:---------;---------------------- ---- .. -----·-- .. --------· 
: . Dry Weight(mg) 

Females Juvenile production P_a_n_w_e-ig-Jh_t_(_---,-g)-:-: --Pan+iarvae-(9)"'--fotal----,----~ndivictual 
10 1 7 1.1152 1.1262 ; 11.0000; 0.69 

--7------+----11 __ _;_ ___ 1_4 ___ -;-----1.1614 __ i_1_f~..?--~-~-=i.[~9_QQ:~-=-·~:~9;§~~--=~----
'-----T------'-----;--- 7 32 1 .1428 1.1481 __ --~---~~Q_()Q _________ _9_:~§1 _____ ----

10 15 1.1379 1.1485 10.6000 , 0.71 
~-========================~=====:=====1:====1~1============6-:.======:==~1.:...c. . ..c...:16=-4c.::.6 __ l__1_:_17_6i _____ .. -~~- fi}QQ()_-~-~~-0_.62 

---+--------i--------,------+---------'------------:--·-- --------·-· -----.... - ·-- .... - -- -----------i , , Dry Weight{mg) 
! Females 1 Juvenile production ' Pan Weight{9> :---Pan_+_Larvae(9f ________ T_otai _____ lnd-ividuai · 

--------+--------'---------+----------:----- ------------------- ···----··· ·-···-·-·-········ ------------
: Dry Weight{mg) 

Females Juvenile production : Pan w8i9-11"i(9r-·Pan-+l.a-..Vaeig) ------ Total··----,--ln"dividual 
11 14 1.1?3 . _____ 1_:!_?_?§ _________________ 14.?9 __________ 0_.~1 __ 

------~----~-~--,-~--~--~--1~0--;-----'-----2~8'~-- 1.1553 1.1708 __ 1~-5Q _________ 9A~--
7 54 1.12J9--:·-----~-_-f12~7 _____ _____ __?,~9 ... ________ 0.71 

----+-----:6--,-----;-1 ----...=:o 1.1337 _____ 1_._14J~----------!:~9 ________________ ().8~ 
9 0 1.1608 1.1681 7.30 0.52 
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Date: 12/118/2006 
~-~-------r-------~----------~-------------------------~-----------~ ~e_~cies:Le~t~cheirus p. 

---------'----~-------,-------------'------------+---------~------ ------- ---·-------·-· -------------·-·---······-- .. ·-
F~~~=S~CrestGr_o~u~p-~----~------~----~--~---------~-------~---~----~··-----------------
Test: 28 Da~y_C_h-,--r-'-'o~n-'-'ic~---r--------1--------+----------'--------------__:_-----c--------'----------------·-· -·--· ____ ···---·-·· ···- __ -··--··-- ·-·-· 

--------,-----·--· ----··- ---··---·-----·-- .. 

J-----_____;._ _____ --r---------,--------+-------t---------r----------'---------------·-·------- . ·-- --··· --·- -- -· --·-·- -·-·-····-·-
----·--·- ----------f--- ! . [ , DryWeight(mg) Treatment Rep ----+-------i'----------'-! _J_u_v-en-ile production ! Pan weig"ht(g}_"~pail·+ larvae(g)--:---,_-otiii-----~--- individual-
___ C_-_16 __ .__ __ a_---T---'--'------+-----i----------"-----ri ___ _:_7 _____ -'-'1.--'-1-377 1.:_1~-4~-- __ _ 6:~_00Q _ _ __ 9:.4~--- ____ _ 

b 22 1.1441 1.1482 . 4.1000 0.29 ---------<-------'----7-----~--+----____:_----;------.:.=__--+-------==--------''--____:_:__:___:_ . -- -·-----·--· -- -- -· . - - -. - ·-··· ·--- ..... -·-· 
c 9 1.1615 1.1702 8.7000 0.51 -----------'.----·=------i-----'-'--------i-------=------T----__:::_---+------=--------'--~--_:__:__.::__:_: -----'------ ________ , _______________ ------

-------r-- d 15 1.1344 ___ J~!-~_:1] ________ _7_.3_QOO 0.36 
e 11 1.1689 1.1748 5.9000 0.30 ----------==---------'--~=---f------_:::_____-i---___:_:=-----+---__:_;_------+----'--'-.:..=:.::__._-,-- ------·-·-· ·-·- --·-·-·-·------ --,·----·--- ------··- --··· 

-----+--------+---------'-----------'---·-- -------- ---
- _ --·---·----i--- ----+-,-------+--------+--------.-!.i________ i Dry Weight(mg) Treatment Rep ; Juvenile production ! Pan weig-ht(gf"-Pan--+-Larva-e(gf:--- Total- - Individual 

I--_F_S..:·A-=rc..::e-=a_-3 __ -i------'a"------+--~----,-----=-----'----..:.:. __ -+! ____ 1.:_:7 ___ ----,---__ 1 .1542 1.:.1.~~3 _________ -~: -~ 0 ____ .. 0.57 
b 23 1.1326 1.1428 10.20 0.54 
-'-'c~--r--~-----~--~-~~-~---=2~8-------'--~1.1233 ---1-.1i9C----~-~o --~~~ 
d 5 1.1385---;---·--1~1469 ______ ---- ·a·_-4o- · ------ ----o.-44 
e -------'-=---___.;...------'4::_ ___ ____,_ _ ___:1_:_ .115o -f-f189 ______ -----i9o____ -· - o:-26 

-----~------::___--+-----'-=---+-----=----'--- ------------- ---·---:- -----------. ·--- ·-·---·---------- .. --

------~-c-----------

Treatment Rep 

----·--------'------i----------'-----------'-------------'---·~---·- -- -----------------, . Dry Weight(mg) 
-----i-----------.;-, -J--uv-e-nile productio,--:-Pan v\ieight(g)-Pan-+L.arva-e(9f ------Total- -----c--lndividual- · 
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-;--~---t----+----------j------+--------'-------~----------------r-------- ---- ··-· ·---------
' =-:::-=-_--.::....:.:,-=-.:::.....=--+---------ir---------+-----__:__1 _______ _!_ _______ _:_ ______________ ~-----------·--··-·-·-·- --------

-:----:----'-----:------t---------l-------T-1 ---------j------..!-----------'-----·- -----------·--···-------------····· 1 
l----~----.-------r------------l------+------+-1 ----------7-------------------------··---------------------·------

l ----------t----------+---'----l--------+---------+------,...-----------------------·-··------·-·····-···--·------
1 Dry Weight(mg) 

! Juvenile production Pan w81Sit1t(9) :-ji3n-+L"a.Vae(9) -:--rota!"--_,.- --individu-al-
~-~~~~~-~~--+-~~--~---~--~--~:--~--__:__~0~--~---NA I NA ' NA . NA 

o NA r ___ .R~---=-~c=:}il\:~-~-~~~--~~--&~==-~--------~-----+----~--~------'---~~---~o------~N~A---~,-- NA NA NA I 0 NA -T NA _______ ,__UNA _____________ HN_A ____ H __ _ 
--,,------=-----+----=-------;.------=------+-----=---+--! ____ __::o~---+--1,-.:.,:.:_1s_93 1 :1·5-$8 ~--:_-~=~=O.soo(:=-=::Q~~Q--=-~-

1 :- ---' ----------·- ····-·-······ ... ----

---;---------\\-J-u_v_e_n_ile-p-ro--d-u-c--tion ~ Pan weight(g)1 P.ari·+-L"a..Vae{g)--: --T"~t~-~~~grn~iJ~Juat-
I o 1.11_37 1.11ZQ __ -'----. __ _3_:~9 ____ : ____ o.~7 __ _ 

-+------=------!.........----=--=-----l-'-------=3 ___ ----'-__ __:1:_:_.1.:__::053 ____ 1_._1_~-3~--------8_.10- --~- -- 0._~5 
-------;----=-----'--~-+----:..__---l----....:....::_--___;__---1:..: 6~-------;.--__:_1.:...:__.11_19 __ 1 ~l1}_I_ _______ -~~80_ -·- -·-- ... 9.-.~~------

0 1.1362 . 1.1410 4.80 0:2_7 ____ _ 
l----------;--~=------_,___-~-----l----..::c.__---l----___:_:=-----=------__::o:_____ ___ -----'----1_:__:_._:__12=-=og--, ----1-:1242--=:=_-3.3o __________ 0.21 

1 --------:---------'-------------------l------..!...------·--'--------c---------------· -------· 
: , . Dry Weight(mg) 

-----,--------i-------------li-J_u_v_e_nfle production ' Pan Weight(g)TP"an_+_Iarvae(9f ___ --Total ___ -:·---inctivictual 
I 10 1.1166 I 1.1274 10.80 0.54 

21 D37o ___ -----1-:14i3--- ----------1o.3o - - -·o.s4-- --
.c___-----'----------'----------=:.....:.o ____ ~--1--.1420 _________ 1~1486-- ----- -----6:{5"0--- ----- o·:ss 

1 1.1573 f1-67s· ------------ -- 1 o.2o - --- ·-·a:si ___ _ 
o 1.14sa·-------f~15-s2----------------~a"Aa-·· a X7 
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i 
·:-------j~~-~-+--~----f----------1---------+----~---:------------,--------------;··-----------------·--

! 
;;'-:::::----::-·"---:::_---::_------'----+------i------~+------'--------------;.--------------- -- ;----------- --------···- ----····· ----·····-·--··· 
=----~--=---::,-,-----,---'---+------'-------+-----~_j__---~----'--------+-----·---------~.------------- ··:·--- ----- - -----

I -----'----'=---::.:..!'----=--:.;-:--=~=----T-------:-------1------J,---i ---------'---------------------,-------··· -------------------------
----~--i---~---t------r-------+------+------~-f--------;-----~---------'----- ...... ------------------- --------· 

! I _ : Dry Weight(mg) _ _ _ 
=--------:-------:----+----=----t--=----,---=---+-~~----+---=----:----i'-J--=-u-v_e_n-=-=-il_e_ p1ro-d~uction : Pan weiglit(-9)Tfiim -+Larvael9)~1 ~Totai --,--lnCiiviciuai --

2 1 1.1442 1.1496 : 5.40 o.67 
-~~~~~~~~~~~~~~~~~~~~~0·~~~~~~1.1107 ~-~.~~~-----~- ~~20____ --~~~--

0 1.1171 --1]~48_=-~----~~):79__ 0.55 
~~~~,------~-=-~-------,--~----'-'~----;-~~--=-~~-i-~~.:....:::---~-,--~~---:12=---~---'-~-1';-'-.--'--":15§.1_~' --- _ _1J__?:Q~-----~----__!_?_:_~9 ____ -·- _____ 0. 7_1_- -· .. 

--~---"--------=--------,~--'-'=----t--___c:_------;---_;;__-~-'-----o------1._14_3_4 __________ 1~~-----JAQ. __ _ _ o.62 

15 1.1359 1.1433 7.40 0.39 
7 --1:1'826 ----"1".-18'56---. -- 2.40 -- 0.18 

--~-~~-+--~~~---.~_:__:=---------;..~--=-~~--i---_:__:~~------13~~~---,-~-,-1--,-.1--:-1· 8-=-co~------ 1-_1223- - - -4.30 0.24 
------'--'-·-'-- -- ---'----·- -- ·------···-·····--- ..... ·----- --· ----·- ----- .. -----··- -·· 

-::--~-----+~~----:-=-~~--'----~~----:6 ___ ~---:-~---,-1~. 164_Q_~; - -- - _1_.1]_QQ _______________ !l.:_Q_Q____ 0. 32 
6 1.1458 . 1.1550 9.20 0.48 
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---+----f--------+-------;...----------i-------"---------i ---~-----
:..::...:.:::--'---"'-"----i-----+------+------i----------'------~---·---·-·~--------------·--·-l ___ ....................... ~.----

---,-----'---+----f-------r------+-1--------'--, -----...;.....-----··------~-----------~-·-·-·-···--·--··-··--·--
---~'-;--_c__-----'--------+------+--------''-------___LI _____ -;. .... - .. --------,-·--------------~-------~------- ........ . 
---------'------+------:--------'--------.;_--------;1 _____ __!_ _____ .. ______ __:_ _______ ~-- .. -.- ·--- .... -----------

---=::-------..L_-:--=------i----.,-,--i---------;-------...:..; _ I Dry Weight(mg) 
: Juvenile productioriT'Pan weight(gy:-Pan-+L:arvae-(9f~---fotai'--,---inttivitiuai--

0 1.1398 ! 1.1420 : 2.2000 : 0.27 -------'-----,-----1---:-=---r----------+----'-----;--------- ------------------ ------------ ~-- ----.---- ~--. 

0 1.1406 1.1493 8.7000 0.51 
-----~'-----'------:--'-----L-----=----i--------'--'---..,..;----o-=------+--1' .1244 ---~f1I9.~=-=--==~-=IQQ6_[~-~ --=- --_()) 1--~~-~-~-

o 1.1113 1.1178 6.5000 0.46 
----~---=---'------'--=-~---=-~--+--'---:.=_ _ _!, _____ 5~----i-----1:_:_.1-'-:':-5s2_, ______ 1.:-1s31-----·-r--7:9ooo--- · ··· ---- ·a:46 
---------=--------'-'----'-----'----+-----'--=----r---~-----:------'-'--'-=-~---------------~---~·-------·-·· ....... ----· -
-----------------------+-------'----------'--------'-' ~------ ----~---' ----------------- ... 

1 ~ : Dry Weight(mg) 
i Juvenile proCiuctio;:;-iPan weigh-t(9f~ Pan·+~Larva-e(9f~--------fotal- ·· :-lndividuaf-

__ _:__.::__:__:___+----'-----!-----'-'---+----=---'-----__:_'---------=-2 ----:---1..:..:·..:..13::..::5:..:::2 ____ ,;_ ____ - 1_:1~~()_ ____ .. ---~_3.:~9 ... ·- .. 0.86 
1.1625 1.1716 9.10 0.76 

-~-----'------+--------+--------'------------;-----~---~-- .. ----- -· ·---------.................. -----
4 1.1592 1.1707 11.50 0.82 

---i------'-----,------'------;------3-----+-----'-'1.-'-11::.. 76--:-----1.1300 ________ ---1-2'.'40 0.89 

---~----~'----'----''------'-----=----i-----=---+--------'o____ 1.1162 ·:----~jj_2io~-=~-c ____ ~:§:a~---:·~- -().'39-

--------;--------,-------------,--------------------,---·------------·-· ---· -- ,. -

. Dry Weight(mg) 
Juvenile production : Pan vieight(g); Pan .. +-Larvae(gf--~---;T'otal----,---individual 

1 1.1627 1.1666 3.90 
l---~-----'----_----,---.,.-:-------=----:-----.-::------r-----:0:-------:--_-~-:-~ .-:-1489- -----~-~~j]~~--- --~~-~-~~~30~~~. -= -.. 

0 1.1247 1.1326 7.90 
5:.-----+---'-'1.-'1· 7=-27_~=:-~_jj_i?~~--:~_-_-:·:~-~~-~~?9~ 

~--+---~-----~--~----~-----~----~ 
11 1.1477 1.1559 8.20 
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The SeaCrest Group CDR-LCP Brunswick 12/18/2006 

:-------''------i--------'---T--------....;--------_;_------+- --------------------···- ---·------ --- - --- ·-- ····-

-=---~---;------;-------!-------,-------·--+---------'-----------·-------- ··--- ----··-·------·-····- ---

::--:--·-,-----:.--'-'---+------'------;----i--------'--'---------'---------'----------·---,------·-··- ---;-·--------- -------

-----~---,------:------i---------'-------r---------r---------7--------·------- --- ·--- --------··--··------------------·-·· 
--------+------+----+--------:--------+---------!--------;------------------------·-··-----------·------· ----·--· 

_ i : Dry Weight(mg) 
Juvenile production : Pan wei9ilt(g)-Tpa-ri-+L:arvae(g) -;-· ---,.-otal ____ inctividual 

12 1.1720 1.1841 12.1000 0.67 ---=----+---..,..::'-----+------'-----+----,--'--..,..::. --------- -------·-----·--------- ·- ----- ----
6 1.1156 1.1287 13.1000 0.69 

-------'---'--'----'----+--__;_::-'---.----2-=-5-----i--:,-:~3s9--=--~-=(i~f9 __ :=:_=1 ?~Q_o_q<L _______ o.so 
__ -o.._ __ -!------'-'~-__:__ ___ _:a:,--__ -+ _ __:_:1._._12==-==-94 _____ u~~§___ _ 1_ 9._1qog ______ _ 9:9~ ___ _ 

18 1.1562 1.1700 : 13.8000 0.77 --------;------=-------.---'-=----r-----=----+---.:..::_---;----__:__;;:_----;-----'--'--'--"-':.::::_---· ---------;-----------------··------ .. - - . - .... 
-;-------'-------+---------'------'----------,----------;-----------------------·-·· . 

! l ' Dry Weight(mg) 
----L - - --·-----···-····--·---·- -- -- --·-··--- ·- ......... -

Juvenile prod-uction ; Pan Weig-h!{g) · Pan + Larvae(g) · Total Individual 
NA I 1.1774 ___ 1:_!_~02 ______ ___1.:.~_()_______ 9-~-~-------

--~'--~------:--~--~-----~------~-------~---
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I. 

II. 

III . 

INTRODUCTION 

Aqua Survey, Inc. conducted a chronic bioassay for CDR Environmental using 
the amphipod Leptocheirus plumulosus for sediments at the LCP/Brunswick site. 
A 28-day chronic bioassay was conducted from October 3 I, 2006 through 
November 28, 2006, with the objective of assessing three endpoints: survival, 
growth rate and reproduction. 

SUMMARY OF TEST RESULTS 

Table 1 summarizes the results of the bioassay by providing the cumulative 
survival, mean number of young per organism per sample, and the mean growth 
rate per organism per sample. 

Table 1. Summary of Survival, Reproduction, and Growth Rate 

Sample 

Control 

6A 

7A 

CA 

Cumulative 
Survival 

n (%) 

95 

92 

98 

94 

Mean Number of 
Young per 

. Organism per 
Sample 

n 

3.98 

3.75 

5.07 

2.24 

Mean Growth Rate 
per Organism per 
Sample per Day 

mg 

0.051 

0.060 

0.053 

0.040 

MATERIALS AND METHODS 

Chronic toxicity testing was performed in accordance with the USEPA document 
Method for Assessing the Chronic Toxicity of Marine and Estuarine Sediment
associated Contaminants with the Amphipod Leptocheirus plumulosus. 

A. Sampling 

Sediment samples were collected by CDR Environmental on 
October 18, 2006 and received at ASI on October 19,2006. Upon arrival 
at ASI, all samples were assigned a unique sample number as listed in 
Table 2. Samples were received in good condition and were stored in the 
dark at 2-4° C prior to testing. The Chain of Custody and Sample Use 
Forms are located in Appendix A. 
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B. 

c. 

Table 2. Sample Identification 

Sample ASI Sample ID No. 

Control 20061285 

06291-C-6A 20061264 

06291-C-7A 20061265 

06291-CR-CA* 20061266 
*Reference Sediment 

Sample Preparation 

Because indigenous organisms/predators were present, the test sediments 
were press-sieved through a 0.5 mm screen and then through a .25 mm 
screen. The control sediment was sieved through a 290 micron screen by 
the organism supplier, Aquatic Research Organisms. 

Twenty four hours prior to test initiation, five 175 ml replicates of each 
sample and control sediment were set out in one liter glass beakers and 

· approximately 725 ml of overlay water was added to each beaker. The 
following day the test was initiated when individual organisms were 
randomly selected and placed directly into each replicate until there was a 
total of 20 organisms in each exposure chamber. 

Toxicity Testing 

Whole sediment toxicity was assessed through a 28-day exposure with the 
amphipod L. plumu/osus. Toxicity testing was conducted from 
October 31, 2006 to November 28, 2006. 

The L. plumulosus used in testing were obtained from Aquatic Research 
Organisms, Hampton, NH. At test initiation, the organisms were neonates 
retained between a 0.25 nun and a 0.6 mm sieve. The L. plumulosus were 
fed 3 times weekly after water renewal. Per test chamber, the diet 
consisted of 20 mg of TetraMin® slurry on Days 0-13 and 40 mg on 
Days 14-28. 

Sea water from the Manasquan inlet, Manasquan, NJ was used as the 
overlay water. This was conducted as a static renewal bioassay. llrree 
times per week, 400 mJ of water was siphoned and replaced in each test 
chamber. Water quality parameters including temperature, salinity, 
dissolved oxygen, and pH were monitored daily prior to water renewal. 
The test temperature was 25°C ± 3°C. The photoperiod was 16 hours 
light/~ hours dark, with illumination of 500 to I 000 lux. 
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IV. RESULTS AND DISCUSSION 

The mean control organism survival was 95% (individual replicate 
survival of 90%, 95%, I 00% ), which meets the acceptance criteria of at 
least 80%, with no single replicate having less than 60% survival. It 

·should be noted that 2 of the 5 control replicates, Chamber 17 
(0% survival) and Chamber 18 (10% survival), were not used in the 
survival. calculations, because these two replicates had unexplained and 
isolated toxicity that was not present in the other 3 control replicates nor 
any of test sediments. For this reason, the 2 control replicates with high 
mortality were deemed outliers and were not use in the control survival 
calculations. 

The mean number of young per organism in the control was 3.98 
(mean number of young per organism per replicate of 4.89, 3.79, and 
3.25). Chamber 17 (3.50 mean young per organism) and Chamber 18 
(0 mean young per organism) were considered outliers and were not used 
in the calculations. 

The mean growth rate per control organism was 0.051 mg per day (mean 
growth rate per organism per replicate of 0.054, 0.046, and 0.053 mg per 
day). Chamber 17 (0.003 mg per day mean growth rate) and Chamber 18 
(0 mg per day mean growth rate) were considered outliers and were not 
used in the calculations. 

A standard reference toxicant (SRT) test was performed using cadmium 
chloride. The reference toxicant data were entered into a program based on 
currently accepted methods for calculating an LCso. The results of this 
SR T test can be found in the quality control raw data section along with 
the control chart. The LCso for the L. plumulosus fell within the 95 percent 
confidence limits of the control chart. 

Survival, growth rate, and reproduction can be found in Tables 3 through 
5. Biological and water quality raw data can be found in Appendix B. 
Quality control raw data can be found in Appendix C. 
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Table 3 28-Day Live Counts 

28-Day Sediment Exposure Study Species: L plumulosus 

Initial Live Count 20 Job #: 26-349 

I Sample ID II Code # ll·cbamber # I 
28-Day Live 0/o 

Count Survival 

Control 1.1 17* 2 

20061269 1.2 15 18 

1.3 5 19 

1.4 12 20 

1.5 18* 0 95 

6A 2.1 14 20 

20061264 22 6 17 

2.3 3 19 

2.4 8 16 

2.5 2 20 92 

7A 3.1 19 20 

20061265 3.2 11 20 

3.3 .4 20 

3.4 10 18 

3.5 I 20 98 

CA 4.1 9 18 

20061266 4.2 7 19 

4.3 16 18 

4.4 13 19 

4.5 20 20 94 

* Chambers 17 and 18 were considered outliers, therefore were not included in the % survival calculation. 

(See Results and Discussion section for explanation.) 
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Table 4 28-Day Summary of Reproduction 

28-Day Sediment Exposure Stury Species: L plumulosus 
Initial Live Count: 20 Job #: 26-349 

I Sample ~ Total# Young Day Live Mean # Young per 
Mean 

28 Count Surviving Adult 

Control 1.1 17* 7 2 3.50 

20061269 1.2 15 88 18 4.89 

1.3 5 72 19 3.79 

1.4 12 65 20 3.25 

1.5 18* I 0 - 3.98 

6A 2.1 14 76 20 3.80 

20061264 2.2 6 30 17 1.76 

2.3 3 100 19 5.26 

2.4 8 69 16 4.31 

2.5 2 72 20 3.60 3.75 

7A 3.1 19 16 20 0.80 

20061265 3.2 II 140 20 7.00 

3.3 4 125 20 6.25 

3.4 10 119 18 6.61 

3.5 I 94 20 4.70 5.07 

CA 4.1 9 33 18 1.83 
~ 

20061266 4.2 7 32 19 1.68 

4.3 16 65 18 3.61 

4.4 13 35 19 1.84 

4.5 20 45 20 2.25 2.24 

* Chambers 17 and 18 were considered outliers, therefore were not included in the mean calculation. 

(See Results and Discussion section for explanation.) 
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TableS 28-Day Summary ofGrowtb Rate 

28-Day Sediment Exposure Study Species: 

Job#: 

Sample Code Chamber 
Empty Pan Pan+ Org. 

Dry Wt. of Org !No. Org., Wt. (mg) per 
Wl.lml") DrY__\\IL lm!') 

. . 
Control Ll 17* 112127 1121.63 036 2 0.180 

20061269 1.2 IS 1131.75 1160.87 29.12 18 1.618 

1.3 s 1138.87 1165.28 26.41 19 1.390 

1.4 12 1132.90 1164.66 31.76 20 1.588 

LS 18* - - - - -
6A 2.1 14 1132.04 1163.07 31.03 20 LSS2 

20061264 2.2 6 1140.23 1172.94 32.71 17 1.924 

2.3 3 1136.88 117LS9 34.71 19 1.827 

2.4 8 1129.46 1153.23 23.77 16 1.486 

2.5 2 1131.66 1173.95 42.29 20 2.115 

7A 3.1 19 1134.34 1171.01 36.67 20 1.834 

20061265 3.2 11 1138.50 1174.45 35.95 20 1.798 

3.3 4 1123.12 1148.19 25.07 20 1.254 

3.4 10 1145.63 1175.59 29.96 18 1.664 

3.5 I 1133.38 1160.14 26.76 20 1.338 

CA 4.1 9 1143.61 1160.62 17.01 18 0.945 

20061266 4.2 7 1123.62 1146.11 22.49 19 Ll84 

43 16 1123.24 1147.91 24.67 18 1.371 

4.4 13 1135.62 1160.17 24.55 19- 1.292 

4.5 20 1139.93 1167.65 27.72 20 1.386 

*Growth Rate = mean adult dry weigbt - mean neonate dry weigbt (0.1 06mg)/28 
• • Chambc:n 17 and 18 wen consider-ed outliers, tberefon: were not inCluded in tbe mean growth ralc calculation. 
(Sec Results and Discussion section for explanation.) 

L plui1Ullosus 

26-349 

*Growtb ~te Mean 
mnl\ lr.: • .. 

0.003 

0.054 

0.046 

0.053 

- 0.051 

0.052 

0.065 

0.061 

0.049 

0.072 0.060 

0.062 

0.060 

0.041 

0.056. 

0.044 0.053 

0.030 

0.038 

0.045 

0.042 

0.046 0.040 

9 
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Chain of Custody 
and 

Sample Use Forms 



·7:~~ ~~ ::::-~ ... ~ ..... ~ 0'~ ~~ ·::-:~:L .. , .:·:/~~-.,it ~9 .x-· 9 ·;"-~ -~ . ~ 

. a~£~~tl~·~· CHAIN OF,CUSTODY/LAB0B.~!q.R~ .. ··AN~LYSIS::.REOUESfFORM 
· '• .In Fmplor•o · u.•n•d c""'l'""~· 8540 Baycenter Rd. • Jack~onvine, FL 32256 • (904)7J9·2277 • 'aoo·-~K7222 ·~O~~';F.AX (~~·4) 739:2011 i;'f'AG E : ·f · 0 F _ _:.I __ _ 

wwwaul~tbanin · ······ · · .:·:~·1!~:~:". :~~(. · ···.- ·' · , ....... J .. · 

.,_, ~ ~ ~ 

I'"' .• CAS Contact 

Prolotl N"f'O, 
'l.:)~u .. -t..,'~J\.,,\.;. LC.P 

ProJect Numb•r ;·ANALVSI~EQUESTED (Include Method Number snd Container PrfiBIIrvstlve) 

.. ,. 
··,;: 
:r .. · 
r=.' 

,n· 

> I 

'I . . 

Company/Address 

c h.Jl L:::"''-'l•'l-lNk;'\'- I :).flr(.l :J r ''1:' 
::: ::~>- .··:j~~ ... ..;: 

•.. ;:·.:.::·:·:.i~·i;· .• .'.· 'ffi; l·,i.;!~ ,. !/ ~-:7 
.. • . . ;i ~ f ;:· ,;• ,"; ....... . !Z 1. ...,.. v 

.<::· .. · •. , ... :8: .,-/1'._,-~_.J 
1-;P;;-ho::n:-o -::-, - .. -_..-.--... ---.,.--------.::FA"'X:-1-----------__: .':'.,,__: ·'--.-.. · ...... .;;j: : :5 :( :: -..l _,\ 

'r · .. Lt ·· •, '7 1 · II L. S · :/i.:. ; : ffi : i . \ ... - ' 
f;:S~om::pl:;:a::::, .• :-;S;;::I~:-na::,u::ra:------------+:s-.m-p,...le•-:-.,-::P7rin.,..lo7d""Na-m-o-.,, .-,---:....:./,,-.·..--"' .... '"" .. :# ·•'; .~-!If:...j·. ~ \: ;· .• t~S J!.f . 

CLIENT SAMPLE ID LABID 

SAMPLE RECEIPT: CONDITION/COOLER TEMP: 

RECEIVED BY 

161gnaluro 

Prlnlod ~~~~ J1 (.;''I •' ''··••I•'\. \. 1 
1 Pnnlod Name 

Firm 1 Firm 

Dai,ITii~ . (J t:"N\ t• tv\CC J ,. ,. 

1 Datommo 

.... SAMPLING. 
DATE. · TI~E 

... :::~~r= . 
MATRIX 

··:..·; 

S1")· .. ··, 
~-:-~~ 'i ·:. 

· .. · ·.· _,....,_. 

}'loc~J\<· .lid... l:. ··5' ·_'\ ... l . 
:-} 

.·::1·:· 

CUSTODY SEALS: 

.. .- '· RELINQUISHED BV 

t:')~· 
Signalu•o ' ..;: 

1 Printed ~amo 

'Arm 

, Da<ommo 

. =·:(,.~·-,'\c,, lf'( J ------
.. ·., 

TURNAROUND REQUIREMENTS 

--. _. RUSH (SURCHARGES APPLY) ·:, 

STANDARD 

RECUEST~D FAX DATE 
·,,·\(\·~ L . 

REQUESTED REPORT DATE 

RECEIVED BY 

.~~:, . ~: :· Slgnalurt 
-~·· ':. l· :... Prlnlodf'larr.o 

ij: ,, fl'lrrn 
;c;.• 

i'r· ,;:llliiiil'llma 
_;.• 

.I .I 
1 1 1 

Preservative Key 
0. NONE 
1: HCL 
2. HNOj · 
3 ... H2S04 
4 .. NaOH 
5. Zn. Acetate 
6. MeOH 
7. NaHS04 

B. Other 

REMARKS/ 
ALTERNATE DESCRIPTION 

REPORT REQUIREMENTS INVOICE INFORMATION 

__ I. Resulls Only 

__ II. Rooulll. ac BummarlOI I POW 
(LCS, DUP. MS.'MSD 11 rtqulrod) 

·-·· _Ill. At!UIIB + QC and Celibrallon ~ BILL TO: 
Summartea 

_. IV. Cola Validation Report wllh R@w Dela 

___ V. Speicall.r:ed Formal Cualorn Repor1 

Edala _ Yaa __ No . 

RELINQUISHED BY RECEIVED BY 

Signa It"' 

1 Prlnlod Namo Pr1nlad Name 

Finn .· 1 Firm 

1oate. mo D•to!Timo 

I 

Distribution: Willie • Rolum lo Orlglnalor: Yellow • Lab Copy: Pink : Rolalnod lry Cllenl '( SCOC-01/12i0G-07 

.. 
~. 
~i: 

~ 

~ 

'i 
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AQUA SURVEY, INC. 
SPECLlLSTUDIESDEPARTNLENT 

SAMPLE USE FORM 

Job#: 26-349 Client: ~C;:::.D"'"'R:....._ _____ _ ASI Sample #: 20061 u. '-( Sample ID: D' Z9 ( -C- c;·A 

SEDIMENT CHARACTERIZATION 

Odor: -~ 

HOMOGENIZATION/ COMPOSITING/ AMENDING 

Method Used: DriiJ mixer Duration of Mixing: _-..::5~m~in:::::s::.__ ____ _ 

If Composite, list all constituent ASI sample #'s: 
(Also provide the amount of each sample used, of the number of cores) 

Total Sample Volume: / ~ Date/ Initials: 10111 106 

ELUTRIA TE PREPARATION 

Water used: site dilution other: ___ _,N'-'-'-'-/A~----------------

Water Volume Used: _ _;..N=/A,_.__ ____ _ Sediment Volume Used: --~N""'/A'""------

Mixing Duration: __ _,N'--"-=-1 A"------- Date/ Initials: N/ A 

RECORD OF SAMPLE USE 

DATE AMOUNT AMOUNT 
USED REMAJNING USED FOR INITIALS 

10/ ;tt /06 JL... ~L Chemistry =;]> 
"10/ /06 Testing 
10/ /06 Archive 

A-2 
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AQUA SURVEY, INC. 
SPECIAL STUDIES DEPARTMENT 

SAMPLE USE FORM 

Job #: 26-349 Client: CDR 
~~~------------

ASI Sample#: 2006 ll~s" Sample ID: {)67fH -C- -f/1 

SEDIMENT CHARACTERIZATION 

• } Color._ ~ 
Consistency (sandy, silty, clayey): ______ c.A·= 1~=.!<_\.;J--1--·_ ~~~~=:.=.___:~..:....:._.::....::..._ ________ _ 

~l {/ 

Odor. ·~~ 

HOMOGENIZATION/ COMPOSITING/ AMENDING 

Method Used: Drill mixer Duration of Mixing: ---=5-=mm:::·::;:s::._ ________ __ 

If Composite, list all constituent ASI sample #'s: 
(Also provide the amount of each sample used, of the number of cores) 

Total Sample Volume: /~ Date/ Initials: 101/'1 /06 11> 
(I 

ELUTRIA TE PREPARATION 

Water used: site dilution other. ______ _.N'-"/,_._A...__ _________________________ _ 

Water Volume Used: -~N,_./A....__ _____ __ Sediment Volume Used: --~N~/A_._ ________ __ 

Mixing Duration: ----"N~/~A,_ _ _____,,__-- Date/ Initials: N/ A 

RECORD OF SAMPLE USE 

DATE AMOUNT AMOUNT 
USED REMAlNING USED FOR INITIALS 

10/ [j/06 IL- 3L- Chemistry it> 
10/ /06 Testing 
10/ /06 Archive 

A-3 
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AQUA SURVEY, INC. 
SPECIAL STUDIES DEPARTMENT 

SAMPLE USE FORM 

Job#: 26-349 Client: --=C=D..::.;R=------- ASI Sample#: 2oo6 rz.-1~' Sample ID: 0&:21 ( -cJL- C8 

SEDIMENT CHARACTERIZATION 

Color: --.:::..~ ___ :rz.,w, _______ _ 

Consistency (sandy, silty, clayey):_· ----~~·~---·---i'-----..!fd.:ui-~:.__.=...;tf--. _,_t:w-_~ _ _:d=---:::::..l..-----
-r/ 

HOMOGENIZATION/ COMPOSITING/ AMENDING 

Method Used: Drill mixer Duration of Mixing: ----=--:..::.5-=m=in=s=-------

If Composite, list all constituent ASI sample #'s: 
(Also provide the amount of each sample used, of the number of cores) 

Total Sample Volume: /~ 
' 

10//~ /06 Date/ Initials: 

ELUTRIATEPREPARATION 

Water used: site dilution other: ----"-'N,_./A'-'------------------

Water Volume Used: -~N=/A......_ ____ _ Sediment Volume Used: --~N=/A,_.__ _____ _ 

Mixing Duration: __ _;N~/~A=-------

RECORD OF SAMPLE USE 

DATE AMOUNT AMOUNT 
USED REMAINING USED FOR 

I 0/ )lj /06 II.- - J L- Chemistry 
IO/ /06 Testing 
I 0/ /06 Archive 

Date/ Initials: N/ A 

A-4 
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AQUA SURVEY, INC. 
SPECIAL STUDIES DEPARTMENT 

SAMPLE USE FORM 

Job #: 26-349 Client: ~C=D=-=R,___ _______ _ ASI Sample#: 200v /c21/1 Sample ID: _,fp..c..!.:trikJ=""----

SEDIMENT CHARACTERIZATION 

Odor: ·-%AJ · ~ Color: --+~-~-----<1-=J:..Uw_.;;.___c__ ___ _ 

Consistency (sandy, silty, clayey):-----"~""""-!!· >=Jf-''-~"""' ~~==+-------------

HOMOGENIZATION/ COMPOSITING/ AMENDING 

Method l)sed: ___:.kJ=...!=:...---- Duration of Mixing: - 5 mins 
-~==~------

If Composite, list all constituent ASI sample #'s: 
(Also provide the amount of each sample used, of the number of cores) 

Total Sample Volume: ... [joJLon Date/ Initials: l 0 ,M-1/ou;/ 

ELUTRIATE PREPARATION 

Water used: site dilution other:--------------------

Water Volume Used: Sediment Volume Used: ________ _ 

Mixing Duration: Time to Settle:------------

Centrifuge (if necessary)/ Time (mins)/@ RPM:----------------

Elutriate Prepared By (name/ date/ time):-------------------

RECORD OF SAMPLE USE 

DATE 

lt7h1/ 
I 

AMOUNT 
USED 

AMOUNT 

RE~G ~U~S~ED~F~O~R~--------------

Lldl!J Jhdfj 

A-5 
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Appendix B 
I'· 

'f: 
Leptocheirus plumulosus 

~iological and Water Quality Raw Data 
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.Job#: 26-349 
Client: CDR 

[ Day-+ 
Chamber .J, 

1 

f 2 

3 

[ 4 

5 

t-
6 

7 

8 

[ 9 

JO 

[ 11 

12 

13 

[ 14 

15 

[ 16 

17 

( 
18 

19 

20 

[ Initials/ Date 

l 
( 

[ 

[ 

[ 

[ 

Aqua Survey, Inc. 
Special Studies Department 
Live Count/ Reproduction 

Organism: L. plumulosus 
Test Start Date: I 0/31/06 ------

0 28 
Live Count Live Count Reproduction 

V> _!){) f./1 
l-o :)0 jj_ 

l,o Jq lCV 
1o J.o [JS 
-w ~~ "7J.. 

2..-o II 30 
z.o Jq ~J. 
Lv Jl_, fpC( 
2.o itJ 33 
l.o ld" itlf 
2o J_() 'LID 
Lo clO fob" 
-z..o Jq JS 
l.o :J__D 7& 
Z-o ,~ ~~ 
1.o l~ {p~ 
2o ;2 7 
w C) I 
w JO ·I& 
h Jo 4S 

j(. JofJi/~' ~~~ 11/Jgjor.. - ~ 

B-1 
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26-349 

[ :lient: CDR 

{ 

[ 
·-· 

c • 

[ 

Sample 

Control 

CIJ 
&4 
111 

Initials/ 
Date 

Sample 

Control 

(!I/ 

til 
?-/l 

ASI# 

iiJ.CO& ir1t/f 

0Jlti1Lfr 

:ltJX; JJ v.J-

lmiJJJlrS 

~ !I.JI/{1; 

ASI# 

dtl!Y/:2Uq 

lri ffl/d-JJ '" 

idm"uJA-

JiJJ.L.JJ6 

Temperature 
oC 

dStJ'C 

al4. 9'C 

olSOt 

u/5. ()'( 

fih,Jcv 

Temperature 
oC 

oJ4-.q 

d.:f. I 

d4f 

r)il.( 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

Initials/ 
Date llfk I!J ·1kw ~jJ;~ 

Aqua Survey, Inc. 
Special Studies Department 

Water Quality 

Organism: L plumulosus 

Test Start Date: 10/31/06 

Porewater 
INITIAL (Da}' 0) FINAL IDav 28_l 

Salinity pH NH3 Temperature Salinity pH NH3 
ppt m!YL oC ppt me/L 

l4.o 14 31."1 25o v-~ 7.'-/ /. b<f 
z~.o 

7:~ '-/.5-L -z_Lf,c., ~o.{ -,,z., lL' 1).$"0 
~ 

lfo.) 
l!J 1-JJ 2- 't ,) 1P-3 7.' L,·o.)v 

tb.~ "'14 ~·l~ ~'-(.( liJ·J -, .\ Lo.:JO 

JL tl~) 
..)l J"' )<- jl ,~ >- >u 

to/~~~~ - ~ 1/rk 1..:./J•I<> i. 11\1>1\tb ,\\'t"o\0 b I\\ 1\ ~ ,,It-~\ v 

Ov I er ay 
INITIAL (Day 0) FINAL tDay 28}_ 

Salinity pH NH3 Temperature Salinity pH NHl 
ppt m!YL oC ppt m2/L 

; 'i. 0 l.q Lf. b ~ ~~.t.o 20-b 7. 'i (.6-)?J 

2o. \ f.O Lo-)1) 7.-'1.'7 LO.' 7.8' (o.;o 

I.o. '-( 7.9 f.](, ~~.7 2o.~ 7-Y Co.)o 

]..0. (, ;.q o.s-s ~f.() 2o. :> 7-r C.o . .)S 

.JL $/a, H. }'- j-c .. H .. Jr 
ic;{J•Ic~ l•inj~•- ttlnlut •1\"tt}cc. fll'l.f-1>' " 1..,-,..Jcb 
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Job#: ....:2::.::.6-...;;;..34-'-9 __ _ 
Client: CDR 

~----

Aqua Survey, Inc. 
Special Studies Department 
Feeding and Exchanges 

Organism: L plumulosus. 
Test Start Date: I 0/31106 

---'-'-~"'-----

To be .,.,.-;-.,,IU.,.,: i'Yfuuuay. \\' ~ ~ 1y. and FridavONLY 

Day Date Exchanges Feeding Notes 
Manasquan- 20±3ppt Tetram.in Slurry 

(400mL) (lmLDays!>-13-lD.., ~ 
It~ Days 14-28} 4D~<~~~ 

(Time/ Imrials J (Time/ Initials) ~ . 

0 
1 /oi.JJ/o, - - lnl 

I 
'II• I"' 1530 ,lC.. i54S J(... ~ 

2 111/oi)ou - - ~ 
3 lll/4a., 17·2o PIVI t7 3 o f M lr 

~ 

4 llif4lov - I~ -
5 rur~l~ - -
6 if!JM~i }loo .Jt I 7Jo J(_ ~l 
7 ill"> I:..( - - ~ 
8 IJj /c;-/~<l 13 L-J 0 .)(.. Jt-{Ou J(. ~ 
9 Ill~/'' - - ·~ 
10 

II flo/~ ltSJI-.S' fl nro tJ (!I 
II I J/J;/r.;~ - -7 
12 

Iii Jni~ ·- - (' 

13 
'1/d/Jt 13)0 ... \!...- iJ~1.:, .jc:.. .. lc 

14 
. 111•1 t<=k - I J (_ -15 lli·.Jf 0

' I 1.{ I ~-- JC. 1'1 3& .)<.. J'--
16 

ll litJ \o~ - - I~ 

17 111\nlvl Dt; ~ ~ JL dlJL? JL rJl-
18 !JI/,~/o4 -- ~ jc 

19 IJJ}t7/'i)b - -· JL 
20 11a~1 'i I J'O 0 JL IIJD Jc Jc... 
21 flu l()l 1 ee·- - I 

'000'- .J<.. 

22 
ll//li..}-:>C. JoocJ JC /01~ ~ <. J'-

23 
liliZ.:!>\ o(. -- ..)L 

I 

-
24 ~\\&'ilr.J. \~.)0 J(._ lito -.)( JL 
25 ,lllJl'\d· - J(_ -
26 

1111 "\,I.' I b -· - ..l(._ 

27 tf ;>;1 j ct' 113o J_·q;, \\3~ ;f'J- JqJ- B-3 
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Job #: 26-349 
Client: CDR __::_;___:____ __ _ 

Aqua Survey, Inc. 
Solid Phase Readings 

Bioaccumulation Study 

Test Start Date: 10/31/06 

Key: 0= Dead S= Surface/Swimming 

Day=> 15 16 17 18 19 20 21 22 23 
Chambertl 

1 IV N rJ AI )./ ~/ ).) rJ (1) 

2(1} /J tJ J..l !l It) .J,J rv n.J 
3(11 N rJ A/' .11~' (\) J.J (V v 
4 11; IJ (1/ jl AI /l) .0 N tv 
5 /); N (1/ !l ,if Ill ~ (\/ N 

6 Ill IV 1\) fV· /II 1; Jj 
(1/ Ill 

7/11 JJ rJ /II ill /lJ }J N 111 
8 iv tJ 1\1 tJ !/ I)J JJ 1\/ (I) 

9 N N jl/ IV' A/ (V A) rV rJ 
10 ('/ IJ ILl JV IV 'V .AJ N Ill 
11 [()/, tJ (\) /II II tJ .() nl (1/ 
12 jV ~ .11/ /If fil 1\1 } . .) ,v Ill 
13 IV tJ 1\} AI jl/ jll A) 1\1 ;J 
14 tJ tJ (\/ Jrl Ill Ill A) IV /'I 
15 i;J tJ tV ./v· Ill 1•/\/ !J (1/ rJ 
16 If\/ tJ rJ j../ /I IV JJ (\} rl 
17 rv N {)/ /:I ,v /1./ 'rJ /v rJ rJ 
18 rv tJ f\/ ./v AI rJ IJ (1/ tJ 
19 1\) IJ rV /tl' A) 111 A J ()/ rJ 
20 (I) tJ rJ ;v ;1/ (V ,.._; rJ rJ 

Initials/ )'-' {\p< 1//J~o/ft; ~l,,l\Jt J~h,g ~ jL,.. • ~~ ttv(d- .)(.. . tf.. .J«... . ~· 
Date ;,\. I \l ,, .lhP\ .~t~;lw ilf'l-\ It\ J,')\ 

' . 

Parameter: Observations 
Organism: L plumulosus 

N= Nothing Unusual 

24 25 26 27 28 

{\.) J (IJ }J IV 
(\./ rV tJ ./J ;V 

ll/ N t1l tJ t/ 
tv' (1/ Ill tJ A/ 

/\/ IV N A) N 
IV It/ ll/ tJ rV 
;V '11 tV AJ N 
IV rV 111 AJ IV 
IV tV Ill' tJ IV' 
tV ;v /// 0 .V 

;V r/ 1/1 IJ /V 

~ -11' Ill fJ tv' 
tV IV' /11 tJ tV 

;V IV v rJ ,.; 
rV (\/ 1/1 .JJ N 
;V tV ;!/ IJ (V 

It/ /\/ tV tJ IV 

rJ tv' tv rJ ;V 

rJ v IV 
tJ {\/' 

N tv' tv' (\) 
}J 

Jl }l 
;tl t ;I 

)l . 

1\ \Lf\el 
J'-
jlhJ .. }•j. IJl! Mds 

l"" . 

"'vN 
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Aqua Survey, Inc. 
Special Studies Department 

Observations 

Job#: 26-349 Organism: L. plumulosus 

Client: CDR Initial # of Organisms: _1Q_ Test Start Date: 10/31/06 

Obeservations Key: D= Dead S=Surface/ Swimming N= Nothing Unusual 

Day-+ 0 1 2 3 .4 5 6 7 8 9 10 11 12 13 
Chamber.J.. 

1 tJ {l) rJ rJ N N lfl/ rv fV IJ N v ;\/ ,..; I 

2 N rJ hl hl ~ N . 'tV r.J tV 
1J tJ /V j\) J.) 

3 (II tJ IJ ll tJ AI IJ/ (V f\1 JJ tJ )/ jJ /V 

4 r./ {\) tJ tl rJ rJ 111 tv (1/ hl N /J /II "" 5 /\.) ;J tJ ~ rJ tJ 11 .N N /J tJ N AJ /1) 

6 N (1/ tJ M N Ill IV ;V N ~ Ill .tJ ;V 
7 N f\J tJ rJ ~\ N 111 N N tJ N N N ,;-/ 

8 IV Ill tJ l-1 .N tJ IV (ll /11 N N (I) ljiJ .1f 

9 f\1 N tJ N rJ N IV /V fV tJ IJ ;J 1\J # 
10 tJ tJ k tJ IJ N IV /11 N tJ J\l N }J tJ 
11 rJ {II ~ tJ ~ N IV # (II ~~ tJ rv N IV 

12 tJ t/ ~ rJ w N ILl /II ;J N N A' I'll .~ 

13 N N N ~ ~ N /( (1/ # N tJ r-..l i1l ~ 
14 II\/ fLI tJ ~ JJ N 11 N tV IJ tJ tJ i;V -~ 
15 tv' /II N N N N ill 1\1 tJ tJ tJ 0J IAJ: ,A/ 

16 f\) tl rJ IJ tJ IJ IY IV ,J tJ N [\ IN t/ 
17 Ill (II tJ N N N IV tV ® tJ N t~ A/. -~ 
18 tJ tV N '~ rJ N IV' /./ tJ 1J N N IV A./ 

19 1\1 N rJ N I~ N tJ tJ tJ IJ 7J IN~ /1/ 

20 ,..; tJ ~ N tJ ~ (V tJ "' N tJ tv N tJ 
Initials/ IJG h. I~ ,l ftldtt~ 

) 1.- •• . .t X ~h/o~ ~~~~~ PI" f,M. )(.. 

.I lrluMe~ I j, rl/1 rc( Ill.,.,,!. 1 1/JIIcrt "11/1?(~ Date ,J.. . al\ L ,,,.,;~. 

B-5 
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tJ 

rJ 
;J 
;J 

A/ 
;V 

!1/ 
11/ 
y 

Vt./ 
tJ/ 
Ill 
It/ 
;t/ 
/1/ 
f1!_ 
l;t/ 

./l/ 
;v 
~ 
.)t. 

1/fd.l~ I<> 
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Aqua Survey, Inc. 
Special Studies Department 

Weight Data Form (Day 28) 

Job #: 26-349 · Client: CDR Test Dates: lb/31- ilj;yjov 
OrEanism: L plumulosus A.2e ofOrganism:fd.ruk/ J.k.m /..15';/b ~nm ..fr'-L n Initial #/ Rep: 20 
Weigh Date: u/n •<d I1/J4rJ.J Oven: # .)_ Oven Temp C'C): 70 Drying Time (hr): 24 

Wt. orPan+ Mean Wt. Per 
Wt.OfOven · Oven Dried Dried Wt. Of Number of Surviving 

Dried Pan Organisms Organisms Surviving Organisms 
Chamber# (me.) (me.) (me.) Ore,anisms (me.) 

1 /L33·,_~3 (l{.:(),j~ \ Jo \ 
2 113i.lR& 11'13.96 \ JO \ 
3 I/3£R. 8~ I 1"7 I. 5c:1 \ Jq \ 
4 ll Q3. I ;2. 114-I. ict \ ol-0 \ 
5 II ~. S'7 Jl(v6. ;)~ \ Jq \ 
6 \140. J-3 i l'7 9.(14 \ Fl \ 
7 IIJ3 .. ~Q. tl'JlR. il ,· .. \ ,q \ 
8 . II Jq.4u, llb3~J3 \(;J /IJ ViJ 
9 11 4 o~lY t · lll_uO.l.Pd.- \ 18 \ 

10 1146. (a1 117!5 . .59 \ IK \ 
11 if :3~~ 50 117 t./-. t4-!5 \ <10 \ 
12 ' jj·~J.90 /lb'-1 .GLP \ J_() \ 
13 J i b6. GJ. ll(cO. il \ Jq \ 
14 \13Q.Otf 11&3-0'7 \ /)0 \ 
15 11~1./5 II f.sD. ·~7 \ I~ \ 
16 IIB3.:J1- llt.f'7,q/ \ n \ 
17 llc2l-b27 II Jt.Lc0 \ ~ \ 
18 IJ?k.~4 ---- \ 0 - \ 
19 i 1..34.'?lt I ( l /,0 J \ JJJ \ 
20 

Initials/ Date 

ll·~q .Cl 3 
dl?};l 11/~~/ciiJ 

iltil.lJ7 

t/34. 53 

11/q. J(1 
J0a ; 1/z¥/D(y 

11£27.(.;6 
J.fJ} u/!.cjo(v ,"i. A. 

ii41Jt7 

113tf. L/2-

lll q. ).:? 

cl J'j.l II J 3c. I 0 (.;1 

\ JO \ 

rfrl; l!}z)(/.~ N. rL 

B-6 
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DATE: ioladrL 
TEST JOB#: 

TEST LOCATION: 

TEST SPECIES: 

AQUA SURVEY, INC. 

CULTURE ORGANISM DISTRlBUTION FORM 

IN-LAB [ J ] 

L . o}llmuJooLE 
I -

CLIENT: 

FIELD [ ] 

TOTAL NUMBER ORGAN SIMS TRANSFERRED: 9co+-
AQUA SURvEY, INC. CULTURE LAB INVESTIGATORS: 

A. ORGANISMS 

CDL 

1. ASI CuLTURFJ HOLDING UNIT: /._I_,___M:::...J-TLa....._.l-'-'lo=n.!.__..!.-/-u-J-=-.....:;:.=.._ _____ _,__ 

2. RECEIVING LOG#: ----=J~{;!......----=0:::._!;~!..0-g~------------

3. CULTURE LOG#: -=dh-=------=0~/....!<:0.ug---'-----------

4. AGFJSIZEINFORMATION: ~d ~ ~ ~-ol-5'; t}.I.Pmrn ~ 

B. HOLDJNG [ J ] WATER PARAMETERS 

1. TEMPERA TUKE: 

2. SALINITY: 

3. WATER SOURCE: 

B. TRANSFER CUSTODY & TRANSFER 

1. LIVESTOCK RELll'lQUISHMENT DATE: 
TIME: 
BY: 

2. LIVESTOCK RECEIVING DATE: 
TIME: 
BY: 

3. CULTURE SUPERV1SOR OR SENJOR TECH. INITIALS: 

REMARKS: 

B-7 
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..=====================================================================~ 

AQUA SURVEY, INC. 
CULTURE DEPARTMENT 

Receiving Log #: """'cl!J==>oo:....~---=-~-"K'"'"'~'-----
Shipping Carrier: 5J_ f/_ 

Species: [. du.ma/aw,s 
I IJI111 

Organism Receivinr: Form 

Date: /~ k dota 
I 7 

Number Shipped: --~L.:.fj)=---'.J,----'-------'---

Livestock Source/ Shipper: If 1\.A-/ 
--~~--------------------------------~-----

ASI Order Ref. Date: ASI Order Ref. Initials: 

Age/ Characteristics &fa..UuJ k:Jwu.n tL d. JS."b.f., ~~-offl ._WLLI 

Taxonomic Verification Log#: cfb ·IJ~ Date: _.u_lltpJfc.....,1rp<{o~'{;::__. _____ _ 

Receiving Water Quality ParameterS' 

[ 

0.0: 

~~ 
&:'{'j/L 
Hardness /7. Rl'frt 

Temp.: KJ C --=-----=-- pH: 1.:[ 

Alkalinity: JcltJ 

{ Water- ~Cloudy 

r ICE: "='"~L----

Container Size: (1) lcrJlidl 0,~ 
v 

Type of Packing: l PJ:ya-/?a_;n &t 

1 Observation/ Condition of Livestock: (l,Q{JetfL tlr.:/ I ~77~=-~j~~~-----------------

~~-------------
[

. Receiving Tech. Initials: ;/ 
~~ ~ -;r-4-- Supervisors Initials: -;1-'-'f----------

[ 
~ 

[I 

[I 
[ ' 
I I 

[I B-8 
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r· Species: ~- fJ/LJ.J7U; /OSIJ.£ 
Receiving [ 1 Culture [ ] 

[ 

[" 

[ 

r 
l 
[ 

[ 

{ 

[_ 

[ 

l 
[ 

[ 

[ 

[ 

[ 

Test Job#: r:21J ,..34q 

Date Day Number TempffiO 

lo/nJo~ I /1.3(] 
K.A'% 

~f.~ 

Jo/;_7jtJ& I i631J 
1/0·(.;_ 

14~<~v &.-
n.gc/1 

g',l 

loP'1/o& 3 ,g.r-~~p.3 

·'1~ 4 i.trll.f'~ 
6-:3 

JO/JI/ift .s J./.r·e;t.l-

AQUA SURVEY, INC. 
CULTURE DEPARTMENT 

GENERAL SPECIES STATUS LOG 

Log#: l&- b~t 
Client: {'/)/(_ 

NHJN02 pH (Sal.i)Hardness Alkalinity 

0/0 
'-.,_/ . 

Jc20 1-J 17. r2 

- - - -

o/o '/.0 itt. (p /tip 

ojD ~.1 Jo:z, t :Ju 

/. D /O :Jb J~. f( lc2o 
o.so/0 7-1 r1J. -:; II.(. 

; 

Dates: Mlnjfh- 16/b!}ov 
Initial Stock@: '"'"'=9«1~~ ~-
Food Type: · (jiY7'..._~ 

Mortality Remarks/ Initials 

ff .J/aricl ac:dur;# .. lian 
j 

- / 
¢ hJ_ {je1J :::2ci0tJ 1!5'/- n,p f 

f 

d if11 , z~~~Uc~ 

If 
r 

::Tok.f d 
,A 

B-9 
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R Aquatic Research Organisms 

DATA SHEET 

Organism History 

Species: L L f 4.~ C-~ ;(o"?, p/ vrf\u t't>~U ~ 
I 

Source: Lab reared V . Hatchery reared. __ _ Field collected. __ _ 

Hatch date.___..:O::.-.L.,?,/,_~0--=b::;....· __ _ Receipt date. ______ _ 

Lot number I 0 2 ~ 0 t L P Strain ----------------
Brood Origination __ C_~...:....o....:;;..._(/'\--r-0 _c_~t._k_c, __ _;_B_ ......... Y __ _.:\!:......At.....__ ________ _ 

I 

II. \Vater Quality 

Temperature._Q_3_oc Salinity /5 -I~ ppt DO~ 
pH 8.0 Hardness /JA ppm 

III. Culture Conditions 

System: _ _..:5~· _w _ _.:c;::-fL:' 0\..:...Jjc....:.;-=(.-=--r {..,_'i\.:....::e.;:::::.w.:...:__~:....:/ _______ _ 

Diet: Flake Food V Phytopl_anh.1on __ _ Trout Chow f 
Brine Shrimp ___ _ Rotifers. __ _ Other _____ _ 

Prophylactic Treatments: _________________________ _ 

Comments:. __ <::....:.'-=O....:o:...__
1
..,...'. _>.£.._~3~0:..-iD.L.-!:...M=.!.M.:.L-______________ _ 

IV. Shipping Information 

Client:_:.....A~ql4-u.:::!..· "'-:.__-=5-=u_r....:....v_.:cv:...._____ #of Organisms: 9 0 0 f 
Carrier: · ~d f'...,<. Date Shipped: I o j''J.(/o~ 

--~--~~------ ~ I 

Biologist: 

"1- 800- 927- 1650 
PO Box 1271 • One Lafayette Road • Hampton, NH 03842 • (603) 926-1650 B-10 
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Appendix C 

Leptoc!Jeirus plumulosus 
Quality Control Raw Data 



Control Chart LC50 Values, Acute SRT With L. plumulosus (ASI Organisms) 

1.8 
)( )( 'I( )( )( )( )( )( )( )( )( )( )( )( )( )( 

I 

1.6 
)( 

1.4 

E 1.21 
·= E 1 J 

J 0.8 ~ 
Ol I 
E 0.6 -i 

0.4 ~ 
0.2 J 

0 
I 

--1 

1 3 5 7 9 11 13 15 17 19 

Test Number (Updated 11/2006) 

(-+- LC50 -a- Mean LC50 Lower 95% C.L. --*--Upper 95% C.L.) 

() 
I 
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[ 

[ SRT 

[ 
Prep sheet for Saltwater amphipod SRTs 

Stock Solution 

r Add 250 milligrams of Cadmium chloride to 500 ml 6f Manasquan water. 
This will give you a 250 mg Cadmium/L stock solution. 

I 3 replicates per concentration 
250 ml per replicate 

[ 10 organisms per replicate 

Ampelisca abdita 

I 
Concentration (mg/L) Stock (ml) ·Total (ml) 

0 0 750 
"0.24 0.72 750 Salinity 28 +/- 2 ppt 

[ 0:48 1.44 750 Temp. 20 +/-2 c 
0.86 2.58 750 

1.5 .4.5 750 

[ 2.8 8.4 750 

Eohaustorius estuarius 

[ Concentration (mg/L) Stock (mL) · Total (ml) 
0 0 750 

[ 
2.5 7.5 750 Salinity 20 +/- 2 ppt 
4.5 13.5 750 .Temp.;. 15 +/- 2 c. 

8 2--1 750 

f 
14.4 43~2 750 

26 78 750 

[ Leptocheirus plumu/osus 
Concentration (mg/L) Stock (ml) Total (ml) 

0 0 750 

I 0.3 0.9 750 Salinity 20 +/- 2 ppt 
0.55 1.65 756 Temp. 25 +/-2 c 

1 3 750 

[ 1.8 5.4 750 
3.2 9.6 750. 

[ Rhepoxinius abronius 
ConcBntration (mg/L) Stock (ml) Total (ml) 

[ 
0 0 750 

1.2 3.6 750 Salinity 28 +/- 2 ppt 
2.2 5c6 750 Temp. 15 +/- 2 c 

[ 4 12 750 
7.2 21.6 750 
13 39 750 C-2 
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Start Date: 
End Date: 
Sample Date: 
Comments: 

Cone-ppm 
Control 

0.3 
0.55 

1 
1.8 
3.2 

Cone-ppm 
Control 

0.3 
0.55 

1 
1.8 
3.2 

11/1512006 
1112912006 

1 
1.0000 
1.0000 
0.4000 
0.2000 
0.3000 
0.0000 

2 
1.0000 
1.0000 
0.4000 
0.5000 
0.2000 
0.0000 

Mean · N-Mean 
1.0000 1.0000 
1.0000 1.0000 
0.4000 0.4000 
0.3500 0.3500 
0.2500 0.2500 
0.0000 0.0000 

Auxiliary Tests 

Acute Amphipod-96 Hr Survival 
Test ID: 26-349 Sample ID: 
Lab ID: ASI-Aqua Survey Inc. Sample Type: 
Protocol: EPM 91-EPA Acute Test Species: 

Transform: Arcsin Sguare Root 
Mean Min Max CV% N 
1.4120 1.4120 1.4120 0.000 2 
1.4120 1.4120 1.4120 0.000 2 
0.6847 0.6847 0.6847 0.000 2 
0.6245 0.4636 0.7854 36.430 2 
0.5216 0.4636 0.5796 15.723 2 
0.1588 0.1588 0.1588 0.000 2 

Statistic 
Normality of the data set cannot be confirmed 
Equality of variance cannot be confirmed 

Trimmed Speannan-Karber 
Trim Level ECSO 95%CL 

0.0% 0.7355 0.5934 0.9116 
5.0% 0.7137 0.5632 0.9044 

REF-Ref Toxicant 
CDCL-Cadmium chloride 
LP-Leptocheirus plumulosus 

Number 
Resp 

0 
0 

12 
13 
15 
20 

Critical Skew 

Total 
Number 

20 
20 
20 
20 
20 
20 

Kurt 

10.0% 0.6901 0.5315 0.8961 1.0 .,.----------+-----'--, 
20.0% 0.6342 0.4594 0.8755 

Auto-0.0% 0.7355 0.5934 0.9116 

Paoe 1 ToxCalc v5.0.23 

0.9 

0.8 

0.7 

:0.6 
1: 
g_ 0.5 
II) 

~ 0.4 

0.3 

0.2 

0.1 

0.0 +--.--.....,--r"'1,...,...,..-r---r-.....-T""T"T'T"'-rl 
0.1 10 

Dose ppm 

C-3 .#-
Reviewed by:~ 
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l Aqua Survey, Inc. 
96-Hour Reference Toxicant Test 

( Client: Ci>l. a-- J4-l Start Date: tt.{t!e (Db 

/(;!iJ 
[ 

(" 

r 
I 
£ 
[· 

[ 

[ 

( 

[ 

[ 

[ 

I 
[ 

[ 

Toxicant: 

Species:. 

Test Volume: 

Sample 
Concentration 

(mg/L) 

Control A 

Control B 

€oncrote 

-o. 3 A-

13 

o~ Ss A 

i?> 

f;o. A 
.. T? 

1/. S' A 
i? 

~. ;2. A 
..., 
\) 

. -

1 .. 

-

- ·-·. ·-

Date/Initials 

Cadmium Chloride 

L. P ~·'"" ~ li)J,.&AJ 
' 

'cl ::;-0 ''""' ( 

Ohours I 24 houfs 

jb /0 

{tJ /0 

/D /0 
/0 /0 
/0 /0 
/0 /0 

/0 /0 
/0 10 

.jtJ /O 
jtJ /0 

/0 tO 

/0 q• 

Nj&jdJ J! J'ift/d..>!!l 
I 

Start Time: 

End Time: 

Water Bath: 

Live Counts 

I 48 hours 1 72 hours 96 hours 

/D /CJ /b 
10 /0 . /0 

/0 /Q /0 
/0 1-0 /0 
/0 c;' 4-s 
/0 JK> 4-c.; 

/0 -~ <{ /1 
/0 G'lf j' 

/0 s-s-
I 1a. 

/D L/ (." J)_ 

/D 0 iD -
q 0"' -

li/4~ lf/?/,Q(; 
r,"Vl 11/l!;t 

I 

C-4 
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DATE: · Loladt:£ 
r 1 

TEST JOB#: 

TEST LOCATION: 

TEST SPECIES: 

AQUA SURVEY, INC. 

CULTURE ORGANISM DISTRIBUTION FORM 

IN-LAB [ .J ] 

L . o}JunulooLE 
I . 

CLIENT: 

FIELD [ ] 

TOTAL NUMBER ORGAN SIMS TRANSFERRED: 9m+-
AQUA SURvEY, INC. CULTURE LAB INVESTIGATORS: 

A. ORGANISMS 

I. ASI CULTIJREI HOLDING UNIT: 1 . ..:...1 -..!./!!....~ .::tJ.Qaul~lofJ.l.n..!...._.!.-fuJ_....::::::...:~------'--
J 

2. RECEIVING LOG#: -~c2=~~,~0=· ~u::.·&.__ ___________ _ 

3. CULTURE LOG#: -=&h-=--_!:O:...L/~0.u.8----'c.___----------

4. AGFJ SIZE INFORMATION: ~d iJdwu...n o.. ~.oZS'; /}./; mtn ~ 

B. HOLDING [ 1 i CULTURE [ J WATER PARAMETERS 

I. TEMPERATURE: Jd,gc(_ 

2. SALINITY: Jb.l-fl-

3. WATER SOURCE: Mw ar ~p-L.Cifi 

B. TRANSFER CUSTODY & TRANSFER 

I. LIVESTOCK RELINQUISHMENT DATE: 
TIME: 
BY: 

2. LIVESTOCK RECEIVING DATE: 
TIME: 
BY: 

3. CULTURE SUPERV1SOR ORSENJOR TECH. INITIALS: 

REMARKS: 

C-5 
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AQUA SURVEY, INC. 
CULTURE DEPARTMENT 

0.-e-anism Receiving Form 

Receiving Log#: -""'Ji;=--'· d~'6K....__ __ _ Date: /~ k zlotv 
I 7 

Shipping Carrier: Q £j_ 

Species: L . oJuma !tJw,s 
I 

Number Shipped: --~L..::W~~-------

Livestock Source/ Shipper: _L!.Jl...!_'JJJ=-------------------------

Water- ~]Cloudy · 

ICE: ...,_ciJN~--

ASI Order Ref. Initials: 

Date: ----Lt.>qJd/~"1~/ou~-----

Receiving Water Quality Parameters 

Temp.: K! C 
-~-=--

o!o pH: 1.{ 

Alkalinity: Jc20 
Container Size: {1) / Q--JUUI rhi4r:/ww 

IJ 
Type of Packing: l rty(!lk.JY) .Lh.G 

[1--------------
[ Receiving Tech. Initials: -lq---

11 

l i 
[I 

£, 
[ 

II 

[I 

Supervisors Initials: --"'.df-------
;1 

C-6 
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I. 

H Aquatic Research Organisms 

DATA SHEET 

Organism History 

Species: . L ~ f 4.u G~ ; ("O~ 
Source: Lab reared V Hatchery reared. __ _ Field collected. __ _ 

Hatch date._· o::..:... J....,r/~o~b~-- Receipt date. ______ _ 

Lot number I 0 2& 0 l LP Strain ·----------
Brood Origination __ C_~....:....t..S....;:_.IJ'.-¥-O.,.::.c...:....tt._k_c._..::..B_ .......... Y_......:\;~A!..-..:.. ______ ---' 

I . 

II. \Vater Quality 

Q~ , 
Temperature.-'--_..,_°C Salinity 15 -I b ppt 

pH 8.0 Hardness NA ppm 

III. Culture Conditions 

system: _ _.:s~· _w_--='b~t!.,_' o...__.d~;_c._;_r<-_'i\:...;e;::::..w~P-..:....:./ _______ _ 

Diet: Flake Food .f Phytopl.ank.1on. __ _ Trout Chow { 

Brine Shrimp __ _ Rotifers. __ _ Other _____ _ 

Prophylactic Treatments: _______________ _ 

Comments: _ _:<:......:':::._::O-=o:.___
7
-r'· _>L::;_3~0::..~.D..L.......J:!...u=.!.M:::.r.._ ________ _ 

IV. Shipping Information 

Client:....,........;A~q=;.;\.)::::!-. ~_.=S_u_r_v cv_____ # of Organisms: 9 D () f 
Carrier: . ~J t:'~ Date Shipped: I 0 /.')..( ~~ 

---=---~------- ~ I 

Biologist: __ ~N---.:c..:::....:·,__./~...!::S::..O\~-<-=-&>---j+e_=----------------

1 - 800 - 927 - 1650 
PO Box 1271 • One Lafayette Road • Hampton, NH 03842 • (603) 926-1650 C-7 
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[ AQUA SURVEY, INC. 

CULTURE DEPARTMENT 
GENERAL SPECIES STATUS WG 

[ Species: } .. O}IJJn!J /OSll.S . 
Receiving (11 Culture [ ] Log #: J_f.J- O~t 

[ TestJob #: i}lj -.3t/Jl Client ___,~...__.~ ........ ~/(-=----

[ 

[ 

( 

[ 

( 

( 

[ 

(_ 

I 
[ 

[ 

[ 

[ 

[ 

[ 

Date 

'o/n/o& 
1~/.;.7/12& 

Jq~tfl.; 

lcP1/c& 

'o/1~ 
10/j//ift 

Day Number 

I /1.3() 

I it.J,n 

&.-
3 
4 
J 

Temp/DO 

K.A'% . :~s.g 

!/ o·(.j_ 
n.go~ 

%'. I 

l~.t-l~'f.3 

'.£'11. y~ 
6-.3 

JJ.rr 7t .1-

NHJN~ pH (Sa In Hardness AlkalinitY 

0/0 
'-"' 

!dO ?J 11. r1. 

- - - -

o/o C(.O irt. (_p /lip 

0 lo ~.I ~o.ZI 1 ;;20 

f.D Jo 1b J~. ~ lc2o 
o.so/0 ?1 dJ. --; il~ 

Mortalitv Remarks/ Initials 

If J/arid' acc/i~n 

-'- . 

- J 
¢ JtJ aerp sJ::!ciOJJ 10'/. n,p fv1: ·· 

I 

d ~~~ 

1 'l-SI~~ 
lid t/ 

;f I' 

lok+ d ,. 

r .. 2 
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0 
1 

2 
3 
4 

5 

SRTLP-O.DAT 

Date Time Temp SpCond Salinity DO Cone pH 
M/D/Y c uS/em ppt mg/l 

10/31/06 16:18:27 24.74 32008.0 19.95 6.84 7.80 
10/31/06 16:19:54 -25.01 32145.0 20.04 6.88 7.84 
10/31/06 16:20:37 25.21 32041.0 19.96 6.61 7.85 
10/31/06 16:21:04 25.24 32108.0 20.01 6.62 7.86 
10/31/06 16:21:33 25.32 32148.0 20.04 6.51 7.86 
10/31/06 16:22:05 25.35 32132.0 20.02 6.43 7.86 

Project#:(,~ Test type: D Bioaccumulation D Solid Phase D SPP J ~THER:.Aruk_, Date: lcJzt)olo 
Species: D A. abdita D M bahia D M beryl/ina 0 M nasuta D N virens ~ OTHER.:LpoJJW~ay of Study: 0 
OPERATIONAL RANGE: Check if OK 

Temperature: D 12 -14 OC D 18 -22 OC 

Salinity: D26-30ppt D28-32ppt ~_il__- JJ ppt 

Dissolved Oxygen: D >4.0 mg/L ~ > .J.!.L mg/L 

pH: D 7.3 to 8.3 06.0 to 9.0 ~~to _g_ 
Actions taken: 

Meter Used: 

Blue D 

Red D 

Green b 

T11e Oct 31 16·23:17 2006 
See deviation summary sheet 0 
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SRTLP24.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/01/06 09:34:09 25.15 32242.0 20.10 6.01 7.96 

1 11/01/06 09:34:58 25.21 32437.0 20.24 6.21 7.96 

2 11/01/06 09:35:17 25.24 32418.0 20.22 6.02 7.96 

3 11/01/06 09:35:45 25.25 32433.0 20.23 5.98 7.96 

4 11/01/06 09:36:29 25.22 32486.0 20.27 5.84 7.96 

5 11/01/06 09:37:06 25.22 32496.0 20.28 5.84 7.95 

Project #: 5 g;f Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP d OTHER: 4e-...--k- Date: I) {1/ '{ 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens 0 OTHER: ___ Day of Study: l '1 h/ 

OPERA nONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-140C 0 18-22°C /J_!d_-~oc 
0 26 -30 ppt 0 28 -32 ppt /J ____!_J:_- ~ v ppt 

Dissolved Oxygen: ~ >4.0 mg!L 0 > __ mg!L 

pH: J 7.3 to 8.3 06.0 to 9.0 0 __ to __ 

Actions taken: 

See deviation SY'l!1Ul:UY. sbe~t8 
Wed Nov 01 lu:;:so:OO LU 6 

Meter Used: 

Blue 0 

Red 0 

Green "Y6 

p~ISf of 1 Y--' 
C-10 
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SRTLP-48.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/02/06 09:27:23 24.30 32375.0 20.21 6.39 7.95 

1 11/02/06 09:28:26 24.82 32595.0 20.35 6.44 7.95 

2 11/02/06 09:29:20 25.06 32512.0 20.29 6.37 7.96 

3 11/02/06 09:29:59 25.22 32437.0 20.24 6.33 7.96 

4 11/02/06 09:30:32 25.29 32570.0 20.33 6.32 7.97 

5 11/02/06 09:31:05 25.25 32568.0 20.33 6.33 7.96 

Project #: 01<...1 Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~OTHER: ACJJ.e_ Date: uhhlu 
I I 

Species: D A. abdita 0 M bahia 0 M beryl/ina D M nasuta D N. virens bOTHER: L. o/urn11bPay of Study:Jl..lwJ 
I { 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

012-140C 018-22°C ~&-ci/ oc 

0 26 -30 ppt 0 28 -32 ppt ~ J1_- ~~ ppt 

Dissolved Oxygen: 0 >4.0 mg/L ~ > JB_ mg!L 

pH: 0 7.3 to 8.3 06.0 to 9.0 b_1_ to !I_ 

Actions taken: 

Meter Used: 

Blue D 

Red 0 

Green ~-
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SRTLP72.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/03/06 12:24:52 24.34 33493.0 20.98 6.71 7.97 

1 11/03/06 12:25:43 24.57 33280.0 20.83 6.68 8.00 

2 11/03/06 12:26:04 24.66 32982.0 20.62 6.71 8.01 

3 11/03/06 12:26:38 24.66 32&58.0 20.54 6.68 8.01 

4 11/03/06 12:27:13 24.65 32995.0 20.63 6.68 8.00 

5 11/03/06 12:27:37 24.68 32621.0 20.37 6.63 7.97 
-

Project#: .... ~/([ Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP J OTHER: ~CJJ b Dat~: JJ#Jt~ 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 .M. nasuta 0 N. virens ~ OTHER: _LpF---- Day of Study: fJAW 

OPERATIONAL RANGE: Check ifOK 

Temperature: 

Salinity: 

012-140C 018-22°C ~_r./!f__-·~ oc 

o 26 -3o ppt o 28-32 ppt b L-_dl._ ppt 

Dissolved Oxygen: 0 >4.0 mg/L & > ~ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 ~_]___to _9_ 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green ~ 

&ffl@es~ _of_11_ 
C-12 -----rr 
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SRTLP96.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/04/06 11 :59:01 25.10 33626.0 21.06 6.45 7.95 

1 11/04/06 11 :59:54 25.22 33305.0 20.83 6.64 7.94 

2 11/04/06 12:00:13 25.34 33397.0 20.90 6.47 7.93 

3 11/04/06 12:00:38 25.33 33239.0 20.79 6.35 7.92 

4 11/04/06 12:01:09 ·25.21 33260.0 20.80 6.35 7.90 

5 11/04/0612:01:36 25.19 33524.0 20.99 6.33 7.89 

Project#: lg/(£ Test type: 0 Bioaccumulation 0 Solid Phase D SPP ~ OTIIER: Aettk. Date: tt/4/cu 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N virens ~ OTIIER: _L-+<P:....:..· __ Day of Study.f}~iv.J 
OPERATIONAL RANGE: Cheek if OK 

Temperature: 

Salinity: 

OI2-I4oc oJs~22oc ~.di_-llL_oc 

026-30ppt 028-32ppt bK_- ~ ppt 

Dissolved Oxygen: 0 >4.0 mg!L ~ > M_ mg!L 

pH: D73to8.3 r1/fto9.0 D __ to __ 

Actions taken: 

Sun Nov 05 10:12:13 2006 
See deviation summary sheet 0 

Meter Used: 

Blue 0 

Red 0 

Green b 
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I. 

II. 

A toxicity identification evaluation (TIE) study was conducted on pore waters produced 
from sediments from the LCP Chemical Site in Brunswick, Georgia. 

The results of the i 0-day Leptocheirus plumulosus acute test on the two sediment 
samples from the LCP site, C-6 and C-7, showed no statistical difference in survival or 
reburial rates when compared to the control sediment. All endpoints fell within 86.0% to 
93.0% for all sediments (tests and control) tested. 

Pore waters produced from the two LCP sediment samples in the TIE study were 
evaluated with L. plumu/osus in toxicity tests that ran from 4 to 10 days. The results 
from Day 4 showed there was no difference in toxicological response between the two 
LCP pore water samples compared to the control water. This was true for both the 25% 
and 100% pore water concentrations. Up to Day 7, there was still little difference in 
toxicological response between the two LCP pore waters and the control water. On Day 
8 there appears to be a slight difference in toxicological response between the two LCP 
1 00% pore waters and the conp-ol water. By Day 9 there was significant mortality in the 
control water. 

The TIE _treatments on the two LCP pore water samples yielded little useful information, 
because the untreated pore water samples were basically non-toxic. The TIE treatments 
are designed to remove toxicity from the untreated water, but if the untreated water is 
basically non-toxic, then there is nothing to remove. This turned out to be a fortunate 
occurrence, because the first TIE treatment in a senes of five treatments (thiosulfate 
followed by EDT A, filtering, passage through C-18, and treatment with ulva I pH 
manipulations) had considerable control mortality. All subsequent treatments showed the 
same high control mortality, because manipulations were carried out in a serial fashion. 

The conclusion of this TIE study is that neither the two LCP sediment samples nor .the 
pore waters produced from these sediments showed acute toxicity to the amphipod, 
Leptocheirus plumulosus. 

Chemical analysis of both the LCP sediment samples and subsequently-produced pore 
waters were conducted. Evaluation of the analytical results is beyond the scope of our 
work and is left up to the client. 

PROLOGUE 

During the fall of 2006 an ecological investigation was planned for the estuary at the LCP 
Chemical Site in Brunswick, Georgia. This investigation was designed to serve as a 
continuation of the annual monitoring program that has been conducted at the LCP Site 
since 2002 and, additionally, to resolve specific issues that have been raised during 
previous monitoring investigations and/or by various parties rega..·ding environmental 
conditions in the estuary. 
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The major unresolved issue in previous monitoring investigations is the cause of toxicity 
of surface sediment to organisms (amphipods and grass shrimp) tested for toxicity in the 
laboratory (e.g, CDR Environmental Specialists and MWH Americas, 2006). None of 
LCP Chemical Site's chemicals of potential concern (COPC).,.. mercury, Aroclor 1268, 
lead, and PAHs -have been statistically associated with observed toxicity. However, 
various chemical and biological sources of variation may confound identification of such 
relationships. · Conversely, statistical evaluations of the results of "field" toxicity tests 
with ·indigenous grass shrimp have unambiguously indicated the. absence of COPe
related (or other) toxicity. 

The parties whose environmental concerns are being addressed in this document are the 
Natural Resource Damage Assessment (NRDA) Trustees for the LCP Site, Region 4 of 
the U. S. Environmental Protection Agency (EPAj, and Stakeholders involved with the 
site. 

III. INTRODUCTION 

Aqua Survey, Inc. (ASI) conducted a Toxicity Identification Evaluation (TIE) study on 
pore waters from sediments from the LCP chemical site in Brunswick, Georgia using the 
amphipod, Leptocheirus plumulosus. 

The TIE was employed in several ways to address the causes of toxicity in the LCP 
sediment samples. First, the buik sediment samples was evaluated for the usual chemical 
constituents (grain size, TOC, and COPC [total mercury, Aroclor 1268, lead, and total 
PAHs]), 21 secondary metals and also for SEM/AVS. 

L. p/umulosus were then exposed in the laboratory under static conditions to sediments 
from two stations - Site Stations C-6 and C-7 in the Eastern Creek from the LCP 
chemical site in Brunswick, Georgia and a control sediment for a period of ten days. 
Measurement endpoints are survival and, secondarily, reburial of surviving amphipods. 

L. p/umulosus acute bioassay tests with pore waters from the two test sediments and 
control sediment were conducted from 4 to I 0 days. The measurement endpoint is 
survival. 

Eight treatments (manipulations) of each sample of pore water (including baseline tests) 
were conducted with amphipods as illustrated in Figure 1. Each pore-water treatment 
(and a negative control) was conducted, after appropriate salinity adjustments, under 
static conditions from 4 to 1 0 days. Both I 00% and 25% pore water concentrations were 
tested. The measurement endpoint is survival. 

The following chemical/physical measurements were taken on a daily basis for each 
pore-water treatment: temperature, ·salinity, dissolved oxygen and pH. In addition, each 
batch of pore water (baseline and treateJ batches) was analyzed for COPC (total 
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TIE Testing Procedure 

Test bulk sediment for toxicity 

Toxic? • 

1. Extract and test pore water for 
baseline toxicity 

Toxic? • 

2. Add Na:z5203 (50 mVL) to 

remove Cd, Cu. A!t. and Ha 

Toxic? • 

3. Add EDTA (60 mVL) to chelate 
residual metals find. Pbl 

Toxic? • 

4. FiHer (0.45 11m membrane 
filler) to remove particulates 

Toxic? • 

5. Elute through solid phase 
extraction (SPE) column (C18 
column) to remove oraanics 

Toxic? • Toxic? 

6. Treat with Ulva to remove 
ammonia 

Non-to~ 

Reduced tfxicity> 

Reduced tfxicity> 

Reduced tfxicity> 

Reduced tfxicity'S 

Reduced toxicity? 

. c=::) 

Not l Toxic?. 

Toxic? --~-------
Toxicity due to 

residual chemicals 

TIE Interpretation 
(Based on 

Reduced Toxicity) 

Toxicity due to 
sediment fadors 

7. Decrease pH to 
remove ammonia 

toxicity 

8. Increase pH to 
remove sulfide 

toxicity 

~ot toxi$ 

Figure 1 Toxicity Identification Evaluation (TIE) for sediment of estuary at LCP Site 
(adopted from Science Applications International, 2003). Refer to text for additional 
discussion regarding these and other procedures as applied to marine sediment. 
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IV. 

v. 

mercury, Aroc1or 1268, lead, and total PAHs), 21 secondary metals, total ammonia, total 
sulfides, total organic carbon (TOC) and dissolved organic carbon (DOC). 

The TIE is interpreted by comparing concentrations of chemicals in baseline batches of 
pore water to established water quality criteria to assist in identifying bioavailable toxic 
agents (agents not sequestered by variable site-specific sediment characteristics .such as 
TOC and/or A VS). In addition, the TIE differentiates among toxicity caused by metals, 
nonpolar organic chemicals, and ammonia-type groups; and, together with the above-

. referenced SEMI A VS measurements, addresses differential toxicity of mercury and lead. 

SOURCE OF SEDIMENT AND DILUTION WATER 

A. Sediment Samples 

B. 

Two sediment samples from the LCP chemical site were collected by CDR 
Environmental Specialists personnel on October 18, 2006. The samples were 
shipped overnight following chain of custody procedures. The samples were 
received at ASI in good condition. The chains of custody can be found in 
Appendix A. 

Dilution Water 

· The dilution water used both for acclimation and testing, was from the 
Manasquan Inlet in New Jersey. Sample Receiving Forms and chemical analysis 
raw data is found in Appendix B. 

TEST METHODS 

A. Methods 

The test method used for the marine sediment I 0-day acute bioassay study was 
the Method for Assessing Toxicity of Sediment Associated Contaminants with 
Estuarine and Marine Amphipods, EPA 600/R-94-025, June 2004. Each sediment 
test consisted of five replicates. In each replicate, 20 amphipods were exposed to 
2 em of sediment and 800 mi of control water in a 1-liter glass beaker. The 
endpoints were survival and reburial rate. 

The test method used for the pore water TlE study was the methodology 
described in Region 9; SOP I 003, as supplemented by procedures identified by 
Adams et al. (Adams, W. J., W. J. Berry, G. A. Burton Jr., K. Ho, D. MacDonald, 
R. Scroggins, and P. V. Winger. 2001. Summary of a SETAC technical workshop 
- pore water toxicity testing: biological, chemical, and ecological considerations 
with a review c-f methods and applications, and recommendations for future areas 
of research. Edited by R. S. Carr and M. Nipper. SETAC Pubiication. 24 pp.) and 
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B. 

c. 

SAIC (Science Applications International. 2003. Guide for planning and 
conducting sediment pore water toxicity identification evaluations to determine 
causes of acute toxicity at Navy aquatic sites. User's Guide UG-2052-ENV. 
March 2003. Naval Facilities Engineering Service Center. Port Hueneme, CA. 6 
sections). The Marine Toxicity Identification Evaluation (TIE) Phase I Guidance 
Document, fifth edition, September 1996, EP A/600/R-96-054 was also used as 
reference. Eight treatments (manipulations) of each sample of pore water 
(including baseline tests) were conducted with amphipods as illustrated in Figure 
1. Each pore-water treatment (and a negative control) was .conducted, after 
appropriate· salinity adjustments, under static conditions from 4 to I 0 days; and 
each treatment consisted of two concentrations of pore water (I 00 and 25% pore 
water), with three replicates per concentration. ·Each replicate consisted of 10 
amphipods placed in a 9 ounce polyethylene containercontaining 100 mJ of test 
material. Measurement endpoint was survival. A positive control test was 
conducted with cadnnum chloride. 

Sample Preparation 

Upon arrival at the laboratory, the LCP Chemical Site sediment samples were 
logged in and unique ASI numbers were assigned. The pore· waters were 
separated from the sediments by centrifuging and were also assigned unique ASI 
numbers. 

Table I provides sample identification numbers. 

Table I. Sample Identification 

Sample Name ASI# Sample T....YJ!.e 
C7-A 2006I298 sediment 
C6-A 2006I299 sediment 

C6-A pore water 20061301 pore·water 
C7-A pore water 20061300 pore water 

Test Parameters 

The Solid Phase Acute I 0 day test was started on November 3, 2006 and 
terminated on November 13, 2006. The TIE tests were started on November 3, 
2006 and terminated on November 13, 2006. All tests were conducted with a 
photoperiod of I 6 hours light and 8 hours dark. 

For the Solid Phase Acute 10 Day test, the chambers were 1-L glass beakers. 
Overlay water was Manasquan inlet water. There were 20 or~:,anisms per chamber 
and 5 replicates per sediment and control. 
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All water quality parameters (temperature, salinity, dissolved oxygen and pH) 
were monitored daily. The temperature and salinity recorded for the tests are 
listed in Table 2. Complete water quality readings can be found in Appendix C. 

Table 2. Summary of Solid Phase Acute 10 Day Test Temperature and Salinity 
Readings 

Sample Temperature oc Salinity ppt 

Control mean 24.3 24.8 

Control range ' 24.2-24.5 24.4-25.3 

C-6 mean 24.4 23.6 

C-6 range 24.0-24.8 10.6-25.4 

C-7 mean. 24.4 24.5 

C-7 range 24.0-24.9. 24.I-25.0 

For the TIE tests, the test chambers were made of polyethylene terephthalate 
(PETE). The chamber size was 9 oz. and the test solution volume was I 00 m1 per 
chamber. There were 10 organisms per chamber and 3 replicates per treatment. 
The tests were ·each run with a dilution water control and test concentrations of25 
and I 00 percent. 

Water quality parameters (temperature, salinity, dissolved oxygen and pH) were 
monitored at 0 hours for all manipulations. The temperature and salinity recorded 
for the tests are listed in Table 3. 

Table 3. TIE Pore Water Tests Temperature and Salinity Readings 

Sample . Tt;mperature oc Salinity ppt 

Control mean 24.3 24.8 

Control range 24.2-24.5 24.4-25.3 

C-6 25%meari 24.4 25.1 

C-6 25% range 24.0-24.8 24.5-25.4 

C-6 I 00% mean 24.4 24.4 

C-6 1 00% range 24.1-25.2 24.2-25.2 

C-7 25% mean 24.3 25.0 

C-7 25% range 24.0-24.7 24.6-25.3 

C-7 1 00% mean 24.4 24.5 

C-7 1 00% range 24.0-24.9 24.1-25.0 
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VI. 

VII. 

TEST ORGANISMS 

A. Leptocheirus plumulosus 

The · Leptocheirus plumulosus used in testing were obtained from Aquatic 
Research Organisms, Hampton, NH. The taxonomic key use for species 
identification ·was Shallow Water Gammaridean Amphipoda of New England, 
Bousfield, I970. The. organisms were acclimated for 48 hours · at a mean 
temperature of20.8 oc (range 14.6 octo 25.0 °C). The mean salinity was 21.0 ppt 
(range I8.5 ppt to 24.5 ppt)~ 

TEST PROCEDURES 

A. Solid Phase 10-day Acute L plumulosus Bioassay Test 

The solid phase I 0-day acute Leptocheirus plumulosus bioassay test was run 
according to the test method described in Section V. 

B. Pore Water TIEL. plumulosus Bioassay Tests 

The pore water TIE Leptocheirus plumulosus bioassay test was run according to 
the test method described in Section V. It is important to note that unlike the US 
EPA TIE guidance manual, this study followed the EPA, Region 9; SOP I 003 
methodology in which TIE manipulations (shown in Figure 1) were run in 
consecutive fashion, i.e., each TIE manipulation in order was run on the same 
sample as the previous manipulation. In the US EPA TIE guidance manual, each 
TIE manipulation: is run as a separate test. 

VIII. QUALITY ASSURANCE 

Standard Reference Toxicant Tests 

A standard reference toxicant (SRT) test was conducted for each test/species 
according to the EPA method, Marine Toxicity Identification Evaluation (TIE) 
Phase I Guidance Document, fifth edition, September I996, EP N600/R-96-054. 

The reference toxicant used was cadmium chloride (CdCI) supplied by Sigma
Aldrich, and the dilution water used was Manasquan water. The SRT test was 
initiated on November 3, 2006 and terminated on November 7, 2006. 
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The results are listed in Table 4. 

Table 4. Acute SRT Test Results 

Species LCso 
Lower Control Upper Control 

Limit Limit 

L. plumulosus (Cd mg/L) 0.98 0.16 1.6 

IX. RESULTS 

Summary of Results 

The 1 0-day acute Leptocheirus plumulosus test results for the two LCP sediment samples 
are summarized in Table 5. An ANOV A statistical analysis was run comparing the 
sediments to a control for both survival and reburial. There was no statistical difference 
for either endpoint. The raw data associated with these toxicity tests can be found in 

·Appendix C. 

The 4-1 0 day acute Leptocheirus plumulosus test results for the pore waters generated 
from the two LCP sediments in the TIE study are summarized in Tables 6- 14. The raw 
data associated with these pore water TIE toxicity tests can be found in Appendix D. 

The bulk sediment chemical results for the two sediment samples from the LCP site are 
summarized in Table 15. Grain size distribution results for the two sediment samples 
from the LCP site are summarized in Table 16. The complete analytical data package can 
be found in Volume II. 

The pore water chemical results from the two LCP sediment samples are summarized in 
Tables 17. The complete analytical data package can be found in Volume III. 

Solid ·Phase 10-day Acute L. plumulosus Toxicity Results 

Table 5. Results of 1 0-day Acute L. plumulosus Test on LCP Sediments 

Sediment Average Percent Average Percent 
Identification Survival Reburial 

Control 91% 91% 

6A 93% 92% 

7A 88% 86% 
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Pore Water TIEL plumulosus Toxicity Results 

The following tables show the results from the TIE Study following the schematic in 
Figure 1. Note that the "No Treatment" toxicity data was reported from Days 4-10, the 
"Thiosulfate Treatment" from Days 2-10 and the remaining TIE treatments from Days 
1-4. 

Pore Water 4-10 day Acute L plumulosus Bioassay Results- No Treatment 

Table 6. Results of TIE Study on Pore Waters from LCP Sediments- No Treatment 

Sediment ID 
Average Percent Survival 

Day4 Day5 Day6 Day7 Day8 Day9 Day 10 

Control 96.7 93.3 93.3 93.3 93.3 53.3 23.3 

C-6; 25% pore water 100 "86.7 .86.7 86.7 76.7 70.0 63.3 

C-6; 1 00% pore water 96.7 93.3 93.3 93.3 86.7 83.3 80.0 

C-7; 25% pore water 100 100 100 100 86.7 73.3 53.3 

C-7; I 00% pore water 93.3 80.0 80.0 80.0 73.3 70.0 60.0 

Pore Water 2-10 day Acute L. plumulosus Bioassay Results- Thiosulfate Treatment 

Table 7. Results of TIE Study on Pore Waters from LCP Sediments- After Thiosulfate 

Sediment ID 
Average Percent Survival 

Day2 Day 3 Day4 Day 5 Day6 Day 7 Day 8 Day9 Day 10 

Control 93.3 73.3 60.0 46.73 10.0 0.00 0.00 0.00 0.00 

C-6; 25% pore water 93.3 86.7 86.7 86.7 83.3 80.0 80.0 73.3 53.3 

C-6; I 00% pore water 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

C-7; 25% pore water 90.0 66.7 66.7 63.3 63.3 63.3 60.0 53.3 43.3 

C-7; I 00% .pore water 86.7 16.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Page 13 



I 
[ 

[ 

[ 

[ 

l 
( 

[ 

[ 

r 
·[ 

[ 

[ 

( 

[ 

[ 

[ 

[ 

[ 

Pore Water 1-4 day Acute L. plumulosus Bioassay Results- EDT A Treatment 

Table 8. Results of TIE Study on Pore Waters from LCP Sediments- After EDTA 

Sediment ID 
Average Percent Survival 

Day I Day2 Day3 Day4 

Control 100 100 60.0 10.0 

C-6; 25% pore water 100 63.3 13.3 0.00 

C-6; I 00% pore water 100 3.33 0.00 0.00 

C-7; 25% pore water 100 73.3 13.3 0.00 

C-7; 100% pore water 100 80.0 10.0 0.00 

Pore Water 1-4 day Acute L. plumulosus Bioassay Results- Filtering Treatment 

Table 9. Results of TIE Study on Pore Waters from LCP Sediments- After Filtering 

Sediment ID 
Average Percent Survival 

Day I Day2 Day3 Day4 

Control 100 96.7 46.7 0.00 

C-6; 25% pore water 100 93.3 50.0 0.00 

C-6·; I 00% pore water 100 76.7 0.00 0.00 

C-7; 25% pore water 100 93.3 73.3 50.0 

C-7; I 00% pore water 100 93.3 53.3 0.00 

Pore Water 1-4 day Acute L. plumulosus Bioassay Results- C-18 Treatment 

Table 10. Results ofTIE Study on Pore Waters from LCP Sediments- After C-18 

Sediment ID 
Average Percent Survival 

Day I Day2 Day 3 Day4 

Control 100 96.7 53.3 10.0 

C-6; 25% _pore water 100 100 46.7 3.33 

C-6; I 00% pore water 100 90.0 6.67 0.00 

C-7; 25% pore water 100 100 43.3 33.3 

C-7; I 00% pore water 100 93.3 43.3 6.67 

Page 14 



( 

[ 

[ 

( 

r 
( 

l 
[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

( 

Pore Water 1-4 day Acute L. plumulosus Bioassay Results- pH Treatments 

Table I 1. Results of TIE Study on Pore Waters from LCP Sediments- After pH 7 

Sediment ID 
Average Percent Survival 

Day I Day2 Day 3 Day4 

Control 100 100 63.3 6.67 

C-6; 25% pore water IOO IOO 63.3 3.33 

C-:6; 1 00% pore water 100 93.3 0.00 0.00 

C-7; 25% pore water 100 96.7 56.7 36.7 

C-7; 100% pore water 100 100 53.3 23.3 

Table 12. Results of TIE Study on Pore Waters froin LCP Sediments- After pH 9 

Sediment ID 
Average Percent Survival 

. Day 1 Day2 Day3 Day4 

Control 100 100 56.7 0.00 

C-6; 25% pore water 100 96.7 36.7 3.33 

C-6; I 00% pore water 100 100 6.67 0.00 

C-7; 25% pore water 100 66.7 36.7 36.7 

C-7; IOO% pore water IOO· 50.0 0.00 0.00 

Pore Water 1-4 day Acute L plumulosus Bioassay Results- Ulva Treatment 

Table I3. Results of TIE Study on Pore Waters from LCP Sediments- After Ulva 

Sediment ID 
Average Percent Survival 

Day I Day2 Day3 Day4 

Control IOO 63.3 20.0 3.33 

C-6; 25% pore water 100 73.3 33.3 IO.O 

C-6; I 00% pore water 100 53.3 26.7 0.00 

C-7; 25% pore water 100 76.7 40.0 13.3 

C-7; I 00% pore water IOO 56.7 26.7 0.00 
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Summary of Chemical and Physical Analysis Results of Test Sediments 

Table 15 on page 18 shows the chemical analysis results for the two LCP sediment 
samples, C-6 and C-7. Table 16 on page 20 shows the grain size distribution for the two 
LCP sediment samples, C-6 and C-7. · 

Summary of Chemical Analysis Results of Pore Waters from Test Sediments 

Tables 17 on pages 21-23 show the chemical analysis results for the pore waters from the 
two LCP sediment samples C-6 and C-7 before and taken through the TIE process. 

The dilution factors associated with organic chemical analysis on the pore waters is 
shown in Table 14. There is a "Sample Size Dilution" factor, because Jess than 1000 rn1 . 
of. pore water was available to the analytical laboratory and a "Dilution from 
Interference" factor, because there was a sulfur interference in the PCB Aroclor analyses, 
which cause the analytical laboratory to dilute the samples by a factor of 5. 

Table 14. Dilution Factors Associated with Organic Chemical Analysis Results 

Sample Analyte Class 
Sample Size Dilution from Total 

Dilution Interference Dilution 

C7-A pore water PAHs 2.2 I 2.2 

C7-A after C-18 PAHs 37 1 37 

C6-A pore water PAHs I. I 1 I. I 

C6-A after TIE 
PAHs 1.4 I 1.4 

manipulations 

C7-A pore water PCB ArocJors 2.2 I 2.2 

C7-A after C-I8 PCB ArocJors 27 5 185 

C6-A pore water PCB Aroclors 1.1 1 1.1 

C6-A after TIE 
PCB Aroclors 1.43 5 7.1 

manipulations 

DISCUSSION 

The results of the 1 0-day Leptocheirus plumulosus acute test on the two sediment 
samples from the LCP site, C-6 and C-7, showed no statistical difference in survival or 
reburial rates when compared to our control sediment. A11 endpoints fe11 within 86.0% to 
93.0% for a11 sediments (tests and control) tested. 

Pore waters produced from the· two LCP sediment samples in the TIE study were 
evaluated with L. plumulosus in toxicity tests that ran from 4 to I 0 days. The results from 
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Day 4 showed there was no difference in toxicological response. between the two LCP 
pore water samples, C-6 and C-7, compared to the control water. This was true for both 
the 25% and 100% pore water concentrations. Up to Day 7, there was still little 
difference in toxicological response between the two LCP pore waters and the control 
water. On Day 8 there appears to be a slight difference in toxicological response between 
the two LCP 100% pore waters and the control water. By Day 9 there was significant 
mortality in the control water. 

The TIE treatments, adding thiosulfate, adding EDT A, filtering through a 0.45 J.Lm filter, 
passing through a C-18 column, adjusting the pH to values of7 and 9, and adding ulva to 
the effluent, carried out sequentially on the two LCP pore water samples yielded little 
useful information, because the untreated pore water samples, C-6 and C-7, were 
basically non-toxic. The TIE treatments are designed to remove toxicity from the 
untreated water, but if the untreated water is non-toxic, then there is nothing to remove. 
This turned out to be fortunate, because the first TIE treatment in a series of five 
treatments (thiosulfate) had considerable control mortality. All subsequent treatments 
showed the same high control· mortality, because manipulations were carried out in a 
sequential fashion. It is believed that the high control mortality in the thiosulfate 
manipulation occurred, because although the· volume of thiosulfate to be added· to the 
pore water samples was stated. in the SAIC document, the concentration of the thiosulfate 
was not. The concentration used in the TIE manipulation came from the US EPA Marine 
TIE Guidance Manual. However, the volume added in EPA guidance manual was much 
lower than stated in the SAIC document. For this reason, we believe that the volume of 
thiosulfate added in this TIE manipulation step at the concentration used was too high 
and caused the exc~ss control mortality. Once the pore water was toxic due to high 
thiosulfate concentration, it remained toxic for the rest of the manipulations done 
sequentially. That is why the TIE manipulations in Tables 8-13 were shown only to Day 
4, because by then, the controls were mostly deceased. 

Chemical analysis of both the LCP sediment samples and subsequently-produced pore 
waters before and after TIE manipulations were conducted. Evaluation of the analytical 
results is beyond the scope of our work and is left up to the client. 

CONCLUSIONS 

The results of the 1 0-day Leptocheirus plumulosus acute test on the two sediment 
samples from the LCP site, C-6 and C-7, showed no statistical difference in survival or 
reburial rates when compared to the control sediment. 

The pore waters generated from the two sediment samples from the LCP site, C-6 and 
C-7, showed no acute toxicity through Day 7. 

Chemical analysis of both the LCP sediment samples and subsequently-produced pore 
waters were conducted. Evaluation of the analytical results is beyond the scope of our 
work and is left up to the client. 
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Table 15 Semivolatile Analysis of Bulk Sediment 

[ ASI Job #26-349 Sediment Sediment 
(Uoits:uglkg) (Units: uglkg) 

[ ASIID f# 20061298 20061299 

Laboratory ID f# 0611050-01 0611050-02 

SampleiD # C7-A Q C6-A Q 

[ 
Naphthalene 12 ND 12 ND 
2-Methylnaphthalene 12 ND 12 ND 
1-Methylnaphthalene 12 ND 12 ND 
Biphenyl 12 ND 12 ND 

[ 2,6-Dirnethylnaphthalene 33 43 
Acenaphthylene 24 15. 
Acenaphthene 12 ND 12 ND 

( 
Fluorene 12 ND 12 ND 
2,3,5-T rimethylnaphthalene 12 ND 12 ND 
Phenanthrene 29 26 
Anthracene 67 56 

[ 1-Methylphenanthrene 12 ND 12 ND 
Fluoranthene - 170 150 

!Pyrene 160 310 

[ 
Benz[ a lanthracene 96 120 
Chrysene 100 150 
Benzo[b ]fluoranthene 120 180 
Benzo[k lfluoranthene 230 380 

[ 
Benzo[ e ]pyrene 130 70 
Benzo[ a ]pyrene 94 180 
Perylene 55 50 
lndeno[ I ,2,3-cd)pyrene 64 120 

[ Dibenz[ a.h ]anthracene 21 72 

Benzo[ g,h,i]perylene 71 190 

[ 
PCB/Aroclor Analysis of Bulk Sediment 

ASI Job #26-349 
Sediment Sediment 

[ 
(Units:uglkg) (Units:uglkg) 

ASIID f# 20061298 20061299 

Laboratory -ID # 0611050-01 0611050-02 

[ Sample ID # C7-A Q C6-A Q 
Aroclor 1016 120 ND 120 ND 
Aroclor I 22 I 120 ND 120 ND 
Aroclor I 232 120 ND 120 ND 

( Aroclor I 242 120 ND 120 ND 
Aroclor 1248 120 ND 120 ND 
Aroclor 1254 120 ND 120 ND 

[ 
Aroclor 1260 120 ND 120 ND 
Aroclor 1262 120 ND 120 ND 
Aroclor 1268 13,000 28,000 
Total Arochlor(SUM) 13,960 28,960 

[ 

[ 

[ 
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Table 15 continued Metal Analysis of Bulk Sediment 

[ ASI Job #26-349 
Sediment Sediment Sediment 

(Units:mglkg) (Units: mglkg) (Units:mglkg) 

[ ASI ID II 20061298 20061298 dup 20061299 

Laboratory ID # 0611050-01 0611056-01 dup 0611050-02 

Sample ID II C7-A Q C7-A dnp Q C6-A Q 

[ 
Alwninwn 17,000 19,000 16,000 

Antimony 0.11 ND 0.11 ND 0.1 ND 
Arsenic 14 13 12 

Barium 25 25 21 

B_EYlli urn 1.5 1.6 1.5 
Cadmium 0.23 0.20 0.2 

Calcium 7,6oo· 8,000 4,600 

( 
Chromium 53 55 46 

Cobalt 7.3 7.4 6 
Copper 13 13 12 

Iron 26,000 27,000 22,000 

[ 
Lead 22 21 24 

Magnesiwn 8,000 8,200 6,900 
Manganese 470 470 310 
Mercury 3.7 13 

[ Nickel 12 13 11 
Potilssiwn 3800 4,000 3400 

Selenium 2.5 2.5 2.2 

[ 
Silver 0.20 0.20 0.19 
Sodium 24,000 24,000 23,000 

Thallium 0.23 0.18 0.28 
Vanadiwn 57 59 47 

( Zinc 83 81 68 

[ 
A VS and SEM Analysis of Bulk Sediment 

ASI Job #26-349 
Sediment Sediment Sediment 

[ 
(Units:umollg) (Units: umollg) (Units:umollg) 

ASIID II 20061298 20061298 dup 20061299 

Laboratory ID #I 06IJ050-01 0611050-0ldup 0611050-02 

[ 
Sample ID # C7-A Q C7-A Q C6-A Q 
SEM/AVS 0.020 0.014 

Sulfide 45 44 51 

c~ 0.073- 0.045 0.030 

( Cadmium 0.0016 0.0013 0.0015 

Nickel 0.084 0.050 0.041 

Lead 0.063 0.062 0.060 

[ 
Zinc 0.66 0.65 0.58 

[ TOC Analysis of Bulk Sediment 

ASI Job #126-349 Sediment Sediment 

[ 
(Units:%) (Units:%) 

ASIID#I 20061298 20061299 

Laboratory ID #I 0611050-01 06]]050-02 

Sample ID #I C7-A Q .C6-A Q 
Total Organic Carbon (Run I) 3.6 . 3.9 

Total Organic Carbon (Run 2) 3.8 3.9 
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Table 16 

ASI Job #26-349 
ASI ID # , Laboratory ID #,Sample# 

20061298, 0611050-01, C7-A 
20061299, 0611050-02, C6-A 

Grain Size Distribution 

%Gravel %Sand %Fines 
Coarse Medium Coarse Medium Fine Silt Clay 

0.0 0.0 4.7 9.2 5.1 55.7 25.1 
0.0 0.0 8.0 7.4 12.8 49.4 21.7 
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Tablr 17 Srmivolatilr Analysis of Pore Watrr by Seltctivr Jon Monitoring (SVOC-SIM) 

[ ASI Job #26-349 
Pore: Water (Units: ng!L) Pore Watc:r (Units: ng!L) 

ASIID # 20061300 20061301 

Laboratory ID II 0611051-01 0611051-02 0611051-03 06JJ051-04 

Samplr ID # C7-A Q C-7A 6 Q C6-A Q C6-A 6 Q 
[ 

Naphthalene 22 ND 370 ND II ND 14 ND 
2-Methylnaphthalene 22 ND 370 ND II ND 14 ND 
1-Metliyl~hthalene 22 ND 370 ND II ND 14 ND 
Bij>_henyl 22 ND 370 ND II ND 14 ND 

[ 
2 6-Dimetilylnaphthalene u. ND 370 NU ll NU 14 ND 

Acenaphth_}')ene 22 ND 370 ND II ND 14 ND 
Acenaphthene 22 ND 370 ND II ND 14 ND 

Fluorene 22 ND 370 ND II ND 14 ND 
[ 

2,3,5-Trimethylnaphthalene 22 ND 370. ND II ND 14 ND 
Phenanthrene 22 ND 370 ND II ND 14 ND 
Anthracene 22 ND 370 ND II ND 14 ND 
1-Methylphenanthrene 22 ND 370 ND II ND 14 ND 

I 
F1 uoranthene 22 ND 370 ND 18 14 ND 

IPyrene 22 ND 370 ND II ND 14 ND 
Benz[ a ]anthracene 22 ND 370 ND 22 14 ND [ 
Chrysene 22 ND 370 ND 28 14 ND 
Benzo[b ]fluoranthenc 22 ND 370 ND 16 14 ND 
Benzo[k ]fluoranthene 22 ND 370 ND II ND 14 ND 
Benzo[ e ]pyrenc 22 ND 370 ND 38 14 ND [ 
Benzo[ a ]pyrene 22 ND 370 ND 23 14 ND 
Perylene 22 ND 370 ND II ND 14 ND 
lndeno( I ,2,3-cd]pyrene 22 ND 370 ND II 14 ND 

Dibenz( a,h ]anthracene 22 ND 370 ND II ND 14 ND 
Benzo[ g..h.,i]perylene 22 ND 370 ND 19 14 ND 

( PCB/Arodor Analysis of Pore: Watu 

ASI Job #26-349 

[ Porr Water (Units: ug!L) Porr Water (Units: ug!L) 

ASIID # 2006JJOO 20061301 

Laboratory lD # 0611051-01 0611051-02 0611051-03 0611051-04 

Sample ID# C7-A Q C-7A 6 Q C6-A Q C6-A* Q 
Aroclor 1016 0.044 ND 3.7 ND 0.022 ND 0.14 ND 

[ 
Aroclor 1221 0.044 ND 3.7 ND 0.022 ND 0.14 ND 
Aroclor 1232 0.044 ND 3.7 ND 0.022 ND 0.14 ND 

Aroclor 1242 0.044 ND 3.7 ND 0.022 ND 0.14 ND 
Aroclor 1248 0.044 ND 3.7 ND 0.022 ND 0.14 ND 
Aroclor 1254 0.044 ND 3.7 ND 0.022 ND 0.14 ND 
Aroclor 1260 0.044 ND 3:7 ND 0.022 ND 0.14 ND 
Aroclor 1262 0.044 ND 3.7 ND 0.022 ND 0.14 ND [ 
Aroclor 1268 0.650 3.7 ND 1.0 0.14 ND 
Total Arochlor(SUM) 1.002 33.3 ND 1.18 1.26 ND 

( 
• After manipulations 

l. 
[ 

[ 
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I Table 17 continued Total Metal Analysis of Pore Water 

[ ASI Job #26-349 Pore Water (Units: Pore Water (Units: 
ug!L_) ug!L) 

ASI ID # 20061300 20061301 

[ Laboratory ID # 06])051-01 06i 1051-03 

Sample ID# C-7A Q C6-A Q 

Aluminum 1,500 900 

[ Antimony 4.9 2.5 NO 
Arsenic 14 19 

Barium 54 43 

Beryllium 1.0 NO 1.0 NO 

( Cadmium 1.0 NO 1.0 NO 
Calcium 370;000 340,000 

Chromium 3.2 2.6 

Cobalt 1.0 NO 1.0 NO 

I[ Copper 2.2 2.0 NO 
Iron 11,000 19,000 

Lead 1.3 1.0 NO 

( 
Magnesium 1,200,000 1,000,000 
Manganese 13000 9100 

·Mercury 0.20 NO 0.20 NO 
Nickel 3.7 3.5 

[ 
· Potassium 330,000 280,000 

Selenium 0.56 NO 0.56 NO 
Silver 0.50 ND 0.50 NO 
Sodium 8,500,000 9,100,000 

[ 
Thallium 0.5 ND 0.50 ND 
Vanadium 20 NP 20 NO 
Zinc 20 ND 20 ND 

-

Dissolved Metal Analysis of Pore Water 

ASI Job #26-349 
Pore·Water (Units: Pore Water (Units: 

[ 
ug!L) ug!L) 

ASIID# 20061300 20061301 

Laborator:r_ ID # 0611051-01 0611051-03 

Q Q 
Aluminum 250 ND 250 NO 
Antimony 2.8 2.5 NO 
Arsenic 4.1 4 
Barium 70 31 
Beryllium 1.0 ND I NO 
Cadmium 1.0 ND I NO 
Calcium 340,000 330,000 

[ 
Chromium 1.0 ND I NO 
Cobalt 1.0 ND I NO 
Copper 4.0 4.2 
Iron 100 ND 100 NO 

[ Lead 1.0 ND I NO 
Magnesium 1,000,000 1,000,000 

Manganese 12,000 9,000 
Mercury 0.20 ND 0.2 NO 

[ Nickel 2.0 ND 2 NO 
Potassium 300,000 270,000 

Selenium 0.56 ND 0.56 NO 
Silver 0.50 ND 0.5 ND 

[ ·Sodium 8,300,000 8,200,000 

Thallium 0.50 ND 0.5 NO 
Vanadium 20 ND 

.-
20 ND 

[ 
Zinc 90 20 ND 

22 



( 

I Tablr 17 continued Inorganic Analysis of Pore Water 

[ ASJ Job #26-349 
Pore Water PorrWatrr 

ASJ ID # 20061300 20061301 . 

[ Laboratory ID # 0611051-01 0611051~2 0611051-03 0611051-04 

Samplr lD # C7-A Q C7-A * .Q C6-A Q C6-A * Q 

[ 

( 
TOC Analysis of Pore Water 

ASI Job #26-349 
Pore Water (Units: mg!L) Porr Water (Units: mg!L) 

ASIID# 20061300 20061301 

[ Laboratory ID # L0616131-02 L06J613J-03 

Q 
L06J6131-0I 

C7-A * Q C6-A * Sample 1D # C7-A Q C6-A Q 
Total Organic Carbon 14 20 500 

[ 
Dissolved Organic Carbon 14 20 510 

ASI Job #26-349 Pore Water (Units: mg!L) 

[ ASI ID # 20061300 

Laboratory ID # L06 J 6202-01 L0616202~2 L0616202-03 
Sample ID #. C7-A Q C6-A C6-A * Q 
Nitrogen, Ammonia 3.30 5.98 4.98 

• After manipulations 

[ 

[ 

[ 

[ 

[ 

[ 

[ 
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INVOICE INFORMATION 

__ IV. 0111 Valfdlllon Ftrpon wlll'l Afw Dola 1-------------l 
-- V. ~peiclillilld FOriT\I/ Cu1la~n ~tpar1 

Edlll -- Ylll --No 

RELINQUISHED BY 

til~n11uro 

1 Printed N11rn1 

1 Dollmmo 

RECEIVED BY 

Slgn11ure 

Printed Neme 

Firm 

Oalat1lmv 

SCOC-OIII:IJOG-07 

:i 
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'EL: 508·898-9220 

ax: 

CHAIN OF CUSTODY 
RAYNHAM,MA 

TEL: 508-822-9300 

PAGE ___ OF 

0 RUSH (onfy connnn~d II pra-aooroved!l 

PLEASE ANSWER QUESTIONS ABOVE I 

Time: 

Filtration 
0 Done 
0 Not needed 
0 Lab to do 
Preservation 
0 Lab to do 

Container Type : Please .print clearly, legibly and :. . . ·.:. 
t-----P-r-es_e_rv-at-iv-e-t--t---+--i---t---t--t--t--+--t--t--+---1 :':completely.; Samples can not be . . 

Is YOUR PROJECT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ed~~dfuma~u~timecl~ct 
Date/Time Received Date/Time . will· nd start until any' ambiguities are 

~AMCP or CTRCP?~-~~~-~-~----~~~~--~---~~-~----~----~~~~d;M~m~~~~~~~~ 
" subject to Alpha's Payment Terms: ·. 

See. reverse side.<:: · ·. · ' · · ... :· 
IRMN0:01·01 (rev.10-0CT-05) _:_ ·.· :. : ·:.::·: 
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CHAIN OF CUSTODY PAGE_OF 

RAYNHAM.MA 
TEL: 508-822-9300 

0 RUSH {only confinned if p~·IDtJrov•diJ 

Time: 

Other Project Specific Requirements/Comments/Detection Limits: 

... _:-'·>"-·'. 

PLEASE ANSWER QUESTIONS ABOVE I 

FORM NO: 01-01 (rev. 10-0CT-05) 

DOone 
0 Not needed 
0 Lab to do 
Preservation 
0 Lab to do 

·,·.; 
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WESTBORO, MA 

TEL:" 508-898-9220 

Email: 

RAYNHAM.MA 

TEL: 508-822-9300 

0 RUSH (only conflnned II p;. .• pprovttd!l 

Date Due: :• Time: 

Other Project Specific Requirements/Comments/Detection Limits: 

·-- ·.-

·-: .. _ 

: .. -.. :. : 
.':·-:· .. :,:'·-. 

PLEASE ANSWER QUESTIONS ABOVE I 

"ORM NO: 01-01 (rev. 10-0CT-05) 

Container Type 

·. : 

ALPHA J~b #:: :· . 
- := .. ·.;:·:·',' -· . 

0 Done 
0 Not needed 
0 Lab to do 
PreserVation 
0 Lab to do 

:. ~ . 
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APPENDIXB 

Manasquan Inlet Water Chemical Analysis and Receiving Forms 
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Date Time 

M/DN 

0 1 0/27/06 16:56:43 

Client: "Ill,;"'"' I 

MAN1027.DAT 

Temp· 

14.23. 

SpCond 

uS/em 

46006.0 

ASI, INC. 

Salinity 

ppt 
. 29.85 

SAMPLE RECEIVJNG FORM 

Job#: v~,. ~ovr 

DO Cone pH 

mg/L 

8.51 -7.85. 

Page __ of __ 

Shipped via: . Q \..c. I. ·J-'1 C~v-,...,-e,.r # of Shipping Containers: I 
Type of Shippmg Container: Custody Seal: Condition of Shipping Containers: 
.s+ ... ;" \~sf '+~..,/~,.... Present Absent Broken Acceptable · Unacceptable 

ASI# Sample ID Type of Number of Condition of Temp 
Ice+ 

TJpe of 
Container Containers Samples t oc Sample* 

1\1\~ .... ,... .. +-.-1 .. ,. J A J 1./_ - \..4-' 1. '2.oo' f2.1c; H.,o 

2. 

3. 

A -r. 

5. 
NOTES: (Discrepancies between Sample Label and COC Record) 

Opened/ Received By: 
1. 
2. 
3. 
4. 

5. 

~~ (h 
I • 

- ··-·------------· --- - ... ·--
* 

S= Soil 
SD= Sediment 
SL=.Sludge 
W=Water 
E= Effluent 

t 
A= Acceptable 
U= Unusable or Contaminated 

Fri Oct 27 17:06:05 2006 . Page 1 of 1 

Date/ Time: 

/0/z,, /•J. 

+ 
. I= Ice 

B= Blue Ice 
D= Dry Ice 
N=None 

,,_ 

R-· 
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Client: 

Date Time 

M/DN 
11/16/06 09:15:26 

\Je;,,v._.( 

MAN1116.DAT 

Temp· 

c 
14.97. 

SpCond· 

uS/em 

37390.0 

ASI,INC. 

Salinity DO Cone pH 

ppt mg/L 
. 23.74 7.45 

Page __ of __ 

S~LERECEnnNGFORM 

Job#: lJ...:;r,··:;...,j 

7.77. 

Shipped via: 0-..-1·~ ( v-r,-:(,y · # of Shipping Containers: I 
Type of Shipping Contaiber: Custody Seal: 
_L-l~\,. t~ H ~-if.v . Present Absent Broken 

ASI# Sample.ID 
Type of Number of Condition of 

. Container Containers Samples t 
""'""-J'f ......... 

1. 2coC::- lilS": /.1;,...0 f.;_J.:&, I f} 

2. 

3. 

A -r. 

5. 
NOTES: (Discrepancies between Sample Label and COC Record) 

QE_ened/ Res;eivec;l ~y: 
1. 1~r-~· 
:2. I// 
3. 

4. 

5. 

.. - ..... -----------------· ··- - ... ·--

"' 
S= Soil 
SD= Sediment 
SL=Sludge 
W=Water 
E= Effluent 

Thu Nov 16 09:49:30 2006 

t 
A= Acceptable 
U= Unusable or Contaminated 

Condition of ,.pping Containers: 
J\cc~table lJnacceptable 

Temp 
Ice+ oc 

!'/.~ -

Date/ Tinie: 

O&f') 

+ 
I= Ice 
B= Blue Ice 
D= Dry Ice 
N=None 

Type of 
Sample* 

}A.) 

II/ /t:!ot 

Page 1 of 1 

B-~ 



J:f ux..' ; J{,,;(" -I -I ... QUALITY CARRIERS, INC. 3so2 .cciRPOREX PARK DRIVE, S.lJITE 2oo·TAMPA; FL 33S19 
• • , ' • • ., '• ,, ,', , ·, ·'--:-,,, ·. • : . ."'':\,' .• , • • , I • ' '• • 

I SCAC-QL YC I 
[I DRIVER 1: 

I DRIVER2: 
.. 

; -·. ..... .. _ 
, / 

··:.··c..l--( /·-~ /:'.; .. p·: 'L"'. 

DRIVER NO.: ~;--;..:~ / .. 
! .! : L -· ~-' :..-

_.:-(. 
DRIVER NO.: ~--- .-.. ·. 

'. /: / __ : . 

[I DRIVER3: 

I TRAILER/CHASSIS NUMBER: 

DRIVER NO.: 

l CONTAINER NUMBER: 

[ SHIPPER NAME/CITY/~TA~:.: ', '-; . ..-·,,--· .. - .. , .· .. -· I f/ / f_.-j-,· l~,..-' :' '-~ .~ . ';- c:: _//I,__ 

TRACTOR NUMBER 

.. ~,.·"';--_iR-1 . .-~ -~~ ./.i l_ : ""',',) ... _-,; ~ .. /~'L-<~ c: / .... --: ... ,. , 
- ..., ~ • • ' UNLOAD /,;.·;/, - &,;.' 

[, 1 .. i~t--.' ./~~--,-"'· ... ~.· ··-'· .-._·.·.- .. -..... ··-~--. l'-·J · ; · · ... '· 1----------:'-....;......:....:-:::;_;_...;..:..;.;:..:;.;..;...:.;;.;;....:.... ________ -; LINEHAUL ;·'_; / .. ~·(; ) 
1 CONSIGNEE NAME/CITY/STATE: 

[I -/-·i-/ _.:);',/l--'.;;., /~--;~~:=.-- f1,/ t'.J. 

HIM COMMODiTY AND HAZARDOUS MATERIAL .DESCRIPTION . . .. 
_ ...... 

RELAY 1 

RELAY 2 

RELAY3 

QUANTiTY .•. . . TARE .•. 

ORDER NUMBER 

®'®®®®®®® 
CDCDCDCDCDCDCDCD 
®®®®®®®® 
®®®®~®®® 
00000®00 
®®®®®®®® 
®®®®®®®® 
@@®®®®®f® 
® ®-® ® ® ® ® ® 
®®®®®®®® 

-.. :.·.· 
.·. GROSS .. - ·.NET TEMP ·rIc I MUST AGREE WITH DESCRIPTION ON SHIPPING ORDER\: '.,. 

·j~-4----~-------.~~~~~~~~-~~ .. ~~r~.}~.~~£~>~~~?~,~~~~:~.~~~-J~~~~~~~~~--~~i-.~~/-.-,~, -~--~-~~-:~-7-~:~.-.. t~~~------~~~----~~----~~-+--------~ 

I ~~t------__...;..._---t-----t----+-----+---+------1 

1L:~~--_.-------------I~N-C __ A_S-~~c~~F-:~·L-~-A-K•,~S-.~~·~~-'~-·~~.;-~R~.;~_:.~~-~-·~--~-··~~~-R~.·~-:-::-E-R_G_E•N-C-Y-,-C=A~L~L-T-O~L-L __ F_R_E_E--~------~~----~ 
· auAuTY cARRIERs 24 HouR EMERGENcY RE.siooNsE lio"r LiNE soo~tss~s2&s . 

[ COMPLETE AS REQUIRED; INTRANSIT HEAT 0 TRAILER STEAMING 0 TRAILER CLEANING 0 DEAD HEAD MILES-------,-

. -I cANCELLED sHIPMENT 0 REJECTED sHIPMENT 0 REcoNsiGN ED sHIPMENT 0 toLLS s -~?' ? <. us e cAN o 
..... SHIPPJ¥~ BILL Of' tAI;liNG NUMBER 

~}.;:~Z:dP.ikCJi: :;,~? 7i; ;_/ 7 · APPOINTMENT: DT_.:../-'7/'-'/_"--i~{~\..:-~-,---TIME. ___ _ 
.. : - .... _. ___ :~ . 

ARRIVAL TIME: DT __ ~'_,_·:'.:..!_,·,_•-;...;c_TIME. /; ·::_,.· '; 
, .... -,:. . . : . . ~--· 

--~-: : . ·._ ... · .. 

LOADING INFORMATION !MILITARY TIMEI: UNLOADING INFORMATION !MILITARY TIME!: 

APPOINTMENT: DT _ ____:;_/_/:'---/'-->-·--_·_· TIME 

,/· <- .. ,: 
ARRIVAL TIME: DT _ ___:_~..,....-TIME 

START TlME: DT __ ~·''---' '-/'---···_~_TIME START TIME: DT ___ ·';-'-'_..._.-.. _;~~_'(_-_TIME._~--~_J_.: __ .. 

FINISH TIME: DT __ __;~ .. -'· ___ TIME I HAVE CHECKED.THE DOCUMENTS 
... ._.,. .'. ' .• '·.: ... • _:--.:_t ·'··.-·· .~_-·.·.·_·_.: ··FbR.TliiSS.HiPMEthAND VERiFY DEPART TIME: DT • · .'- j TIME / .·< ,.... DEPART TIME: DT TIME 

[I s~-...:~p~Ep::::~=C~K~:..:P~R::ED::.~=~~.:,;:;;:;~C==H==O== .. ===EQ;;:;. U;.!.IP::M:=E;;:;N;;:;T ==b== .. _=! =.~=~:=-..: -+-~-~::::p:~~.::L:.:~:..E:.::R:::Y D::.~e;.:::p.:,;:;;:;~~==~==o====EQ;;:;U:.:,.IP::::M::::E;;:;NT=Q::::;;::;=::=.-1 STo1'l~TET~~~~ ~t~::.o~·~HIS 

FINISH TIME: DT __ ,..,-.. /...:/_.' ''-".c·_·· _TIME 

DRIVER 0 WEATHER/ROAD CONDITIONS 0 DRIVER 0 ' WEATHER/ROAD CONDITIONS 0. ·-- . SHIPMENT ANb CONNECTiON HAS 

[ 

PUMP ® COMPRESSOR 0 BLOWER 0 PUMP 0 COMPRESSOR €) BLOWER 0 BEEN. MADE TOTHE PROPER 
I vAcuuM 0 NOZZLE 0 sPonEDTRL 0 vAcuuM 0 NOZZLE 0 sPOTTEDTRL 0 . . STORAGE FACiliTY 

RAIL TRANSFER 0 SCALE S __ US 0 CAN 0 RAIL TRANSFER 0 SCALE S __ US 0 CAN 0 CONSIGNEE"S SIGNATuRE.: 

lll ::::: FO:~.~ .. ~D:G :_ .. ~LAY.:. FT 4" FT HOSE 2" FT 3" FT 4" FT X ~~~~~:~~:~-~·RESPONSIBLE 
. . -· ' REASON FORUNL,~ADING DELAY; ... ··· FOwtJNi..OADING ALL CO.NTENTS 

_/ '~ , -','··•-•,,. .·. - ASSIGNED.'TO YOU .BY SHIPPER. 
·.,. .... [ .•... 

_._,· 

/~-------;~f 

' I 0 
0 

0 

AU PRODUCT WAS RECEIVED IN 
GOOD ORDER 

NO RETAIN· AU PRODUCT,WAS REMOVED 
FROM THE TRAILER 

LESS THAN 5 GALLONS RETAIN AND NO 
PRODUCT IS VISABLE ON TRAILER WALLS 

MORE THAN 5 GALLONS RETAIN REMAIN IN THE 

[ ~ 

,r= l~~==~~~~~~~----------------~==~~~~~~~~==----------~----~---0--__ A_P_P_Ro_x ________ G_A_L_R_EMA __ I_N ________ ~ 
1 ~HIPPER'S SIGNATU~E[ :__-~-_,_·~,~ . ----· ~ON_~~·~~NE_~~;>)~g:~:~RE: .o ~~!!R WAS NOT INSPECTED POSSIBLE 

[ 
acknowledge that the current rate for the specific load referenc~~)n this delivery receipt may be higher or lower than the compensation percentage indicated in 

I my contractor agreement I have been advised of and understand the rate for this specific movement and indicate my acceptance by my initials below. Further, I 
understand that this document becomes an addendum to my independent contractor agreement 'R-'3 
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Pennsylvania Location: 
1605 Benjamin Franklin Highway 

Douglassville, PA 19518 
Phone: (610) 327-8196 

Fax: (610) 327-6864 

NJ DEP Cert IIPA925 
NY LAB ID NO.: 11828 
PA DEP Cert 1106-409 

Client: Aqua Survey, Inc. · 

469 Point Breeze Road 
Flemington, NJ 08822 

Atbl: Bob Fristrom 
. . 

Project: Manasquan Water 

Received: 12/22/2005 

Mercury 245.1-aq 
MerOJry 

Metals WW-aq 
.cadmium 

Chromium 

Copper 

Lead 

Nickel 

Silver 

Zinc 

Pest-608-aq 
4,4-DDD 

4,4-DDE 

4,4-DDT 

a-BHC 

a-<Jllordane 

Aldrin 

b-BHC 

d-BHC 

Dieldrin 

Endosulfan I 

Endosulfan n 
Endosulfan sulfate 

Endrin 

Endrin aldehyde 

Endrin ketone 

g-BHC (Undane) 

g-Ollordane 

Heptachlor 

Heptachlor epoxide 

Marsh 
New Jersey Location: 

261 U.S. Hwy. 130 
Bordentown, N] 08505 
Phone: (609) 298-5255 

Fax: (609) 298-4225 

LABORATORIES • I N C NJ DEP Cert #03018 · 
Professional testing for the critical decision 

- CERTIFICATE OF ANALYSIS - I LAB#: 47212-l I 

see attached ng/L 

< 0.020 ug/L 

OAOO ug/L 

0.160 ugfl 

< 0.020 ug/L 

0.440 ug/L 

. < 0.020 ug;l 

1.480 ug/L 

< 0.0015 ug,IL 

< 0.0016 ug/L 

< 0.0016 Ug/l 

< 0.0008 ug/L · 

< 0.0008 . ug/L 

< 0.0008 ug/L 

< 0.0016 ug/L 

< 0.0016 ug/L· 

< 0.0008 ug/L 

< 0.0008 ug/l. 

< 0.0016 ug/L 

< 0.0016 ug/L 

< 0.0016 ug/L 

< 0.0016 ug/L 

< O.Oli16 ug/L 

< 0.0008 ug/L 

< 0.0008 ug/L 

< 0.0008 ug/L 

< 0.0008 ug/L 

Sample Type: Surface Water 
Sample ID: Manasquan Inlet Sea Water 

Collected By: Oient 
·Collected: 12/22/05 9:15 

Source: 

Print Date: 
Report Date: 

April 12, 2006 
February 15, 2006 (Rev 0) 

0.1000 0.200000 245.1 Env Labs-D 12/15/05 12:51 

0.020 4.00000 200.8 KJP-DV 1/4/05 11:15 

0.020 7.00000 200.8 KJP-DV 1/4/06 11:16 

0.020 3.00000 200.8 KJP-DV 1/4/06 11:15 

0.020 4.00000 200.8 KJP-DV 1/4/06 11:16 

0.020 5.00000 200.8 IOP-DV . 1/4/06 11:16 

0.020 39.0000 200.8 IOP-DV 1/4/06 11: 16 

0.020 6.00000 200.8 IOP-DV 1/4/05 11:15 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/5/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0015 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0016 0.0016 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JLO-DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

0.0008 0.0008 608 JLO-DV 1/6/06 18:47 

0.0008 0.0008 608 JL(}.DV 1/6/06 18:47 

This report is intended to be reproduced in its entirety only. The result(s) in this report apply to only the sample(s) as 
Page 1 of 2 received by the Lab. Solid samples reported on a dry weight basis. 

Net 30 days. B-4 
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PeiU1Sylvani_a Location: . 
1605 Benjamin Franklin Highway 

Douglassville, PA 19518 
Phone: (610) 327-8196 

Fax: (610) 327-6864 Blue Marsh 
New Jersey Location: 

261 U.S. Hwy. 130 
Bordentown, NJ 08505 
Phone: (609) .298-5255 

Fax: (609) 298-4225 

NJ DEP Cert t1PA925 
NY LAB ID NO.: IJ828 
PA DEP Cert 1/06-409 

LABORATORIES • I N C NJ DEP Cert 1103018 
Professional testing for the critical decision 

-CERTIFICATE OF ANALYSIS- I LAB#: 47212-1 I 
Client: Aqua SUivey, Inc. 

469 Point Breeze Road 
Remington, NJ 08822 

Attn: Bob Fristrom 

Project: Manasquan Water 

Received: 12/22/2005 

Sample Type: Surface Water 
Sample ID: Manasquan Inlet Sea Water 

Coll~cted By: Client 
Collected: 12/22/05 9:15 

Source: 

Print Date: April 12, 2006 
Report Date: February 15, 2006 (Rev 0) 

trans-Nanochlor 
trans-Nanochlor < 0.0016 ug/l 0.0016 0.0016 608 JLo-DV 1/6/06 18:47 

Reviewed and Approved by; 

Debbie Wanner 
laboratory Manager 
2/13/2006 

< - indicates the result was non-detect or a result below the laboratories reporting detection limit 
E - indicates an estimated value outside of the calibration range or the analysis 
J - indicates that the analyte was detected, but below the limit of quantitation 
B - indicates that the analyte was found in the method blank at a concentration equal to or greater than the reporting limit 
T - indicates that the sample was analyzed out of hold 
I - indicates that there was matrix interference and matrix spike and/or matrix spike duplicate failed acceptance criteria 
Q- indicates that the sample was analyzed without aD quality control being in compliance 
H - exceeds applicable regulatory limit 

. S - indicates surrogate recovery outside method acceptance criteria 

DV - in the 'Init' column indicates that the sample was analyzed at our Douglassville, PA fadlity 
BT- in the '!nit' column· indicates that the sample was analyzed at our Bordentown, NJ fadlity 
SB - in the 'Init' column Indicates that the sample was analyzed at a sub-contracted laboratory 

Results reported with the units "ug/kg" and "mgfkg" are calrulated on a dry weight basis 

LOD is the "Level of Detection", also known as the MDL 
LOQ is the "Level of Quantitation", also known as the PQL 

This report is intended to be reproduced in its entiretY only. The result(s) in this report apply to only the sample(s) as 
received by the Lab. Solid samples reported on a dry weight basis. 

Net 30 davs. 

Page 2 of 2 

B-5 
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62/08/2665 18:40 6125EI75445 PACE SCIENCESOLUTION PAGE fi2/!?J8 

ce Analvtical no 

Pace Analytical Services; In e. 
1700 Elm street • Suite 200 

M"rnneapolis, MN 55414 

Tet 612-607-1700 
Fax: 51 2- 50M4A4 

Method 166BA Polychlorobiphenyl Sample Analysis Results 
Client- Blue Marsh Laboratories, Inc. 

Cfient's Sample ID 2610-01 
Lab Sample ID 106567001 
Filename M50207B_6 
Injected By cvs 
Total Amount Extracted 977 rnl Matrix 
%Moisture NA Dilution 
Dry Weight Extracted NA Collected 
ICAL Date 02107/2005 Received 
CCal Filename(s) M50207B_1 Extracted 
Method Blank 10 Analyzed 

PCB Isomer IUPAC R1 Ratio ng'sAdded 

Internal standards 
. 13C-2-MoCB 1 2.0 
13C-4-MoCB 3 2.0 
13C-2,2'-DiCB 4 2.0 
1 3C-4,4'-DiCB 15 2.0 
13C-2,2',6-TrCB 19 2.0 
13C-3,4,4'-TrCB 37 2.0 
13C-2,2',6,6'-TeCB S4 2.0 
13C-3,4,4',5-TeCB 81 33.261 0.74 2.0 
13C-3,3',4,4'-TeCB 77 33.907 . 0.81 2.0 
13C-2.,2',4,6,6'-PeCB 104 24.302 1.69 2..0 
13C-2,3,3', 4 ,4'-PeCB 105 37.655 1.53 2..0 
13C-2,3.4.4' ,5-PeCB 114 36.951 1.50 2.0 
13C-2,3',4,4' ,5-PeCB 118 36.402 1.61 2.0 
13C-2,3',4,4',5'-PeCB 123 36.058 1.29 2.0 
13C-3,3' .,4,4',5-PeCB 126 40.951 1.58 2.0 
13C-2,2',4,4',6,6'-HxC8 155 30.74.5 1.15 2.0 
13C-HxCB ( 1 561157) ~56/i5i 44.119 1.28 4.0 
13C-2,3'.4.4',5,5'-HxC8 167 42.912 1.22 2.0 
13C-3,3',4.4'.5,5'-HY.CB 169 47.519 1.43 2.0 
13C-2,2',3,4',5,6,6'-HpCB 188 36.934 1.03 2.0 
13C-2.,3,3',4,4' ,5,5' -HpCB 189 50.140 1.00 2.0 
13C-2,2',3,3',5,5',6,6'-QcCB 20Z 42.623 0.87 2.0 
13C-2,3,3',4,4',5,5',6-0cCB 205 52.806 0.85 2.0 
13C-2,2',3,3',4,4',5,5',6-NoCB 206 54.607 0.80 2.0 
13C-2,2' ,3,3',4 ,5,5',6,6'-NoCB 208 49.606 0.71 2.0 
13C-DeCB 209 56.248 0.74 2.0 

Cleanup Standards 
13C-2,4,4'-TICB 28 21.055 0.90 2.0 
13C-2,3,3',5,5'-PeCB 111 33.958 1.58 2.0 
13C-2,2',3,3',5,5',6-HpCB 178 40.195 1.09 2.0 

Recovery Standards 
13C·2,5-DiCB 9 12.281 1.48 2.0 
13C-2,2' ,5,5'-TeCB 52 23.248 0.80 2.0 
13C·2..2',4,5,5'-PeCB 101 31.000 1.59 2.0 
13C·2,2',3,4 4',5'-HxCB 138 39.715 1.25 2..0 
13C·2,2',3,3',4,4',5,5'-0cCB 194 52.314 0.90 2.0 

Cone = Concentration 
EML -=Method Specified .Reporting Lirnil (166eA) 
EMPC =. Estimatetl Maximum Possible Conc:entration 
A o:: limit of Detection based on signal to noise 
B = Less !han 10 timGs higher than m_ethod blank level 
P:: Recovery Oll!side ot Method 166BA cCintrollimits 
Nn = Valoe obr.:lned from additional ana~ 
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Water 
NA 
01111/2005 
01121/2005 
01/30!.2005 
02107/2005 22:43 

ng's Found %Recovery 

ND 
NO 
ND 
NO 
ND 
ND 
ND 

0.102 5 p 
0.153 8 p 

0.0221 1 p 
0.123 6 p 
0.121 6 p 
0.124 6 p 
0.112 6 IP 
0.144 7 p 

0.0917 5 p 
0.301 8 p 
0.150 7 F!> 
0.143 7 p 
0.~28 6 p 
0.220 11 p 
0.216 11 p 
0.159 8 p 
0.186 9 p 
0.190 9 p 
0.220 11 p 

0.150 8 p 
. 1.68 84 

1.84 92 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

ND" Not DetGcted 
NA = Not Applicable 
NC = Not Calculated 
• = See Discussion 
I = Oute;ide QC limits 
RT = Retei'Jtio 1'1 Time. 
I = Interference 
ng's; = Nanograms 

Report No ..... 1 06567 
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Method 1668A Polychlorobiphenyl 
Sample Analysis Results 

Client Sample ID 
Lab Sample ID 
Filename 

IUP.AC 

1 
2 
3 
4 
5 
s 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
za 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Co-e!uticr.s 

12/13 
12/13 

18/30 

20/28 
21/33 

26129 

20128 
26/29 
18130 

21/33 

40 40/41171 
41 40/41n1 
42 

Cone '" Concentration 

2610-01 
106567001 
M50207B_6 

RT 

EM!.. =Msthod Specified Reporting Limit (166SA.) · 
EMPC = Estimated MaximUn1 Possible Concentration 

A "' Limit of Datedion based on signal to noise 
B"' Less than 10 limes higher than method blank lev&l 

P "' Recovery outside oll\llethod 166SA control limits 

Nn = Value obtained from additional analyser. 

Ratio 
Concentration 

ngfL 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
NO 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
NO 
NO 
ND 
ND 
ND 
NO 
ND 
NO 
ND 
NO 
ND 
ND 
NO 
ND 
NO 

REPORT OF LABORATORY ANALYSIS 

This report shall not be reproduced, except in fUrl, 

witl>outl.he written consent of Pace Analytical Services, Inc. 

Pace Anal)'tical services. Inc. 
1700 Elm Street • Suite 200 

M"Ul11eapolis, MN 554 1 4 

EMPC 
ng/L 

NO= Not Detected 
NA ==Not Applicilble 
NC = Not Calculated 
• .. See Discussion 
I "' Outside QC limJ!s 
RT = Retention Time 
I = Interference 
ng's = Nanograms 

Tal: 612-507-HOO 

Page 2 of 7 

EML 
ng!L 

0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.614 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.614 
0.512 
0.512 
0.512 
0.512 
0.512 
..... r." ...... 

V.O I.L 

0.512 
0.614 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
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B2/B8/2B05 16:46 6l2667b44!:1 PACE 5Cli:..NC...1:.SULUT ION 

Client Sample ID 
Lab Sample ID 
Filename 

!UPAC Co-elutions 

Method 1668A Polychlorobiphenyl 
Sample Analysis Results 

261~1 
106567001 
M50207B_6 

RT Ratio 
Concentration 

ngll 

Pace Analytic::al Services, Inc. 
1700 Elm Street- Suite 200 

Minneapolis, MN 554, 4 

EMPC 
ng/L 

Tet 612-607-1700 

Page 3 of 7 

EML 
ng/L 

-43- .. 
44147165 

0~512 -----0.61.1 ----------------------~-~--------~ND~--------~ ND 44 
45 45151 
46 
47 44/47/65 
48 
49 49/69 
50 50/53 
51 45/51 
52 
53 50153 
54 
55 
56 
57 
58 
59 59152175 
60 
61 61{10/74/76 
62 59/02/75 
63 
64 
65 44/47/65 
66 _ ... 
OJ 

68 
69 49/69 
70 61{{0/74/76 
71 40141/71 
72 
73 
74 61/70/74fl6 
75 59/62175 
76 61f70/74/76 
77 
78 
79 
80 
81 
82 
83 
64 

Cone = Concentration 
EML =Method Specified Reporting Limii (1 66aA) 

EMPC = Estimated. Maximum Possible Concentration 
A = limit of Detection based on signal to noise 
B = Les9 than .1 0 times higher than method blank level 
P = Recovery outside of Method 1668A control6mits 
Nn = Value obtaioed from adartional analyses 

ND 
ND 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
ND 
ND 
ND 
NO 
No· 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
NO 
NO 
NO 
ND 
ND 
ND 
NO 
NO 
NO 
NO 
ND 
ND 

REPORT OF LABORATORY ANALYSIS 

This report shaD not be reproduced, except in fuR, 
Without the written consent of Pace Analytical Services, Inc. 

ND = Not Detected 
NA = Not Applicable 
NC " Not Galculaled 
·= See Discussion 
! = Outside QC Umits 
RT = Retel'ltion Time 
I =- lnterferenca 
ng's = Nanograms 

0.512 
0.512 
0.614 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.614 
0.512 
0.512 
,.., I:' .... u • ...,., 

0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 . 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 

Report No ..... 106567 
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82/08/2BB5 10:46 6126fl76445 PACE SCIENCESOLUTION 

Pace Analytical Servic:ss, Inc. 
1700 Elm Street· Suits 200 

Minneapolis, MN 55414 

Tel: 612-607-1700 
fax: 612· 607=§:!.14 

Method 1668A Polychlorobiphenyl 
· Sample Analysis Results Page 4 of 7 

Client Sample ID 
Lab Sample ID 
Filename 

2610-01 
1065Si001 
M50207B_6 

IUPAC 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

Co..e:rutions 

851116/117 
86/87197/108/119/125 
86/87/97/1081119/125 
88/91 

9011011113 
BB/91 

9319811 0011 02 

86/87197/1081119/125 
93/9SI1 0011 02 

9319811 001102 
90/101/113 
93/98/1001102 

-107/124 . 
86/8 7197/1 08/119/1 25 

110/115 

RT 

31.034 

31.034 

Ratio 

1.05 

1.05 

Concentration EMPC EMl 
ngll ng/L ng/L 

NO 0.614 
NO 1.02 
ND 1.02 
NO 0.512 
NO 0.512 

0.512 0.512 
ND 0.512 
NO 0.512 
NO 0.768-
ND 0.512 
ND 0.512 
NO 0.512 
NO 1.02 
NO 0.768 
NO 0.512 
ND 0.768 

(0.512) 0.512 
NO 0.768 
ND 0.512 
ND 0.512 
ND 0.512 
ND 0.512 
ND 0.512 
ND 1.02 
ND 0.512 
ND o.5i2 
ND 0.512 
ND 0.512 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

90/101/113 31.034 1.05 (0.512) 0.512 
ND 0.512 ----_,,.5- -nor-rf5 --------==------==--____:_----Ma·~· ------:-----~------- --9:5'1-2-- -

[ 

[ 

[ 

( . 

[ 

[ 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

85/116/117 - NO 0.614 
851116/117 ND 0.614 

ND 0.512 
86/87/97/108/119/125 NO 1.02 

107/124 
86187/97/108/119/125 

Cone = Concentration 
EML ==Method Specifted Reporting Limit (166BA) 
EMPC = Estimated Maximum Possible Conc:entralion 
A = Umlt of Detection based on signal to noise 
B =Less than 10 times higher than method blank level 
P = RecoverY- outside cif Method 1 66BA control limits 
Nn " Value obtained from additional analyses 

ND 0.512 
ND 0.512 
ND 0.512 
NO 0.512 
ND 0.512 
NO 1.02 
ND 0.512 

ND = Not Detected 
NA = Not Applicable 
NC " Not Calculated 
., See Discussion 
! = Outside QC Limits 
RT "' Retention rune 
r = Interference 
ng's = Nanograms 

Report No ..... 1 06567 
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B2/B8/2BB5 1B:4B 5125075445 PACE SCIENCESOLUTION PAGE l3b/ £18 

ce Analvtica/T>A 
Method 1668A Polychlorobiphenyl 

Sample Analysis Results 

Client Sample ID 
Lab Sample ID 
Filename · 

JUPAC Co-elutions 

127 
128 128/166 
129 12~1~163 
130 
131 
132 
133 
134 
135 
136 
137 
13B 
139 
140 
141 
14.2 
143 

"144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 

1341143 
1351151 -

, 29/138/163 
1391140 
139/140 

134/143 

1471149 

147/149 

135/151 

153/168 

156/157 
156/157 

163 129/1381163 
164 
165 
166 12.81166 
167 
168 153/168 

Cone ::: Concentration . 

2610..01 
106567001 
M50207B_6 

RT 

-

EML =Method Specified Reporting Limi! (1S68A) 
EMPC =Estimated Maximum Possii:Jie Concentralion 
A = Limit of Detection based on signal to noise. 
B =Less tnan 10 times higher than methocf blank level 
P = Reco'<'ery outside or Method 166BA controllimltt 
Nn = Value obtained from additional analyses 

Ratio 
Concentration 

ng/l 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
ND 
ND 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
NO 
ND 
NO 
ND 

REPORT OF LABORATORY ANAL YSfS 

This report shall not be reprt>duc:ed, except in tun, 
without the wriUen consent of Pace Analytical Services, Inc. 

Pace Anslytical Services, Inc.. 
1700 Elm Street· Suite 200 

Minneapolis, MN 55414 

EMPC 
ng/L 

ND " Not Detected 
NA = Not Appfiaable 
NC :: Not Calculated 
""' Sea Discussion 
I :::: Outside QC Limits 
RT = Retention Time 
I :::::'Interference 
ng's ::: Nanograms 

Tel: 612-607-1700 
Fax; 61?- 607-R¥4 
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EML 
ngll 

0.512 
1.02 

0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.522 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.522 
0.512 
0.614 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 

1.02 
0..512 
0.614 

Report No ..... 106567 
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Method 1668A Pofychlorobiphenyl 
Sample Analysis Results 

Client Sample ID 
Lab Sainple ID 
Filename 

IUPAC Co-elutions 

169 
170 
171 171/173 
172 
173 171/1i3 
174 
175 
176 
177 
178 
179 
180 180/193 
181 
182 
183 1831185 
184 
185 1831185 
186 
187 
188 
189 
190 
191 
192 
193 ~C0/193 
194 
195 
196 
197 1971200 
198 198/199 
199 1981199 
200 197/200 
201 
202 
203 
204 
205 
206 
207 
206 
209 

Cone = Concentratlon 

2610--01 
106567001 
M50207B_6 

RT 

EML =Method Specifled Reporting Umit (1666A) 
EMPC = Estimsted Maximum Possible Concentration 
A "' Umit of Detedion based on signal to noise 
B "' Less than 10 times higher than method blarok level 
P o Recovery outside of Method 1668A controlllmilt; 
Nn = Value obtained from additional analyses 

Ratio 
Concentration 

ng/L 

NO 
NO 
NO 
NO 
NO 
NO· 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
NO 
NO 
ND 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 

1-'AI.;it:. t1 i-' tll:l 

Pac~ Analytical Services, Inc. 
1700 Eltn Street - Suite 200 

Minneapolis, MN 55414 

EMPC 
ng/L 

ND"' Not Detected 
NA "' Not App6cable 
NC =Not Caleulaied 
·= See Discussion 
! "' outside ac Limits 
RT "' Reten'tlon Tme 
1 =Interference 
ng's = Nanograms 

Tet 61Z-50i-1 iOO 

Page 6 of 7 

EML 
ngll . 

0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512' 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.717 

2.56 
0.512 
0.512 

2..56. 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 
0.512 

Report No ..... 106567 
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B2/B8/2885 1B:4B 5126876445 PACE SCJENCESOLUTIO~ 

ceAnalvtica/T>A 
Method 166BA Polychlorobiphenyl 

Sample Analysis Results 
Client Sample ID 
lab Sample ID 
Filename 

Congener Group 

2610-01 
'106567001 
M50207B_6. 

Total Monochloro Biphenyls 

Total Dichloro Biphenyls 

Total Trichloro Biphenyls 

Total Tetrachloro Biphenyls 

Total Pentachloro Biphenyls 

Total He:xac::hloro Biph.enyls 

Total Heptachloro Biphenyls 

Total Octachloro Eiiphenyfs 

Total Noriachloro Biphenyis 

Decachloro Biphenyls 

Total PC6s 

ND ::: Not Detected 

Concentration 
ng/L 

NO 

ND 

ND 

ND 

0.512 

ND 

ND 

NO 

ND 

ND 

0.512 

REPORT OF LABORATORY ANAL YSJS 

This report shall not be reproqucad, except in full, 
· without the written consent of Pace Analytical Services, Inc. 

Pace Analytical Services, Inc. 
1700 Elm Street- Suite .200 

Minneapolis, MN SS-414 

Tel: 612..S07-17DO 
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Page 7 of7 

Report No ..... 106567 

TLl"l 



r. 
1..1 

1111'11 
I 

-
-
.'""'' --

APPENDIXC 

L. plumulosus Acute Raw Data Sheets 
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26-349 CDR 10 Day L. plumulosus- STATIC 
Chamber Sample Code 

6 Control 1.1 
2 1.2 
9 1.3 
8 1.4 
5 1.5 
13 6A 2.1 
14 2.2 
7 2.3 
11 2.4 
4 2.5 
3 7A 3.1 
1 3.2 
10 3.3 
12 3.4 
15 3.5 

Page 1 
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Test: AA-Acute Amphipod 
Species: LP-Leptocheirus plumulosus 
Sample ID: sediment 
Start Date: 111312006 End Date: 11/1312006 

Pos ID Rep Group Start 24 hrs 

1 1 Control 20 
2 2 Control 20 
3 3 Control 20 
4 4 Confrol 20 
5 5 Control 20 
6 . 1 C6-A 20 
7 2 C6-A 20 
8 3 C6-A 20 
9 4 C6-A 20 
10 5 C6-A 20 
11 1 C7-A 20 
12 2 C7-A 20 
13 3 C7-A 20 
14 4 C7-A 20 
15 5 C7-A 20 

Comments: 

Page 1 

' '"' 
Test ID: 26-349 
Protocol: EPAM 01 EPA Marine 
Sample Type: SED sediment 
Lab ID: ASI-Aqua Survey Inc. 

48 hrs 72hrs 96 hrs 10 days Notes 
18 
18 
18 
19 
18 
20 
16 
19 
20 
17 
15 
16 
20 
17 
18 

ToxCalc 5.0 Reviewed by: ~ __!C::f_? 
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"Start Date: 
End Date: 
Sample Date: 
Comments: 

Cone-% 
Control 

C6-A 
C7-A 

Cone-% 
Control 

C6-A 
C7-A 

11/3/2006 
11/13/2006 

1 
0.9000 
1.0000 
0.7500 

2 
0.9000 
0.8000 
0.8000 

Mean N-Mean 
. 0.9100 1.0000 
0~9200 1.0110 
0.8600 0.9451 

Auxiliary Tests 

Acute Amphipod-10 day 
. Test ID: 26-349 
Lab ID: ASI-Aqua Survey Inc. 
Protocol:. EPAM 01 EPA Marine 

3 
. 0.9000 
0.9500 
1.0000 

4 
0.9500 
1.0000 
0.8500 

5 
0.9000 
0.8500 
0.9000 

Sample ID: 
Sample Type: 
Test Species: 

Transfonn: Arcsin Sguare Root 
Mean Min Max CV% N t-Stat 
1.2683 1.2490 1.3453 3.393 5 
1.3086 1.1071 1.4588 12.404 5 -0.477 
1.2070 1.0472 1.4588 13.217 5 0.724 

Statistic 
Shapiro-Wilk's Test indicates nonnal distribution (p > 0.01) 
Bartlett's Test indicates equal variances (p = 0.06) 

0.96707 
5.49747 

sediment 
SED sediment 
LP-Leptocheirus plumulosus 

1-Tailed 
Critical 

2.110 
2.110 

Critical 
0.835 

9.21034 

MSD 

0.1785 
0.1785 

Skew Kurt 
0.32498 -0.1168 

Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df 
Dunnett's Test indicates no significant differences 
Treatments vs Control 

0.9 

0.12528 0.13748 0.01308 0.01788 0.50162 2, 12 

Dose-Response Plot 

0.8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1-tail, 0.05-level 

0.7 

0.6 
>. 
Ill 

"C 0.5 
0 ..... 

0.4 

0.3 

0.2 

0.1 

0 

Page 1 

e c 
0 u 

<( 

<h 
0 

ToxCalc v5.0.23 

<( 

t.!. 
u 

of significance 
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Job#: ~26-::....=..34..:..::.__9 ______ _ 
Client: CDR ~::......__ __ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

I 
[ 

[ 

( 

[ 

Day=> · 
ChamberU 

1 

2 

3 

4 

5 

. 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Initials/ 
Date 

Key: 

0 1 2 

~ N N 

~ N N 
% rJ N 

,% N tJ 

~ IJ tJ 

~~ . D rv tJ 
~ N rJ 

% N N 

% N tJ 

IM ·tJ tJ 

I~ N N 

I~ N N 

.!!46 N ~~ 

~ tJ N 

-~ N N 

I~M, IJ;/f/tb :tfof1 . 

Aqua Survey, Inc. 
Solid Phase Readings 

Test Start Date: I l/3/06 Parameter: Live Count/ Observations 
STATIC Organism: L plumulosus 

D=Dead S= Surface/Swimming N= Nothing Unusual 

~ 
3 4 s 6 7 8 9 Day JO Dey-it D&y-12... 

Final Count Ji:iael Count F.iual C:ount 

tJ N !'/ N N /v N /U! I& Al}R 
fl/ Ill Ill N N ~ (\/ I~ IR 
(lj IV rl N N IN, 1/ /w IK 
d rl Jl/ N N IN j_ 11 11 
tl IV Ill N tJ IN (\f /g lR 
!'I IV fa/ N N (I) lLY f& I~ 
1'1 ·Ill !V N N ~ ~ n {q ,q 
IV rJ N N N lA/ Nr jq Jq 
;1/ rl (1/ N N lf\J ('{ ~~ /g 
IV rl tJ tJ N 

J ' 1i d.D clO 
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I 

N rJ. w I~ 11 
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Job #: 26-349 
Client: ___;:C:=..;:DR=-=-----

Day=:> 0 
CbamberU 

1 ~.50 

2 .. '~ ~. 
3 lo.S<) 
4 o/73 
5 5.~3 
6 5,~4 
7 0,95' 
8 S'.l~ 
9 5t12 

10 0.5, 
11 O,C{yr; 

12 o.5s 
13 0,7$ 

14 0/6) 
. 15 O.S4 

Initials/ f/h/c ·nate ,. ) oc 

Aqua Survey, Inc. 
Solid Phase Readings 

Test Start Date: 11/3/06 
STATIC 

1 2 3 4 5 6 

~.'1~ o.qq I' Ll-- 1-.H> j,(V L?4 
q.qs j:b.O. /1,.0 I Lf .'( i 'l." I'~,G 
n.'l~ u4 I. '1~ J. }L j .1v 1;71 
13'L· i-16 

,;· l ?~ l.d -~~11 2 _c)) 

1.1( J.l/ l.t;1.. j ,f!J J .l.J 3 .1(1 

b.?i o.qif_ 1.11 J.Js- /,), Lot 
l-'11 J.J/ .:.-.~. ) . 1 3.i( J.]D 3.3<J 
0.11 o.qq f. V· f.)) f,f''j tl-f9 
i·tfu '-~~ "' "\ ~ 2 Ul }.b7.- 3:1~ t- • 

.J' 

14-1 Jl1- "l.O \ l.(f:. l.l} ~JO 
01~ o.qif i .).,\ J.$3 ;.J7. Li~ 
~II/#~ 1hlsft:h 

h ... .l<- .JC.: f.M 
1\\i,\•" ,·,ni"~· 41'1/<1..· I iJjJfc 

Parameter: Ammonia-N 
Organism: L plumulosus 

7 8 9 10 

i05 IO.G"q1 Lf)f!J ka.s6 
1~.0 /J,,S~ ll. l 'l.t.'-16 
/(;3 f, '30 onl o.q)( 

·J.t~ i. 3) KJ.G4 O.Gft 
Jl.l 

l'-1:1 
.1CD...u2 l,q~ o,]'J. 050 ,,_,. I 

14-. {p 
/ 

iJ.q 
b.q~ o,sr£ Co.~o CoSO 

.Jrq :AJ<b v,~~ /.3;2 

i.3~ !,.0~ o, G-q 6.515 
J.qo ~,QG 0/~~9 J .SCD 

/.{;~ ~ .~(f] c.osrc ~O.Q) 
0.~4 I'. ,.so ,o.~ ~,Sd LJJ.~ 

'IIJ J Jojt. Pm 
Lilli for 

p,·n .~;y. 
11}12}tf'· ;4,3/.~v 
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Job#: 
Client: CDR 

Sample el)n 
OVERLAY 

Temperature (°C) 

Salinity (ppt) 

D.O. (mg/L) 

pH 

NH~ (mg/L) 

POREWATER 

Temperature ('C) 

Salinity (ppt) 

D.O. (mg/L) 

pH 

NH~ (mg/L) 

Initials/ Date 

Sample 111 
OVERLAY 

Temperature (°C) 

Salinity (ppt) 

D.O. (mg/L) 

pH 

NH~ (mg/L) 

POREWATER 

Temperature (0 C} 

Salinity (ppt) 

D.O. (mg/L) 

pH 

NH~ (mg/L) 

Initials/ Date 

Aqua Survey, Inc. 
Solid Phase Readings 

Test Start Date: 11/3/06 Parameter: Overlay/ Porewater 
Static Organism: L. plumulosus 

DayO Day 10 Sample &4 DayO DaylO 

kJ/{.J ·OVERLAY 

JL/.4 Temperature (0 C) cJl/-2 cJt/.4 
JJV Salinity (ppt) JJ 0 ci/.0 
l.9 D.O. (mg/L) /}. u 6-l 

1. K pH J_ ~ 1-~ 

/.3.~ 
NH 3 (mg/L) fJ. ~u ~.qJ.. 
POREWATER 

- i 
Temperature (°C) - -

- Salinity (ppt) - -
- ; D.O. (mg!L) - -
-- pH - -

It- cl1--IJ NH3 (mg/L) S. I I.J 1-44 
:hJ?>/(}u L/111/t4£AJ Initials/ Date j_ltb/ou U/11JIJ/..o~. 

DayO Day 10 Sample DayO Day 10 

I II OVERLAY 
I 

;&A-:Q J4.f l Temperature (°C) 

JJ.O d~.~ 
Salinity (ppt) 

6 (; 6.5 I D.O. (mg/L) 

1-~ 1.~ pH 

L0.60 ~.&0 NH 3 (mg/L) 

,I 
I 

II 
~ I I 

I - - ,I 

l - - il 
J 

I; POREWATER -

t Temperature (°C) 

Salinity (ppt) 

I - -
~ i I -- ·! 

:! .3. ~I J.57 I 

D.O. (mg/L) 

pH 
I 

NH 3 (mg/L) 

l:t44ou lll,j;.;}ou ~ Initials/ Date 

C-6 
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1 
2 
3 
4 

5 

6 
7 

8 
9 
10 

11 
. 12 

13 

14 

Date Time 

M/DN 

11/03/06 12:00:44 

11/03/06 12:02:32 

11/03/06 12:03:51 

11/03/06 12:04:27 

11/03/06 12:05:08 

11/03/06 12:05:45 

11/03/06 12:06:44 

11/03/06 12:07:24 

11/03/06 12:07:55 

11/03/06 12:08:18 

11/03/06 12:08:49 

11/03/06 12:09:25 

11/03/0612:10:17 

11/03/06 12:10:46 

11/03/0612:11:34 

349LPSO.DAT 

Temp SpCond 

c uS/em 
24.48 33285.0 

24.48 30911.0 

24.41 33232.0 

24.40 33397.0 

24.43 30734.0 

24.44 30788.0 

24.46 33609.0 

24.36· 30817.0 

24.51 30832.0 

24.41 33338.0 

24.47 33525.0 

24.45 33335.0 

24.33 33182.0 

24.47 33445.0 

24.49 33171.0 

Salinity DO Cone pH 

ppt mg/L 

20.83 6.90 7.91 

19.20 4.82 7.47 

20.80 6.55 7.76 

20.91 6.73 7.82 

19.08 6.54 7.77 

19.12 6.68 7.91 

21.06 6.65 7.91 

19.14 6.55 7.83 

19.15 6.64 7.86 

20.87 6.66 7.87 

21.00 6.64 7.81 

20.87 6.71 7.86 

20.77 6.49 7.75 

20.94 6.42 7.73 

20.76 6.52 7.74 

( Project #: /Jb '3fl Test type: 0 B ioaccumulation 0 Solid Phase 0 SPP ~ OTHER: !Oduj /?/di(_Date: i/j.s/cf!J 

( Species: 0 A. abdita 0 M bahia 0 M beryl/ina O.M nasuta 0 N. virens ~ OTHER: Lp/umuh.,Pay of Study: 0 

[ 

[ 

[ 

( 

[ 

OPERATIONAL RANGE: Check if OK 

Temperature: . 0 12 -14 oc 0 18 -22 oc 

Salinity: 0 26 -30 ppt 0 28 -32 ppt 

Dissolved Oxygen: D >4.0 mg/L ~ > .J.1L mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green ~ 

P:aae 1 of 1 ~ 
Jnn1als: ·--

C-7 
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349LPS1.DAT 

DateTime · Temp SpCond Salinity DO Cone pH 

·MfDIY c uS/em ppt mg/L 

0 11/04/06 11 :45:33 24.43 35042.0 22.05 6.73 7.94 

1 11/04/06 11:47:36 24.93 31226.0 19.41 6.75 8.20 

2 11/04/06 11 :48:24 24.80 34719.0 21.82 6.65 8.05 

3 11/04/06 11 :49:36 24.74 34849.0 21.91 6.67 8.03 

4 11/04/06 11:50:-50 . 24.77 31000.0 19.26 6.49 8.03 

5 11/04/0611:51:34 24.77 31227.0 19.41 6.71 8.19 

6 11/04/06 11:52:25 24.84 35313.0 22.23 6.60 8.08 

7 11/04/06 11:53:24 24.81 31194.0 19.39 6.69 8.14 

8 11/04/06 11:54:02 24.80 31217.0 19.41 6.60 8.11 

9 11/04/06 .11:54:44 24.71 34888.0 21.94 6.58 8.02 

10 11/04/06 11:55:24 24.78 35259.0 22.20 6.58 8.03 

11 11/04/06 11 :56:05 24.65 34940.0 21.98 6.49 7.93 

12 11/04/06 11:56:37 24.66 34963.0 21.99 6.43 7.88 

13 11/04/0611:57:11 24.54 34911.0 21.96 6.43 7.88 

14 11/04/06 11 :57:42 24.59 34768.0 21.86 6.47 7.88 

Project#: cl/t ·, 3t/q Test type: 0 Bioaccumulation ~ Solid Phase 0 SPP 0 OTHER: Date: uJ+jOL: 

Species: D A. abdita 0 M bahia D M berylUna D M nasuta 0 N. virens ~ OTHER: L plu rod:stPay of Study: __ 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

o 12-14 oc o 1s -22 oc b J4- -W oc 

D 26-30 ppt 0. 28-32 ppt ~ Jj__- r1;L ppt 

Dissolved Oxygen: 0 >4.0 mg/L ~ > _Jj;_ mg!L 

pH: D 7.3 to 8.3 ~6.0 to 9.0 o __ to __ 

Actions taken: 

Sun Nov 05 10:12:01 2006 
See deviation summary sheet 0 

Meter Used: 

Blue D 

Red 0 

Green ~ 

Page 1 of 1 

Initials:_,#i--

C-8 
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349LPS2.DAT 

DateTime · Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/05/06 09:58:40 25.26 35352.0 22.25 6.82 8.01 

1 11/05/06 09:59:4 7 25.38 31091.0 19.31 6.86· 8.18 

2 11/05/06 10:00:21 25.27 34990.0 22.00 6.68 8.00 

3 11/05/06 10:01 :08• 25.26 35205.0 22.15 6.68 8.00 

4 11/05/06 10:01:44 25.26 30646.0 19.01 6.72 8.12 

5 11/05/06 10:02:14 25.18 30776.0 19.10 6.81 8.22 

6 11/05/06 10:03:06 25.10 35650.0 22.46 6.65 8.03 

7 11/05/06 1 0:03:38 25.18 30906.0 19.19 6.76 8.16 

8 11/05/06 10:04:29 25.19 30817.0 19.13 6.72 8.18 

9 11/05/06.10:05:03 25.07 35085.0 22.07 6.68 8.07 

10 11/05/06 10:05:33 25.10 35626.0 22.45 6.69 8.05 

11 11/05/06 1 0:06:02 24.99 34977.0 22.00 6.43 7.91 

12 11/05/06 10:06:34 24.96 35039.0 22.04 6.49 7.90 

13 11/05/06 10:07:10 . 24.88 35011.0 22.02 6.52 7.91 

14 11/05/06 10:07:33 24.85 34911.0 21.95 6.-57 7.91 

Project #:c2J,- Qljg Test type: 0 Bioaccumulation ~ Solid Phase 0 SPP 0 OlHER: L. . Date: ill* 
Species: 0 A. abdita 0 M bahia 0 M beryllina 0 M nasuta 0 N. virens ~ OTHER: pi~)US Day of Study: ~ 
OPERATIONAL RANGE: Check if OK 

Temperature: 012-14°C 018-22"<: 

Salinity: 0 26 -30 ppt 0 28 -32 ppt 0 J1_ -lL ppf* 

Dissolved Oxygen: J >4.0 mg!L 0 > __ mg/L 

pH: o 7.3 to 8.3 ~r.o to 9.0 0 to 

Meter Used: 

Blue 0 

Red 0 

Green b 

[ See deviation summary sheet 0 
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349LPS3.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/06/06 10:23:38 24.26 35871.0 22.63 6.67 8.03 

1 11/06/06 10:25:14 24.70 31229.0 19.42 6.66 8.20 

2 11/06/06 10:26:54 24.83 35228.0 22.17 6.61 7.99 

3 11/06/0610:27:41 24.96 35418.0 22.30 6.68 8.03 

4 11/06/06 1 o:28:43 24.92 30346.0 18.81 6.76 8.15 

5 11/06/06 10:29:11 25.02 30735.0 19.07 6.87 8.28 
-· 

6 11/06/06 1 0:30:02 24.88 35944.0 22.67 6.87 8.18 

7 11/06/06 10:30:21 24.96 30897.0 19.19 6.97 8.24 

8 11/06/0610:31:21 24.87 30868.0 19.17 6.94 8.30 

9 11/06/06 10:32:16 24.79• 35534.0 22.39 6.84 8.05 

10 11/06/06 10:33:07 24.80 36076.0 22.77 6.82 8.09 

11 11/06/06 10:33:34 24.77 35195.0 22.15 6.69 8.00 

12 11/06/06 10:34:28 24.69 35377.0 22.28 6.39 7.90 

13 11/06/06 10:35:04 24.71 35255.0 22.20 6.77 7.99 

!14 11106/06 10:35:46 24.60 35208.0 22.16 6.81 7.94 

Project #:Ju !>tJLI Test type: 0 Bioaccumul~tion ~ Solid Phase 0 SPP 0 OTHER: ____ Date: /lfu/(J V 

Species: 0 A. abdita 0 M. bahia OM beryl/ina 0 M nasuta 0 N. virens 4 OTHER: Lo. Day of Study: , -3 
I 

OPERATIONAL RANGE: Check if OK Meter Used: 

Temperature: Blue · 0 

Salinity: 0 26 -30 ppt 0 28 -32 ppt 0 Jj_- J..J_ ppt Red 0 

Dissolved Oxygen: ~ >4.0 mg!L 0 > __ mg!L Green ~ 
pH: 0 7.3 to 8.3 06.0 to 9.0 

Actions taken: 

C-10 
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349LPS4.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/07/0611:18:50 24.65 36977.0 23.40 6.42 7.95 

1 11/07/06 11:20:15 25.31 31606.0 19.66 6.33 8.22 

2 11/07/0611:21:14 25.26 35618.0 22.44 6.24 7.95 

3 11/07/06 11:21:46 25.28 35844.0 22.60 6.33 . 8.04 

4 11/07/0611:22:35 25.29 30322.0 18.79 5.94 7.97 

5 11/07/06 11 :23:06 25.28 30786.0 19.10 6.24 8.24 

6 11/07/06 11 :23:52 25.27 36301.0 22.91 6.39 8.12 

7 11/0/'/06 11:24:23 25.24 30842.0 19.14 6.56 8.22 

8 11/07/06 11:24:57 25.30 30983.0 19.24 6.56 8.27 

9 11/07/06 11 :25:32 25.25 35896.0 22.63 6.38 8.01 

10 11/07/0611:26:14 25.19 36518.0 23.07 6.39 8.06 

11 11/07/0611:26:53 25.19 35329.0 22.24 6.24 7.88 

12 11/07/0611:27:48 25.13 35675.0 22.48 5.39 7.84 

13 11/07/06 11 :28:27 25.11 35496.0 22.36 5.98 7.97 

114 11/07/061'1:29:11 25.05 35489.0 22.35 6.35 7.88 

Project #:d_~ · o49 Test type: 0 Bioaccumulation ~ Solid Phase 0 SPP 0 OTHER: Date: i[/7/D& 
---- I I 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens 0 OTI-IER: 1p Day of Study:_i_ 

OPERA TJONAL RANGE: Check if OK Meter Used: 

Temperature: Blue 0 

Salinity: 0 26-30 ppt 0 28-32 ppt 0 Jj_- J2_ ppt Red 0 

Dissolved Oxygen: ~ >4.0 mg/L 0 > __ mg/L Green ~ 
pH: 0 7.3 to 8.3 06.0 to 9.0 ~_]_to _9__ 

Actions taken: 

pawes~ of 1 

f:-11 
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. · 349LPS5.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c ··us/em ppt mg/L 

0 11/08/06 10:09:41 25.52 37128.0 23.49 6.56 8.12 

1 11/08/06 10:10:44 25.71 31686.0 19.71 6.59 8.36 

2 11/08/06 10:11:31 25.55 35754.0 22.53 6.38 8.04 

3 11/08/06 10:12:01 25.55 36049.0 22.73 6.47 8.17 

4 11/08/06 10:.12:52 25.60 30376.0 18.82 6.54 8.27 

5 11/08/06 10:13:13 25.57 30903.0 19.18 6.58 8.37 

6 11/08/06 10:14:08 25.58 36969.0 23.38 6.46 8.25 

7 11/08/06 10:14:31 '25.60 30984.0 19.23 6.67 8.32 

8 11/08/06 10:15:07 25.57 30991.0 19.24 6.73 8.34 

9 11/08/06 10:15:43 25.51 35989.0 22.69 6.55 8.15 

10 11/08/06 10:16:27 25.41 36912.0 23.34 6.25 8.13 

11 11/08/06 10: 'j 7:08 25.41 35546.0 22.38 6.09 7.95 

12 11/08/06 10:17:51 25.45 35811.0 22.57 6.37 8.05 

13 11/08/06 10:18:27 25.36 35540.0 22.38 6.37 8.12 

14 11/08/0610:'l9:16 25.37 35614.0 22.43 6.41 7.99 

Project #A{! · 2AfJ Test type: 0 Bioaccumulation ~Solid Phase 0 SPP 0 OTHER: ____ Date:~ 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina. 0 M nasuta 0 N. virens d OTHER: Lp Day of Study: S 
OPERATIONAL RANGE: Check if OK 

Temperature: .012-l4°C 018-22°C ~~- J,lo oc 

Salinity: 0 26 -30 ppt 0 28 -32 ppt . .Jf_l_~ _- ),J__ ppt 

Dissolved Oxygen: b >4.0 mg/L 0 > __ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 J_7 to__9_ 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green ~ 

llhitjes1 of 1 ~ 

C-12 
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349LPS6.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/0/Y c uS/em ppt mg/L 

0 11/09/06 08:35:01 25.41 37283.0 23.60 6.69 8.15 

1 11/09/06 08:36:03 25.70 31841.0 19.82 6.71 8.42 

2 11/09/06 08:36:59 25.55 35850.0 22.59 6.60 8.10 

3 11/09/06 08:38:03 25.53 36037.0 22.72 6.63 8.20 

4 11/09/06 08:39:15 25.62 30356.0 18.80 6.70 8.31 

5 11/09/06 08:39:53 25.61 30875.0 19.16 6.76 8.41 

6 11/08/06 08:40:36 25.64 3705"1.0 23.44 6.73 8.30 

7 11/09/06 08:41:17 25.62 30866.0 19.15 6.87 8.36. 

8 11/09/06 08:42:09 25./'3 31066.0 19.29 6.79 8.37 

9 11/09/06 08:42:50 25.57 36268.0 22.89 6.66 8.14 

10 11/09/06 08:43:34 25.52 37143.0 23.50 6.65 8.25 

11 11/09/06 08:44:10 25.50 35642.0 22.45 6.28 7.97 

12 11/09/06 08:44:49 25.53 35888.0 22.62 6.53 8.09 

13 11/09/06 08:45:10 25.41 35630.0 22.44 6.54 8.13 

li14 11/00/06 05:45:59 25.38 356t.6.0 22.48 6.58 8.03 -

Project #:)L · ytq . Test type: 0 Bioaccumulation ~ Solid Phase 0 SPP 0 OTHER: ____ Date:~ 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTHER: L 0 Day of Study:___{;_ 

I 
OPERATIONAL RANGE: Check if OK Meter Used: 

Temperature: Blue 0 

Salinity: 0 26-30 ppt 0 28-32 ppt 0 j_$__- ::tL ppt Red 0 

Dissolved Oxygen: b >4.0 mg/L 0 > __ mg/L Green J 
pH: 0 7.3 to 8.3 06.0 to 9.0 ~_]_to 9___ 
Actions taken: 

C-13 
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Date Time Temp SpCond Salinity DO Cone pH 
-

M/DIY c uS/em ppt mg/L 

0 11/10/06 10:55:32 24.61 37437.0 23.72 6.10 8.04 

1 11/10/06 10:56:52 25.20 3181 "l.O 19.81 6.23 8.44 

2 11/10/06 10:57:36 25.12 357'54.0 22.54 6.08 8.16 

3 11/10/06 10:58:00 25.16 36H;3.0 22.84 6.11 8.21 

4 11/10/06 10:58:44 25.24 30453.0 18.88 6.19 8~33 

5 11/10/0610:59:17 25.20 30812.0 19.19 6.26 8.42 
I 
6 11/10/06 11:00:03 25.27 36664.0 23.32 6.03 8.32 

-7 11/1 ()/00 11 :00:39 25.22 3()~;91.0 19.24 6.22 8.36 

\8 11/10/06 •• 1 :01 :27 25.31 3'1 u5G.O 19.29 6.20 8.40 
I 

!g 11/1 G/06 ·i 1 :02:01 25.14 36(,29.0 22.73 6.05 8.20 

10 11/1 G/Go 'i 1 :02:36 . 25.09 37(1~~4.0 23.42 5.97 8.25 

11 '1'1/1 0/1)6 ·; 1 :03:09 25.04 36t~i···l.O 22.48 5.49 8.03 

12 11/1 G/06 '; 1 :G4:12 25.01 35S)~;g_o 22.68 5.85 8.16 

:t3 1 'l /'J O/C:6 ·; 1 :04:31 24.91 356U2.0 22.50 5.91 8.22 
' 
1'14 i 1 /'l 0f"Ji3 'I 'j :05:G 7' 24.83 
I· 

36~'0:3.0 22.43 5.92 8.07 

Project #:J.U ;,31/4 Test type: 0 Bioaccumulation ~Solid Phase 0 SPP 0 OTHER: Date: JJ}do& 
I f 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. vir ens ~ OTHERLI!~ l-olll~StJiDay of Study:_l__ 
I 

OPERATIONAL RANGE: Check ifOK Meter Used: 

Temperature: 0 12"-14 oc D 18-22 oc ~ _il!L- _&_oc Blue D 

Salinity: 0 26-30 ppt 0 28-32 ppt 0 Jj__- _s}_J___ ppt Red 0 

Dissolved Oxygen: ~ >4.0 mg!L D > __ mg/L Green b 
pH: D 7.3 to 8.3 06.0 to 9.0 D __ to __ 

Actions taken: 

~sj of 1j/ 
r_ 'J. 
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0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Date Time 

M/DN 

11/11/06 09:55:45 

11/11/06 09:59:04 

11/11/06 1 0:00:04 

11/11/06 1 0:00:32 

11/11/06 10:'02:22 

11/11/06 10:03:07 

11/11/06 10:04:47 

11/11/0o 10:05:14 

11/11/06 1 0:05:43 

11/11/06 10:06:41 

11/11/0610:07:52 

11/11/06 1 0:08:50 

11/11/0610:09:36 

11/11/0610:10:48 

11/11/06 'i0:11:47 
·-· 

349LPS8.DAT 

-
Temp SpCond 

c uS/em 

24.88 36852.0 

25.50 32086.0 

25.23 35825.0 

25.38 3631 '1.0 

25.44 30437.0 

25.44 31089.0 

25.48 37'1L2.0 

25.52 31'138.0 

25.62 31370.0 

25.43 36479.0 

25.38 37186.0 

25.35 35638.0 

25.34 35946.0 

25.26 35675.0 

25.28 35~r24.0 

Salinity DO Cone pH 

ppt mg/L 

23.31 7.10 8.21 

19.99 6.83 8.53 

22.58 6.76 8.23 

22.92 6.64 8.28 

18.86 6.77 8.38 

19.31 6.86 8.46 

23.48 6.41 8.38 

19.34 6.84 8.41 

19.50 6.94 8.43 

23.04 6.78 8.24 

23.53 4.78 8.34 

22.45 6.09 8.16 

22.67 6.51 8.25 

22.48 6.77 8.34 

22.51 6.69 8.13 

( Project#: 1'-- 3~~ Test type: 0 Bioaccumulation d Solid Phase 0 SPP 0 OTHER: f I- f..., t. Date: 11 /Md~6 

I 
[ 

[ 

[ 

[ 

[ 

Species: D A. abdiia 0 M. bahia 0 M beryl/i~a D M. nasuta 0 N. virens i OTHER: L . .(!j., .• wk;.:Day of Study: 8 
I 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 "C 0 18-22 oc i 2.'-t - ~oc 

0 26-30 ppt 0 28-32 ppt i _!L-1!:_ ppt 

Dissolved Oxygen:J >4.0 mg!L -rJ > :;. 6 mg!L 

pH: 0 7.3 to 8.3 "6.0 to 9.0 · 0 to 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green 0 

~s1 of1 
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349LPS9.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 
0 11/12/06 09:16:49 25.34 37207.0 23.55 7.10 8.12 
1 11/12/06 09:19:50 ·25.69 32435.0 20.23 6.63 8.46 
2 11/12/06 09:21 :03 25.53 35905.0 22.63 6.73 8.23 
3 11/12/06 09:22:01 25.70 35813.0 22.57 6.70 8.29 
4 11/12/06 09:23:12 25.70 30622.0 18.98 6.75 8.34 
5 11/12/06 09:23:44 25.64 31183.0 19.37 6.85 8.41 
6 11/12/06 09:24:46" 25.70 374-64.0 23.72 6,66 8.37 
7 11/12/0o 09:25:16 . 25.74 31430.0 19.54 6.86 8.39 
8 11/12/06 09:26:06 25.79 31382.0 19.50 6.81 8.41 
9 11/12/06 09:27:44 25.61 36/'04.0 23.19 6.63 8.20 
10 11/12/06 09:28:13 25.56 3"74!:,7.0 23.72 6.66 8.32 
11 11/12/06 09:28:55 25.58 35i8i .0 22.55 6.59 8.20 
12 11/12/06 09:29:25 25.52" 35064.0 22.67 6.65 8.30 
13 11/12/06 09:30:01 25.44 35i'53.0 22.53 6.78 8.42 
14 11/12/06 09:30:45 25.43 35£:94.0 22.63 6.68 8.24 . 

... +-·~-'"' J 

Project#: Jj, · ~ 311 Test type: 0 Bioaccumulation riJ Solid Phase 0 SPP 0 OTHER:~ Date: 11/ rd .ji:, 

Species: 0 A. abdita 0 M bahia 0 M bery/Jina 0 M nasuta 0 N. virens ,ej OTHER:£. ·1 j.,--1"';;•' Day of Study:_'1_· _ 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 oc 0 18-22 "C i _!_!__- '2-f oc 

0 26 -30 ppt 0 28 -32 ppt f1 _!!__- 2-l- ppt 

Dissolved Oxygen: 0 >4.0 mg/L $J. > ~ mg!L 

pH: 0 7.3 to 8.3 ~6.0 to 9.0 o __ to--

Actions taken: 

Sun Nov 12 10:05:43 2006 
See deviation summary sheet 0 

Meter Used: 

Blue 0 

Red 0 

Green d 

C-16 
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349LPS10.DAT 

Date Time Temp SpCond Salinity DO Cone 

MIDN c uS/em ppt mg/L 
0 11/13/06 09:00:06 24.79 37823.0 23.99 6.29 
1 11/13/06 09:01:13 25.38 32682.0 20.40 6.21 
2 11/13/06 09:02:11 25.29 35943.0 22.66 6.29 
3 11/13/06 09:02:54 25.45 36339.0 22.94 6.32 
4 11/13/06 09:03:49 25.47 30511.0 18.91 6.48 
5 11/13/06 09:04:19 25.44 31301.0 19.45 6.58 
6 11/13/06 08:05:27 -25.37 37600.0 23.82 6.37 
7 11/13/05 09:06:03 25.50 31184.0 19.37 6.53 
8 11/13/06 09:06:45 25.52. 31459.0 19.56 6.53 
9 11/13/06 09:07:27 25.39 36848.0 23.29 6.46 
10 11/13/06 09:08: 'l5 25.36 376£12.0 23.89 6.50 
11 11/13/06 09:08:56 25.33 35677.0 22.48 6.39 
12 11/13/06 09:09:49 25.22 35901.0 22.64 6.46 
,13 11/'l3/06 09:10:'i 1 25.19 35/"43.0 22.53 6.58 
114 I . 11/13/06 09:11:21 25.12 35768.0 22.55 6.47 --

. Project#: u. ·· J '14'1 Test type: 0 Bioaccumulation d Solid Phase 0 SPP 0 OTIIER: ..rf-f..t 

pH 

8.24 

8.45 

8.15 

8.32 

8.36 

8.43 

8.40 

8.39 

8.38 

8.21 

8.40 

8.17 

8.42 

8.55 

8.25 

[ Species: OA. abdita 0 M bahia 0 M bery!lina 0 M nasuta 0 N. virens g OTHER:i·, .... ;..,- •. J"> .... ) Day of Study:~ 

[ 

l 
[ 

[ 

[ 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 oc 0 18-22 oc .i li - J:{_oc 

0 26-30 ppt 0 28-32 ppt rJ __!_!___-~ ppt 

Dissolved Oxygen: 0 >4.0 mg/L d > ~ mg!L 

pH: 0 7.3 to 8.3 06.0 to 9.0 

Actions taken: 

Mon Nov 13 13:13:51 2006 
See deviation summary sheet 0 

El' '7.o to ~1. o -- --

Meter Used: 

Blue 0 

.Red 0 

Green ri 

C-17 
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AQUA SURVEY, INC. 
CULTURE DEP ARTM.ENT 

Organism Receiving Form 

Receiving Log #: Date: ___.1-'+'q,~Ja~' ____ _ 

Shipping Carrier: 

Species: L .o/iJ mu fuSJ ~ Number Shipped: --L.ooJ,..,.· ~~,_...,.?{/)"'-'--..J-_____ _ 

Livestock Source/ Shipper: ~'ft. 0 
--~~~----------------------------------------

ASI Order Ref. Date: . """'"JO><f-/"""'~~-'-l,.,./rt"'"",'-----
Agel Characteristics rl 4 in ff"' 

ASI Order Ref. Initials: 

Taxonomic Verification Log#: c1IJJ ·ot9 Date: Jtl /IJ(, 
--~,r~~~-------------

Receiving Water Quality Parameters . 

[ D.O: ~ 
tSafuu~ Hardness // Ji1f;/; 

o/o pH: IR.ct 
I 

/40 

Temp.: i4u'c 

[ :::: cg;z_cloud"i) 

f 
f 
I 
[ 

(. 

[ 

( 

E 

ICE: _,_{Yffi..::...._ __ 

Receiving Tech. Initials: _ _.~~--

Alkalinity: 

Container Size: 

Type ofPacking: 

Supervisors Initials: __ ...L/17-----
r 

C-1 S 
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.[ AQUA SURVEY, INC. 
CULTURE DEPARTMENT 

GENERAL SPECIES STATUS LOG 

[ Species: 0,;/ow /a(}JS 
Receiving VI] Culture [ ] . Log#: Jit"' {) gq 

[ Test Job#: q2/r .34Q . . Client: _O!J--"-'-1(_-=-----

[ 

l 
l 
[ 

[ 

[ 

[ 

( 

( 

f_ 

[ 

[ 

( 

[ 

[ 

Date 

I 1/ I 'Cl.J 

II} 1/0~ 
1~/ou 
1~3/ou 
11/~lfJu 

'14/0lP 

Day Number 

I ,,50 
I /{,fil) 

rldHJ 

J bW 

31!S£D 

4-

Temp/DO 

ft/1J ~ lnr/t . . /h.) 

vg.ot; ~ 
19Qt~ . 

6.f 
,M.9t/. 

l./ 
J5.0tj . 

l.j 

621/:ry, 
7J.. 

NH~O_,_ _pH ,.§:a~ Hard ness Alkalinity 
...._... 

~/o 6.g /!. 6/r. /II} 

- - - -
lJ/o r.g /K.(Jppt IJJJ 

., 

~/o 7f JO.Djpl /olO 

~/o 7. 9 <L3.rh?d /1/J 
/) j() 1.~ 

,, 
Jlfo;ft /dD 

Mortality Remarks/ Initials 

ff 
j/af-kd _aCL.b;{lu. 

- P/ 
,% (!m_li!lwd flail. . 

Cti a?r/J. ~.u7ll nl 
U' J,.-1 

' ~nh!wl CUL. n/ 

ff 
7if .J.d- ;( 17£/UI 
£1. Qf()rJ) s/unzt_ 4. 

U 7Jf.·a'ift£ g 7iJ -lcsl 4 
/' 

( .- llJ I 
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II. 

H Aquatic Research Organisms 

DATA SHEET 

Organism History 

Species: 
I I _-

Source: Lab reared . >( Hatchery reared Field collected __ _ 

Hatch date. _ _:/(:.:...:· O::.,..i0:.....o=...'£=·-· __ Receipt date. ______ _ 

Lot number / a.3/ OC. ~r::' Strain _______ _ 

BrO:Od Origination-'-. -"ctz'--'-· "'--"'e"""£-'-~-=r=-· -=l...:C=-.lo.e=_=L!/J~y_· _ _;f/,~'/1=--------
. 7 

\Vater Quality 

Temperature CJ.-/ oc Salinity ;;i_o ppt DO Sq7 

pH g.o --Hardness ___ ppm 

III. Culture Conditions 

System: 0V 
t/' 

Diet: Flake Food-'---- Phytoplank.1on. __ _ Trout Chow __ _ 

Brine Shrimp __ _ Rotifers __ _ 

Prophylactic Treatments: _______________ _ 
.. 

Comments: .5e:L:TPte-q Lj L 

;L~.Ymg 

IV. Shipping Information 

Client: ftf/(/fJs U~)P 

Carrier: P6LJ C)<' 

. 7 
#of Organisms: ~00 

Date Shipped: 10 /2;}tl_r, 
Biologist: ___ ~-=-=::....· =--=-.!0.~~~-====l....!!~~=-:..=:'~, :;...=:~~=· ._r _________ _ 

1 - 800 - 927 .- 1650 
PO Box 1271 • One Lafayette Road • Hampton, NH 03842 • (603) 926-1650 
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AQUA SURVEY, INC. 
Taxonomic Verification Form 

TAXONOMIC VERiFICATION LOG#: 26-~g q DATE: ,,),lou 
. I 

SPECIES: L plumulosus RECEIVJNG #/CULTURE LOT#: . 26- 0~9 

LIVESTOCK SOURCE: ARO 
~------------------~-------------------------------

JOB#: 26-.34q/SRT CLIENT: CbP-
TAXONOMIC KEYS/ SOURCES USED: Shallow Water GammarideanAmphipoda o[New England 

DISTIGUISBJNG CHARACTERISTICS: 

- Uropod 3 biramous; abdominal side plates overlapping 
distally 

- Head, anterior lobe round or t:rJmcate; antenna 2 peducle 
stout, usually exceeding that of antenna 1; gnathopods 
dissimilar in males. 

-Coxal plates 1-4, moderately deep, setose below; 
urosome with. clusters of dorsal setae and or spines; 
paraeopods s~ 7' bases broadly expanded 

- Coxa I broad, vertical; coax 5, anterior lobe margins 
subparallel; uropod 3, rami with few posterior spines and 
long apical spines 

AQUA SURVEY INVESTiGATOR (S): 

SUPERVISORS INITIALS: 

· Bousfield. 1970 

C-?1 
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DeviceNum 810765 ExportDate 11_14_06 17_01_58.txt 

series: Temperature (*C) 

Logger Info 
Model 
Serial Number 
Memory Size (Bytes) 
Deployment 

series Info 
Points used 
First Point 
Last Point 
Duration 

stats 
Wrap Count 
Max value 
Min value 
Avg value 

Launch Parameters 
Load Time 
Launch Time 
Logging Time 
Sampling Interval 
Wrap 
Stealth Enable 
End of Data 
Wrap count 
Description string 
Time Zone 

Information specific to the logger 
HOBO Water Temp Pro [H20-001] 
810765 
32768 
37 
Information about the data in the series 

. 268 
11/03/06 13:23:13.0 
11/14/06 16:23:13.0 
11 Days 03:00:00.0 
calculated from the series 
0 
26.50 
21.91 
24.95 

11/03/2006 13:23:11 Local 11/03/2006 18:23:11 GMT 
11/03/2006 18:23:13 GMT 
11/03/2006 18:23:13 GMT 
3600 

· 11/03/2006 13:23:13 Local 
11/03/2006 13:23:13 Local 

0 = (FALSE/OFF/OPEN/TYPE 0) 
0 = (FALSE/OFF/OPEN/TYPE 0) 
Ox320_00 
0 
26-349 Lp static bath 6 
GMT-300 Minutes TZ set on Launch 

Page 1 

C-22 



I 
[ 

[ 
( 
[ 

I 
( 

[ 

l 
[ 

[ 
[ 

I 
£ 
[ 

[ 
[ 
[ 
( 

oeviceNum 8~0765 - ExportDate 11_14_06 17_02_06.txt 
. oate,Time,Temperature (*C) 

11/03/06,13:23:13.0,23.809 
11/03/06,14:23:13.0,24.581 
11/03/06,15:2!:13.0,24.653 
11/03/06,16:23:13.0,24~726 
11/03/06,17:23:13.0,24.363 
11/03/06,18:23:13.0,24.219 
11/03/06,19:23:13.0,24.436 
11/03/06,20:23:13.0,24.508 
11/03/06,21:23:13.0,24.653 
11/03/06,22:23:13.0,24.677 
11/03/06,23:23:13.0,24.605. 
11/04/06,00:23:13.0,24.557 
11/04/06,01:23:13.0,24.412 
11/04/06,02:23:13.0,24.315 
11/04/06,03:23:13.0,24.219 
11/04/06,04:23:13.0,24.146 
11/04/06,05:23:13.0,24.074 
11/04/06,06:23:13.0,24.026 
11/04/06,07:23:13.0,24.05 
11/04/06,08:23:13.0,24.146 
11/04/06,09:23:13.0,24.146 
11/04/06~10:23:13.0,24.219 
11/04/06,11:23:13.0,24.074 
11/04/06,12:23:13.0,24.195 
11/04/06,13:23:13.0,24.291 
11/04/06,14:23:13.0,24.339 
11/04/06,15:23:13.0,24.46 
11/04/06,16:23:13.0,24.508 
11/04/06,17:23:13.0,24.557 
11/04/06,18:23:13.0,24.557 
11/04/06,19:23:13.0,24.532 
11/04/06,20:23:13.0,24.508 
11/04/06,21:23:13.0,24.412 
11/04/06,22:23:13.0,24.315 
11/04/06,23:23:13.0,24.219 
11/05/06,00:23:13.0,24.171. 
11/05/06,01:23:13.0,24.122 
11/05/06,02:23:13.0,24.146 
11/05/06,03:23:13.0,24.122 
11/05/06,04:23:13~0.24.122 
11/05/06,05:23:13.0,24.074 
11/05/06,06:23:13.0,24.122 
11/05/06,07:23:13.0,24.122 
11/05/06,08:23:13.0,24.291. 
11/05/06,09:23:13.0,24.46 
11/05/06,10:23:13.0,24.629 
11/05/06,11:23:13.0,24.895 
11/05/06,12:23:13.0,24.968 
11/05/06,13:23:13.0,25.065 
11/05/06,14:23:13.0,25.113 
11/05/06,15:23:13.0,25.113 
11/05/06,16:23:13.0,25.065 
11/05/06,17:23:13.0,25.016 
11/05/06,18:23:13.0,24.968 
11/05/06,19:23:13.0,24.919 
11/05/06,20:23:13.0,24.847 
11/05/06,21:23:13.0,24.798 
11/05/06,22:23:13.0,24.702 
11/05/06,23:23:13.0,24.677 
11/06/06,00:23:13.0,24.677 
11/06/06,01:23:13.0,24.653 
11/06/06,02:23:13.0,24.581 

Page 1 

C~3 



I 
( 

[ 

( 

( 

[ 

[ 

r
I 
[ 

[ 

[ 

( 

£ 

[ 

[ 

[ 

I 
I 

oeviceNum 810765 - Exportoate 11_14_06 17_02_06.txt 
11/06/06,03:23:13.0,24.581 
11/06/06,04:23:13.0,24.557 
11/06/06,05:23:13.0,24.532. 
11/06/06,06:23:13.0,24.581 
11/06/06,07:23:13.0,24.653 
11/06/06,08:23:13.0,24.677 
11/06/06,09:23:13.0,24.726 
11/06/06,10:23:13.0,24.823 
11/06/06,11:23:13.0,24.823 
11/06/06,12:23:13.0,24.919 
11/06/06,13:23:13.0,24.968 
11/06/06,14:23:13.0,25.016 
11/06/06,15:23:13.0,25~016 
11/06/06,16:23:13.0,25.016 
11/06/06,17:23:13.0,25.016 
11/06/06,18:23:13.0,25.089 
11/06/06,19:23:13.0,25.04 
11/06/06,20:23:13.0,25.016 
11/06/06,21:23:13.0,24.992 
11/06/06,22:23:13.0,24.944 
11/06/06,23:23:13.0,24.968 
11/07/06,00:23:13.0,24.968 
11/07/06,01:23:13.0,24.968 
11/07/06,02:23:13.0,24.944 
11/07/06,03:23:13.0,24.919 
11/07/06,04:23:13.0,24.919 
11/07/06,05:23:13.0,24.919 
11/07/06,06:23:13.0,24.944 
11/07/06,07:23:13.0,24.992 
11/07/06,08:23:13.0,24.992 
11/07/06,09:23:13.0,24.919 
11/07/06,10:23:13.0,25.089 
11/07/06,11:23:13.0,25.21 
11/07/06,12:23:13.0,25.234· 
11/07/06,13:23:13.0,25.258 
11/07/06,14:23:13.0,25.258 
11/07/06,15:23:13.0,25.283 
11/07/06,16:23:13.0,25.307 
11/07/06,17:23:13.0,25.331 
11/07/06,18:23:13.0,25.331 
11/07/06,19:23:13.0,25.331 
11/07/06,20:23:13.0,25.331 
11/07/06,21:23:13.0,25.307 
11/07/06,22:23:13.0,25.331 
11/07/06,23:23:13.0,25.283 
11/08/06,00:23:13.0,25.258 
11/08/06,01:23:13.0,25.258 
11/08/06,02:23:13.0,25.258 
11/08/06,03:23:13.0,25.307 
11/08/06,04:23:13.0,25;355 
11/08/06,05:23:13.0,25.307 
11/08/06,06:23:13.0,25.331 
11/08/06,07:23:13.0,25.38 
11/08/06,08:23:13.0,25.355 
11/08/06,09:23:13.0,25.428 
11/08/06,10:23:13.0,25.404 
11/08/06,11:23:13.0,25.428 
11/08/06,12:23:13.0,25.404 
11/08/06,13:23:13.0,25.428 
11/08/06,14:23:13.0,25.428 
11/08/06,15:23:13.0,25.404 
11/08/06,16:23:13.0,25.404 
11/08/06,17:23:13.0,25.428 
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DeviceNum 810765 - ExportDate 11_14_06 17_02_06.txt 
11/08/06,18:23:13.0,25.428 
11/08/06,19:23:13.0,25.428 
11/08/06,20:23:13.0,25.404 
11/08/06,21:23:13.0,25.38 
11/08/06,22:23:13.0,25.404 
11/08/06,23:23:13.0,25.404 
11/09/06,00:23:13.0,25.404 
11/09/06,01:23:13.0,25.428 
11/09/06,02:23:13.0,25.38 
11/09/06,03:23:13.0,25.38 
11/09/06,04:23:13.0,25.355 
11/09/06, OS: 23:13.0,25.404 
11/09/06,06:23:13.0,25.428 
11/09/06,07:23:13.0,25.477 
11/09/06,08:23:13.0,25.477 
11/09/06,09:23:13.0,25.428. 
11/09/06,10:23:13.0,25.453 
11/09/06,11:23:13.0,25.428 
11/09/06,12:23:13.0,25.428 
11/09/06,13·:23:13.0,25.428 
11/09/06,14:23:13.0,25.453 
11/09/06,15:23:13.0,25.477 
11/09/06,16:23:13.0,25.477 
11/09/06,17:23:13.0,25.453 
11/09/06,18:23:13.0,24.823 
11/09/06,19:23:13.0,24.195 
11/09/06,20:23:13.0,23.785 
11/09/06,21:23:13.0,23.4 
11/09/06,22:23:13.0,23.184 
11/09/06,23:23:13.0,23.04 
11/10/06,00:23:13.0,22.944 
11/10/06,01:23:13.0,22.848 
11/10/06,02:23:13.0,22.776 
11/10/06,03:23:13.0,22.753 
11/10/06,04:23:13.0,22.705 
11/10/06,05:23:13.0,22.633 
11/10/06,06:23:13.0,22.633 
11/10/06,07:23:13.0,22.633 
11/10/06,08:23:13.0,22.896 
11/10/06,09:23:13.0,24.267 
11/10/06,10:23:13.0,24.823 
11/10/06,11:23:13.0,25.162 
11/10/06,12:23:13.0,25.307 
11/10/06,13:23:13.0,25.38 
11/10/06,14:23:13.0,25.38 
11/10/06,15:23:13.0,25.404 
11/10/06,16:23:13.0,25.331 
11/10/06,17:23:13.0,25.234 
11/10/06,18:23:13.0,25.331 
11/10/06,19:23:13.0,25.38 
11/10/06,20:23:13.0,25.501 
11/10/06,21:23:13.0,25.38 
11/10/06,22:23:13.0,25.404 
11/10/06,23:23:13.0,25.38 
11/11/06,00:23:13.0,25.355 
11/11/06,01:23:13.0,25.307 
11/11/06,02:23:13.0,25.283 
11/11/06,03:23:13.0,25.307 
11/11/06,04:23:13.0,25.283 
11/11/06,05:23:13.0,25.307 
11/11/06,06:23:13.0,25.307 
11/11/06,07:23:13.0,25.355 
11/11/06,08:23:13.0,25.38 
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oeviceNum 810765 - ExportDate 1L14_06 17_02_06.txt 
11/11/06,09:23:13.0,25.404 
11/11/06,10:23:13.0,25.404 
11/11/06,11:23:13.0,25.453. 
11/11/06,12:23:13.0,25.477 
11/11/06,13:23:13.0,25.501 
11/11/06,14:23:13.0,25.501 
11/11/06,15:23:13.0,25.55 
11/11/06,16:23:13.0,25.598 
11/11/06,17:23:13.0,25.574 
11/11/06,18:23:13.0,25.525 
11/11/06,19:23:13.0,25.5i 
11/11/06,20:23:13.0,25.55 
11/11/06,21:23:13.0;25.525 
11/11/06,22:23:13.0,25.525 
11/11/06,23:23:13.0,25.574 
11/12/06,00:23:13.0,25.55 
11/12/06,01:23:13.0,25.525 
11/12/06,02:23:13.0,25.525 
11/12/06,03:23:13.0,25.574 
11/12/06,04:23:13.0,25.55 
11/12/06,05:23:13.0,25.598 
11/12/06,06:23:13.0,25.623 
11/12/06,07:23:13.0,25.647 
11/12/06,08:23:13.0,25.647 
11/12/06,09:23:13.0,25.671 
11/12/06,10:23:13.0,25.647 
11/12/06,11:23:13.0,25.598 
11/12/06,12:23:13.0,25.598 
11/12/06,13:23:13.0,25.574 
11/12/06,14:23:13.0,25.598 
11/12/06,15:23:13.0,25.598 
11/12/06;16:23:13.0,25.55 
11/12/06,17:23:13.0,25.55 
11/12/06,18:23:13.0,25.55 
11/12/06,19:23:13.0,25.55 
11/12/06,20:23:13.0,25.501 
11/12/06,21:23:13.0,25.453 
11/12/06,22:23:13.0,25.453 
11/12/06,23:23:13.0,25.477 
11/13/06,00:23:13.0,25.525 
11/13/06,01:23:13.0,25.501 
11/13/06,02:23:13.0,25.525 
11/13/06,03:23:13.0,25.501 
11/13/06,04:23:13.0,25.501 
11/13/06,05:23:13.0,25.501 
11/13/06,06:23:13.0,25.623 
11/13/06,07:23:13.0,25.598 
11/13/06,08:23:13.0,25.598 
11/13/06,09:23:13.0,25.598 
11/13/06,10:23:13.0,25.574 
11/13/06,11:23:13.0,26.256 
11/13/06,12:23:13.0,26.5 
11/13/06,13:23:13.0,26.475 
11/13/06,14:23:13.0,26.134 
11/13/06,15:23:13.0,25.939 
11/13/06,16:23:13.0,25.647 
11/13/06,17:23:13.0,25.501 
11/13/06,18:23:13.0,25.38 
11/13/06,19:23:13~0,25.331 
11/13/06,20:23:13.0,25.355 
11/13/06,21:23:13.0,25.428 
11/13/06,22:23:13.0,25.404 
11/13/06,23:23:13.0,25.283 
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DeviceNum 810765 - ExportDate 11_14_06 17_02~06.txt 
11/14/06,00:23:13.0,25.3)1 
11/14/06,01:23:13.0,25.355 
11/14/06,02:23:13.0,25.38 
11/14/06,03:23:13.0,25.38 
11/14/06,04:23:13.0,25.404 
11/14/06,05:23:13.0,25.355 
11/14/06,06:23:13.0,25.428 
11/14/06,07:23:13.0,25.38 
11/14/06,08:23:13.0,25.404 
11/14/06,09:23:13.0,25.477 
11/14/06,10:23:13.0,24.412 
11/14/06,11:23:13.0,23.328 
11/14/06,12:23:13.0,22.585 
11/14/06,13:23:13.0,22.034 
11/14/06,14:23:13.0,21.963 
11/14/06,15:23:13.0,21.915 
11/14/06,16:23:13.0,22.154 
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APPENDIXD 

L. plumulosus TIE Raw Data Sheets 



I 
[ 

Test Description: 'Pn~JJ"tn_ [ 

( 

[ 

( 

( 

[ 

[ 

[ 

[ 

[ 

( 

Test Start Date & Time: 11/3/06; JJ30 
Client: CDR 
Sample Information or ID: 

:::one 
Vo Effluent 

I 

bfl A 

I B 

c 

-,C·li&S/. A 

B 

I c 

_-b IWl A 
I 

B 

c 
I 

·1 J5 "f. A 

I B 

c 

IC-7 .. A too,. 

I 

.nitials/ 
1 Date 
I 
l 
( 

[ 

[ 

[ 

B 

c 

fl) 

0 24 

/0' !0 
_M_ /0 
/0 /0 
/0 /0 
/tJ /0 
/0 /0 
/{) /0 
/0 /0 
/tJ /rJ 
!tJ /0 
/0 /0 
J(} /0 
/tJ /0 
/() /0 
Jo /0 

Wt!.:ft'lD !tJ/4/a, 

Job#: 26-349 

(rl.-J (o) 

48 72 

/0 /0 

/0 J/} 

10 /0 
/0 /0 
/0 /0 
/0 . /0 

/0 /0 

/0 /0 

/0 /0 

;P /tJ 
/0 /(} 

lo /tJ 
/0 J{} 
jtJ ltJ 
lo /0 

:Zh/fk :t/1/tL 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 
Animal Source: ARO 
Test Volume: lOOmL Test Temp: 25± J"C 
Dilution Water: Manasquan 

Daily Counts 
('f-) t6) {G) l-<11 ~&J (q) (.loJ 

96 /ol() 144 /{; g {qj_ ..11& oJt/-0 
q' g' g f ~ +' jJJ-

ID /0 Lfi /0 10 ~-~- j.?J 

/0 /0 /0 /0 /0 ·1 
~ 

IJ_ 

!0 8~ K ~ 1 g g 

/0 /0 /0 /fl gol g l' 
g.J, g ~ 

I 

~ f /0 1 
/tJ /0 ,o /0 /0 

I 

ID q 
q' q_ q q }.1. &' fJ 

/~ q' q q q q 9 
ft} /{J J[} /0 9' g' s?> 
Jt} ;rJ Ju 10 q' g' u:z. 
J/} J{J J/} /0 g2. ~.)_ 5Jf; 
got. 1' -J 1 1 7- 1/ 
;tJ g~ 1 8 b~ 6'' + 
/tJ qi q q q q -~' 

~/fa, rftt/sjov ~fqfor, ~~/to/(!{J '(t,~,/ow Pm~tt_ 11/Li}c(fl j,,t!J/c(J 
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349BO.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/0/Y c uS/em ppt mg/L 
oeon 11/03/06 15:29:40 24.16 39686.0 25.32 6.65 8.03 
1 e .. & M'/. 11/o3to6 1 5: 3o: 29 24.09 39531.0 25.21 6.61 7.97 
2C!·b IM-,_ 11/03/06 15:31:16 24.11 39439.0 25.14 6.55. 7.86 
JC-1 J.-'f/. 11/03/06 15:33:22- 24.01 39417.0 25.13 6.56 7.80 

4C-1 iri/. 11/03/06 15:37:05 24.91 39187.0 24.95 6.28 7.39 

. Project#: cl/; ·3L{q Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OTHER:JI l Date: uLdolt 
I I 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTHER: L n Day of Study: 0 
~,~.--- -=--

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 oc 0 18-22 oc ~ _lL- J.1.J oc 

0 26 -30 ppt 0 28-32 ppt ~ c13 - J..-1- ppt 

Dissolved Oxygen: ~ >4.0 mg/L 0 > __ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green b 

D-2 



·Test Description: -rn..w 

( 

( 

[ 

[ 

[ 

[ 

[ 

( 

[ 

( 

[ 

[ 

[ 

[ 

[ 

Test Start Date & Time: 11/3/06; .:.214-S 

l 
( 

[ 

( 

Client: CDR 
Sample lnfonnation or ID: 

:::one 
I %Effluent ll) 

0 24 

. ~OJ1 A /0 ~~ 
i 

B JO /0 
c JO /0 

'~.(J 

d,5/A 10 !0 

I_ 
B /0 /0 
c !0 JD 

(! ·u-/{J)/. A 10 010 
B /0 lq 

I c /0 lq 

I !-1- J.5/. A /0 /tJ 
I 

B JrJ !0 

l c tO /0 
~-1-/fJJ/. A /0 /0 

I B /0 10 
c 10 /0 

I Initials/ l':t¢4o& ~/lieu. 
Date 

Job#: 26-349 

<:2] (5) 
48 72 

!0 1; Q) 

q' q 
q' t/) IV 

q' q 
q' 8' 
10 q' 
- -
o' -
o' -
q' .q 
q' fJ 

;3 

q' 5q..@ 

q' oq 
ql . !:// 

8,2 J._,<i 

~/6/~ :/J,/to/()(p 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 
Animal Source: ARO 
Test Volume: IOOmL Test Temp: 25±I"C 
Dilution Water: Manasquan 

Daily Counts 
(_llj (S) 

~~ 
(_1-) (I>) :1& U?) 

96 JcJJ) I/; '1. ;1/:,2 lo~/10 
JJ... J 03 -- ·- ·- -

&~" 1-' .31- 06 - - -

s' 
I 04-4- - - - -

q q g' ~ ~ ~ 1-' 
~ ~ g 1-' J .f~ .3~ 

q q q q q q ~3 

- - - ·- - -·-
- - - - ·- --

- ·- - - - - -

q q q q q l-2 t/ 
fJ (J u t s' rS 4-' 
s I 4- 4 1 4 3' 

- ·- - ·- - - -

05 - - - - - -
0,;__ ·- - - - - -

j,,j,Ja, f(f,,;gj()(p ~hi~ 1 ~}~111/ lil/«- [i;,.,t~ ~~.# 

D-2a 



( 

( 

[ 

[ 

( 

[ 

( 

(

[ 

[ 

[ 

[ 

[ 

[ 

(_ 

[ 

[ 

[ 

[ 

349TO.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 
oQnfl 11/03/06 16:11:00 24.21 39296.0 25.04 6.71 8.04 
1e·tJJ.D'I 11/03/0616:11:42 ·24.25 39474.0 25.16 6.66 7.96 

2 tool 11/03/06 16:12:44 24.16 39260.0 25.01 6.34 7.79 
3c7 ~sl 11/03/06 16:15:14 24.01 39293.0 25.04 6.61 7.86 

4 ICC/. 11/03/06 16:16:40 24.06 38979.0 24.82 6.51 7.51 

Project #:dlr.34'1 
-JhW 

Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~OTHER: 71 f Date: 1/}3/0lP 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina -0 M nasuta 0 N. virens ~ OTHER: L~"fr-·-- Day of Study: 0 
OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

o 12-14 oc o 18-22 oc _ m L-JL oc 

0 26 -30 ppt 0 28 -32 ppt ~ 112_- _}J_ ppt 

Dissolved Oxygen: b >4.0 mg/L 0 > __ mgiL 

pH: 0 7.3 to 8.3 06.0 tv 9.0 o __ to--

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green ~ 

las: . P~ 11 of' 
D-3 
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( 

Test Description: E b7JI 

Test Start Date & Time: 11/3/06; 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 

cia2IJtt J, /50 Ill Animal Source: ARO 

[ 

( Client: CDR Job#: 26-349 , 
Test Volume: 1 OOmL 

Sample Information or ID: 

I 
r 
( 

:one 
%Effluent 

.!nr1 A 

[ 

( 

[ 

[ 

[ 

[ 

I B 

c 
I "-6 · cis/A 
I. B 

c 

jf-£1 /lf.J A 

B 

i c 
"-7 

I. .flS/ A 
I 

B 

I c 

?·7A I A w. f 
[ 

I B 

[ 

[ 

[ 

[ 

[ 

I Initials/ 
Date 

c 

(IJ 
0 24 

/0 jf) 

!0 !0 
/0 /I) 

!tJ . /0 

/{) /0 

/0 /0 

/tJ jtJ 

/rJ /0 

/0 /0 

/tl jt} 

/0 /0 
/tl /0 

/tl /tJ 
/0 /tJ 
/iJ /0 

W11/..fov ftl#(/ 

Dilution Water: Manasquan 

Daily Counts 
(.2) (-3) (4-) (:5} 

48 72 . 96 I.W 

itJ ·f-{j ~u -

/0 6"" 15 tJ' 
!0 u"' o!J, ()~ 

1.3 Ji' ~I ~ 

uf elf ~J. -

u+ t5" 0' -

()'0 .- - -
IJ /0 - - -
/9 o' - -
15 J.s ().J- -
8.l. (' 0' -
13 IV o' -
(;4- JJ.- /),l -
/tJ 010 - -
8.:2. ;- !J' I -

j,l..fo~ ,ftlt/oo :li7/at ~4-'cf, 

Test Temp: 25±1"C 

• 

D-4 
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( 

[ 

[ 

[ 

[ 

I 
[ 

( 

( 

[ 

[ 

[ 

[ 

( 

0 
1 

2 

3 

4 

Date Time 

M/DN 

11/03/06 16:21:12 

11/03/06 16:24:15 

11/03/06 16:25:48 

11/03/06 16:28:22 

11/03/06 16:29:41 

{}Jn

C-u d5/ ~ 

JliJl 

.£' 

349EO.DAT 

Temp SpCond 

c uS/em 

24.30 38541.0 

24.32 39227.0 

24.28 38075.0 

24.28 391C2.0 

24.22 37918.0 

Salinity DO Cone pH 

ppt mg/L 

24.50 6.74 3.94 

24.99 6.83 6.28 

24.18 6.63 4.47 

24.90 6.91 5.95 

24.07 6.68 4.26 

Project#:___ Test type: 0 Bioaccumulation 0 Solid Phase D SPP 0 OTHER: ____ Date: __ _ 

Species: 0 A. abdita 0 M bahia D M beryl/ina 0 M nasuta D N. virens D OTHER:· ___ Day of Study: __ 

OPERATIONAL RANGE: Check ifOK Meter Used: 

. Temperature: D 12-l4°C D 18-22 oc D __ - __ °C Blue D 

Salinity: D26-30ppt D28-32ppt D __ - __ ppt Red D 

Dissolved Oxygen: D >4.0 mg/L D > __ mg/L Green D 

pH: o 7.3 to 8.3 06.0 to 9.0 D to -- --

Actions taken: 

D-5 
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349E20.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DIY c uS/em ppt mg/L 
oCOI1 11/03/06 21:10:26 24.32 38638.0 24.57 6.32 7.85 

l-6 JSl 11/03/06 21:16:30 24.04 39677.0 25.31 6.31 7.24 

2 JC1Ji 11/03/06 21:17:12 24.13 38828.0 24.71 6.29 7.77 
3(!.-:{ utsl. 11/03/06 21:18:32 24.11 39601.0 25.26 6.30 7.98 

4 lfD/.11103/06 21:19:22 24.10 38553.0 24.52 6.37 7.60 

~15TA 
Project#: diJ-Jli-C/ Test type: D Bioaccumulation 0 Solid Phase 0 SPP ~OTHER: /7 E.- Date: 1q;Jo~ 

Species: 0 A. abdita 0 M hahia 0 M beryl/ina 0 M nasuta 0 N. virens ~OTHER: =L-F-f~· __ Day of Study: 0 

OPERATIONAL RANGE: Check if OK Meter Used: 

Temperature: 0 12-14 oc 0 18-22 oc ~ J4- - li.J oc ---- Blue 0 

Salinity: 0 26 -30 ppt 0 28 -32 ppt ~ Jj_- J1 ppt Red 0 

Dissolved Oxygen: ~ >4.0 mg/L 0 > __ mg/L Green ~ 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to -- --
Actions taken: 

tta s: P~e 1 of 1j 

D-6 
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Test Description: tL 1/--S_' 

Test Start Date & Time: 11/3/06; 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 

...1...!1 ~ .. :2.?./JIJ,./ Animal Source: ARO 
[ 

[ 

( 

[ 

( 

Client: CDR Job#: 26-349 ,1, Test Volume: 1 OOmL 
Sample Information or ID: 

Cone 
%Effluent 

I 
I 

}J() A 

I B 
I 

c 

tu ol5/ A 

I 
£ 
[ 

I 

I 

l 

8 

c 

'.IJ It»/ A 

8 

.c 

-r cis/ A 

B 

c 

la-r 1~1 A 

[ 

[ 

( 

[ 

[ 

( 

( 

[ 

B 

I c 
nitials/ 

Date 

I 

0 24 

. /0 ltJ 

/0 //) 

/0 /() 

/0 JO 
/0 /(} 

/0 /0 

/0 /tJ 
;o /0 
/0 /0 
jt} /tJ 

/0 /tJ 
jtJ /{} 

/t:J /IJ 

/il /{} 

/tJ /0 

i!.lt& fill~ 

48 

/0 
/0 
q' 

f{} 

/rJ 
~.2-' 

16 
/0 
~;+-

q' 
q' 
/0 

/0 
j{J 

~.z.. 

~~~~ 

Dilution Water: Manasquan 

Daily Counts 

72 96 jJD thl 
1/Y &f- - ·-
~ (f - -
,r+ ~·j --
ss ~·f - -
s'' ~·f" - -· 
0'3 JS - -
~1 ·- - -
~10 - --
~u - - -
7~ r /i-

I 

0 
g' 4-f- cl~ o~ 

7_,!3 ~ 
I 

Jf' bolJ 

.. J' #'5 - -
g.2, ~r - -

~ o·5" - -

~~/ot. ~hfth ~/¥ou ~h/tt{.. 
\ 

Test Temp: 25±J"C 

-
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349450.DAT 

Date Time Temp SpCond 

M/DIY c uS/em 

0 11/03/06 16:37:40 24.51 38547.0 

1 11/03/06 16:39:27 "24.47 39206.0 

2 11/03/06 16:40:32 24.35 38229.0 

Salinity 

ppt 

24.50 

24.97 

24.28 

DO Cone 

mg/L 

6.56 

6.95 

6.45 

pH 

3.93 

6.01 

3 11/03/06 16:42:50 24.22 38951.0 . 24.80 6.86 

4.41 

5.76 

4 11/03/06 16:44:48 24.30 38044.0 24.15 6.07 4.23 

Project#: _· ___ Test type: 0 Bioaccurnulation 0 Solid Phase 0 SPP 0 OTHER: ____ Date: __ _ 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens 0 OTHER: ___ Day of Study: __ 

OPERATIONAL RANGE: Check if OK Meter Used: 

Temperature: 012-l4°C Ol8-22°C 0 - oc ---- Blue 0 

Salinity: 026-JOppt 028-32ppt o __ - __ ppt Red 0 

Dissolved Oxygen: 0 >4.0 rng/L 0 > __ mg/L Green 0 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to ----

Actions taken: 

P•ll>=~of--'-1-

D-8 



( 

[ 

[ 

[ 

( -

r 
( 

( 

( 

I 
[ 

I 
[ 

( 

[ 

(_ 

[ 

[ 

( 

4520.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/0/Y c uS/em ppt mg/L 

o eon 11to3to6 21 :25:07 24.24 39014.0 24.84 6.25 7.73 

1 e--u J..61. 11to3to6 21 :28:11 ·24.37 39821.0 25.41 6.24 7.84 

2e-o 1w1. 11/03/06 21 :29:24 24.33 38892.0 24.75 6.15 7.90 

JC.-7 J5/. 11/03/06 21:30:29 24.31 39724.0 25.34 6.13 7.72 

4C-7 IOC'f/.11/03/06 21:31:12 24.34 38380.0 24.39 6.17 7.79 

Project#: J.h-349 Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OTHER-;T/f ~ ().4£ Date: ltMAfu 
I ., 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTHER: -=L-...,::.f_:_· __ Day of Study:_D_ 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 "C 0 18-22 oc ~J_~ .:.. Jjp__oc 

o 26 -3o ppt o 28-32 ppt -~ M_ -.Lr ppt 

Dissolved Oxygen:~ >4.0 mg/L 0 > __ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 __ to __ 

Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green ~ 

D-9 



Test Description: {!- / g 

( 

[ 

[ 

[ 
Test Start Date & Time: I 1/3/06; cio24-:5 
Client: CDR 
Sample Information or ID: 

:::one 
%Effluent 

I 

.. .'/Jn A 

I B 

c 

r 
£ 
[ 

1/7-{p 
&5/. A 

B 

c 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

( 

[ 

[ 

[ 

jc'-& JflJ/ A 

B 

i c 

I ~-J cfS/. A 

I 
B 

I c 

?-J-/{/)/A 

I B 

c 
Jtnitials/ 

Date 

(I) 
0 24 

/0 /D 
/tJ !0 

/rJ /0 

/0 !0 

/tJ ltJ 
/0 ltJ-
/0 /0 
/t) /tJ 
/0 ;cJ 
/IJ /& 
/0 /0 
;o /() 
jt!) /0 
jtJ )0 

/!) /0 
~~-~~ ~)J/N.. 

Job#: 26-349 

(.:2) CoJ 
48 72 

/0 r 
/0 Lj-& 

q' j-S. 

JO 1/1· 

10 6s 

/0. ,_f? 
qi ~1 

qJ ~q 

q' ~q 

/0 ,s..S 
;o .J1 
/0 ss 
/0 d} 
q' p· 
q' 7-.2-

/tt!/4 j;;ft/dJJ 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 
Animal Source: ARO 
Test Volume: I OOmL Test Temp: 25±I ·c 
Dilution Water: Manasquan 

Daily Counts 
(_QJ (6) U.J) 

96 i1.1J i# 
~~ - --

d,a_ ()J.. -
10 D' -
~IJ - -
~s ---

JPJL . . 'J 01 -
(}~ -- -
- ·- --- - -
6 /J.- 0' 

I ~!6 cJ.. -
L.?~ ~3 -
~c). --- -
()f - -
cZ5 ~2. -

:/rtl·/.rt. :/;j?j(f; -",fqja 

D-10 
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349C180.DAT 

Date Time Temp SpCond Salinity DO Cone · pH 

M/DN C uS/em ppt mg/L 
oeon 11/03/06 22:01:16 24.33 38755.0 24.65 6.34 7.82 
1(!;uJS/.11t03t0622:02:49 24.19 39454.0 25.15 6.33 7.92 
2C-& 1 00"~-11/03/06 22:03:26 24.25 38693.0 24.61 6.28 7.68 
3e,-ll61-11/03/0622:05:12 24.11 39238.0 25.00 6.37 8.00 
4C:l jCli/.11/03/06 22:06:10 24.23 38146.0 24.23 6.37 7.70 

/1 adJti.Sf ~ -- /l?ld.L fYt?IJr 7i /lli.~ oa:f · 
I -J . . . lrc!,j 1/C!__ ·-ylli 
(}Jn - ) m/Jtz-1 ;II::: ..3.·9 -' atlcbcL .S!J ~/r /t{;{}lf -/!II g_ r2 J !tacjttS 7 . 

~- {; - ~·flliwJ ;II.:- t-;f / adc/d o2l (F dn;s /fu- Oil ~ f/1 7-:? 

f- 7- - /;u n cJ t 11 : 4-: a2 _; a c1 J.J c1 u21 c~nl' s lfaJJ/1- ~ 111 7 7-

/1/~/o& 

I Project#: ::16 349 Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OTJ-IER: f7t-C i~ Date: tlj?jn, 

( 

l 
[ 

[ 

[ 

( 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTJ-IER: &.:::.L-IL-0 ~- Day of Study: 0 
I 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

012-140C 018-22°C ~J~ -dl.t_oc 
0 26-30 ppt 0 28-32 ppt b M__- J...1 ppt 

Dissolved Oxygen: ~ >4.0 mg/L 0 > __ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to ----
Actions taken: 

Meter Used: 

Blue 0 

Red 0 

Green b 

P1ffifta~spf ~ 

D-1 I 



I 
[ 

Test Description: f) /I 7-
I [ 

[ 

( 

( 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

Test Start Date & Time: I 1/3/06; UdO 
Client: CDR 
Sample Infonnation or ID: 

Cone 
1 %Effluent 

,7/JIJ A 

I B 

I 
c 

'"t . .:;s!A 
I B 
l 

c 

jfb /~/.A 
B 

I c 

·?1uts! A 
I 

B 

c 
I 

?J-/@( A 

I B 

c 

1 Initials! 

L 
[ 

[ 

[ 

( 

Date 

0 
U} 
24 

j() /0 
/rJ /0 
j[} /0 
jt} /~ 

j() //) 
//} j() 
j(} /tJ 
jt} J() 
!0 /0 

/iJ /0 
Jtl /{) 
jtJ ;o 
ltJ /& 
/tl J(} 
/0 /O 

~/let.· ~j#a 

Job#: 26-349 

(r2.) (6) 
48 72 

/0 ·J.S 

/{} /0 
/0 ;j& 

/0 7.3 

/0 if 
/~ f' 
g~ ~'l 

//) ~10 

/0 ~10 

jt} b.J 
{)I slf 
/() ~ tf 
/(} 'I& 
/I} bf 
/0 &'' 
f/~6 lit/t!Q 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mm 
Animal Source: ARO 
Test Volume: IOOmL Test Tem_p: 25±1 ·c 
Dilution Water: Manasquan 

Daily Counts 

(_~2 {.5) 

96 trUJ 
;I- ()' 
lq tJ' 
/)I- ·-
IJ1 -

~f -
J7 ()' 
- ·-

- -
--

/j-J.. ()f 
. I 

I/ /)1--

3.6 ()3 

ld !)' 
!/--~ l)tf 

df- IJ.L 
:/tl7/tX/ f;/i)v 
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349PH70.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em . ppt mg/L 
0 con 11/03/06 22:56:54 24.49 38660.0 24.58 6.62 7.31 
.. .... .... ..... 

~4.~~ 
nnnn n -"'(\~A_ 7_f\O 7 ~n I II IVU LL.~ .-I~ IUVVv.V 

-·~ 
.vv 

2 {?.~.; o- JsY.11 103106 22:58:29 25.22 39359.0 25.06 6.42 7.77 

3(!·& /(.1)/. 11/03/06 22:59:55 24.26 . 38688.0 24.61 6.66 7.08 

4('. t ob"/11/03/06 23:01:11 24.84 39057.0 24.86 6.23 7.84 

5~7 /a?/11/03/06 23:03:18 24.46 38413.0 24.41 6.56 7.32 

Project #:db 34-q . Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OTHER:--rJf:_- p~ 7- Date: tt/::,}!u 

Species: 0 A. abdita 0 M bahia 0 M beryllina 0 M nasuta 0 N virens ~ OTHER: Lp . Day of Study: D 

OPERATIONAL RANGE: Check if OK 

Temperature: 0 1 2 -14 OC D 18 -22 oc 

Salinity: · D 26-30 ppt D 28 -32 ppt ~ Jo - 2J ppt 

Dissolved Oxygen: ~ >4.0 mg/L D > __ mg/L 

pH: D 7.3 to 8.3 D6.:J to 9.0 D __ to __ 

Actions taken: 

Meter Used: 

Blue D 

Red D 

Green ~ 

PCJfjaiaJ~ilj-· 

0-l'J, 
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Test Description: nJI q . 
I 

[ 

[ 
Test Start Date & Time: 11/3/06; u2.3f"n 
Client: CDR 
Sample Information or ID: 

r 
[ 

Cone 
j %Effluent 

1C!Of1 A 

I 

-I 
[ 

[ 
I 

B 

c 

?-& JSI A 

B 

c l 
[ 

leu liP! A 

[ 

[_ 

[ 

[ 

[ 

l 
[ 

[ 

l 

L 
B 

I c 

l.!-1 &I A 

B 

I c 

~J- /{l}/A 

I B 

c 
I 
I Initials/ 

Date 

{I) 
0 24 

/JJ /iJ 
/0 /0 
!0 }/) 

jf) jt} 

!IJ /(} 
!0 j(} 

jtJ /0 
/0 /() 

/0 ld 
j{J /() 
j(} !tJ 
//) /0 
/IJ ;o 
j() jtJ 

/tJ /0 

~l/tti %/#111 

Job#: 26-349 

{£2...) (.3) 

48 72 

/tJ 61-
/tJ ,sf 
/(} t"' 
q' .Ju 

/0 /q 

j() l-.a 

/~ 
. q 
I . 

/tJ ~10 

/0 /q 

~ J/-4-
8.2. fi.2.-

/3 /d 

# IJ-1-

:;3 ~? 

/Y !)~-' 

~/Ia lt!tla 

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4rnm 
Animal Source: ARO 
Test Volume: IOOrnL Test Temp: 25±1"C 
Dilution Water: Manasquan 

Daily Counts 
(if} (5) ,tf-96 !.W l 
ju - -

!Y - -
~~~ - -
I,J_ o' -
~I ·- -

If' - -
!)' - -
- - -
~I - -
4-- /d ~I 

u /)I/ -
I /)' -
- - -

-- -
- - -

f;J/cv ~/~ov tt/qj..v., 

D-14 
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349PH90.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DIY c uS/em ppt mg/L 

o Ciln 11/03/06 23:05:34 24.19 38372.0 24.39 6.42 8.91 

1 e;u, ,25/11/03/06 23:06:58 24.79 39359.0 25.07 6.17 8.24 

2C·u j(}J], 11/03/06 23:07:42 24.12 38548.0 24.51 6.53 . 8.92 

Jc-7 J5/. 11/03/06 23:08:4 7 24.58 39336.0 25.06 6.16 8.20 

4 C·l Joo{ 11/03/06 23:09:42 24.03 38415.0 24.42 6.54 8.82 

. . {7£ -th q 
Project#: JiJ ·31/11 Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OHfER:-bf-;1 Date: !1/.3/tfU 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTHER: L 0. Day of Study:---'0'"'-----
1 

OPERA TJONAL RANGE: Check if OK 

· Temperature: 

Salinity: 

012-14"C 018-22°C ~ l~ -__jj,p_oc 

0 26 -30 ppt 0 28 -32 ppt b M_ ~ __dl_ ppt. 

Dissolved Oxygen: ~ >4.0 mg/L 0 > __ mg/L 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to -- --
Actions taken: · 

Meter Used: 

Blue . 0 

Red 0 

Green d 

P;tAUialsPr ~IJt 

0-1 'i 
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Test Description: W VCl.....-

Aqua Survey, Inc. 

TIE DATA SHEET 

Species: L. plumulosus 
Age: 2-4mrn [ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

Test Start Date & Time: J h'3f96; "L .fj_ ou~ lu t/Q_ Animal Source: ARO 
Client: CDR Job#: 26-349 TestVolume: lOOmL 
Sample Information or ID: Dilution Water:Manasquan 

Cone Daily Counts 
j %Effluent U) £.2.) (3) L4-) {5) 

0 24 48 72 96 icUJ 

~o() A /0 /0 r- 4~ ()4- -
I B jt} /0 ·af . /s l' -

c /0 JtJ 05 ·If-

I . I ~I 

I!J,f.JJ A 
d.Sl jiJ /0 f:_ ~ 14- IJ' 

B ;a /tJ l-3 .34- o& -
c /f) IO 1-.;, c25 cl_ 0-L 

r{J ltlJ! A /t) /0 t~ f..L ol -
B !0 /0 # J_fl- ~:2- -

I c /0 Jt} ftl-- d'l- ~oL -
~1-

a5fA ;I /0 
:f-,3 4! .::2-.2. .tr 

I B /IJ /0 f- -;fr o+- -
c /(} /0 8.2- ' Lj!' uL-2 ~~ 

"'-:r lmJ. A /tJ ;tJ ·1- . 
d4- IJ.v 6 -

B /(} j(} g-2- 03 os -
I-

c lo /0 0-:r ..l... . o' I -
1 

Initial.s/ 
':>ate 

ftl!lia. ~,If a, %/ufit, ~~~{, :f!sJ~ ~1)1-keo 

l 
[ 

[ 

[ 

[ 

Test Temp: 25±1"C 

D-16 
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349UO.DAT 

DateTime · Temp SpCond Salinity 

. M/DN C uS/em ppt 
oc.nn 11/04/06 16:26:52 24.20 39452.0 25.15 

1~-lJ ciG'l11 /04/06 16:28:05 24.7 4 39163.0 24.94 

2:g%1oo'J. 11/04/06 16:29:18 24.80 39541.0 25.20 

Je7J5/. 11/04/06 16:3o:4o 24.71 39os9.o 24.88 

4C·7 1001.11/04/0616:32:15 24.84 38935.0 24.77 

DO Cone 

mg/L 

5.35 

6.33 

5.74 

6.15 

6.28 

pH 

7.33 

7.79 

7.34 

7.79 

7.52 

1 UJ\fGL 
Project #:diD· 349 Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP I!J OTHER~(- Date: 11/+/,10 

' 

Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens 6 OTHER: L. t? _ Day of Study: - 0 
I 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

0 12-14 oc 0 18-22 "C ~ .J1__- 1& oc 

0 26 -30 ppt 0 28 -32 ppt ~ )£_-n_ ppt 

Dissolved Oxygen: d >4.0 mg/L 0 > __ mg!L 

pH: 0 7.3 to 8.3 06.0 to 9.0 0 to -- --

Meter Used: 

Blue 0 

Red 0 

Green b 

[ Actions taken: 

Sun Nov 05 10:15:37 2006 Page 1 of 1 
See deviation summary sheet 0 Initials:-4--

D-I-f , 



Control Chart LCSO Values, Acute SRT With L. plumulosus 

1.8 

1.6 

1.4 

E 1.2 
:::1 ·e 1 

"'0 
I'll 

0.8 (.) 

Cl 
E 0.6 

0.4 

0.2 

0 

1 3 5 7 9 11 13 15 17 19 

Test Number (Updated 11/2006) 

I-+- LC50 -Mean LC50 Lower 95% C.L. ---¥.---Upper 95% C.L. I 

u 
I 

00 
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Test: AC-Acute Fish Test 
Species: LP-Leptocheirus plumulosus 
Sample ID: REF-Ref Toxicant 
Start Date: 11/312006 End Date: 11n12006 

Pas ID Rep Group Start 24 hrs 

1 1 Control 10 10 

2 2 Control 10 10 

3 1 0.3 10 10 

4 2 0.3 10 10 

5 1 0.55 10 10 
6 2 0.55 10 10 
7 1 1.0 10 10 
8 2 1.0 10 10 

9 1 1.8 10 10 
10 2 1.8 10 10 
11 1 3.2 10 10 
12 r Comments: 

2 3.2 10 10 

[ 

[ 

f 

[ 

[ 

[ 

[ 

£ 
[ 

( 

[ 
Page 1 

Test ID: 26-349 
Protocol: EPAA 91-EPA Acute 
Sample Type: CDCL-Cadmium chloride 
Lab ID: ASI-Aqua Survey Inc. 

48 hrs 72 hrs 96 hrs Notes 
10 10 10 
10 10 10 
10 10 9 
10 10 10 
10 10 4 
10 10 5 
10 10 6 
10 10 6 
10 9 5 
10 9 3 

7 4 2 
5 4 1 

ToxCalc 5.0 Reviewed by: f~ 
~19 
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Start Date: 
End Date: 
Sample Date: 
Comments: 
Conc-mg/l 

Control 
0.3 

0.55 
1 

1.8 
3.2 

Conc-mg/L 
Control 

0.3 
0.55 

1 
1.8 
3.2 

11/3/2006 
1117/2006 

1 
1.0000 
0.9000 
0.4000 
0.6000 
0.5000 
0.2000 

Mean 
1.0000 
0.9500 
0.4500 
0.6000 
0.4000 
0.1500 

Auxiliary Tests 

2 
1.0000 
1.0000 
0.5000 
0.6000 
0.3000 
0.1000 

N-Mean 
1.0000 
0.9500. 
0.4500 
0.6000 
0.4000 
0.1500 

Acute Fish Test-96 Hr Survival 
Test ID: 26-349 Sample ID: 
Lab ID: ASI-Aqua Survey Inc. Sample Type: 
Protocol: EPM 91-EPA Acute Test Species: 

Transfonn: Arcsin Sguare Root 
Mean . Min Max CV"Ia N 
1.4120 1.4120 1.4120 0.000 2 
1.3305 1.2490 1.4120 8.661 2 
0.7351 0.6847 0.7854 9.685 2 
0.8861 0.8861 0.8861 0.000 2 
0:6825 0.5796 0.7854 21.317 2 
0.3927 0.3218 0.4636 25.550 2 

Statistic 
Normality of the data set cannot be confirmed 
Equality of variance cannot be confirmed 

Trimmed Speannan-Karber 
Trim Level ECSO 95%CL 

0.0% 
5.0% 

10.0% 1.0 
20.0% 0.9704 . 0.6685 1.4088 

0.9 
Auto-15.0% 0.9802 0.7049 1.3629 

0.8 

0.7 

:0.6 
c 
&. 0.5 
II) 

&! 0.4 

0.3 

0.2 

0.1 

0.0 

0.1 

Page 1 ToxCalc v5.0.23 

REF-Ref Toxicant 
CDCL-Cadmium chloride 
LP-Leptocheirus plumulosus 

Number 
Res~ 

0 
1 

11 
8 

12 
17 

Critical Skew 

10 

Dose mg/L 

Total 
Number 

20 
20 
20 
20 
20 
20 

Kurt 

Reviewed by: -~ --wo 
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[ 
SRT 

Prep sheet for Saltwater amphipod SRTs 

[ Stock Solution 

[ 
Add 250 milligrams of Cadmium chloride to 500 ml of Manasquan water. 
This will give you a 250 mg Cadmiumil stock solution. 

[ 
3 replicates per concentration 
250 ml per replicate 
10 organisms per replicate 

[ Ampelisca abdita 
Concentration (mg/L) Stock (ml) ·Total (ml) 

0 0 750 

[ "0.24 0.72 750 Salinity 28 +/- 2 ppt 
0:48 1.44 750 Temp. 20 +/- 2 c 

( 
0.86 2.58 750 

1.5 .4.5 750 
2.8 8.4 750. 

(' Eahaustorius estuarius. 
Concentration (mg/L) Stock (mL) Total (ml) 

[ 0 0 750 
2.5 7.5 750 Salinity . 20 :t/- 2 ppt 
4.5 13.5 750 Temp. 15 +/- 2 c 

[ 8 21 750 
14.4 43,2 750 

26 78 750 

f Leptocheirus plumu/osus 

f_ 
Concentration (mg/L). Stock (mL) Total (ml) 

0 0 750 
0.3 0.9 750 Salinity 20 +/- 2 ppt 

[ 
0.55 1.65 750 Temp. 25 +/- 2 c 

. 1 3 750 
1.8 5.4 750 

[ 3.2 9.6 750. 

Rhepoxinius abronius 

( Concentration (mg/L) Stock (mL) Total (ml) 
I 0 0 750 

1.2 3.€ 750 Salinity 28 +/- 2 ppt 

f 2.2 6,6 750 Temp. 15 +/- 2 c 
4 i2 750 

7.2 21.6 750 

[ 13 39 750 

D-21 



[ 

[ 

[ 

r 
l 
(' 

r· 
( 

(_ 

( 

[ 

[ 

r 
[ 

[ 

[ 

[ 

[ 

[ 

Client: Jlr~ 

Aqua Survey, Inc. 
96-Hour Reference Toxicant Test 

Start Date: o/4ct· 
Toxicant: Cadmium Chloride Start Time: J2Jf[) 

Species:_ L p.buno lmJJ.s End Time: 11m 

Test Volume: 7-SOrnL Water Bath: I 

Sample Live Counts 
Concentration 

_- (mg!L) 0 hours 24 hours 48 hours 72 hours 96 hours 

Control A /D /D )0 /0 {\) 

Control B 10 /0 - JD - I J 1\l 

EontJOI e ·- - -·- -
- 0_:') f) '/0 - 10 Jo ;o 9 

I!J /0 - /0 }D (0 \0 

-.5;-/.J /0 /0 ID IV _'-{_ lP 

8 /0 10 ID /0 --~ :::, 

/.IJ f) /0 Jo 10 { 0 eo'-' 
- 8 /0 /tF Jo /0 to"' 

I .9 I} JO )0 /0 1' ~~ 

/}) jf} JO /() 7' 3 
l() 

-1.7-l} /0 tO 78 q: ~ -z_'---

Pl /tJ /tJ J-5 V' \~ 
.. 

l: --

--

--·-· 
~ ~ . -

''/;J«,.·1 11/f/~ 4 11/.ffot, I{ .jL· ~ 

Date/Initials nJt/vL "\..., I ot, 
/f / 
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AQUA SURVEY, INC. 

CULTURE ORGANISM DISTRIBUTION FORM 

DATE: --''~"~":::q.A~vf.J:...,___ __ _ 
I r . 

CLIENT: 

TEST LOCATION: IN-LAB [I ] FIELD [ ] 

l. p/qrw lnw..s TEST SPECIES: 
I 

TOTAL NUMBER ORGAN SIMS TRANSFERRED: 

AQUA SURVEY, INC. CULTURE LAB INVESTJGA TORS: j 
A. ORGAN1SMS 

I. ASI CULTUREJ HOLDING UNlT: U) ?6 4 /~qa.//on fMJ_ 

2. RECENING LOG#: --=-d/;-=---.[L/).IL.89_,__ ___________ _ 

3. CULTURE LOG#: ol&- 0 IIJCl 

4. AGEl SIZE INFORMATION: d-1/- /J?/f'/ . . 
--~~~-------------------

B. HOLDING rl 1 CULTURE [ ] WATER PARAMETERS 

I. TEMPERATURE: J5. o·c 
2. SALINITY: <i3.~ 

3. WATER SOURCE: Ahnt1Sf-LLW7 
B. TRANSFER CUSTODY & TRANSFER 

1. LNESTOCK RELINQUISHMENT DATE: 
TIME: 
BY: 

2. LNESTOCK RECENING DATE: 
TIME: 
BY: 

3. CULTURE SUPERVISOR OR SENIOR TECH. INITIALS: 

RE:MARKS: 
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AQUA SURVEY, INC. 

CULTURE DEPARTMENT 
GENERALSPECIESSTATUSLOG 

[ 
Species: LTfl/d!m /a"'S 
Receiving [II] Culture [ ] Log#: J/r pgq 

( 

r 
[ 

[ 

[ 

{ 

[ 

( 

[ 

[ 

[ 

[ 

[ 

I 
l 
I I 

Test Job#: o2Jr ..3@ Client: ____;:__:(}fJ=-R._-=----

Date Day Number Temp/DO NH/N02 pH iS~ Hardness ,,,,,(L 
. lt/1J o/~o IRT/t 

-
I ,,50 fJ /o fl.g 1!5/r 

II} 1/o(.p I 
vg.o'C/ ~ ·- - -/fJ(!lJ 

'~/o& J.tJMJ /9q''i&. f ojo ?g IK.u/)d 
1~3/ou rM-9tj tJ/o 

,, 

J ~~ 1. I 7f JO.fJ;pl 

1!/3/ou 3 i'ifl) 
JSOCC~ 

l.6 ~/o 7.9 Jd.rbd 
114/0lJJ otl/. l'i; !J/p 

If 

4- 7J.. 1. g_ ~4-6;;pt 

Alkalinity 

///} 

-
liD 
/ol.O 

/JJJ 

/dJJ 

Dates: 1/bj{, -djfft
Initial Stock : cl.3D?r 
Food Type:O!Jrp , %.::1 

J 
.Mortality Remarks/ Initials 

ff 
~-kd arc.b n?2JiN 

. !!I 

- ;/ 

If 
1&tl_li!7wd (fr.dL . 
filL dlm-iLvn! n1 

U' J~ 

' ro_nh!w rf a£L. 4 

,ff 
170 l:.d .j11£/f1r 
Ed. q()rj) shnzt II/ 

U '77f. ·a'Jit;{_ 
I! 7iJ -lc.<:.l d 

t" 
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· AQUA SURVEY, INC. 
CULTURE DEPARTMENT 

Organism Receiving Form 

Receiving Log#: Date: ---'/~lf"'-+1/"""0f......_a _____ _ 

Shipping Carrier: 

Species: Number Shipped: _ _._rJLJI· n-.;.<!?/1).._,_+-_____ _ 

Livestock Source/ Shipper: ---'-'~'-'-ft....::....;:;_O _______________________ _ 

ASI Order Ref. Date: !o':h /11/1 .uq..{-""""'Qf.!,.._,,...,.,....'------

Agel Characteristics cl 4 m ffl 

Taxonomic Verification Log#: ~ '0 f9 

AS[ Order Ref. Initials: 

Date: Jt/J11(1 
-~,r~~~--------

Receiving Water Quality Parameters 

[ 

[ 

[ S!tt u.wt 
Water- cs;ar/ Cloud;). 

. Temp.: i4u ·c 
Alkalinity: 

o/o 
I 

pH: fpJ/ 

/40 

[ 

[ 

[ 

l 
( 

[ 

[ 

l. 
( 

ICE: 

Observation/ Condition of Livestock: 

Receiving Tech. Initials: -~~LLf----

Container Size: 8) - I coJJ.m 

Type ofPacking: 

Supervisors Initials: -}1--q....-------
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I. 

II. 

H Aquatic Research Organisms 

DATA SHEET 

Organism History 

Species: 

Source: Lab reared Y Hatchery reared. __ _ Field collected. __ _ 

Hatch date. _ ___;;(___;o.~0_o;:....:~=----- Receipt date. ______ __:_ 

Lot number /d§foC. c:...e Strain ________ _ 

Brood Origination, _ _:Cho...!.£_..:..e:.f-=<--~-=;r=:-..=.;:l.,.;C=-..lioe=:_=L!r9;~y'----:::...f/,'""""'/1::,...___ __ _ 
. 7 

\Vater Quality 

Temperature ~/ oc Salinity ~0 ppt DO SqT 

pH g.o -Hardness ___ ppm 

III. Culture Conditions. 

system:_0_V _ ___:.s__.mzz~L..!.--::c..=--4-r-~~~:_:e:::::::__j,:v::....q::.L.·-+-/ _____ _ 

Diet: Flake Food. __ _ 

Brine Shrimp. __ _ 

Ph ytopl_anh.1:on __ _ 

Rotifers. __ _ 

~ 
Trout Chow _ _;_____ 

Prophylactic Treatments=---~------------
·-

Comments: ...5e:L:l'A~ dT £/ L 

CJ~-f'mg 

IV. Shipping Infonnation 

Client: flflviJs U;2?/\Cp 
7 

7 
# of Organisms: d._30(} 

Date Shipped: /0 is~;; Canier: ffO £ fC' 

Biologist: ___ ·~=::....=.-.=...::~____.£..~-===:.w:~::..:::=--==.'=, :;..,.~~:==::l.._~ _________ _ 

1 - 800 - 927 - 1650 
PO Box 1271 • One Lafayette Road • Hampton, NH 03842 • (603) 926-1650 
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SRT2LPO.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/D/Y c uS/em ppt mg/L 

0 11/03/06"21 :48:45 24.63 32955.0 20.60 6.33 7.93 

1 11 /03/06 21 :49:24 ·24.50 32854.0 20.54 6.39 7.92 

2 11/03/06 21:50:16 24.48 . 32904.0 20.57 6.50 7.91 

3 11/03/06 21:50:37 24.44 32842.0 20.53 6.42 7.90 

4 11/03/06 21:50:59 24.44 . 32850.0 20.53 6.38 7.90 

5 11/03/06 21:51:18 24.41 32844.0 20.53 6.38 7.89 

Project #:Jif Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~OTHER: /J.CJJ:}c Date: 1d~ 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens 0 OTHER: ~L-+p_. __ Day of Study: 0 

I 

OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

o 12-14 oc o 18-22 oc rbJL- Ji, oc 

0 26-30 ppt 0 28-32 ppt ~ l:L_- obL ppt 

Dissolved Oxygen: 0 :>4.0 mg/L ~ > 3.(; mg/L 
-- ' 

pH: 0 7.3 to 8.3 06.0 to 9.0 ~ 1 to OJ 

Actions taken: 

Meter Used: 

Blue ~ 

Red 0 

Green 0 

Ja s: TI1of;J 
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SRT2LP24.DAT 

DateTime · Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/04/06 12:03:42 25.23 33594.0 21.03 6.17 7.97 

1 11/04/06 12:04:24 25.35 33546.0 21.00 6.25 7.97 

2 11/04/06 12:04:45 25.35 33592.0 21.03 6.32 7.97 

3 11/04/06 12:05:15 25.34 33578.0 21.02 6.34 7.97 

4 11 /04/06 12:05:4 7 25.32 33562.0 21.01 6.38 7.96 

5 11/04/06 12:06:06 25.21 33489.0 20.96 6.42 7.96 

Project #: ()It[' Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~ OTHER: kuJG Date: 11/ ~Olt 
. I 

·Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~ OTHER: ...:::;Lf-r--· __ Day of Studyr}_lj.h_r~ 
OPERATIONAL RANGE: Check if OK 

Temperature: 012-140C OJ8-22"C 

Salinity: 0 26-30 ppt 0 28-32 ppt 

d_d_L-dlL_oc 

~JL- &ppt 

Dissolved Oxygen: 0 >4.0 mg!L ~ > JlL mg/L 

pH: o 7.3 to 8.3 ~1-o to 9.0 o __ to __ 

Actions taken: 

Sun Nov 05 10:12:25 2006 
See deviation summary sheet 0 

Meter Used: 

Blue 0 

Red 0 

Green J 

Page I of I 

Initi als:-'-~J/'-----
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SRT2L48.DAT 

Date Time Temp SpCond Salinity DO Cone pH 

M/DN c uS/em ppt mg/L 

0 11/05/06 10:08:51 25.01 33576.0 21.03 6.64 7.97 

1 11/05/06 10:09:48 25.17 33414.0 20.91 6.53 7.99 

2 11/05/06 10:10:10 25.24 33478.0 20.95 6.53 7.99 

3 11/05/06 10:10:26 25.26 33467.0 20.95 6.53 7.99 

4 11/05/06 10:10:40 25.25 33445.0 20.93 6.52 7.99 

5 11/05/06 10:10:53 25.22 33399.0 20.90 6.54 7.99 

Project #: J/t( Test lype: 0 Bioaccumulation o Solid Phase o SPP 4 OTIIER: Aut Date: i 1/EjoW 

Species: 0 A. abdita D M bahia 0 M beryl/ina 0 M nasuta 0 N. virens b OTHER: _,LpF---- Day of Study: lf~b..J 
OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 

OI2-t4oc o1s-22"C bd1__-lli_oc 
0 26 -30 ppt 0 28 -32 ppt ~ JL_-~ ppt 

Dissolved Oxygen: 0 >4.0 mg!L ~ > ..!1L mg/L 

pH: 0 7.3 to 8.3 ~fo to 9.0 o __ to--

Actions taken: 

Sun Nov 05 10:15:29 2006 
See deviation summary sheet 0 

Meter Used: 

Blue 0 

Red D 

Green .4J 

Page 1 of 1 

Initials: N trri-Y.--
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SRT2LP72.DAT 

. DateTime Temp SpCond Saiinity DO Cone pH 

M/DN c uS/em ppt mg/L 

11/06/06 .16:59:16 24.46 33669.0 21.10 9.06 7.71 

11/06/06 17:00:13 25.09 33347.0 20.87 8.60 . 7.81 

11/06/06 17:00:37 25.29 33411.0 20.91 8.47 7.85 

11/06/06 17:00:57 25.38 334C8.0 20.90 8.22 7.87 

11/06/06.17:01:20 25.40 33405.0 20.90 7.96 7.88 

' 11/06/06 17:01:41 25.41 . 33397.0 20.89 7.74 7.89 ---

Project#: l,~R:J: Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP · ~ OTHER: ~'I Je 
Species: 0 A. abdita 0 M bahia 0 M beryllina 0 M nasuta 0 N. virens 6 OTHER: L p . 
OPERATIONAL RANGE: Check if OK 

Date: 4~Jo0 
Day of Study: ·v__® 

Meter Used: 

Temperature: 

Salinity: 

0 12-14 oc 0 18-22 oc ~ J~ - __JJJ._oc 

0 26 -30 ppt 0 28 -32 ppt ~ JL- __4L ppt 

Dissolved Oxygen: b >4.0 mg/L 0 >_· _ mg!L 

pH: 0 7.3 to 8.3 06.0 to 9.0 ~_1_ toiL_ 

Actions taken: 

Blue 0 

Red 0 

Green ~ 

Pagtia1sof 1 ttl 
(1 
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SRT2LP96.DAT 

Date Time Temp SpCond Salinity DO Cone pH -
M/DIY c uS/em ppt mg/l 

11/07/06 11 :~1 :45 25.06 34171.0 21.44 6.13 7.93 

11/07/06 11 :32:46 25.35 33805.0 21.18 5.68 7.94 

11/07/06 11:33:21 25.39 3372·1.0 21.12 5.83 7.94 

11/07/06' 11 :33:45 25.41 33E,G4.0 21.08 5.88 7.94 

11/07/06 11:34:09 25.43 33785.0 21.16 5.84 7.93 

11/07/06 11:34:33 25.34 34012.0 21.32 5.91 7.92 

Project#: 8f..] Test type: 0 Bioaccumulation 0 Solid Phase 0 SPP ~OTHER: ftutk Date: ;J,/ou 
Species: 0 A. abdita 0 M bahia 0 M beryl/ina 0 M nasuta 0 N. virens ~OTHER: _L-+f-- Day of Study: q&~ 
OPERATIONAL RANGE: Check if OK 

Temperature: 

Salinity: 0 26 -30 ppt 0 28 -32 ppt ~ J1__- .J1; ppt 

Dissolved Oxygen: d >4.0 mg(L 0 > __ mg!L 

Meter Used: 

Blue 0 

Red 0 

Green ~ 
·pH: 0 7.3 ~o 8.3 06.0 to 9.0 ~ .2___ to !}__ 

Actions taken: 
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DeviceNum 810765 ExportDate 11_14_06 17_01_58.txt 

series: Temperature (*C) 

Logger Info 
Model 
serial Number 
Memory Size (Bytes) 
Deployment 

series Info 
Points Used 
First Point: 
Last Point 
Duration 

stats 
wrap count: 
Max Value 
Min Value 
Avg.value 

Launch Parameters 
Load Time 
Launch Time 
Logging Time 
sampling Interval 
Wrap 
Stealth Enable 
End of Data 
Wrap count 
Description String 
Time Zone 

Information specific to the logger 
HOBO Water Temp Pro [H20-001] 
810765 
32768 
37 
Information about the data in the series 
268 
11/03/06 13:23:13.0 
11/14/06 16:23:13.0 
11.oays 03:00:00.0 
calculated from the series 
0 
26.50 
21.91 
24.95 

11/03/2006 18:23:11 GMT 
11/03/2006 18:23:13 GMT 
11/03/2006 18:23:13 GMT 
3600 

11/03/2006 13:23:11 Local 
11/03/2006 13:23:13 Local 
11/03/2006 13:23:13 Local 

0 = (FALSE/OFF/OPEN/TYPE 0) 
0 = (FALSE/OFF/OPEN/TYPE 0) 
Ox320_00 
0 
26-349 Lp static bath 6 
GMT-300 Minutes TZ set on 

Page 1 

Launch 
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. DeviceNum 810765 - ExportDate 11_14_06 17_02_06.txt 
Date,Time,Tem~erature (*C) 
11/03/06,13:23:13.0,23.809 
11/03/06,14:23:13.0,24.581 
11/03/06,15:23:13.0,24.653 
11/03/06,16:23:13.0,24.726 
11/03/06,17:2~:13.0,24.363 
11/03/06,18:23:13.0,24.219 
11/03/06,19:23:13.0,24.436 
11/03/06,20:23:13.0,24.508 
11/03/06,21:23:13.0,24.653 
11/03/06,22:23:13.0,24.677 
11/03/06,23:23:13.0,24.605 
11/04/06,00:23:13.0,24.557 
11/04/06,01:23:13.0,24.41Z 
11/04/06,02:23:13.0,24.315 
11/04/06,03:23~13.0;24.219 
11/04/06,04:23:13.0~24.146 
11/04/06,05:23:13~0,24.074 
11/04/06,06:23:13.0,24.026 
11/04/06,07:23:13.0,24.05 
11/04/06;08:23:13.0,24.146 
11/04/06,09:23:13.0,24.146 
11/04/06,10:23:13.0,24.219 
11/04/06,11:23:13.0,24.074 
11/04/06,12:23:13.0,24.195 
11/04/06,13:23:13.0,24.291 
11/04/06,14:23:13.0,24.339 
11/04/06,15:23:13.0,24.46 
11/04/06,16:23:13.0,24.508 
11/04/06,17:23:13.0,24.557 
11/04/06,18:23:13.0,24.557 
11/04/06,19:23:13.0,24.532 
11/04/06,20:23:13.0,24.508 
11/04/06,21:23:13.0,24.412 
11/04/06,22:23:13.0,24.315 
11/04/06,23:23:13.0,24.219 
11/05/06,00:23:13.0,24.171 
11/05/06,01:23:13.0,24.122 
11/05/06,02:23:13.0,24.146 
11/05/06,03:23:13.0,24.122 
11/05/06,04:23:13.0,24.122 
11/05/06,05:23:13.0,24.074 
11/05/06,06:23:13.0,24.122 
11/05/06,07:23:13.0,24.122 
11/05/06,08:23:13.0,24.291 
11/05/06,09:23:13.0,24.46 
11/05/06,10:23:13.0,24.629 
11/05/06,11:23:13.0,24.895 
11/05/06,12:23:13.0,24.968 
11/05/06,13:23:13.0,25.065 
11/05/06,14:23:13.0,25.113 
11/05/06,15:23:13.0,25.113 
11/05/06,16:23:13.0,25.065 
11/05/06,17:23:13.0,25.016 
11/05/06,18:23:13.0,24.968 
11/05/06,19:23:13.0,24.919 
11/05/06,20:23:13:0,24.847 
11/05/06,21:23:13.0,24.798 
11/05/06,22:23:13.0,24.702 
11/05/06,23:23:13.0,24.677 
11/06/06,00:23:13.0,24.677 
11/06/06,01:23:13.0,24.653 
11/06/06,02:23:13,0,24.581 

Page 1 
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oeviceNum 810765 - ExportDate 11_14_06 17_02_06.txt 
11/06/06,03:23:13.0,24.581 
11/06/06,04:23:13.0,24.557 
11/06/06,05:23:13.0,24.532 
11/06/06,06:23:13.0,24.581 
11/06/06,07:23:13.0,24.653 
11/06/06,08:23:13.0,24.677 
11/06/06,09:23:13.0,24.726 
11/06/06,10:23:13.0,24.823 
11/06/06,11:23:13.0,24.823 
11/06/06,12:23:13.0,24.919 
11/06/06,13:23:13.0,24.968 
11/06/06,14:23:13.0,25.016 
11/06/06,15:23:13.0,25.016 
11/06/06,16:23:13.0,25.016 
11/06/06,17:23:13.0,25.016 
11/06/06,18:23:13.0,25.089 
11/06/06,19:23:13.0,25.04 
11/06/06,20:23:13.0,25.016 
11/06/06,21:23:13.0,24.992 
11/06/06,22:23:13.0,24.944 
11/06/06,23:23:13.0,24.968 
11/07/06,00:23:13.0,24.968 
11/07/06,01:23:13.0,24.968 
11/07/06,02:23:13.0,24.944 
11/07/06,03:23:13.0,24.919 
11/07/06,04:23:13.n,24.919 
11/07/06,05:23:13.0,24.919' 
11/07/06,06:23:13.0,24.944. 
11/07/06,07:23:13.0,24.992 
11/07/06,08:23:13.0,24.992 
11/07/06,09:23:13.0,24.919 
11/07/06,10:23:13.0,25.089 
11/07/06,11:23:13.0,25.21 
11/07/06,12:23:13.0,25.234 
11/07/06,13:23:13.0,25.258 
11/07/06,14:23:13.0,25.258 
11/07/06,15:23:13.0,25.283 
11/07/06,16:23:13.0,25.307 
11/07/06,17:23:13.0,25.331 
11/07/06,18:23:13.0,25.331 
11/07/06,19:23:13~0,25.331 
11/07/06,20:23:13.0,25.331 
11/07/06,21:23:13.0,25.307 
11/07/06,22:23:13.0,25.331 
11/07/06,23:23:13.0,25.283 
11/08/06,00:23:13.0,25.258 
11/08/06,01:23:13.0,25.258 
11/08/06,02:23:13.0,25.258 
11/08/06,03:23:13.0,25.307 
11/08/06,04:23:13.0;25.355 
11/08/06,05:23:13.0,25.307 
11/08/06,06:23:13.0,25.331 
11/08/06,07:23:13.0,25.38 
11/08/06,08:23:13.0,25.355 
11/08/06,09:23:13.0,25.428 
11/08/06,10:23:13.0,25.404 
11/08/06,11:23:13.0,25.428 
11/08/06,12:23:13.0,25.404 
11/08/06,13:23:13.0,25.428 
11/08/06,14:23:13.0,25.428 
11/08/06,15:23:13.0,25.404 
11/08/06,16:23:13.0,25.404 
11/08/06,17:23:13.0,25.428 

Page 2 
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( DeviceNum 810765 - ExporLDaLe 11_14_06 17_02_06.LXL 

11/08/06,18:23:13.0,25.428 

[ 
11/08/06,19:23:13.0,25.428 
11/08/06,20:23:13.0,25.404 
11/08/06,21:23:13.0,25.38 
11/08/06,22:23:13.0,25.404 

( 
11/08/06,23:23:13.0,25.404. 
11/09/06,00:23:13.0,25.404 
11/09/06,01:23:13.0,25.428 
11/09/06,02:23:13.0,25.38 
11/09/06,03:23:11.0,25.38 

[ 11/09/06,04:23:13.0,25.355 
11/09/06,05:23:13.0,25.404 
11/09/06,06:23:13.0,25.428 

( 
11/09/06,07:23:13.0,25.477 
11/09/06,08:23:13.0,25.477 
11/09/06,09:23:13.0,25.428 
11/09/06,10:23:13.0,25.453 
11/09/06,11:23:13.0,25.428 

[ 11/09/06,12:23:13.0,25.428 
11/09/06,13:23:13.0,25.428 
11/09/06,14:23:13.0,25.453 
11/09/06~15:23:13.0,25.477 

( 11/09/06,16:23:13.0,25.477 
11/09/06,17:23:13.0,25.453 
11/09/06,18:23:13.0,24.823 
11/09/06,19:23:13.0,24.195 

l 11/09/06,20:23:13.0,23.785 
11/09/06,21:23:13.0,23.4 
11/09/06,22:23:13.0,23.184 
11/09/06,23:23:13.0,23.04 

( 11/10/06,00:23:13.0,22.944 
11/10/06,01:23:13.0,22.848 
11/10/06,02:23:13.0,22.776 
11/10/06,03:23:13.0,22.753 

( 11/10/06,04:23:13.0,22.705 
11/10/06,05:23:13.0,22.633 
11/10/06,06:23:13.0,22.633 
11/10/06,07:23:13.0,22.633 

[ 11/10/06,08:23:13.0,22.896 
11/10/06,09:23:13.0,24.267 
11/10/06~10:23:13.0,24.823 
11/10/06,11:23:13.0,25.162 

( 11/10/06,12:23:13.0,25.307 
11/10/06,13:23:13.0,25.38 
11/10/06,14:23:13.0,25.38 
11/10/06,15:23:13.0,25.404 

[ 
11/10/06,16:23:13.0,25.331 
11/10/06,17:23:13.0,25.234 
11/10/06,18:23:13.0,25.331 
11/10/06,19:23:13.0,25.38 

[ 
11/10/06,20:23:13.0,25.501 
11/10/06,21:23:13.0,25.38. 
11/10/06,22:23:13.0,25.404 
11/10/06,23:23:13.0,25.38 

t 
11/11/06,00:23:13.0,25.355 
11/11/06,01:23:13.0,25.307 
11/11/06,02:23:13.0,25.283 
11/11/06,03:23:13.0,25.307 

[ 
11/11/06,04:23:13.0,25.283 
11/11/06,05:23:13.0,25.307 
11/11/06,06:23:13.0,25.307 
11/11/06,07:23:13.0,25.355 

[ 
11/11/06,08:23:13.0,25.38 
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DeviceNum 810765 - ExportDate 11_14_06 17_02_06.txt 
11/11/06,09:23:13.0,25.404 
11/11/06,10:23:13. o·, 25.404 
11/11/06,11:23:13;0,25.453 
11/11/06,12:23:13.0,25.477 
11/11/06,13:23:13.0,25.501 
11/11/06,14:23:13.0,25.501 
11/11/06,15:23:13.0,25.55 
11/11/06,16:23:13.0,25.598 
11/11/06,17:23:13.0,25.574 
11/11/06,18:23:13.0,25.525 
11/11/06,19:23:13.0,25.55 
11/11/06,20:23:13~0,25.55 
11/11/06,21:23:13.0,25.525 
11/11/06,22:23:13.0,25.525 
11/11/06,23:23:13.0,25.574 
11/12/06,00:23:13.0,25.55 
11/12/06,01:23:13.0,25.525 
11/12/06,02:23:13.0,25.525 
11/12/06,03:23:13.0,25.574 
11/12/06,04:23:13~0,25.55 
11/12/06,05:23:13.0,25.598 
11/12/06,06:23:13~0,25.623 
11/12/06,07:23:13.0,25.647 
11/12/06,08:23:13.0,25.647 
11/12/06,09:23:13.0,25.671 
11/12/06,10:23:13.0,25.647 
11/12/06,11:23:13.0,25.598 
11/12/06,12:23:13.0,25.598 
11/12/06,11:23:13.0,25.574 
11/12/06,14:23:13.0,25.598 
11/12/06,15:23:13.0,25.598 
11/12/06,16:23:13.0,25.55 
11/12/06,17:23:13.0,25.55 
11/12/06,18:23:13.0,25.55 
11/12/06,19:23:13.0,25.55 
11/12/06,20:23:13.0,25.501 
11/12/06,21:23:13.0,25.453 
11/12/06,22:23:13.0,25.453 
11/12/06,23:23:13.0,25.477 
11/13/06,00:23:13.0,25.525 
11/13/06,01:23:13.0,25.501 
11/13/06,02:23:13.0,25.525 
11/13/06,03:23:13.0,25.501 
11/13/06,04:23:13.0,25.501 
11/13/06,05:23:13.0,25.501 
11/13/06,06:23:13.0,25.623 
11/13/06,07:23:13.0,25.598 
11/13/06,08:23:13.0,25.598 
11/13/06,09:23:13.0,25.598 
11/13/06,10:23:13.0,25.574 
11/13/06;11:23:13.0,26.256 
11/13/06,12:23:13.0,26.5 
11/13/06,13:23:13.0,26.475 
11/13/06,14:23:13.0,26.134 
11/13/06,15:23:13.0,25.939 
11/13/06,16:23~13.0,25.647 
11/13/06,17:23:13.0,25.501 
11/13/06,18:23:13.0,25.38 
11/13/06,19:23:13.0,25.331 
11/13/06,20:23:13.0,25.355 
11/13/06,21:23:13.0,25.428 
11/13/06,22:23:13.0,25.404 
11/13/06,23:23:13.0,25.283 
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DeviceNum 810765 - ExportDate 11_14_06 17_02_06.txt 
11/14/06,00:23:13.0,25.331 
11/14/06,01:23:13.0,25.355 
11/14/06,02:23:13.0,25.38 
11/14/06,03:23:13.0,25.38 
11/14/06,04:23:13.0,25.404 
11/14/06,05:23:13.0,25.355 
11/14/06,06:23:13.0,25.428 
11/14/06,07:23:13.0,25.38 
11/14/06,08:23:13.0,25.404 
11/14/06,09:23:13.0,25.477 
11/14/06,10:23:13.0,24.412 
11/14/06,11:23:13.0,23.328 
11/14/06,12:23:13.0,22.585 
11/14/06,13:23:13.0,22.034 
11/14/06,14:23:13.0,21.963 
11/14/06,15:23:13.0,21.915 
11/14/06,16:23:13.0,22.154 
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C. APPARENT EFFECTS THRESHOLDS 
(SEACREST GROUP) 



Q 

[ 

[ Appendix C._ Chemical data employed to generate apparent effects thresholds 

( 
(AETs) for sediment at LCP Site

3 

Sampling location Chemical concentration (mglkg, dry wt) 

(From headwaters Total Aroc:lor Total 

I 
to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc: 

MAIN CANAL 

MC50 0.37 1.5 3.9 0.229 0.032 1.29 1.26 0.016 8 

( MC49 0.40 1.5 4.4 0.429 0.037 1.58 1.31 0.016 9 
MC48 0.20 1.0 5.8 0.104 0.036 1.76 1.85 0.015 9.9 
MC47 29" 54 42 0.714 0.233 28.2 20.2 0.291 106 
MC46 35 280 42 0.955 0.296 20 20.2 0.22 88.5 

[ 
MC45 29 140 29 0.744 0.182 . 15.9 12.9 0.206 71.4 
MC44 6.2 55 41 0.454 0.244 18.8 21 0.188 76.9 
MC43 1.2 8.1 68 16.683 0.137 11.2 12.7 0.079 58 
MC42 13 18 31 0.396 0.2 20.1 15.8 0.323 93 
MC41 22 9.2 32 0.420 0.201 19.4 16 0.256 95 

( 
MC40 8.9 19 33 0.371 0.21 14.3 14.1 0.246 84.8 
MC39 5.3 37 31 0.517 0.219 13.1 13.1 0.199 79.6 
MC38 4.3 21 29 0.435 0.184 12.7 14.5 0.169 84.3 
MC37 5.3 76 31 0.769 0.228 13.9 15.3 0.16 79.3 
MC36 6.7 150 40 0.849 0.28 16.2 17.7 0.134 36.3 

( MC35 8.3 11 30 0.457 0.199 18.8 16.7 0.245 56.3 
MC34 8.0 10 30 0.405 0.193 14.8 17.1 0.218 81.3 
MC33 11 12 31 0.541 0.197 18.5 15.1 0.275 79 
MC32 5.8 16 34 0.657 0.202 13.6 14 0.172 90 
MC31 5.6 23 29 0.633 0.218 14.6 14.6 0.233. 87 

[ MC30 40 32 24 0.394 0.168 10.1 10.2 0.125 91.4 
MC29 1.5 4.8 12 0.184 0.095 5.63 6.57 0.064 77.1 
MC28 12 20 28 0.630 0.193 14 13.2 0.297 74.5 
MC27 9.4 34 35 0.642 0.248 17.3 17.8 0.354 66.8 

[ 
MC26 7.6 68 33 0.858 0.222 13.8 15.5 0.202 71.6 
MC25 6.3 18 41 0.729 0.218 13.9 14.4 0.178 80.5 
MC24 22 570 34 3.764 0.255 14.8 10.7 0.229 67.6 
MC23 4.7 28 28 0.501 0.206 12.4 13.6 0.179 75.3 
MC22 10 110 32 0.658 0.246 14.3 15.9 0.188 75.3 

( MC21 3.0 18 24 0.589 0.203 11.3 11.9 0.127 71.1 
MC20 18 360 38 2.238 0.266 16.4 12.5 0.215 76.4 
MC19 24 33 29 0.569 0.237 20.7 13.5 0.309 78.9 
MC18 4.6 30 14 0.719 0.107 5.45 5.32 0.071 31.8 

[ 
MC17 8.4 14 14 0.391 0.099 5.82 7.09 0.066 35.1 
MC16 3.0 19 13 0.433 0.078 5.06 6.12. 0.065 32.4 
MC15 3.1 26 25 0.599 0.211 10.4 12.3 0.133 59.1 
MC14 9.0 39 27 0.363 0.251 12.4 11.6 0.238 70.3 
MC13 13 32 41 0.648 0.156 11.6 10.8 0.183 57.4 

[ 
MC12 3.6 13 29 0.525 0.246 14.6 16.4 0.274 77 
MC11 28 15 30 0.612 0.224 19.1 15.7 0.277 78.3 
MC10 1.3 4.1 21 0.389 0.198 12.1 13.3 0.142 85.5 
MC9 2.6 11 22 0.516 0.179 10.9 12.1 0.147 75 
MC8 3.0 11 23 0.859 0.2 12 12.8 0.15 78.7 

[ MC7 3.6 21 24 0.761 0.207 11.7 12.4 0.143 80.8 
MC6 0.77 1.8 25 0.343 0.21 12.8 15.1 0.146 97.1 
MC5 2.1 8.3 23 0.479 0.212 12 12.2 0.141 77.2 
MC4 2.8 20 22 1.010 0.168 9.29 8.64 0.105 59.2 

[ 
MC3 1.7 8.2 42 0.490 0.181 10.7 11.9 0.118 73.5 
MC2 2.6 15 25 0.682 0.175 10.5 10.6 0.122 67.1 
MC1 3.4 20 27 0.761 0.189 10.6 10.4 0.131 71.2 

Mean: 9.21 50.95 28.4 0.982 0.192 13.01 12.72 0.176 69.74 

[ 

( 

[ 

E 
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Appendix C._ Continued 

[ Sampling location Chemical concentration (mg/kg, dry wt) 

(From headwaters Total Aroclor Total 
to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc 

[ EASTERN CREEK 

EC50 2.5 1.7 5.7 0.126 0.054 2.38 2.85 0.027 14.5 
EC49 5.6 2.9 240 38.458 0.16 17.3 14.8 0.095 79.5 

[ 
EC48 28 26 100 1.100 0.304 18.9 17.6 0.184 75.5 
EC47 4.5 4.0 25 0.728 0.17 10 11.1 0.12 51.4 
EC13 11 3.7 34 0.318 0.178 11.5 10.6 0.125 51.2 
EC46 0.26 0.27 16 0.060 0.114 6.01 11.5 0.066 47.1 
EC12 0.044 0.0074 14 0.0065 0.141 5.64 10.2 0046 33 

( EC45 0.28 0.15 13 0.037 0.103 4.71 8.6 0.054 38.7 
EC11 1.5 1.9 16 0.986 0.121 5.52 8.25 0.053 30.8 
EC44 13 43 27 0.351 0.183 11.6 8.74 0.262 64.6 
EC10 26 120 40 0.588 0.255 16.3 13.4 0.257 81.3 
EC43 2.4 9.5 9.1 0.240 0.074 3.28 3.14 0.052 22.5 

[ EC9 13 26 43 
1
0.626 0.182 15 16.6 0.233 90.1 

EC8 61 59 39 0.648 0.22 25.3 17 0.387 96.3 
EC42 11 28 27 2.534 0.164 9.92 10.4 0.137 56.1 
EC7 76 150 33 0.575 0.196 20.1 14.3 0.338 86.5 

[ 
EC41 17 38 27 0.608 0.187 13.8 9.35 0.299 71.7 
EC6 110 420 45 1.243 0.285 19.9 18 0.463 98.7 
ECS 42 380 48 3.735 0.28 21.8 16.1 0.412 92.8 

EC40 140 24 37 0.538 0.239 17 13.9 0.364 71.3 
EC4 6.5 19 25 0.616 0.198 11.9 11.5 0.152. 79.2 

[ EC3 19 17 28 0.473 0.183 13.1 13.5 0.193 90.5 
EC39 6.8 28 27 0.359 0.184 12.2 12.2 0.158 67 
EC2 74 16 23 0.566 0.143 . 9.66 10.3 0.164 58.6 

EC38 6.2 15 21 0.474 0.136 9.16 10.1 0.1 50.5 
EC37 110 44 38 0.715 0.221 16.8 14.4 0.413 73.3 

[ EC36 4.3 39 23 0.809 0.151 9.02 10.2 0.143 56 
EC35 20 30 34 0.420 0.243 17 13.3 0.357 89.9 
EC1 21 90 49 0.997 0.263 19 17.7 0.154 61.1 

EC34 50 11 52 0.750 0.177 13.6 11.7 0.202 63 

[ 
EC33 14 120 36 0.636 0.253 15.6 14.8 0.306 85 
EC32 30 330 32 0.883 0.226 14.9 13.9 0.198 72 . 
EC31 8.7 36 26 0.638 0.177 9.84 8.97 0.141 57.8 
EC30 5.1 11 30 0.483 0.176 13.3 14.9 0.14 70.9 
EC29 4.1 13 25 0.546 0.188 11.3 13.8 0.106 63.9 

[ EC28 5.3 12 27 0.305 0.162 12.1 14 0.143 62.1 
EC27 3.5 14 11 0.420 0.059 3.94 4.48 0.047 22.5 
EC26 17 110 36 0.878 0.244 18.1 14.3 0.224 65.8 
EC25 11 44 15 0.343 0.094 5.27 5.34 0.063 24.3 

( 
EC24 2.6 15 13 0.568 0.079 4.3 4.66 0.038 20.5 
EC23 13 130 36 0.910 0.265 16 15.6 0.184 64.1 
EC22 4.5 17 57 5.560 0.175 12.9 12.6 0.131 60.5 
EC21 3.0 16 26 0.507 0.219 12.6 14.3 0.127 83.3 
EC20 6.4 11 31 0.434 0.221 14.2 14.8 0.156 75.3 

( EC19 4.7 110 28 1.527 0.191 11.8 11.8 0.151 53.3 
EC18 4.6 20 18 1.335 0.08 4.95 5.19 0.064 26.4 
EC17 0.79 15 8.7 0.380 0.052 2.69 2.5 0.03 15.1 
EC16 o.n 12 28 0.774 0.163 9.41 11.1 0.092 44.9 
EC15 5.0 12 34 0.670 0.184 14.9 14.2 0.185 76.7 

[ EC14 5.6 17 31 0.555 0.238 15.9 14.4 0.225 88.9 

Mean: 20.65 54.24 34.1 1.561 0.179 12.23 11.74 0.175 61.52 

[ 

( 

[ 

( 
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Appendix C._ Continued 

[ Sampling location Chemical concentration (mglkg, dry wt) 

(From headwaters Total Aroclor Total 
to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc 

( WESTERN CREEK COMPLEX 

WC1 1.2 0.62 26 6.197 0.209 15.4 13.7 0.144 77.3 
WC2 1.3 0.63 24 1.509 0.208 14.4 14.8 0.155 76 

( 
WC3 1.4 0.78 27 11.376 0.248 16 15.8 0.158 78.8 
WC4 4.8 4.1 33 0.896 0.295 14.7 13.5 0.147 70.9 

WC50 16 11 34 1.324 0.32 17.7 14.1 0.239 85.7 
wcs 3.8 15 38 0.659 0.336 17.3 14.8 0.178 78.5 

WC49 0.20 1.0 35 1.103 0.213 13.7 11.2 0.137 69.2 

( WC46 5.5 4.3 36 7.613 0.302 15 12.5 0.151 70.3 
WC47 0.88 0.023 35 0.449 0.169 15.4 15.6 0.135 77.9 
WC46 0.089 0.0079 52 0.878 0.148 15.2 16.1 0.118 72.4 
WC45 7.8 2.2 34 0.428 0.255 18.8 18.4 0.287 88.7 

[ 
WC44 0.35 0.16 39 0.525 0.157 15 16.1 0.119 79 
WC43 ,15 13 35 0.629 0.251 17.8 15.6 0.26 78.9 
WC42 3.8 5.5 36 0.230 0.376 18.2 18.5 0.192 93.8 
WC41 12 4.2 33 0.354 0.245 16.5 15.4 0.21 81 
WC40 0.50 2.5 45 0.400 0.277 19.1 21.9 0.13 70.7 

[ 
WC39 1.7 2.5 42 0.151 0.288 19.9 25.6 0.174 79.5 
WC38 13 0.33 37 0.414 0.236 18.4 22.1 0.171 65.9 
WC37 5.2 0.35 38 0.428 0.201 18.7 21.8 0.158 69.3 
WC36 2.3 2.4 37 0.242 0.261 17.5 23.2 0.175 83.2 
WC35 13 4.9 32 0.586 0.259 16.6 17.8 0.192 68.8 

[ WC34 12 0.76 40 0.413 0.294 18.8 17.9 0.179 61.2 
WC33 1.8 1.7 27 0.162 0.208 15.6 18.4 0.182 88.3 
WC32 1.1 1.0 25 0.183 0.17 15.4 18.2 0.146 77.9 
WC31 2.6 2.4 34 0.253 0.3 17.8 19.6 0.22 72.1 

[ 
WC30 4.0 4.3 24 0.242 0.196 12.2 12.5 0.195 77.6 
WC29 1.5 2.0 28 0.138 0.213 15.3 16.6 0.17 79.7 
WC28 2.1 3.5 29 0.289 0.252 14.5 15.7 0.223 79.7 
WC27 1.6 2.1 30 0.207 0.201 15.2 17.2 0.172 83.8 
WC26 2.0 1.7 29 0.515 0.2 13.4 15.2 0.191 71 

£ 
WC25 1.8 3.1 26 0.318 0.22 13.1 13.4 0.192 74.7 
WC24 3.3 4.5 27 0.404 0.264 13.7 12.7 0.272 70.9 
WC23 2.0 3.8 32 0.424 0.266 14.4 16.2 0.17 75.6 
WC22 1.9 6.9 31 0.400 0.251 13.5 15.1 0.141 69.1 
WC21 1.7 4.8 47 0.340 0.359 18.4 19.9 0.16 63.4 

[ WC20 1.5 2.4 30 0.268 0.242 13.1 14 0.181 67 
WC19 1.5 1.8 27 0.287 0.255 13.2 13.3 0.28 73.1 
WC18 1.1 2.1 30 0.294 0.239 15.5 18.4 0.158 77.1 
WC17 6.7 25 52 0.314 0.363 22.4 25.1 0.142 74.2 

[ 
WC16 2.8 20 40 0.396 0.279 16.6 19.9 0.17 76.4 
WC15 1.6 2.5 36 0.317 0.262 16.8 20.3 0.294 87.9 
WC14 1.5 5.2 25 0.310 0.153 11.8 14 0.176 59 
WC13 0.92 2.2 31 0.246 0.238 15.2 18.9 0.155 79.6 
WC12 1.6 2.4 28 0.360 0.229 13.9 16.5 0.295 77.3 

[ WC11 0.52 0.75 25 0.276 0.209 13.1 16 0.155 84.6 
WC10 1.2 1.4 24 0.272 0.211 11.9 13.3 0.141 72.1 
WC9 1.3 1.7 26 0.318 0.223 12.9 15.1 0.164 85.3 
WC8 1.0 7.0 34 0.360 0.362 14.5 15.2 0.142 80.5 
WC6 2.1 1.9 27 0.323 0.229 13.9 16.4 0.237 81.6 

( WC7 0.95 1.8 27 0.365 0.195 13.7 16.3 0.157 82.1 

Mean: 3.51 3.92 32.7 0.912 0.247 15.62 16.80 0.182 76.37 

[ aThese three sampling areas at the LCP Site - Main Canal, Eastern Creek, and Western Creek Complex - were 
selected to generate chemical data (to be associated with toxicological data) for the AET evaluations because it was 
anticipated that they would generate a range of data suitable for derivation of AETs. It was anticipated that the lowest 
concentrations of chemicals of potential concern (COPC) would occur in the Western Creek Complex. 

( 

[ 

[ 



APPENDIX  D 
 

DEVELOPMENT OF SEDIMENT EFFECT CONCENTRATIONS 
 

(On CD Only)



 

Appendix D 

 

The amphipod toxicity test results and associated sediment COPC concentrations were 

used to develop several sediment effect concentrations (SECs) for prediction of toxicity 

to  the  amphipod  (Files: Amphipod  Tox Analysis_02212011.xls  and Grass  Shrimp  Tox 

Analysis_02212011.xls).  The SECs consist of the following: 

 

 Effects  Range‐Low  (ER‐L):  10th  percentile  of  the  sediment  concentration 

distribution for the effects data (Long and Morgan, 1990). 

 Effects  Range‐Median  (ER‐M):  Median  of  the  sediment  concentration 

distribution for the effects data (Long and Morgan, 1990). 

 Threshold Effect Level  (TEL): The geometric mean of  the 15th percentile of  the 

concentration distribution for the no‐effects data (MacDonald et al., 1996). 

 Probable  Effects  Level  (PEL):  Geometric  mean  of  the  ER‐M  and  the  85th 

percentile of the concentration distribution for the no‐effects data (MacDonald 

et al., 1996). 

 Apparent  Effects  Threshold  (AET):  The  sediment  concentration  above which  a 

particular adverse biological effect (e.g., survival rate, embryo development rate) 

is always toxic relative to appropriate reference conditions (WSDE, 1997). 

 

The effects data set  for each COPC  is defined as those stations at which the biological 

effect  is  observed  (statistically  different  from  controls)  (Files:  Amphipod  Controls.xls 

and Grass Shrimp Controls.xls) and the associated COPC concentration is greater than or 

equal to twice the mean concentration of the no‐effect stations.  It is desirable for both 

the effects and no‐effects distributions to include at least 20 data entries (MacDonald et 

al., 1996). 

 

All  of  the  amphipod  and  grass  shrimp  toxicity  test  endpoint  results  (e.g.,  survival, 

reproductive  response, growth) were paired with  the COPC concentrations  in  the  test 

sediment samples  (Files: Amphipod Tox and Sediment data.xls and Grass Shrimp Tox 

and Sediment data.xls).   The data were sorted by those samples that were considered 

toxic (significantly differently from the mean controls at p=0.05 and represented in red 

color).   The effects data  sets were  then generated  (the  “Y”  represents  those  samples 



greater than twice the mean and the “b” represents concentrations below it).   Then the 

SECs were calculated per their definitions above. 

 

To  assess  the  accuracy with which  the  various  sets  of  SECs  predict  the  presence  or 

absence  of  toxic  effects  to  amphipods,  the  following  performance  criteria were  also 

calculated: 

 

 False  Positives  (Type  I  Error):    The  percentage  of  stations  predicted  to  have 

effects (based on exceedance of a SEC) that actually had no observed effects. 

 False Negatives (Type II Error):  The percentage of stations predicted to have no 

effects (based on exceedance of a SEC) that actually had observed effects. 

 Overall Accuracy:  The percentage of all samples that were correctly predicted to 

have effects or not to have effects based on the SEC. 

 

The error results are shown on the worksheets and in the Tab entitled “Summary”   
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Average 
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MG-B7(C) 2000 Domain 1 NA 31 NA 15.000 28 6.6 32000 0.562 4.6875 0.1757
MG-D9(C) 2000 Domain 1 NA 39 NA 1.400 28 2.28 33700 0.234 0.415 0.0694
MG-H7(C) 2000 Domain 1 NA 15 NA 17.000 50 4.16 40700 0.204 4.177 0.0501
MG-K7(C) 2000 Domain 1 NA 0 NA 0.330 47 3.1 34700 11.726 0.095 3.3793
MG-N2(C) 2000 North South Tributary Domain NA 49 NA 0.630 29 12.3 62000 0.564 0.102 0.0910
TC-C 2000 Crescent River Reference NA 29 NA 0.045 12 0.052 23200 0.810 0.019 0.3491
C-15 2002 Western Creek Complex 0.47 77 0.70 2.800 32 1.3 43000 0.060 0.651 0.0140
C-45 2002 East of domain 4 0.29 71 0.60 1.900 18 0.24 44000 0.140 0.432 0.0317
C-5 2002 LCP Ditch Domain 0.07 54 0.42 19.000 21 11 44000 1.110 4.318 0.2522
C-6 2002 North South Tributary Domain 0 48 0.51 19.000 20 48 27000 4.363 7.037 1.6159
C-7 2002 North South Tributary Domain Removal 0 56 0.43 430.000 36 14 55000 0.454 78.182 0.0825
CR-C 2002 Crescent River Reference 0.1 53 0.47 0.190 12 0.025 34000 0.060 0.056 0.0177
D-C 2002 West of domain 4 0 63 0.61 1.200 18 0.55 50000 0.087 0.240 0.0174
MG-H7(C) 2002 Domain 1 0.01 80 0.46 64.000 29 62 52000 1.060 12.308 0.2039
MG-K7(C) 2002 Domain 1 0 68 0.46 92.000 27 46 38000 0.828 24.211 0.2179
TC-C 2002 North St Simons Sound Domain 0.025 80 0.63 0.025 14 0.038 26000 0.060 0.010 0.0232
C-15 2003 Western Creek Complex 0.024 61 0.170 0.790 28 2.8 35000 0.446 0.226 0.1274
C-45 2003 East of domain 4 0.088 50 0.102 0.700 17 0.62 30000 0.180 0.233 0.0600
C-5 2003 LCP Ditch Domain 0.148 37 0.110 24.000 24 10 32000 2.553 7.500 0.7978
C-6 2003 North South Tributary Domain 0.21 35 0.080 19.000 47 80 37000 0.811 5.135 0.2192
C-7 2003 North South Tributary Domain Removal 0 1 0.020 3.700 43 4.1 31000 11.782 1.194 3.8006
CR-C 2003 Crescent River Reference 0.048 76 0.370 0.100 7.5 0.01 11000 0.084 0.091 0.0760
D-C 2003 West of domain 4 0.052 62 0.168 0.870 22 0.56 32000 0.243 0.272 0.0759
MG-H7(C) 2003 Domain 1 0.19 30 0.094 2.200 21 6.8 30000 0.222 0.733 0.0740
MG-K7(C) 2003 Domain 1 0.034 54 0.150 24.000 26 22 33000 5.042 7.273 1.5279
TC-C 2003 North St Simons Sound Domain 0.078 69 0.350 0.100 9.4 0.044 13000 0.061 0.077 0.0471
C-33 2004 Domain 3 1.94 42 0.350 0.031 8.9 0.044 4800 0.441 0.064 0.9188
CR-C 2004 Crescent River Reference 5.31 40 0.178 0.060 2.2 0.01 1700 0.090 0.353 0.5294
M-AB 2004 Domain 1 Removal 0.079 15 0.302 2.100 15 2.5 17000 7.290 1.235 4.2882
TC-C 2004 North St Simons Sound Domain 3.23 42 0.362 0.032 8 0.026 18000 0.468 0.018 0.2600
C-101 2004 Domain 3 1.59 25 0.308 0.970 20 0.53 35000 1.067 0.277 0.3049
C-105 2004 Domain 5 0 0 0 0.260 12 0.2 30000 0.632 0.087 0.2107
C-5 2004 LCP Ditch Domain 0.469 63 0.400 12.000 28 2.1 40000 2.350 3.000 0.5875
MG-H7(C) 2004 Domain 1 0.550 24 0.500 12.000 34 0.82 40000 4.945 3.000 1.2363
MG-K7(C) 2004 Domain 1 0.211 15 0.286 10.000 46 3 33000 1.684 3.030 0.5103
A-C 2004 East of domain 4 0.205 33 0.406 1.300 16 0.79 43000 0.477 0.302 0.1109
C-100 2004 Domain 3 1.605 76 0.294 3.600 23 3.3 47000 1.820 0.766 0.3872
C-102 2004 West of domain 4 2.873 17 0.398 0.720 15 0.73 47000 0.612 0.153 0.1302
C-104 2004 Domain 5 3.006 66 0.316 0.670 23 0.51 46000 0.788 0.146 0.1713
C-15 2004 Western Creek Complex 1.45 3 0.250 2.800 28 1.2 42000 1.360 0.667 0.3238
C-45 2004 East of domain 4 0.12 23 0.264 0.960 13 0.3 43000 0.625 0.223 0.1452
C-7 2004 North South Tributary Domain Removal 0 15 0.452 20.000 29 18 47000 3.550 4.255 0.7553
D-C 2004 West of domain 4 0.741 58 0.234 0.880 27 0.68 43000 1.044 0.205 0.2428
C-103 2004 Domain 5 0.148 72 0.230 0.180 3.9 0.16 85000 0.630 0.021 0.0741
C-6 2004 North South Tributary Domain 2.848 37 0.384 41.000 27 11 52000 11.510 7.885 2.2135
CR-C 2005 Crescent River Reference 0.85 36 0.282 0.012 12.4 0.0952 29000 0.136 0.004 0.0469
TC-C 2005 North St Simons Sound Domain 0.77 34 0.272 0.015 16.6 0.0921 28800 0.112 0.005 0.0387
C-5 2005 LCP Ditch Domain 0.6 62 0.39 4.200 25.8 1.1 37200 1.067 1.129 0.2868
C-36 2005 North Purvis Creek Domain 0.26 65 0.408 3.700 29.1 1.92 40000 1.189 0.925 0.2973
C-29 2005 North Purvis Creek Domain 0 0 0 2.200 25.4 1.05 48700 0.826 0.452 0.1696
C-16 2005 South Purvis Creek Domain 0 7 0.45 3.600 5.85 0.572 6870 0.274 5.240 0.3988
C-6 2005 North South Tributary Domain 0.95 42 0.39 69.000 42.1 86.6 45800 1.484 15.066 0.3240
C-7 2005 North South Tributary Domain Removal 0 0 0 82.000 52 80.4 56800 6.072 14.437 1.0689
C-15 2005 Western Creek Complex 0 0 0 6.800 25.3 2.11 44800 1.015 1.518 0.2266
MG-K7(M) 2005 Domain 1 0.39 45 0.532 16.000 29.5 5.68 34400 0.876 4.651 0.2547
MG-H7(M) 2005 Domain 1 0.67 29 0.512 36.000 28.8 4.31 50400 1.296 7.143 0.2571
C-33 2005 Domain 3 0.23 32 0.29 0.013 419 0.243 43300 0.649 0.003 0.1499
D-C 2005 West of domain 4 0 3 0.14 3.900 35.5 1.87 56800 0.794 0.687 0.1398
C-45 2005 East of domain 4 0 12 0.34 0.610 20.3 0.245 33300 0.725 0.183 0.2177
C-103 2005 Domain 5 0 14 0.26 0.560 24.2 1.99 54400 0.492 0.103 0.0903
C-104 2005 Domain 5 0 4 0.25 0.044 25.7 1.9 36800 1.647 0.012 0.4476
C-105 2005 Domain 5 0.38 36 0.302 0.390 22.9 0.0396 64900 0.565 0.060 0.0871
C-200 2005 Domain 3 0 23 0.326 8.200 154 4.43 40900 1.365 2.005 0.3337
C-201 2005 South Turtle River Domain 0 0 0 0.940 16.3 1.01 25800 1.166 0.364 0.4519
C-202 2005 North Turtle River Domain 0 19 0.528 0.210 17.2 0.218 27200 0.442 0.077 0.1623
C-203 2005 South Turtle River Domain 0 16 0.438 0.820 60.1 0.88 48200 0.980 0.170 0.2032
FS-AREA1 2005 Domain 3 0 2 0.1 1.300 32 0.686 34800 0.490 0.374 0.1407
FS-AREA2 2005 0 0 0 2.300 387 2.17 58600 5.097 0.392 0.8698
FS-AREA3 2005 Domain 3 0 0 0 0.520 1190 0.76 38500 52.800 0.135 13.7142
FS-AREA4 2005 LCP Ditch Domain 0.32 26 0.208 7.000 15.4 1.16 28000 0.561 2.500 0.2004
FS-AREA5 2005 LCP Ditch Domain 0 6 0.55 12.000 27.2 3.32 33900 1.394 3.540 0.4112
FS-AREA6 2005 Domain 2 0.54 39 0.334 5.800 27.6 8.79 76900 0.608 0.754 0.0791
C-103 2006 Domain 5 0.082 80 0.58 0.190 26.80 0.372 54800 0.273 0.035 0.0498
C-104 2006 Domain 5 0.292 80 0.358 0.210 17.30 0.276 34700 0.228 0.061 0.0657
C-105 2006 Domain 5 0.358 82 0.488 0.340 18.10 0.395 23600 0.149 0.144 0.0630
C-15 2006 Western Creek Complex 0.86 79 0.62 1.000 25.80 0.456 42200 0.434 0.237 0.1028
C-16 2006 South Purvis Creek Domain 0.656 87 0.378 1.200 6.55 0.186 9600 2.560 1.250 2.6664
C-29 2006 North Purvis Creek Domain 0.142 84 0.382 0.980 25.70 0.673 52300 0.515 0.187 0.0985
C-33 2006 Domain 3 1.18 70 0.756 0.059 27.80 0.097 16300 0.975 0.036 0.5982
C-36 2006 North Purvis Creek Domain 0.508 84 0.426 1.400 28.90 1.090 46600 0.563 0.300 0.1208
C-45 2006 East of domain 4 0 60 0.34 0.790 26.40 0.566 49200 0.558 0.161 0.1134
C-5 2006 LCP Ditch Domain 0.61 87 0.712 31.000 40.90 7.030 47200 2.154 6.568 0.4563
C-6 2006 North South Tributary Domain 0.126 67 0.592 25.000 31.90 8.750 65600 0.372 3.811 0.0568
C-7 2006 North South Tributary Domain Removal 0.356 91 0.556 13.000 27.90 3.270 57500 0.473 2.261 0.0822
CR-C 2006 Crescent River Reference 0.364 88 0.322 0.001 4.29 0.013 6700 0.015 0.002 0.0225
D-C 2006 West of domain 4 0.36 87 0.534 0.640 23.30 1.220 52100 0.289 0.123 0.0554
FS-AREA1 2006 Domain 3 0.072 41 0.322 0.920 44.20 1.070 24300 0.224 0.379 0.0921
FS-AREA2 2006 0 1 0.1 0.850 275.00 1.070 76900 2.454 0.111 0.3191
FS-AREA3 2006 Domain 3 0.906 87 0.43 2.000 177.00 3.570 77100 0.951 0.259 0.1234
FS-AREA4 2006 LCP Ditch Domain 0.032 85 0.65 5.800 14.90 1.340 25300 0.292 2.292 0.1153
FS-AREA5 2006 LCP Ditch Domain 0.464 88 0.426 11.000 29.70 4.540 43500 1.755 2.529 0.4034
FS-AREA6 2006 Domain 2 0.074 78 0.352 3.100 28.60 2.030 59500 0.240 0.521 0.0403
M-AB 2006 Domain 1 Removal 0.144 81 0.318 0.069 2.53 0.056 4100 0.044 0.168 0.1067
MG-H7(M) 2006 Domain 1 0.154 66 0.458 4.100 27.20 1.820 58100 0.286 0.706 0.0492
MG-K7(M) 2006 Domain 1 0.112 74 0.744 4.600 30.00 2.360 44200 0.247 1.041 0.0560
TC-C 2006 North St Simons Sound Domain 0.05 72 0.402 0.026 17.40 0.074 30000 0.042 0.009 0.0138
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SDEC-AET-1 2006 Eastern Creek 0 55 0.310 90.00 48.60 20.60 NA 0.994
SDEC-AET-10 2006 Eastern Creek 0 0 0 120.00 39.90 25.60 NA 0.585
SDEC-AET-11 2006 Eastern Creek 0 20 0.250 1.90 16.50 1.46 NA 0.986
SDEC-AET-12 2006 Eastern Creek 0 70 0.330 0.01 13.90 0.04 NA 0.006
SDEC-AET-13 2006 Eastern Creek 0.269 75 0.410 3.70 33.60 11.30 NA 0.315
SDEC-AET-14 2006 Eastern Creek 0 80 0.440 17.00 30.70 5.59 NA 0.553
SDEC-AET-15 2006 Eastern Creek 0 70 0.450 12.00 33.90 5.02 NA 0.668
SDEC-AET-16 2006 Eastern Creek 0 0 0 12.00 27.80 0.77 NA 0.773
SDEC-AET-17 2006 Eastern Creek 0 50 0.320 15.00 8.72 0.79 NA 0.379
SDEC-AET-18 2006 Eastern Creek 0 75 0.340 20.00 17.70 4.64 NA 1.333
SDEC-AET-19 2006 Eastern Creek 0 75 0.350 110.00 27.70 4.68 NA 1.525
SDEC-AET-2 2006 Eastern Creek 0 50 0.290 16.00 23.30 74.00 NA 0.563
SDEC-AET-20 2006 Eastern Creek 0.389 80 0.200 11.00 30.80 6.39 NA 0.433
SDEC-AET-21 2006 Eastern Creek 0 25 0.500 16.00 25.80 3.05 NA 0.506
SDEC-AET-22 2006 Eastern Creek 0 30 0.180 17.00 56.70 4.48 NA 5.551
SDEC-AET-23 2006 Eastern Creek 0 55 0.610 130.00 36.20 13.00 NA 0.908
SDEC-AET-24 2006 Eastern Creek 0.35 85 0.440 15.00 13.30 2.55 NA 0.566
SDEC-AET-25 2006 Eastern Creek 1.38 80 0.290 44.00 14.60 10.70 NA 0.342
SDEC-AET-26 2006 Eastern Creek 0 85 0.370 110.00 35.70 17.30 NA 0.876
SDEC-AET-27 2006 Eastern Creek 0 85 0.410 14.00 11.00 3.50 NA 0.419
SDEC-AET-28 2006 Eastern Creek 0 0 0 12.00 27.00 5.30 NA 0.304
SDEC-AET-29 2006 Eastern Creek 0 0 0 13.00 25.40 4.06 NA 0.545
SDEC-AET-3 2006 Eastern Creek 2.58 100 0.460 17.00 27.90 19.00 NA 0.471
SDEC-AET-30 2006 Eastern Creek 0 50 0.450 11.00 29.50 5.10 NA 0.483
SDEC-AET-31 2006 Eastern Creek 0.125 75 0.350 36.00 25.60 8.72 NA 0.635
SDEC-AET-32 2006 Eastern Creek 0.727 85 0.350 330.00 31.90 30.10 NA 0.881
SDEC-AET-33 2006 Eastern Creek 0 55 0.640 120.00 36.20 13.60 NA 0.634
SDEC-AET-34 2006 Eastern Creek 0.0769 70 0.330 11.00 51.80 50.20 NA 0.746
SDEC-AET-35 2006 Eastern Creek 0 80 0.560 30.00 33.80 19.50 NA 0.458
SDEC-AET-36 2006 Eastern Creek 0.45 60 0.370 39.00 23.30 4.33 NA 0.808
SDEC-AET-37 2006 Eastern Creek 0 80 0.590 44.00 38.30 105.00 NA 0.710
SDEC-AET-38 2006 Eastern Creek 0 40 0.400 15.00 20.60 6.23 NA 0.473
SDEC-AET-39 2006 Eastern Creek 0 75 0.610 28.00 26.70 6.81 NA 0.358
SDEC-AET-4 2006 Eastern Creek 2.06 90 0.550 19.00 25.40 6.53 NA 0.614
SDEC-AET-40 2006 Eastern Creek 0 50 0.690 240.00 37.30 145.00 NA 0.535
SDEC-AET-41 2006 Eastern Creek 0 20 0.480 38.00 27.10 17.30 NA 0.607
SDEC-AET-42 2006 Eastern Creek 1.88 90 0.530 28.00 26.90 11.20 NA 2.533
SDEC-AET-43 2006 Eastern Creek 0 10 0.350 9.50 9.13 2.44 NA 0.239
SDEC-AET-44 2006 Eastern Creek 1 100 0.480 43.00 26.90 12.60 NA 0.350
SDEC-AET-45 2006 Eastern Creek 0 35 0.690 0.15 12.60 0.28 NA 0.037
SDEC-AET-46 2006 Eastern Creek 1.56 90 0.430 0.27 15.90 0.26 NA 0.060
SDEC-AET-47 2006 Eastern Creek 0 10 0.150 4.00 25.10 4.49 NA 0.727
SDEC-AET-48 2006 Eastern Creek 0 10 0.200 26.00 99.80 27.60 NA 1.097
SDEC-AET-49 2006 Eastern Creek 0 0 0 2.90 238.00 5.62 NA 38.448
SDEC-AET-5 2006 Eastern Creek 0 65 0.710 380.00 48.20 41.60 NA 3.729
SDEC-AET-50 2006 Eastern Creek 0.2308 80 0.330 1.70 5.74 2.53 NA 0.126
SDEC-AET-6 2006 Eastern Creek 0 60 0.470 420.00 44.80 109.00 NA 1.238
SDEC-AET-7 2006 Eastern Creek 0 0 0 150.00 32.60 75.70 NA 0.572
SDEC-AET-8 2006 Eastern Creek 0 75 0.300 59.00 38.80 61.40 NA 0.646
SDEC-AET-9 2006 Eastern Creek 0 65 0.190 26.00 42.90 12.70 NA 0.623
SDMC-AET-1 2006 Main Canal 0.269 85 0.390 20.00 26.60 3.41 NA 0.758
SDMC-AET-10 2006 Main Canal 0.167 75 0.340 4.10 21.30 1.29 NA 0.388
SDMC-AET-11 2006 Main Canal 0 80 0.310 15.00 30.50 28.20 NA 0.610
SDMC-AET-12 2006 Main Canal 0 65 0.680 13.00 29.10 3.60 NA 0.524
SDMC-AET-13 2006 Main Canal 0 80 0.340 32.00 40.90 12.60 NA 0.647
SDMC-AET-14 2006 Main Canal 0 15 0.300 39.00 27.20 8.97 NA 0.362
SDMC-AET-15 2006 Main Canal 0 75 0.410 26.00 24.80 3.14 NA 0.597
SDMC-AET-16 2006 Main Canal 0.9 85 0.560 19.00 12.80 3.01 NA 0.431
SDMC-AET-17 2006 Main Canal 0.375 55 0.550 14.00 13.70 8.39 NA 0.391
SDMC-AET-18 2006 Main Canal 0 60 0.480 30.00 14.00 4.63 NA 0.719
SDMC-AET-19 2006 Main Canal 0 50 0.390 33.00 29.40 23.80 NA 0.568
SDMC-AET-2 2006 Main Canal 0 80 0.440 15.00 25.10 2.57 NA 0.680
SDMC-AET-20 2006 Main Canal 0 55 0.270 360.00 37.90 17.80 NA 2.233
SDMC-AET-21 2006 Main Canal 0.375 80 0.510 18.00 24.50 2.99 NA 0.588
SDMC-AET-22 2006 Main Canal 0.611 80 0.240 110.00 32.30 10.20 NA 0.656
SDMC-AET-23 2006 Main Canal 0 35 0.490 28.00 28.00 4.66 NA 0.500
SDMC-AET-24 2006 Main Canal 0 15 0.270 570.00 34.10 22.10 NA 3.760
SDMC-AET-25 2006 Main Canal 0 65 0.370 18.00 41.20 6.32 NA 0.726
SDMC-AET-26 2006 Main Canal 0 55 0.390 68.00 32.80 7.57 NA 0.854
SDMC-AET-27 2006 Main Canal 0.167 75 0.570 34.00 34.60 9.45 NA 0.640
SDMC-AET-28 2006 Main Canal 0.654 95 0.440 20.00 27.50 12.40 NA 0.628
SDMC-AET-29 2006 Main Canal 0 50 0.330 4.80 12.50 1.47 NA 0.184
SDMC-AET-3 2006 Main Canal 0 65 0.390 8.20 42.30 1.74 NA 0.489
SDMC-AET-30 2006 Main Canal 0 70 0.440 32.00 24.30 39.60 NA 0.393
SDMC-AET-31 2006 Main Canal 0 55 0.430 23.00 28.70 5.57 NA 0.631
SDMC-AET-32 2006 Main Canal 0.6 75 0.330 16.00 34.30 5.79 NA 0.655
SDMC-AET-33 2006 Main Canal 0 45 0.190 12.00 31.30 11.40 NA 0.539
SDMC-AET-34 2006 Main Canal 0 5 0.200 10.00 29.70 7.95 NA 0.404
SDMC-AET-35 2006 Main Canal 1.625 85 0.450 11.00 30.40 8.28 NA 0.456
SDMC-AET-36 2006 Main Canal 0 25 0.660 150.00 39.90 6.74 NA 0.844
SDMC-AET-37 2006 Main Canal 0 65 0.310 76.00 30.90 5.30 NA 0.766
SDMC-AET-38 2006 Main Canal 0.15 70 0.380 21.00 28.60 4.26 NA 0.433
SDMC-AET-39 2006 Main Canal 0.688 75 0.330 37.00 30.90 5.34 NA 0.515
SDMC-AET-4 2006 Main Canal 0 65 0.250 20.00 21.90 2.78 NA 1.008
SDMC-AET-40 2006 Main Canal 0 5 0.300 19.00 32.80 8.94 NA 0.370
SDMC-AET-41 2006 Main Canal 0 35 0.510 9.20 31.50 21.70 NA 0.419
SDMC-AET-42 2006 Main Canal 0 60 0.340 18.00 30.90 13.40 NA 0.395
SDMC-AET-43 2006 Main Canal 0 5 0.300 8.10 67.90 1.24 NA 16.679
SDMC-AET-44 2006 Main Canal 0 15 0.530 55.00 40.50 6.17 NA 0.452
SDMC-AET-45 2006 Main Canal 0 50 0.400 140.00 28.80 29.20 NA 0.741
SDMC-AET-46 2006 Main Canal 0 55 0.570 280.00 41.50 35.10 NA 0.952
SDMC-AET-47 2006 Main Canal 0 0 0 54.00 41.90 29.00 NA 0.712
SDMC-AET-48 2006 Main Canal 0 0 0 1.00 5.75 0.20 NA 0.158
SDMC-AET-49 2006 Main Canal 0.25 75 0.430 1.50 4.36 0.40 NA 0.356
SDMC-AET-5 2006 Main Canal 0 15 0.330 8.30 22.90 2.14 NA 0.478
SDMC-AET-50 2006 Main Canal 0.909 100 0.530 1.50 3.90 0.37 NA 0.229
SDMC-AET-6 2006 Main Canal 0 35 0.440 1.80 25.20 0.77 NA 0.342
SDMC-AET-7 2006 Main Canal 0 35 0.330 21.00 23.80 3.61 NA 0.759
SDMC-AET-8 2006 Main Canal 0.8 80 0.430 11.00 22.50 3.00 NA 0.858
SDMC-AET-9 2006 Main Canal 1.04 100 0.580 11.00 21.90 2.64 NA 0.530
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SDWC-AET-1 2006 Western Creek Complex 0.833 100 0.400 0.62 26.50 1.23 NA 6.192
SDWC-AET-10 2006 Western Creek Complex 3.64 90 0.570 1.40 24.30 1.22 NA 0.271
SDWC-AET-11 2006 Western Creek Complex 0.938 100 0.680 0.75 25.30 0.52 NA 0.275
SDWC-AET-12 2006 Western Creek Complex 0.5 70 0.450 2.40 27.70 1.59 NA 0.358
SDWC-AET-13 2006 Western Creek Complex 0 85 0.490 2.20 31.20 0.92 NA 0.245
SDWC-AET-14 2006 Western Creek Complex 1.733 90 0.440 5.20 25.30 1.50 NA 0.308
SDWC-AET-15 2006 Western Creek Complex 0.2 80 0.410 2.50 35.60 1.85 NA 0.317
SDWC-AET-16 2006 Western Creek Complex 0 75 0.310 20.00 40.30 2.76 NA 0.394
SDWC-AET-17 2006 Western Creek Complex 0 65 0.410 25.00 51.60 6.72 NA 0.312
SDWC-AET-18 2006 Western Creek Complex 1.682 100 0.730 2.10 29.60 1.14 NA 0.293
SDWC-AET-19 2006 Western Creek Complex 0.083 80 0.430 1.80 27.10 1.49 NA 0.286
SDWC-AET-2 2006 Western Creek Complex 0.556 65 0.750 0.63 24.50 1.33 NA 1.508
SDWC-AET-20 2006 Western Creek Complex 1.111 85 0.460 2.40 29.90 1.53 NA 0.267
SDWC-AET-21 2006 Western Creek Complex 0.571 80 0.390 4.80 47.00 1.71 NA 0.338
SDWC-AET-22 2006 Western Creek Complex 1.571 95 0.510 6.90 31.00 1.89 NA 0.397
SDWC-AET-23 2006 Western Creek Complex 0.792 100 0.650 3.80 32.40 1.99 NA 0.421
SDWC-AET-24 2006 Western Creek Complex 2.833 100 0.430 4.50 27.20 3.28 NA 0.402
SDWC-AET-25 2006 Western Creek Complex 0.643 90 0.570 3.10 26.40 1.78 NA 0.317
SDWC-AET-26 2006 Western Creek Complex 2.25 75 0.800 1.70 29.30 2.01 NA 0.511
SDWC-AET-27 2006 Western Creek Complex 0 75 0.550 2.10 29.50 1.61 NA 0.206
SDWC-AET-28 2006 Western Creek Complex 0.708 95 0.350 3.50 28.90 2.08 NA 0.288
SDWC-AET-29 2006 Western Creek Complex 0.5 85 0.310 2.00 27.80 1.48 NA 0.137
SDWC-AET-3 2006 Western Creek Complex 0.818 85 0.380 0.78 26.70 1.39 NA 11.367
SDWC-AET-30 2006 Western Creek Complex 0 0 0 4.30 23.70 3.99 NA 0.240
SDWC-AET-31 2006 Western Creek Complex 0.778 100 0.480 2.40 34.10 2.64 NA 0.251
SDWC-AET-32 2006 Western Creek Complex 1.91 100 0.490 1.00 24.80 1.12 NA 0.182
SDWC-AET-33 2006 Western Creek Complex 0 30 0.350 1.70 27.30 1.75 NA 0.161
SDWC-AET-34 2006 Western Creek Complex 0 25 0.280 0.76 39.70 12.20 NA 0.409
SDWC-AET-35 2006 Western Creek Complex 0.5 85 0.410 4.90 32.50 12.70 NA 0.580
SDWC-AET-36 2006 Western Creek Complex 0.917 80 0.490 2.40 37.20 2.27 NA 0.241
SDWC-AET-37 2006 Western Creek Complex 0 75 0.420 0.35 38.40 5.24 NA 0.425
SDWC-AET-38 2006 Western Creek Complex 0 90 0.410 0.33 36.60 13.20 NA 0.410
SDWC-AET-39 2006 Western Creek Complex 0 30 0.130 2.50 41.50 1.67 NA 0.150
SDWC-AET-4 2006 Western Creek Complex 2.27 100 0.600 4.10 33.30 4.84 NA 0.894
SDWC-AET-40 2006 Western Creek Complex 0 50 0.300 2.50 45.30 0.50 NA 0.398
SDWC-AET-41 2006 Western Creek Complex 1.42 90 0.620 4.20 33.00 12.20 NA 0.351
SDWC-AET-42 2006 Western Creek Complex 0 10 0.150 5.50 36.10 3.77 NA 0.229
SDWC-AET-43 2006 Western Creek Complex 2.17 85 0.350 13.00 34.50 14.70 NA 0.623
SDWC-AET-44 2006 Western Creek Complex 0 55 0.350 0.16 39.40 0.35 NA 0.524
SDWC-AET-45 2006 Western Creek Complex 0 40 0.460 2.20 33.60 7.83 NA 0.426
SDWC-AET-46 2006 Western Creek Complex 0 45 0.360 0.01 51.80 0.09 NA 0.876
SDWC-AET-47 2006 Western Creek Complex 0 5 0.200 0.02 35.00 0.88 NA 0.445
SDWC-AET-48 2006 Western Creek Complex 0 85 0.560 4.30 35.70 5.49 NA 7.799
SDWC-AET-49 2006 Western Creek Complex 0.962 85 0.440 1.00 34.60 0.20 NA 1.098
SDWC-AET-5 2006 Western Creek Complex 0 50 0.510 15.00 38.40 3.81 NA 0.656
SDWC-AET-50 2006 Western Creek Complex 1.625 95 0.390 11.00 33.80 16.30 NA 1.319
SDWC-AET-6 2006 Western Creek Complex 0 80 0.240 1.90 27.00 2.10 NA 0.322
SDWC-AET-7 2006 Western Creek Complex 0 55 0.330 1.80 27.10 0.95 NA 0.365
SDWC-AET-8 2006 Western Creek Complex 0 5 0.200 7.00 34.20 1.02 NA 0.358
SDWC-AET-9 2006 Western Creek Complex 0 60 0.290 1.70 25.90 1.29 NA 0.317

240 240 240

Key:
Toxic Significantly less than mean controls (p=0.05)
Nontoxic Not significant from mean controls

Test not within acceptability limits



APPENDIX D - Grass Shrimp Toxicity Response and Sediment Concentrations 

 

Location Matrix Year Domain

DNA 
strand 

damage

Embryo 
Development 

Rate

Embryo 
Hatching 

Rate

Ovary 
Maturation 

Rate
Survival 

Rate Aroclor-1268 Lead Mercury

Total 
Organic 
Carbon 
(TOC)* Total PAHs

PAHs OC 
norm

Aroclor-
1268 OC 

norm
C-16 Grass Shrimp 2000 South Purvis Creek Domain NA 44 76 61 72 0.600 3.70 0.279 24500 0.107 0.0435 0.2449
C-33 Grass Shrimp 2000 Domain 3 NA 36 39 76 84 0.015 17.00 0.079 16600 0.086 0.0516 0.0090
C-5 Grass Shrimp 2000 LCP Ditch Domain NA 11 0 20 80 3.700 36.00 11.5 40100 0.270 0.0673 0.9227
C-7 Grass Shrimp 2000 North South Tributary Domain Removal NA 11 0 32 77 23.000 38.00 30.5 49100 0.229 0.0466 4.6843
CR-C(S) Grass Shrimp 2000 Crescent River Reference NA 73 96 73 92 0.022 2.00 0.014 17100 0.080 0.0468 0.0129
MG-B7(C) Grass Shrimp 2000 Domain 1 NA 48 92 57 93 15.000 28.00 6.60 32000 0.562 0.1757 4.6875
MG-D9(C) Grass Shrimp 2000 Domain 1 NA 55 88 63 83 1.400 28.00 2.28 33700 0.234 0.0694 0.4154
MG-H7(C) Grass Shrimp 2000 Domain 1 NA 0 0 48 89 17.000 50.00 4.16 40700 0.204 0.0501 4.1769
MG-K7(C) Grass Shrimp 2000 Domain 1 NA 0 0 60 76 0.330 47.00 3.10 34700 11.726 3.3793 0.0951
MG-N2(C) Grass Shrimp 2000 North South Tributary Domain NA 45 85 64 76 0.630 29.00 12.30 62000 0.564 0.0910 0.1016
TC-C(S) Grass Shrimp 2000 North St Simons Sound Domain NA 44 84 52 88 0.045 12.00 0.052 23200 0.810 0.3491 0.0192
C-15 Grass Shrimp 2002 Western Creek Complex 2.1 74 89 93 87 2.80 32.0 1.30 43000 0.060 0.0140 0.6512
C-45 Grass Shrimp 2002 East of domain 4 2.3 25 84 39 40 1.90 18.0 0.24 44000 0.140 0.0317 0.4318
C-5 Grass Shrimp 2002 LCP Ditch Domain 4.3 21 61 40 57 19.00 21.0 11.0 44000 1.110 0.2522 4.3182
C-6 Grass Shrimp 2002 North South Tributary Domain 3.6 16 50 32 15 19.00 20.0 48.0 27000 4.363 1.6159 7.0370
C-7 Grass Shrimp 2002 North South Tributary Domain Removal 3.9 18 77 38 23 430.00 36.0 14.0 55000 0.454 0.0825 78.1818
CR-C Grass Shrimp 2002 Crescent River Reference 2.2 53 88 73 73 0.19 12.0 0.03 34000 0.060 0.0177 0.0559
D-C Grass Shrimp 2002 West of domain 4 2.3 28 88 57 67 1.20 18.0 0.55 50000 0.087 0.0174 0.2400
MG-H7(C) Grass Shrimp 2002 Domain 1 3.8 8 65 36 20 64.00 29.0 62.00 52000 1.060 0.2039 12.3077
MG-K7(C) Grass Shrimp 2002 Domain 1 NA 0 0 0 48 92.00 27.0 46.00 38000 0.828 0.2179 24.2105
TC-C Grass Shrimp 2002 North St Simons Sound Domain 2.1 77 90 85 87 0.03 14.0 0.04 26000 0.060 0.0232 0.0096
C-15 Grass Shrimp 2003 Western Creek Complex 1.9 21 87 73 58 0.790 28.0 2.80 35000 0.446 0.1274 0.2257
C-45 Grass Shrimp 2003 East of domain 4 1.7 45 88 78 85 0.700 17.0 0.62 30000 0.180 0.0600 0.2333
C-5 Grass Shrimp 2003 LCP Ditch Domain 2.7 28 88 72 85 24.000 24.0 10.00 32000 2.553 0.7978 7.5000
C-6 Grass Shrimp 2003 North South Tributary Domain 2.2 32 88 78 72 19.000 47.0 80.00 37000 0.811 0.2192 5.1351
C-7 Grass Shrimp 2003 North South Tributary Domain Removal 1.9 30 93 78 77 3.700 43.0 4.10 31000 11.782 3.8006 1.1935
CR-C Grass Shrimp 2003 Crescent River Reference 1.7 29 97 73 87 0.100 7.5 0.01 11000 0.084 0.0760 0.0909
D-C Grass Shrimp 2003 West of domain 4 1.8 29 87 74 83 0.870 22.0 0.56 32000 0.243 0.0759 0.2719
MG-H7(C) Grass Shrimp 2003 Domain 1 3.6 9 35 33 27 2.200 21.0 6.80 30000 0.222 0.0740 0.7333
MG-K7(C) Grass Shrimp 2003 Domain 1 2.2 15 87 71 83 24.000 26.0 22.00 33000 5.042 1.5279 7.2727
TC-C Grass Shrimp 2003 North St Simons Sound Domain 2.4 50 82 83 83 0.100 9.4 0.04 13000 0.061 0.0471 0.0769
C-33 Grass Shrimp 2004 Domain 3 2.6 9 67 78 42 0.0305 8.9 0.044 4800 0.441 0.9188 0.0635
CR-C Grass Shrimp 2004 Crescent River Reference 2 38 93 80 87 0.0600 2.2 0.010 1700 0.090 0.5294 0.3529
M-AB Grass Shrimp 2004 Domain 1 Removal 1.9 34 85 78 83 2.1000 15.0 2.500 17000 7.290 4.2882 1.2353
TC-C Grass Shrimp 2004 North St Simons Sound Domain 2.5 39 73 72 82 0.0320 8.0 0.026 18000 0.468 0.2600 0.0178
C-101 Grass Shrimp 2004 Domain 3 3 10 63 76 13 0.9700 20.0 0.530 35000 1.067 0.3049 0.2771
C-105 Grass Shrimp 2004 Domain 5 2.8 11 65 55 63 0.2600 12.0 0.200 30000 0.632 0.2107 0.0867
C-5 Grass Shrimp 2004 LCP Ditch Domain 2.2 29 83 54 67 12.0000 28.0 2.100 40000 2.350 0.5875 3.0000
MG-H7(C) Grass Shrimp 2004 Domain 1 2.2 38 82 76 78 12.0000 34.0 0.820 40000 4.945 1.2363 3.0000
MG-K7(C) Grass Shrimp 2004 Domain 1 2.3 17 70 70 67 10.0000 46.0 3.000 33000 1.684 0.5103 3.0303
A-C Grass Shrimp 2004 East of domain 4 1.9 26 92 62 52 1.3000 16.0 0.790 43000 0.477 0.1109 0.3023
C-100 Grass Shrimp 2004 Domain 3 2.3 25 83 78 73 3.6000 23.0 3.300 47000 1.820 0.3872 0.7660
C-102 Grass Shrimp 2004 West of domain 4 2.3 28 87 56 32 0.7200 15.0 0.730 47000 0.612 0.1302 0.1532
C-104 Grass Shrimp 2004 Domain 5 2.3 49 85 61 30 0.6700 23.0 0.510 46000 0.788 0.1713 0.1457
C-15 Grass Shrimp 2004 Western Creek Complex 2.1 44 88 59 65 2.8000 28.0 1.200 42000 1.360 0.3238 0.6667
C-45 Grass Shrimp 2004 East of domain 4 2 29 92 54 47 0.9600 13.0 0.300 43000 0.625 0.1452 0.2233
C-7 Grass Shrimp 2004 North South Tributary Domain Removal 3.5 3 45 58 27 20.0000 29.0 18.000 47000 3.550 0.7553 4.2553
D-C Grass Shrimp 2004 West of domain 4 2.7 21 72 75 60 0.8800 27.0 0.680 43000 1.044 0.2428 0.2047
C-103 Grass Shrimp 2004 Domain 5 2.2 29 87 77 28 0.1800 3.9 0.160 85000 0.630 0.0741 0.0212
C-6 Grass Shrimp 2004 North South Tributary Domain 2.4 33 82 72 40 41.0000 27.0 11.000 52000 11.510 2.2135 7.8846
CR-C Grass Shrimp 2005 Crescent River Reference 1.8 56.3 86.7 75.7 76.7 0.012 12.4 0.0952 29000 0.136 0.0469 0.0041
TC-C Grass Shrimp 2005 North St Simons Sound Domain 2.23 30.7 90 77.3 83.3 0.015 16.6 0.0921 28800 0.112 0.0387 0.0052
C-5 Grass Shrimp 2005 LCP Ditch Domain 2.2 29.3 80 66 65 4.200 25.8 1.1000 37200 1.067 0.2868 1.1290
C-36 Grass Shrimp 2005 North Purvis Creek Domain 1.9 38.7 80 79 73.3 3.700 29.1 1.9200 40000 1.189 0.2973 0.9250
C-29 Grass Shrimp 2005 North Purvis Creek Domain 1.9 22 85 63.7 71.7 2.200 25.4 1.0500 48700 0.826 0.1696 0.4517
C-16 Grass Shrimp 2005 South Purvis Creek Domain 2.1 28.3 85 66.7 71.7 3.600 5.8 0.5720 6870 0.274 0.3988 5.2402
C-6 Grass Shrimp 2005 North South Tributary Domain 1.63 37 83.3 69.3 73.3 69.000 42.1 86.6000 45800 1.484 0.3240 15.0655
C-7 Grass Shrimp 2005 North South Tributary Domain Removal 3.67 8.7 46.7 50.3 36.7 82.000 52.0 80.4000 56800 6.072 1.0689 14.4366
C-15 Grass Shrimp 2005 Western Creek Complex 2.07 27 85 75.7 76.7 6.800 25.3 2.1100 44800 1.015 0.2266 1.5179
MG-K7(M) Grass Shrimp 2005 Domain 1 2 31.7 76.7 83.3 81.7 16.000 29.5 5.6800 34400 0.876 0.2547 4.6512
MG-H7(M) Grass Shrimp 2005 Domain 1 1.87 31.7 88.3 79.7 73.3 36.000 28.8 4.3100 50400 1.296 0.2571 7.1429
C-33 Grass Shrimp 2005 Domain 3 1.7 52.3 90 83.7 83.3 0.013 419.0 0.2430 43300 0.649 0.1499 0.0030
D-C Grass Shrimp 2005 West of domain 4 2 18 85 63.7 56.7 3.900 35.5 1.8700 56800 0.794 0.1398 0.6866
C-45 Grass Shrimp 2005 East of domain 4 4.43 12 23.3 21.3 25 0.610 20.3 0.2450 33300 0.725 0.2177 0.1832
C-103 Grass Shrimp 2005 Domain 5 1.97 34.7 90 60.3 78.3 0.560 24.2 1.9900 54400 0.492 0.0903 0.1029
C-104 Grass Shrimp 2005 Domain 5 1.7 27.7 86.7 66 71.7 0.044 25.7 1.9000 36800 1.647 0.4476 0.0120
C-105 Grass Shrimp 2005 Domain 5 2.07 28.3 81.7 68 83.3 0.390 22.9 0.0396 64900 0.565 0.0871 0.0601
C-200 Grass Shrimp 2005 Domain 3 1.8 46.7 86.7 72.3 81.7 8.200 154.0 4.4300 40900 1.365 0.3337 2.0049
C-201 Grass Shrimp 2005 South Turtle River Domain 2.13 28.7 88.3 68 83.3 0.940 16.3 1.0100 25800 1.166 0.4519 0.3643
C-202 Grass Shrimp 2005 North Turtle River Domain 1.67 47.3 83.3 70.7 80 0.210 17.2 0.2180 27200 0.442 0.1623 0.0772
C-203 Grass Shrimp 2005 South Turtle River Domain 1.9 24.7 86.7 63.7 76.7 0.820 60.1 0.8800 48200 0.980 0.2032 0.1701
FS-AREA1 Grass Shrimp 2005 Domain 3 2.23 29 86.7 76.3 83.3 1.300 32.0 0.6860 34800 0.490 0.1407 0.3736
FS-AREA2 Grass Shrimp 2005 1.87 56.3 81.7 75.3 78.3 2.300 387.0 2.1700 58600 5.097 0.8698 0.3925
FS-AREA3 Grass Shrimp 2005 Domain 3 1.9 3.7 8.3 70.3 76.7 0.520 1190.0 0.7600 38500 52.800 13.7142 0.1351
FS-AREA4 Grass Shrimp 2005 LCP Ditch Domain 2.07 37.7 85 68.7 81.7 7.000 15.4 1.1600 28000 0.561 0.2004 2.5000
FS-AREA5 Grass Shrimp 2005 LCP Ditch Domain 1.7 34 81.7 77.3 76.7 12.000 27.2 3.3200 33900 1.394 0.4112 3.5398
FS-AREA6 Grass Shrimp 2005 Domain 2 1.87 22.3 81.7 66.7 71.7 5.800 27.6 8.7900 76900 0.608 0.0791 0.7542

* Total Organic Carbon (TOC) was not measured in 2000. Therefore, it was estimated from the average of TOC measured at the same stations in monitoring years 2002-2006. 

Key:
Toxic Significantly less than mean controls (p=0.05)
Nontoxic Not significant from mean controls

Red formatting in these columns is hard-wired in. Will not 
change when data moves from one row to another upon 

sorting.



APPENDIX D - Amphipod Controls

2000 Amphipod Toxicity Data Controls

Sample Replicate

No. 
Survivors 
out of 20 
to start

Mean Weight 
per Survivor Survival, %

Control 1 15 0.62 75 Average Control Survival = 71.0 Not within Test acceptability crit
2 12 0.41 60 Standard Deviation = 12.4 Needs to be ≥ 80% mean surviva
3 12 0.69 60 N = 5
4 14 0.64 70
5 18 0.36 90

2002 Amphipod Toxicity Data Controls

Control Rep Surviving Sexed males
Juvenile 
Production Avg Weight

Reproductive 
Response

Survival 
Rate

a 21 6 2 0.66 0.067 105
b 16 7 30 0.94 1.667 80
c 19 9 50 0.97 2.500 95
d 16 5 20 0.82 0.909 80
e 15 12 4 0.57 0.667 75

Control
Survival 
Rate

Survivor's 
Average 
Weight

Reproductive 
Response

Mean 87 0.792 1.16
Variance 157.5 0.030 0.889
N 5 5 5
Std Dev 12.55 0.17 0.94



APPENDIX D - Amphipod Controls

2003 Amphipod Toxicity Data Controls

Treatment Rep
Number 
Surviving

Survivor's Avg 
Weight Survival Rate

Reproductive 
Response

Control 1 a 20 0.31 100 0.04
b 16 0.36 80 0.15
c 15 0.33 75 0.00 Not within Test acceptability criteria
d 20 0.27 100 0.04 Needs to have response in all control replicates 
e 15 0.29 75 0.06

Control
Survival 
Rate

Survivor's 
Average 
Weight

Reproductive 
Response

Mean 86 0.312 0.058
Variance 167.5 0.00122 0.003
N 5 5 5
Std Dev 12.9 0.0349 0.0559

Note: One of the controls was unable to yield a non-zero reproductive response in 2003.
The reproductive response in controls failed to meet minimum test acceptability requirements.

2004 Amphipod Toxicity Data Controls

Control 1 Rep
No. 
Surviving No. Females

Juveniles 
Produced

Reproductive 
Response

Survivor's 
Average 
Weight

Survival 
Rate

a 18 3 25 4.17 0.28 90
b 20 10 25 1.25 0.29 100
c 20 10 50 2.50 0.3 100
d 16 11 20 0.91 0.11 80
e 18 6 25 2.08 0.64 90

Control 2 a 18 10 100 5.00 0.32 90
b 19 11 25 1.14 0.28 95
c 17 7 20 1.43 0.14 85
d 17 10 20 1.00 0.23 85
e 15 4 100 12.50 0.15 75

Mean 17.8 3.20 0.274 89
Variance 1.86 12.63 0.02 65.56
N 10 10 10 10
Std Dev 1.62 3.55 0.15 8.10



APPENDIX D - Amphipod Controls

2005 Amphipod Toxicity Data Controls

Treatment Rep
Number 

Surviving
Survivor's Avg 

Weight Survival Rate
Reproductive 

Response
Control 1 a 14 0.44 70 1.33

b 16 0.31 80 1.57
c 17 0.36 85 1.30
d 16 0.35 80 3.62
e 19 0.34 95 3.25

Control Survival

Average 
Percent 

Survival in 
Controls

Reproductive 
Response

Survivor's 
Average 
Weight

Mean 16.4 82 2.21 0.360
Variance 3.3 82.5 1.27 0.00235
N 5 5 5 5
Std Dev 1.82 9.08 1.13 0.048

2006 AVS Amphipod Toxicity Data Controls

Control Rep
No. 

Surviving No. Females
Juveniles 
Produced

Reproductive 
Response

Survivor's 
Average 
Weight

Survival 
Rate

a 18 12 12 0.5 0.67 90
b 19 12 6 0.25 0.69 95
c 20 15 25 0.833 0.6 100
d 20 12 8 0.333 0.97 100
e 18 10 18 0.9 0.77 90

Mean 19 0.563 0.74 95
N 5 5 5 5
Std Dev 1.0 0.29 0.14 5.0
Variance 1.0 0.085 0.0202 25.0



APPENDIX D - Amphipod Controls

2006 AET Toxicity Data

Control Rep
No. 
Surviving No. Females

Juveniles 
Produced

Reproductive 
Response

Survivor's 
Average 
Weight

Survival 
Rate

1 a 20 13 25 0.962 0.32 100
b 20 8 33 2.063 0.51 100
c 20 11 70 3.182 0.33 100
d 19 11 47 2.136 0.52 95
e 20 11 12 0.545 0.6 100

2 a 18 13 88 3.385 0.41 90
b 20 17 30 0.882 0.46 100
c 20 12 17 0.708 0.4 100
d 18 11 33 1.500 0.55 90
e 20 9 54 3.000 0.34 100

Mean 1.84 0.444 97.5
Variance 1.2 0.0098 18.1
N 10 10 10
Std Dev 1.1 0.0990 4.2

Note that the 2006 AET data were based on a single replicate at each location, except for controls
which results in considerable uncertainty in the 2006 AET data because there was only one replicate.



APPENDIX D - Grass Shrimp Controls

Data for the Reference Sediment Station on the Skidaway River

Year 2000

Replicate
DNA strand 

damage

Embryo 
Development 

Rate
Embryo 

Hatching Rate

Ovary 
Maturation 

Rate
Survival Rate, 

%
1 NA 80 96 76 96
2 NA 52 96 84 92
3 NA 76 88 60 92

Mean 69.3 93.3 73.3 93.3
Std Dev 15.1 4.62 12.2 2.3
N 3 3 3 3

Year 2002

Replicate
DNA strand 

damage

Embryo 
Development 

Rate
Embryo 

Hatching Rate

Ovary 
Maturation 

Rate
Survival Rate, 

%
1 1.3 83 94 83 90
2 2.4 57 85 100 80
3 2.9 43 96 71 90

Mean 2.2 61.0 91.7 84.7 86.7
Std Dev 0.8 20.3 5.9 14.6 5.8
N 3 3 3 3 3

Year 2003

Replicate
DNA strand 

damage

Embryo 
Development 

Rate
Embryo 

Hatching Rate

Ovary 
Maturation 

Rate
Survival Rate, 

%
1 0.9 38 95 79 80
2 1.7 42 100 92 90
3 1.3 40 85 70 75

Mean 1.3 40.0 93.3 80.3 81.7
Std Dev 0.4 2.0 7.6 11.1 7.6
N 3 3 3 3 3

Year 2004

Replicate
DNA strand 

damage

Embryo 
Development 

Rate
Embryo 

Hatching Rate

Ovary 
Maturation 

Rate
Survival Rate, 

%
1 1.7 29 90 64 90
2 2.3 45 80 72 80
3 2.4 33 90 78 90

Mean 2.1 35.7 86.7 71.3 86.7
Std Dev 0.4 8.3 5.8 7.0 5.8
N 3 3 3 3 3

Year 2005

Replicate
DNA strand 

damage

Embryo 
Development 

Rate
Embryo 

Hatching Rate

Ovary 
Maturation 

Rate
Survival Rate, 

%
1 1.9 55 95 82 85
2 2.3 57 90 79 90
3 1.5 50 90 83 70

Mean 1.9 54.0 91.7 81.3 81.7
Std Dev 0.4 3.6 2.9 2.1 10.4
N 3 3 3 3 3



Sediment Effect Concentrations Summary - Amphipod

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

11.8 21.9 4.9 15.5 19 230 19 35 6.5 24.7 44 230 3.0 4.9 1.0 3.3 7.9 80
Number of Type 1 Errors 4 0 10 2 0 4 2 11 4 0 2 2 4 2 0  
Number of Type 2 Errors 156 174 123 167 171 116 142 75 129 149 50 56 40 51 59

Number predicted correctly 70 56 97 61 59 110 86 144 97 81 28 22 36 27 21
Overall Reliability (%) 30% 24% 42% 27% 26% 30% 48% 37% 63% 42% 35% 45% 35% 28% 45% 34% 26% 34%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

11.3 21.7 4.2 15.4 62 240 16.0 32 6.2 20.3 64 240 3.0 5.2 0.9 3.5 12.3 90
Number of Type 1 Errors 7 1 12 3 0 7 2 12 4 0 2 2 6 2 0
Number of Type 2 Errors 150 167 104 161 184 120 153 86 139 169 50 57 41 51 63

Number predicted correctly 83 72 124 76 56 113 85 142 97 71 38 31 43 37 27
Overall Accuracy (%) 35% 30% 52% 32% 23% 34% 47% 35% 59% 40% 30% 42% 42% 34% 48% 41% 30% 39%

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

21.6 38.1 8.1 21.9 145 240 61.0 110 19.4 61 420 240 5.0 7.5 1.9 5.6 15.1 90
Number of Type 1 Errors 10 6 31 9 0 11 8 36 11 0 5 2 15 4 0
Number of Type 2 Errors 93 100 77 93 109 96 101 82 96 107 39 42 36 40 45

Number predicted correctly 137 134 132 138 131 133 131 122 133 133 46 46 39 46 45
Overall Accuracy (%) 57% 56% 55% 58% 55% 56% 55% 55% 51% 55% 55% 54% 51% 51% 43% 51% 50% 49%

 

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

3.1 5.6 1.4 3.1 12 230 2.2 4.3 0.9 1.9 2.7 80 66.3 238 44.8 88.7 177 230
Number of Type 1 Errors 1 1 6 1 0 2 0 2 2 0 1 0 1 1 0
Number of Type 2 Errors 182 188 174 182 194 62 62 59 62 62 189 192 177 190 192

Number predicted correctly 47 41 50 47 36 16 18 19 16 18 40 38 52 39 38
Overall Reliability (%) 20% 18% 22% 20% 16% 19% 7% 8% 8% 7% 8% 8% 17% 17% 23% 17% 17% 18%

  
 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

1.5 4.4 0.8 2.1 6 240 0.6 1.0 0.2 0.6 2.7 90 59.8 196 40.8 88.4 177 240
Number of Type 1 Errors 6 1 10 4 0 1 1 4 1 0 1 0 2 1 0
Number of Type 2 Errors 168 179 127 171 184 53 59 34 53 64 183 187 161 185 187

Number predicted correctly 66 60 103 65 56 36 30 52 36 26 56 53 77 54 53
Overall Accuracy (%) 28% 25% 43% 27% 23% 29% 15% 13% 22% 15% 11% 15% 23% 22% 32% 23% 22% 24%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples  

2.5 5.1 1.2 2.5 12 240 1.0 1.6 0.5 1.0 4.3 90 87.0 238 52.0 94 419.0 240
Number of Type 1 Errors 9 5 22 8 0 3 2 8 3 0 2 1 3 2 0
Number of Type 2 Errors 97 102 91 97 105 41 44 38 41 46 103 105 101 103 108

Number predicted correctly 134 133 127 135 135 46 44 44 46 44 135 134 136 135 132
Overall Accuracy (%) 56% 55% 53% 56% 56% 55% 19% 18% 18% 19% 18% 19% 56% 56% 57% 56% 55% 56%

 

Average Survival Rate Average Survival Rate Average Survival Rate

Survivor's Average Weight Survivor's Average Weight Survivor's Average Weight

Lead

Reproductive Response Reproductive Response Reproductive Response

Survival Rate

Total Polycyclic Aromatic Hydrocarbons OC-normalized PAHs

Survivors Average Weight Survivors Average WeightSurvivors Average Weight

Mercury OC-normalized Aroclor 1268

Reproductive Response

Survival Rate

Reproductive Response

Survival Rate

Aroclor 1268

Reproductive Response
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5.31 b 0.01 2x mean NOEC 9.1 0 - - - - - 87 b 0.186 2x mean NOEC 9.4 0 - - - - -
3.23 b 0.026 Median NOEC 1.9 0 - - - - - 87 b 7.03 Median NOEC 1.4 0 - - T1 - -
2.87 b 0.73 0 - - - - - 91 b 3.27 0 - - - - -
3.01 b 0.51 ER-L 11.8 0 - - - - - 88 b 0.0129 ER-L 11.3 0 - - - - -
2.85 b 11 Y ER-M 21.9 0 - - T1 - - 87 b 1.22 ER-M 21.7 0 - - - - -
0.86 b 0.456 15th Percentile E 12.6 0 - - - - - 87 b 3.57 15th Percentile E 12.2 0 - - - - -

0.656 b 0.186 TEL 4.9 0 - - - - - 88 b 4.54 TEL 4.2 0 - - T1 - -
1.18 b 0.097 85th Percentile NE 11.0 0 - - - - - 100 b 19 Y 85th Percentile NE 11.0 0 T1 - T1 T1 -

0.508 b 1.09 PEL 15.5 0 - - - - - 90 b 6.53 PEL 15.4 0 - - T1 - -
0.61 b 7.03 AET 19 0 - - T1 - - 90 b 11.2 Y AET 62 0 - - T1 - -

0.906 b 3.57 0 - - - - - 100 b 12.6 Y 0 T1 - T1 - -
0.464 b 4.54 53 0 - - - - - 90 b 0.257 56 0 - - - - -
2.58 b 19 Y Effects Data N 46 0 T1 - T1 T1 - 95 b 12.4 Y Effects Data N 47 0 T1 - T1 - -
2.06 b 6.53 0 - - T1 - - 100 b 0.367 0 - - - - -
1.88 b 11.2 Y Effects Data Set 0 - - T1 - - 100 b 2.64 Effects Data Set 0 - - - - -
1.56 b 0.257 48 0 - - - - - 100 b 1.23 11 0 - - - - -

1.625 b 8.28 14 0 - - T1 - - 90 b 1.22 48 0 - - - - -
3.64 b 1.22 62 0 - - - - - 100 b 0.518 14 0 - - - - -

1.733 b 1.5 46 0 - - - - - 90 b 1.5 46 0 - - - - -
1.682 b 1.14 18 0 - - - - - 100 b 1.14 10 0 - - - - -
1.571 b 1.89 86.6 0 - - - - - 95 b 1.89 80 0 - - - - -
2.833 b 3.28 80.4 0 - - - - - 100 b 1.99 22 0 - - - - -
2.25 b 2.01 20.6 0 - - - - - 100 b 3.28 18.0 0 - - - - -
1.91 b 1.12 25.6 0 - - - - - 90 b 1.78 11.0 0 - - - - -
2.27 b 4.84 11.3 0 - - - - - 95 b 2.08 86.6 0 - - - - -
2.17 b 14.7 Y 74 0 T1 - T1 - - 100 b 2.64 80.4 0 - - - - -

1.625 b 16.3 Y 13 0 T1 - T1 T1 - 100 b 1.12 20.6 0 - - - - -
1.94 b 0.044 10.7 0 - - - - - 90 b 13.2 Y 25.6 0 T1 - T1 - -
1.59 b 0.53 17.3 0 - - - - - 100 b 4.84 11.3 0 - - T1 - -
1.61 b 3.3 30.1 0 - - - - - 90 b 12.2 Y 74.0 0 T1 - T1 - -
1.45 b 1.2 13.6 0 - - - - - 95 b 16.3 Y 13.0 0 T1 - T1 T1 -
1.38 b 10.7 Y 50.2 0 - - T1 - - 77 b 1.3 10.7 0 - - - - -
1.42 b 12.2 Y 19.5 0 T1 - T1 - - 71 b 0.24 17.3 0 - - - - -
0.47 1.3 105 1 T2 T2 T2 T2 T2 80 b 0.038 30.1 0 - - - - -
0.29 0.24 145 1 T2 T2 T2 T2 T2 76 b 0.01 13.6 0 - - - - -
0.07 11 Y 17.3 1 T2 T2 - T2 T2 69 b 0.044 50.2 0 - - - - -

0 48 Y 12.6 1 - - - - - 76 b 3.3 19.5 0 - - - - -
0 14 Y 27.6 1 - T2 - T2 T2 72 b 0.16 105 0 - - - - -

0.1 0.025 41.6 1 T2 T2 T2 T2 T2 80 b 62 Y 145 0 T1 T1 T1 T1 -
0 0.55 109 1 T2 T2 T2 T2 T2 80 b 0.372 17.3 0 - - - - -

0.01 62 Y 75.7 1 - - - - - 80 b 0.276 27.6 0 - - - - -
0 46 Y 61.4 1 - - - - - 82 b 0.395 41.6 0 - - - - -

0.025 0.038 12.7 1 T2 T2 T2 T2 T2 79 b 0.456 109 0 - - - - -
0.079 2.5 28.2 1 T2 T2 T2 T2 T2 84 b 0.673 75.7 0 - - - - -

0 0.2 12.6 1 T2 T2 T2 T2 T2 84 b 1.09 61.4 0 - - - - -
0.47 2.1 23.8 1 T2 T2 T2 T2 T2 85 b 1.340 12.7 0 - - - - -
0.55 0.82 17.8 1 T2 T2 T2 T2 T2 78 b 2.03 28.2 0 - - - - -
0.21 3 10.2 1 T2 T2 T2 T2 T2 81 b 0.0561 12.6 0 - - - - -
0.21 0.79 22.1 1 T2 T2 T2 T2 T2 54 11 Y 23.8 1 T2 T2 - T2 T2
0.12 0.3 9.45 1 T2 T2 T2 T2 T2 48 48 Y 17.8 1 - - - - T2

0 18 Y 12.4 1 - T2 - - T2 56 14 Y 10.2 1 - T2 - T2 T2
0.74 0.68 39.6 1 T2 T2 T2 T2 T2 53 0.025 22.1 1 T2 T2 T2 T2 T2
0.15 0.16 11.4 1 T2 T2 T2 T2 T2 63 0.55 39.6 1 T2 T2 T2 T2 T2
0.85 0.0952 21.7 1 T2 T2 T2 T2 T2 68 46 Y 11.4 1 - - - - T2
0.77 0.0921 13.4 1 T2 T2 T2 T2 T2 61 2.8 21.7 1 T2 T2 T2 T2 T2
0.6 1.1 29.2 1 T2 T2 T2 T2 T2 50 0.62 13.4 1 T2 T2 T2 T2 T2

0.26 1.92 35.1 1 T2 T2 T2 T2 T2 37 10 Y 29.2 1 T2 T2 - T2 T2
0 1.05 29 1 T2 T2 T2 T2 T2 35 80 Y 35.1 1 - - - - -
0 0.572 12.2 1 T2 T2 T2 T2 T2 1 4.1 29.0 1 T2 T2 T2 T2 T2

0.95 86.6 Y 12.7 1 - - - - - 62 0.56 12.2 1 T2 T2 T2 T2 T2
0 80.4 Y 13.2 1 - - - - - 30 6.8 12.7 1 T2 T2 - T2 T2
0 2.11 1 T2 T2 T2 T2 T2 54 22 Y 14.7 1 - - - - T2

0.39 5.68 1 T2 T2 - T2 T2 42 0.044 9.5 1 T2 T2 T2 T2 T2
0.67 4.31 1 T2 T2 T2 T2 T2 40 0.01 1 T2 T2 T2 T2 T2
0.23 0.243 1 T2 T2 T2 T2 T2 15 2.5 1 T2 T2 T2 T2 T2

0 1.87 1 T2 T2 T2 T2 T2 42 0.026 1 T2 T2 T2 T2 T2
0 0.245 1 T2 T2 T2 T2 T2 25 0.53 1 T2 T2 T2 T2 T2
0 1.99 1 T2 T2 T2 T2 T2 0 0.2 1 T2 T2 T2 T2 T2
0 1.9 1 T2 T2 T2 T2 T2 63 2.1 1 T2 T2 T2 T2 T2

0.38 0.0396 1 T2 T2 T2 T2 T2 24 0.82 1 T2 T2 T2 T2 T2
0 4.43 1 T2 T2 T2 T2 T2 15 3 1 T2 T2 T2 T2 T2
0 1.01 1 T2 T2 T2 T2 T2 33 0.79 1 T2 T2 T2 T2 T2
0 0.218 1 T2 T2 T2 T2 T2 17 0.73 1 T2 T2 T2 T2 T2
0 0.88 1 T2 T2 T2 T2 T2 66 0.51 1 T2 T2 T2 T2 T2
0 0.686 1 T2 T2 T2 T2 T2 3 1.2 1 T2 T2 T2 T2 T2
0 2.17 1 T2 T2 T2 T2 T2 23 0.3 1 T2 T2 T2 T2 T2
0 0.76 1 T2 T2 T2 T2 T2 15 18 Y 1 - T2 - - T2

0.32 1.16 1 T2 T2 T2 T2 T2 58 0.68 1 T2 T2 T2 T2 T2
0 3.32 1 T2 T2 T2 T2 T2 37 11 Y 1 T2 T2 - T2 T2

0.54 8.79 1 T2 T2 - T2 T2 36 0.0952 1 T2 T2 T2 T2 T2
0.082 0.372 1 T2 T2 T2 T2 T2 34 0.0921 1 T2 T2 T2 T2 T2
0.292 0.276 1 T2 T2 T2 T2 T2 62 1.1 1 T2 T2 T2 T2 T2
0.358 0.395 1 T2 T2 T2 T2 T2 65 1.92 1 T2 T2 T2 T2 T2
0.142 0.673 1 T2 T2 T2 T2 T2 0 1.05 1 T2 T2 T2 T2 T2

0 0.566 1 T2 T2 T2 T2 T2 7 0.572 1 T2 T2 T2 T2 T2
0.126 8.75 1 T2 T2 - T2 T2 42 86.6 Y 1 - - - - -
0.356 3.27 1 T2 T2 T2 T2 T2 0 80.4 Y 1 - - - - -
0.364 0.0129 1 T2 T2 T2 T2 T2 0 2.11 1 T2 T2 T2 T2 T2
0.36 1.22 1 T2 T2 T2 T2 T2 45 5.68 1 T2 T2 - T2 T2

0.072 1.07 1 T2 T2 T2 T2 T2 29 4.31 1 T2 T2 - T2 T2
0 1.07 1 T2 T2 T2 T2 T2 32 0.243 1 T2 T2 T2 T2 T2

0.032 1.34 1 T2 T2 T2 T2 T2 3 1.87 1 T2 T2 T2 T2 T2
0.074 2.03 1 T2 T2 T2 T2 T2 12 0.245 1 T2 T2 T2 T2 T2
0.144 0.0561 1 T2 T2 T2 T2 T2 14 1.99 1 T2 T2 T2 T2 T2
0.154 1.82 1 T2 T2 T2 T2 T2 4 1.9 1 T2 T2 T2 T2 T2
0.112 2.36 1 T2 T2 T2 T2 T2 36 0.0396 1 T2 T2 T2 T2 T2
0.05 0.0742 1 T2 T2 T2 T2 T2 23 4.43 1 T2 T2 - T2 T2

0 20.6 Y 1 - T2 - - - 0 1.01 1 T2 T2 T2 T2 T2
0 25.6 Y 1 - - - - - 19 0.218 1 T2 T2 T2 T2 T2
0 1.46 1 T2 T2 T2 T2 T2 16 0.88 1 T2 T2 T2 T2 T2
0 0.0437 1 T2 T2 T2 T2 T2 2 0.686 1 T2 T2 T2 T2 T2

0.269 11.3 Y 1 T2 T2 - T2 T2 0 2.17 1 T2 T2 T2 T2 T2
0 5.59 1 T2 T2 - T2 T2 0 0.76 1 T2 T2 T2 T2 T2
0 5.02 1 T2 T2 - T2 T2 26 1.16 1 T2 T2 T2 T2 T2
0 0.767 1 T2 T2 T2 T2 T2 6 3.32 1 T2 T2 T2 T2 T2
0 0.794 1 T2 T2 T2 T2 T2 39 8.79 1 T2 T2 - T2 T2
0 4.64 1 T2 T2 T2 T2 T2 70 0.0972 1 T2 T2 T2 T2 T2
0 4.68 1 T2 T2 T2 T2 T2 60 0.566 1 T2 T2 T2 T2 T2
0 74 Y 1 - - - - - 67 8.75 1 T2 T2 - T2 T2

0.389 6.39 1 T2 T2 - T2 T2 41 1.07 1 T2 T2 T2 T2 T2
0 3.05 1 T2 T2 T2 T2 T2 1 1.07 1 T2 T2 T2 T2 T2
0 4.48 1 T2 T2 T2 T2 T2 66 1.82 1 T2 T2 T2 T2 T2
0 13 Y 1 - T2 - T2 T2 74 2.36 1 T2 T2 T2 T2 T2

0.35 2.55 1 T2 T2 T2 T2 T2 72 0.0742 1 T2 T2 T2 T2 T2
0 17.3 Y 1 - T2 - - T2 55 20.6 Y 1 - T2 - - T2
0 3.5 1 T2 T2 T2 T2 T2 0 25.6 Y 1 - - - - T2
0 5.3 1 T2 T2 - T2 T2 20 1.46 1 T2 T2 T2 T2 T2
0 4.06 1 T2 T2 T2 T2 T2 70 0.0437 1 T2 T2 T2 T2 T2
0 5.1 1 T2 T2 - T2 T2 75 11.3 Y 1 - T2 - T2 T2

0.125 8.72 1 T2 T2 - T2 T2 80 5.59 1 T2 T2 - T2 T2
0.727 30.1 Y 1 - - - - - 70 5.02 1 T2 T2 - T2 T2

0 13.6 Y 1 - T2 - T2 T2 0 0.767 1 T2 T2 T2 T2 T2
0.0769 50.2 Y 1 - - - - - 50 0.794 1 T2 T2 T2 T2 T2

0 19.5 Y 1 - T2 - - - 75 4.64 1 T2 T2 - T2 T2
0.45 4.33 1 T2 T2 T2 T2 T2 75 4.68 1 T2 T2 - T2 T2

0 105 Y 1 - - - - - 50 74 Y 1 - - - - -
0 6.23 1 T2 T2 - T2 T2 80 6.39 1 T2 T2 - T2 T2
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0 6.81 1 T2 T2 - T2 T2 25 3.05 1 T2 T2 T2 T2 T2
0 145 Y 1 - - - - - 30 4.48 1 T2 T2 - T2 T2
0 17.3 Y 1 - T2 - - T2 55 13 Y 1 - T2 - T2 T2
0 2.44 1 T2 T2 T2 T2 T2 85 2.55 1 T2 T2 T2 T2 T2

1.0 12.6 Y 1 - T2 - T2 T2 80 10.7 Y 1 T2 T2 - T2 T2
0 0.277 1 T2 T2 T2 T2 T2 85 17.3 Y 1 - T2 - - T2
0 4.49 1 T2 T2 T2 T2 T2 85 3.5 1 T2 T2 T2 T2 T2
0 27.6 Y 1 - - - - - 0 5.3 1 T2 T2 - T2 T2
0 5.62 1 T2 T2 - T2 T2 0 4.06 1 T2 T2 T2 T2 T2
0 41.6 Y 1 - - - - - 50 5.1 1 T2 T2 - T2 T2

0.2308 2.53 1 T2 T2 T2 T2 T2 75 8.72 1 T2 T2 - T2 T2
0 109 Y 1 - - - - - 85 30.1 Y 1 - - - - T2
0 75.7 Y 1 - - - - - 55 13.6 Y 1 - T2 - T2 T2
0 61.4 Y 1 - - - - - 70 50.2 Y 1 - - - - T2
0 12.7 Y 1 - T2 - T2 T2 80 19.5 Y 1 - T2 - - T2

0.269 3.41 1 T2 T2 T2 T2 T2 60 4.33 1 T2 T2 - T2 T2
0.167 1.29 1 T2 T2 T2 T2 T2 80 105 Y 1 - - - - -

0 28.2 Y 1 - - - - - 40 6.23 1 T2 T2 - T2 T2
0 3.6 1 T2 T2 T2 T2 T2 75 6.81 1 T2 T2 - T2 T2
0 12.6 Y 1 - T2 - T2 T2 50 145 Y 1 - - - - -
0 8.97 1 T2 T2 - T2 T2 20 17.3 Y 1 - T2 - - T2
0 3.14 1 T2 T2 T2 T2 T2 10 2.44 1 T2 T2 T2 T2 T2

0.9 3.01 1 T2 T2 T2 T2 T2 35 0.277 1 T2 T2 T2 T2 T2
0.375 8.39 1 T2 T2 - T2 T2 10 4.49 1 T2 T2 - T2 T2

0 4.63 1 T2 T2 T2 T2 T2 10 27.6 Y 1 - - - - T2
0 23.8 Y 1 - - - - - 0 5.62 1 T2 T2 - T2 T2
0 2.57 1 T2 T2 T2 T2 T2 65 41.6 Y 1 - - - - T2
0 17.8 Y 1 - T2 - - T2 80 2.53 1 T2 T2 T2 T2 T2

0.375 2.99 1 T2 T2 T2 T2 T2 60 109 Y 1 - - - - -
0.611 10.2 Y 1 T2 T2 - T2 T2 0 75.7 Y 1 - - - - -

0 4.66 1 T2 T2 T2 T2 T2 75 61.4 Y 1 - - - - T2
0 22.1 Y 1 - - - - - 65 12.7 Y 1 - T2 - T2 T2
0 6.32 1 T2 T2 - T2 T2 85 3.41 1 T2 T2 T2 T2 T2
0 7.57 1 T2 T2 - T2 T2 75 1.29 1 T2 T2 T2 T2 T2

0.167 9.45 Y 1 T2 T2 - T2 T2 80 28.2 Y 1 - - - - T2
0.654 12.4 Y 1 - T2 - T2 T2 65 3.6 1 T2 T2 T2 T2 T2

0 1.47 1 T2 T2 T2 T2 T2 80 12.6 Y 1 - T2 - T2 T2
0 1.74 1 T2 T2 T2 T2 T2 15 8.97 1 T2 T2 - T2 T2
0 39.6 Y 1 - - - - - 75 3.14 1 T2 T2 T2 T2 T2
0 5.57 1 T2 T2 - T2 T2 85 3.01 1 T2 T2 T2 T2 T2

0.6 5.79 1 T2 T2 - T2 T2 55 8.39 1 T2 T2 - T2 T2
0 11.4 Y 1 T2 T2 - T2 T2 60 4.63 1 T2 T2 - T2 T2
0 7.95 1 T2 T2 - T2 T2 50 23.8 Y 1 - - - - T2
0 6.74 1 T2 T2 - T2 T2 80 2.57 1 T2 T2 T2 T2 T2
0 5.3 1 T2 T2 - T2 T2 55 17.8 Y 1 - T2 - - T2

0.15 4.26 1 T2 T2 T2 T2 T2 80 2.99 1 T2 T2 T2 T2 T2
0.688 5.34 1 T2 T2 - T2 T2 80 10.2 Y 1 T2 T2 - T2 T2

0 2.78 1 T2 T2 T2 T2 T2 35 4.66 1 T2 T2 - T2 T2
0 8.94 1 T2 T2 - T2 T2 15 22.1 Y 1 - - - - T2
0 21.7 Y 1 - T2 - - - 65 6.32 1 T2 T2 - T2 T2
0 13.4 Y 1 - T2 - T2 T2 55 7.57 1 T2 T2 - T2 T2
0 1.24 1 T2 T2 T2 T2 T2 75 9.45 Y 1 T2 T2 - T2 T2
0 6.17 1 T2 T2 - T2 T2 50 1.47 1 T2 T2 T2 T2 T2
0 29.2 Y 1 - - - - - 65 1.74 1 T2 T2 T2 T2 T2
0 35.1 Y 1 - - - - - 70 39.6 Y 1 - - - - T2
0 29 Y 1 - - - - - 55 5.57 1 T2 T2 - T2 T2
0 0.196 1 T2 T2 T2 T2 T2 75 5.79 1 T2 T2 - T2 T2

0.25 0.397 1 T2 T2 T2 T2 T2 45 11.4 Y 1 - T2 - T2 T2
0 2.14 1 T2 T2 T2 T2 T2 5 7.95 1 T2 T2 - T2 T2

0.909 0.367 1 T2 T2 T2 T2 T2 85 8.28 1 T2 T2 - T2 T2
0 0.772 1 T2 T2 T2 T2 T2 25 6.74 1 T2 T2 - T2 T2
0 3.61 1 T2 T2 T2 T2 T2 65 5.3 1 T2 T2 - T2 T2

0.8 3 1 T2 T2 T2 T2 T2 70 4.26 1 T2 T2 - T2 T2
1.04 2.64 1 T2 T2 T2 T2 T2 75 5.34 1 T2 T2 - T2 T2

0.833 1.23 1 T2 T2 T2 T2 T2 65 2.78 1 T2 T2 T2 T2 T2
0.938 0.518 1 T2 T2 T2 T2 T2 5 8.94 1 T2 T2 - T2 T2

0.5 1.59 1 T2 T2 T2 T2 T2 35 21.7 Y 1 - - - - T2
0 0.921 1 T2 T2 T2 T2 T2 60 13.4 Y 1 - T2 - T2 T2

0.2 1.85 1 T2 T2 T2 T2 T2 5 1.24 1 T2 T2 T2 T2 T2
0 2.76 1 T2 T2 T2 T2 T2 15 6.17 1 T2 T2 - T2 T2
0 6.72 1 T2 T2 - T2 T2 50 29.2 Y 1 - - - - T2

0.083 1.49 1 T2 T2 T2 T2 T2 55 35.1 Y 1 - - - - T2
0.556 1.33 1 T2 T2 T2 T2 T2 0 29 Y 1 - - - - T2
1.111 1.53 1 T2 T2 T2 T2 T2 0 0.196 1 T2 T2 T2 T2 T2
0.571 1.71 1 T2 T2 T2 T2 T2 75 0.397 1 T2 T2 T2 T2 T2
0.792 1.99 1 T2 T2 T2 T2 T2 15 2.14 1 T2 T2 T2 T2 T2
0.643 1.78 1 T2 T2 T2 T2 T2 35 0.772 1 T2 T2 T2 T2 T2

0 1.61 1 T2 T2 T2 T2 T2 35 3.61 1 T2 T2 T2 T2 T2
0.708 2.08 1 T2 T2 T2 T2 T2 80 3 1 T2 T2 T2 T2 T2

0.5 1.48 1 T2 T2 T2 T2 T2 70 1.59 1 T2 T2 T2 T2 T2
0.818 1.39 1 T2 T2 T2 T2 T2 85 0.921 1 T2 T2 T2 T2 T2

0 3.99 1 T2 T2 T2 T2 T2 80 1.85 1 T2 T2 T2 T2 T2
0.778 2.64 1 T2 T2 T2 T2 T2 75 2.76 1 T2 T2 T2 T2 T2

0 1.75 1 T2 T2 T2 T2 T2 65 6.72 1 T2 T2 - T2 T2
0 12.2 Y 1 - T2 - T2 T2 80 1.49 1 T2 T2 T2 T2 T2

0.5 12.7 Y 1 - T2 - T2 T2 65 1.33 1 T2 T2 T2 T2 T2
0.917 2.27 1 T2 T2 T2 T2 T2 85 1.53 1 T2 T2 T2 T2 T2

0 5.24 1 T2 T2 - T2 T2 80 1.71 1 T2 T2 T2 T2 T2
0 13.2 Y 1 - T2 - T2 T2 75 2.01 1 T2 T2 T2 T2 T2
0 1.67 1 T2 T2 T2 T2 T2 75 1.61 1 T2 T2 T2 T2 T2
0 0.501 1 T2 T2 T2 T2 T2 85 1.48 1 T2 T2 T2 T2 T2
0 3.77 1 T2 T2 T2 T2 T2 85 1.39 1 T2 T2 T2 T2 T2
0 0.35 1 T2 T2 T2 T2 T2 0 3.99 1 T2 T2 T2 T2 T2
0 7.83 1 T2 T2 - T2 T2 30 1.75 1 T2 T2 T2 T2 T2
0 0.089 1 T2 T2 T2 T2 T2 25 12.2 Y 1 - T2 - T2 T2
0 0.882 1 T2 T2 T2 T2 T2 85 12.7 Y 1 - T2 - T2 T2
0 5.49 1 T2 T2 - T2 T2 80 2.27 1 T2 T2 T2 T2 T2

0.962 0.203 1 T2 T2 T2 T2 T2 75 5.24 1 T2 T2 - T2 T2
0 3.81 1 T2 T2 T2 T2 T2 30 1.67 1 T2 T2 T2 T2 T2
0 2.1 1 T2 T2 T2 T2 T2 50 0.501 1 T2 T2 T2 T2 T2
0 0.954 1 T2 T2 T2 T2 T2 10 3.77 1 T2 T2 T2 T2 T2
0 1.02 1 T2 T2 T2 T2 T2 85 14.7 Y 1 - T2 - T2 T2
0 1.29 1 T2 T2 T2 T2 T2 55 0.35 1 T2 T2 T2 T2 T2

40 7.83 1 T2 T2 - T2 T2
197 4 0 10 2 0 45 0.089 1 T2 T2 T2 T2 T2
230 156 174 123 167 171 5 0.882 1 T2 T2 T2 T2 T2

160 174 133 169 171 85 5.49 1 T2 T2 - T2 T2
85 0.203 1 T2 T2 T2 T2 T2
50 3.81 1 T2 T2 T2 T2 T2
80 2.1 1 T2 T2 T2 T2 T2
55 0.954 1 T2 T2 T2 T2 T2
5 1.02 1 T2 T2 T2 T2 T2

60 1.29 1 T2 T2 T2 T2 T2

192 7 1 12 3 0
240 150 167 104 161 184

157 168 116 164 184



APPENDIX H - Amphipod Tox - Mercury
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0.37 b 0.01 2x mean NOEC 17.7 0 - - - - -
0.35 b 0.04 Median NOEC 3.0 0 - - - - -

0.350 b 0.04 0 - - - - -
0.302 b 2.5 ER-L 21.6 0 - - - - -
0.362 b 0.026 ER-M 38.1 0 - - - - -
0.308 b 0.53 15th Percentile E 22.1 0 - - - - -
0.400 b 2.1 TEL 8.1 0 - - - - -
0.500 b 0.82 85th Percentile NE 12.7 0 - - - - -
0.286 b 3 PEL 22 0 - - - - -
0.406 b 0.79 AET 145 0 - - - - -
0.294 b 3.3 0 - - - - -
0.398 b 0.73 31 0 - - - - -
0.316 b 0.51 Effects Data N 18 0 - - - - -
0.250 b 1.2 0 - - - - -
0.264 b 0.3 Effects Data Set 0 - - - - -
0.452 b 18 Y 48 0 - - T1 - -
0.384 b 11 62 0 - - T1 - -
0.39 b 1.1 46 0 - - - - -

0.408 b 1.92 80 0 - - - - -
0.45 b 0.572 22 0 - - - - -
0.39 b 86.6 Y 80.4 0 T1 T1 T1 T1 -

0.532 b 5.68 75.7 0 - - - - -
0.512 b 4.31 74 0 - - - - -
0.528 b 0.218 61.4 0 - - - - -
0.438 b 0.88 50.2 0 - - - - -
0.55 b 3.32 30.1 0 - - - - -

0.756 b 0.0972 29.0 0 - - - - -
0.712 b 7.03 28.2 0 - - - - -
0.744 b 2.36 27.6 0 - - - - -
0.440 b 5.59 25.6 0 - - - - -
0.450 b 5.02 22.1 0 - - - - -
0.500 b 3.05 20.6 0 - - - - -
0.610 b 13 17.8 0 - - T1 - -
0.440 b 2.55 0 - - - - -
0.460 b 19 Y 0 - - T1 - -
0.450 b 5.1 0 - - - - -
0.640 b 13.6 0 - - T1 - -
0.560 b 19.5 Y 0 - - T1 - -
0.590 b 105 Y 0 T1 T1 T1 T1 -
0.610 b 6.81 0 - - - - -
0.550 b 6.53 0 - - - - -
0.690 b 145 Y 0 T1 T1 T1 T1 -
0.480 b 17.3 0 - - T1 - -
0.530 b 11.2 0 - - T1 - -
0.480 b 12.6 0 - - T1 - -
0.690 b 0.277 0 - - - - -
0.430 b 0.257 0 - - - - -
0.710 b 41.6 Y 0 T1 T1 T1 T1 -
0.470 b 109 Y 0 T1 T1 T1 T1 -
0.680 b 3.6 0 - - - - -
0.560 b 3.01 0 - - - - -
0.550 b 8.39 0 - - T1 - -
0.480 b 4.63 0 - - - - -
0.440 b 2.57 0 - - - - -
0.510 b 2.99 0 - - - - -
0.490 b 4.66 0 - - - - -
0.570 b 9.45 0 - - T1 - -
0.440 b 12.4 0 - - T1 - -
0.440 b 39.6 Y 0 T1 T1 T1 T1 -
0.430 b 5.57 0 - - - - -
0.450 b 8.28 0 - - T1 - -
0.660 b 6.74 0 - - - - -
0.510 b 21.7 Y 0 T1 - T1 - -
0.530 b 6.17 0 - - - - -
0.570 b 35.1 Y 0 T1 - T1 T1 -
0.530 b 0.367 0 - - - - -
0.440 b 0.772 0 - - - - -
0.430 b 3 0 - - - - -
0.580 b 2.64 0 - - - - -
0.570 b 1.22 0 - - - - -
0.680 b 0.518 0 - - - - -
0.450 b 1.59 0 - - - - -
0.490 b 0.921 0 - - - - -
0.440 b 1.5 0 - - - - -
0.730 b 1.14 0 - - - - -
0.430 b 1.49 0 - - - - -
0.750 b 1.33 0 - - - - -
0.460 b 1.53 0 - - - - -
0.510 b 1.89 0 - - - - -
0.650 b 1.99 0 - - - - -
0.430 b 3.28 0 - - - - -
0.570 b 1.78 0 - - - - -
0.800 b 2.01 0 - - - - -
0.550 b 1.61 0 - - - - -
0.480 b 2.64 0 - - - - -
0.490 b 1.12 0 - - - - -
0.490 b 2.27 0 - - - - -
0.420 b 5.24 0 - - - - -
0.600 b 4.84 0 - - - - -
0.620 b 12.2 0 - - T1 - -
0.460 b 7.83 0 - - - - -
0.560 b 5.49 0 - - - - -
0.440 b 0.203 0 - - - - -
0.510 b 3.81 0 - - - - -
0.70 b 1.3 0 - - - - -

0.234 b 0.68 0 - - - - -
0.230 b 0.16 0 - - - - -
0.58 b 0.372 0 - - - - -
0.62 b 0.456 0 - - - - -

0.592 b 8.75 0 - - T1 - -
0.556 b 3.27 0 - - - - -
0.65 b 1.34 0 - - - - -

0.410 b 11.3 0 - - T1 - -
0.370 b 17.3 0 - - T1 - -
0.410 b 3.5 0 - - - - -
0.370 b 4.33 0 - - - - -
0.400 b 6.23 0 - - - - -
0.390 b 3.41 0 - - - - -
0.410 b 3.14 0 - - - - -
0.390 b 23.8 Y 0 T1 - T1 T1 -
0.370 b 6.32 0 - - - - -
0.390 b 7.57 0 - - - - -
0.390 b 1.74 0 - - - - -
0.380 b 4.26 0 - - - - -
0.430 b 0.397 0 - - - - -
0.410 b 1.85 0 - - - - -
0.410 b 6.72 0 - - - - -
0.390 b 1.71 0 - - - - -
0.380 b 1.39 0 - - - - -
0.410 b 12.7 0 - - T1 - -
0.410 b 13.2 0 - - T1 - -
0.360 b 0.089 0 - - - - -
0.390 b 16.3 0 - - T1 - -
0.400 b 29.2 Y 0 T1 - T1 T1 -
0.400 b 1.230 0 - - - - -
0.282 b 0.0952 0 - - - - -
0.29 b 0.243 0 - - - - -



APPENDIX H - Amphipod Tox - Mercury
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0.34 b 0.245 0 - - - - -
0.302 b 0.0396 0 - - - - -
0.326 b 4.43 0 - - - - -
0.334 b 8.79 0 - - T1 - -
0.60 0.24 1 T2 T2 T2 T2 T2
0.42 11 1 T2 T2 - T2 T2
0.51 48 Y 1 - - - - T2
0.43 14 1 T2 T2 - T2 T2
0.47 0.025 1 T2 T2 T2 T2 T2
0.61 0.55 1 T2 T2 T2 T2 T2
0.46 62 Y 1 - - - - T2
0.46 46 Y 1 - - - - T2
0.63 0.038 1 T2 T2 T2 T2 T2
0.17 2.8 1 T2 T2 T2 T2 T2
0.10 0.62 1 T2 T2 T2 T2 T2
0.11 10 1 T2 T2 - T2 T2
0.08 80 Y 1 - - - - T2
0.02 4.1 1 T2 T2 T2 T2 T2
0.17 0.56 1 T2 T2 T2 T2 T2
0.09 6.8 1 T2 T2 T2 T2 T2
0.15 22 Y 1 - T2 - - T2

0.178 0.01 1 T2 T2 T2 T2 T2
0 0.2 1 T2 T2 T2 T2 T2

0.272 0.0921 1 T2 T2 T2 T2 T2
0 1.05 1 T2 T2 T2 T2 T2
0 80.4 Y 1 - - - - T2
0 2.11 1 T2 T2 T2 T2 T2

0.14 1.87 1 T2 T2 T2 T2 T2
0.26 1.99 1 T2 T2 T2 T2 T2
0.25 1.9 1 T2 T2 T2 T2 T2

0 1.01 1 T2 T2 T2 T2 T2
0.1 0.686 1 T2 T2 T2 T2 T2
0 2.17 1 T2 T2 T2 T2 T2
0 0.76 1 T2 T2 T2 T2 T2

0.208 1.16 1 T2 T2 T2 T2 T2
0.358 0.276 1 T2 T2 T2 T2 T2
0.488 0.395 1 T2 T2 T2 T2 T2
0.378 0.186 1 T2 T2 T2 T2 T2
0.382 0.673 1 T2 T2 T2 T2 T2
0.426 1.09 1 T2 T2 T2 T2 T2
0.34 0.566 1 T2 T2 T2 T2 T2

0.322 0.0129 1 T2 T2 T2 T2 T2
0.534 1.22 1 T2 T2 T2 T2 T2
0.322 1.07 1 T2 T2 T2 T2 T2

0.1 1.07 1 T2 T2 T2 T2 T2
0.43 3.57 1 T2 T2 T2 T2 T2

0.426 4.54 1 T2 T2 T2 T2 T2
0.352 2.03 1 T2 T2 T2 T2 T2
0.318 0.0561 1 T2 T2 T2 T2 T2
0.458 1.82 1 T2 T2 T2 T2 T2
0.402 0.0742 1 T2 T2 T2 T2 T2
0.310 20.6 Y 1 T2 T2 - T2 T2

0 25.6 Y 1 - T2 - - T2
0.250 1.46 1 T2 T2 T2 T2 T2
0.330 0.0437 1 T2 T2 T2 T2 T2

0 0.767 1 T2 T2 T2 T2 T2
0.320 0.794 1 T2 T2 T2 T2 T2
0.340 4.64 1 T2 T2 T2 T2 T2
0.350 4.68 1 T2 T2 T2 T2 T2
0.290 74 Y 1 - - - - T2
0.200 6.39 1 T2 T2 T2 T2 T2
0.180 4.48 1 T2 T2 T2 T2 T2
0.290 10.7 1 T2 T2 - T2 T2

0 5.3 1 T2 T2 T2 T2 T2
0 4.06 1 T2 T2 T2 T2 T2

0.350 8.72 1 T2 T2 - T2 T2
0.350 30.1 Y 1 - T2 - - T2
0.330 50.2 Y 1 - - - - T2
0.350 2.44 1 T2 T2 T2 T2 T2
0.150 4.49 1 T2 T2 T2 T2 T2
0.200 27.6 Y 1 - T2 - - T2

0 5.62 1 T2 T2 T2 T2 T2
0.330 2.53 1 T2 T2 T2 T2 T2

0 75.7 Y 1 - - - - T2
0.300 61.4 Y 1 - - - - T2
0.190 12.7 1 T2 T2 - T2 T2
0.340 1.29 1 T2 T2 T2 T2 T2
0.310 28.2 Y 1 - T2 - - T2
0.340 12.6 1 T2 T2 - T2 T2
0.300 8.97 1 T2 T2 - T2 T2
0.270 17.8 Y 1 T2 T2 - T2 T2
0.240 10.2 1 T2 T2 - T2 T2
0.270 22.1 Y 1 - T2 - - T2
0.330 1.47 1 T2 T2 T2 T2 T2
0.330 5.79 1 T2 T2 T2 T2 T2
0.190 11.4 1 T2 T2 - T2 T2
0.200 7.95 1 T2 T2 T2 T2 T2
0.310 5.3 1 T2 T2 T2 T2 T2
0.330 5.34 1 T2 T2 T2 T2 T2
0.250 2.78 1 T2 T2 T2 T2 T2
0.300 8.94 1 T2 T2 - T2 T2
0.340 13.4 1 T2 T2 - T2 T2
0.300 1.24 1 T2 T2 T2 T2 T2

0 29 Y 1 - T2 - - T2
0 0.196 1 T2 T2 T2 T2 T2

0.330 2.14 1 T2 T2 T2 T2 T2
0.330 3.61 1 T2 T2 T2 T2 T2
0.310 2.76 1 T2 T2 T2 T2 T2
0.350 2.08 1 T2 T2 T2 T2 T2
0.310 1.48 1 T2 T2 T2 T2 T2
0.000 3.99 1 T2 T2 T2 T2 T2
0.350 1.75 1 T2 T2 T2 T2 T2
0.280 12.2 1 T2 T2 - T2 T2
0.130 1.67 1 T2 T2 T2 T2 T2
0.300 0.501 1 T2 T2 T2 T2 T2
0.150 3.77 1 T2 T2 T2 T2 T2
0.350 14.7 1 T2 T2 - T2 T2
0.350 0.35 1 T2 T2 T2 T2 T2
0.200 0.882 1 T2 T2 T2 T2 T2
0.240 2.1 1 T2 T2 T2 T2 T2
0.330 0.954 1 T2 T2 T2 T2 T2
0.200 1.02 1 T2 T2 T2 T2 T2
0.290 1.29 1 T2 T2 T2 T2 T2

109 10 6 31 9 0
240 93 100 77 93 109

103 106 108 102 109



APPENDIX H - Amphipod Tox - Aroclor 1268
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5.31 b 0.06 2x mean NOEC 16.4 0 - - - - - 87 b 1.2 2x mean NOEC 14.1 0 - - - - -
3.23 b 0.032 Median NOEC 2.1 0 - - - - - 87 b 31 Y Median NOEC 2.3 0 T1 - T1 T1 -
2.87 b 0.72 0 - - - - - 91 b 13 0 - - T1 - -
3.01 b 0.67 ER-L 19 0 - - - - - 88 b 0.00125 ER-L 16 0 - - - - -
2.85 b 41 Y ER-M 35 0 T1 T1 T1 T1 - 87 b 0.64 ER-M 32 0 - - - - -
0.86 b 1 15th Percentile E 20 0 - - - - - 87 b 2 15th Percentile E 17 0 - - - - -

0.656 b 1.2 TEL 6.5 0 - - - - - 88 b 11 TEL 6.2 0 - - T1 - -
1.18 b 0.059 85th Percentile NE 17 0 - - - - - 100 b 17 Y 85th Percentile NE 12.9 0 T1 - T1 - -

0.508 b 1.4 PEL 25 0 - - - - - 90 b 19 Y PEL 20.3 0 T1 - T1 - -
0.61 b 31 Y AET 44 0 T1 - T1 T1 - 90 b 28 Y AET 64 0 T1 - T1 T1 -

0.906 b 2 0 - - - - - 100 b 43 Y 0 T1 T1 T1 T1 -
0.464 b 11 72 0 - - T1 - - 90 b 0.27 85 0 - - - - -
2.58 b 17 Y Effects Data N 66 0 - - T1 - - 95 b 20 Y Effects Data N 78 0 T1 - T1 - -
2.06 b 19 Y 0 - - T1 - - 100 b 1.5 0 - - - - -
1.88 b 28 Y Effects Data Set 0 T1 - T1 T1 - 100 b 11 Effects Data Set 0 - - T1 - -
1.56 b 0.27 19 0 - - - - - 100 b 0.62 19 0 - - - - -

1.625 b 11 19 0 - - T1 - - 90 b 1.4 19 0 - - - - -
3.64 b 1.4 430 0 - - - - - 100 b 0.75 430 0 - - - - -

1.733 b 5.2 64 0 - - - - - 90 b 5.2 64 0 - - - - -
1.682 b 2.1 92 0 - - - - - 100 b 2.1 92 0 - - - - -
1.571 b 6.9 20 0 - - T1 - - 95 b 6.9 24 0 - - T1 - -
2.833 b 4.5 69 0 - - - - - 100 b 3.8 19 0 - - - - -
2.25 b 1.7 82 0 - - - - - 100 b 4.5 24 0 - - - - -
1.91 b 1 36 0 - - - - - 90 b 3.1 20 0 - - - - -
2.27 b 4.1 25 0 - - - - - 95 b 3.5 41 0 - - - - -
2.17 b 13 90 0 - - T1 - - 100 b 2.4 69 0 - - - - -

1.625 b 11 120 0 - - T1 - - 100 b 1 82 0 - - - - -
1.94 b 0.0305 17 0 - - - - - 90 b 0.33 16 0 - - - - -
1.59 b 0.97 20 0 - - - - - 100 b 4.1 36 0 - - - - -
1.61 b 3.6 110 0 - - - - - 90 b 4.2 25 0 - - - - -
1.45 b 2.8 17 0 - - - - - 95 b 11 90 0 - - T1 - -
1.38 b 44 Y 30 0 T1 T1 T1 T1 - 77 b 2.8 120 0 - - - - -
1.42 b 2.1 110 0 - - - - - 71 b 1.9 17 0 - - - - -
0.47 2.8 36 1 T2 T2 T2 T2 T2 80 b 64 Y 15 0 T1 T1 T1 T1 -
0.29 1.9 330 1 T2 T2 T2 T2 T2 80 b 0.025 20 0 - - - - -
0.07 19 Y 120 1 - T2 - T2 T2 76 b 0.1 110 0 - - - - -

0 19 Y 30 1 - T2 - T2 T2 76 b 3.6 16 0 - - - - -
0 430 Y 39 1 - - - - - 72 b 0.18 11 0 - - - - -

0.1 0.19 44 1 T2 T2 T2 T2 T2 80 b 0.19 16 0 - - - - -
0 1.2 28 1 T2 T2 T2 T2 T2 80 b 0.21 17 0 - - - - -

0.01 64 Y 240 1 - - - - - 82 b 0.34 130 0 - - - - -
0 92 Y 38 1 - - - - - 79 b 1 15 0 - - - - -

0.025 0.025 43 1 T2 T2 T2 T2 T2 84 b 0.98 44 0 - - - - -
0.079 2.1 26 1 T2 T2 T2 T2 T2 84 b 1.4 110 0 - - - - -

0 0.26 380 1 T2 T2 T2 T2 T2 85 b 5.8 36 0 - - - - -
0.47 12 420 1 T2 T2 - T2 T2 81 b 0.069 330 0 - - - - -
0.55 12 150 1 T2 T2 - T2 T2 69 b 0.1 120 0 - - - - -
0.21 10 59 1 T2 T2 - T2 T2 78 b 3.1 30 0 - - - - -
0.21 1.3 26 1 T2 T2 T2 T2 T2 54 19 Y 39 1 - T2 - T2 T2
0.12 0.96 20 1 T2 T2 T2 T2 T2 48 19 Y 44 1 - T2 - T2 T2

0 20 Y 32 1 - T2 - T2 T2 56 430 Y 15 1 - - - - -
0.74 0.88 29 1 T2 T2 T2 T2 T2 53 0.19 28 1 T2 T2 T2 T2 T2
0.15 0.18 26 1 T2 T2 T2 T2 T2 63 1.2 240 1 T2 T2 T2 T2 T2
0.85 0.012 19 1 T2 T2 T2 T2 T2 68 92 Y 38 1 - - - - -
0.77 0.015 30 1 T2 T2 T2 T2 T2 61 0.79 26 1 T2 T2 T2 T2 T2
0.6 4.2 33 1 T2 T2 T2 T2 T2 50 0.7 380 1 T2 T2 T2 T2 T2

0.26 3.7 360 1 T2 T2 T2 T2 T2 37 24 Y 420 1 - T2 - - T2
0 3.6 18 1 T2 T2 T2 T2 T2 35 19 Y 150 1 - T2 - T2 T2
0 2.2 110 1 T2 T2 T2 T2 T2 1 3.7 59 1 T2 T2 T2 T2 T2

0.95 69 Y 28 1 - - - - - 62 0.87 26 1 T2 T2 T2 T2 T2
0 82 Y 570 1 - - - - - 30 2.2 20 1 T2 T2 T2 T2 T2
0 6.8 18 1 T2 T2 - T2 T2 54 24 Y 15 1 - T2 - - T2

0.39 16 68 1 T2 T2 - T2 T2 42 0.0305 32 1 T2 T2 T2 T2 T2
0.67 36 Y 34 1 - - - - T2 40 0.06 39 1 T2 T2 T2 T2 T2
0.23 0.013 20 1 T2 T2 T2 T2 T2 15 2.1 26 1 T2 T2 T2 T2 T2

0 3.9 32 1 T2 T2 T2 T2 T2 42 0.032 19 1 T2 T2 T2 T2 T2
0 0.61 23 1 T2 T2 T2 T2 T2 25 0.97 30 1 T2 T2 T2 T2 T2
0 0.56 150 1 T2 T2 T2 T2 T2 0 0.26 33 1 T2 T2 T2 T2 T2
0 0.044 76 1 T2 T2 T2 T2 T2 63 12 15 1 T2 T2 - T2 T2

0.38 0.39 21 1 T2 T2 T2 T2 T2 24 12 360 1 T2 T2 - T2 T2
0 8.2 37 1 T2 T2 - T2 T2 15 10 110 1 T2 T2 - T2 T2
0 0.94 20 1 T2 T2 T2 T2 T2 33 1.3 28 1 T2 T2 T2 T2 T2
0 0.21 19 1 T2 T2 T2 T2 T2 17 0.72 570 1 T2 T2 T2 T2 T2
0 0.82 18 1 T2 T2 T2 T2 T2 66 0.67 68 1 T2 T2 T2 T2 T2
0 1.3 55 1 T2 T2 T2 T2 T2 3 2.8 34 1 T2 T2 T2 T2 T2
0 2.3 140 1 T2 T2 T2 T2 T2 23 0.96 32 1 T2 T2 T2 T2 T2
0 0.52 280 1 T2 T2 T2 T2 T2 15 20 Y 23 1 - T2 - T2 T2

0.32 7 54 1 T2 T2 - T2 T2 58 0.88 16 1 T2 T2 T2 T2 T2
0 12 21 1 T2 T2 - T2 T2 37 41 Y 150 1 - - - - T2

0.54 5.8 20 1 T2 T2 T2 T2 T2 36 0.012 76 1 T2 T2 T2 T2 T2
0.082 0.19 25 1 T2 T2 T2 T2 T2 34 0.015 21 1 T2 T2 T2 T2 T2
0.292 0.21 1 T2 T2 T2 T2 T2 62 4.2 37 1 T2 T2 T2 T2 T2
0.358 0.34 1 T2 T2 T2 T2 T2 65 3.7 20 1 T2 T2 T2 T2 T2
0.142 0.98 1 T2 T2 T2 T2 T2 0 2.2 19 1 T2 T2 T2 T2 T2

0 0.79 1 T2 T2 T2 T2 T2 7 3.6 55 1 T2 T2 T2 T2 T2
0.126 25 Y 1 - T2 - - T2 42 69 Y 140 1 - - - - -
0.356 13 1 T2 T2 - T2 T2 0 82 Y 280 1 - - - - -
0.364 0.00125 1 T2 T2 T2 T2 T2 0 6.8 54 1 T2 T2 - T2 T2
0.36 0.64 1 T2 T2 T2 T2 T2 45 16 Y 21 1 - T2 - T2 T2
0.072 0.92 1 T2 T2 T2 T2 T2 29 36 Y 20 1 - - - - T2

0 0.85 1 T2 T2 T2 T2 T2 32 0.013 25 1 T2 T2 T2 T2 T2
0.032 5.8 1 T2 T2 T2 T2 T2 3 3.9 18 1 T2 T2 T2 T2 T2
0.074 3.1 1 T2 T2 T2 T2 T2 12 0.61 15 1 T2 T2 T2 T2 T2
0.144 0.069 1 T2 T2 T2 T2 T2 14 0.56 1 T2 T2 T2 T2 T2
0.154 4.1 1 T2 T2 T2 T2 T2 4 0.044 1 T2 T2 T2 T2 T2
0.112 4.6 1 T2 T2 T2 T2 T2 36 0.39 1 T2 T2 T2 T2 T2
0.05 0.026 1 T2 T2 T2 T2 T2 23 8.2 1 T2 T2 - T2 T2

0 90 Y 1 - - - - - 0 0.94 1 T2 T2 T2 T2 T2
0 120 Y 1 - - - - - 19 0.21 1 T2 T2 T2 T2 T2
0 1.9 1 T2 T2 T2 T2 T2 16 0.82 1 T2 T2 T2 T2 T2
0 0.0074 1 T2 T2 T2 T2 T2 2 1.3 1 T2 T2 T2 T2 T2

0.269 3.7 1 T2 T2 T2 T2 T2 0 2.3 1 T2 T2 T2 T2 T2
0 17 Y 1 T2 T2 - T2 T2 0 0.52 1 T2 T2 T2 T2 T2
0 12 1 T2 T2 - T2 T2 26 7 1 T2 T2 - T2 T2
0 12 1 T2 T2 - T2 T2 6 12 1 T2 T2 - T2 T2
0 15 1 T2 T2 - T2 T2 39 5.8 1 T2 T2 T2 T2 T2
0 20 Y 1 - T2 - T2 T2 70 0.059 1 T2 T2 T2 T2 T2
0 110 Y 1 - - - - - 60 0.79 1 T2 T2 T2 T2 T2
0 16 1 T2 T2 - T2 T2 67 25 Y 1 - T2 - - T2

0.389 11 1 T2 T2 - T2 T2 41 0.92 1 T2 T2 T2 T2 T2
0 16 1 T2 T2 - T2 T2 1 0.85 1 T2 T2 T2 T2 T2
0 17 Y 1 T2 T2 - T2 T2 66 4.1 1 T2 T2 T2 T2 T2
0 130 Y 1 - - - - - 74 4.6 1 T2 T2 T2 T2 T2

0.35 15 1 T2 T2 - T2 T2 72 0.026 1 T2 T2 T2 T2 T2
0 110 Y 1 - - - - - 55 90 Y 1 - - - - -
0 14 1 T2 T2 - T2 T2 0 120 Y 1 - - - - -
0 12 1 T2 T2 - T2 T2 20 1.9 1 T2 T2 T2 T2 T2
0 13 1 T2 T2 - T2 T2 70 0.0074 1 T2 T2 T2 T2 T2
0 11 1 T2 T2 - T2 T2 75 3.7 1 T2 T2 T2 T2 T2

0.125 36 Y 1 - - - - T2 80 17 Y 1 - T2 - T2 T2
0.727 330 Y 1 - - - - - 70 12 1 T2 T2 - T2 T2

0 120 Y 1 - - - - - 0 12 1 T2 T2 - T2 T2
0.0769 11 1 T2 T2 - T2 T2 50 15 Y 1 T2 T2 - T2 T2

0 30 Y 1 - T2 - - T2 75 20 Y 1 - T2 - T2 T2
0.45 39 Y 1 - - - - T2 75 110 Y 1 - - - - -

0 44 Y 1 - - - - - 50 16 Y 1 - T2 - T2 T2
0 15 1 T2 T2 - T2 T2 80 11 1 T2 T2 - T2 T2
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0 28 Y 1 - T2 - - T2 25 16 Y 1 - T2 - T2 T2
0 240 Y 1 - - - - - 30 17 Y 1 - T2 - T2 T2
0 38 Y 1 - - - - T2 55 130 Y 1 - - - - -
0 9.5 1 T2 T2 - T2 T2 85 15 Y 1 T2 T2 - T2 T2

1.0 43 Y 1 - - - - T2 80 44 Y 1 - - - - T2
0 0.15 1 T2 T2 T2 T2 T2 85 110 Y 1 - - - - -
0 4 1 T2 T2 T2 T2 T2 85 14 1 T2 T2 - T2 T2
0 26 Y 1 - T2 - - T2 0 12 1 T2 T2 - T2 T2
0 2.9 1 T2 T2 T2 T2 T2 0 13 1 T2 T2 - T2 T2
0 380 Y 1 - - - - - 50 11 1 T2 T2 - T2 T2

0.2308 1.7 1 T2 T2 T2 T2 T2 75 36 Y 1 - - - - T2
0 420 Y 1 - - - - - 85 330 Y 1 - - - - -
0 150 Y 1 - - - - - 55 120 Y 1 - - - - -
0 59 Y 1 - - - - - 70 11 1 T2 T2 - T2 T2
0 26 Y 1 - T2 - - T2 80 30 Y 1 - T2 - - T2

0.269 20 Y 1 - T2 - T2 T2 60 39 Y 1 - - - - T2
0.167 4.1 1 T2 T2 T2 T2 T2 80 44 Y 1 - - - - T2

0 15 1 T2 T2 - T2 T2 40 15 Y 1 T2 T2 - T2 T2
0 13 1 T2 T2 - T2 T2 75 28 Y 1 - T2 - - T2
0 32 Y 1 - T2 - - T2 50 240 Y 1 - - - - -
0 39 Y 1 - - - - T2 20 38 Y 1 - - - - T2
0 26 Y 1 - T2 - - T2 10 9.5 1 T2 T2 - T2 T2

0.9 19 Y 1 - T2 - T2 T2 35 0.150 1 T2 T2 T2 T2 T2
0.375 14 1 T2 T2 - T2 T2 10 4 1 T2 T2 T2 T2 T2

0 30 Y 1 - T2 - - T2 10 26 Y 1 - T2 - - T2
0 33 Y 1 - T2 - - T2 0 2.9 1 T2 T2 T2 T2 T2
0 15 1 T2 T2 - T2 T2 65 380 Y 1 - - - - -
0 360 Y 1 - - - - - 80 1.7 1 T2 T2 T2 T2 T2

0.375 18 Y 1 T2 T2 - T2 T2 60 420 Y 1 - - - - -
0.611 110 Y 1 - - - - - 0 150 Y 1 - - - - -

0 28 Y 1 - T2 - - T2 75 59 Y 1 - - - - T2
0 570 Y 1 - - - - - 65 26 Y 1 - T2 - - T2
0 18 Y 1 T2 T2 - T2 T2 85 20 Y 1 - T2 - T2 T2
0 68 Y 1 - - - - - 75 4.1 1 T2 T2 T2 T2 T2

0.167 34 Y 1 - T2 - - T2 80 15 Y 1 T2 T2 - T2 T2
0.654 20 Y 1 - T2 - T2 T2 65 13 1 T2 T2 - T2 T2

0 4.8 1 T2 T2 T2 T2 T2 80 32 Y 1 - - - - T2
0 8.2 1 T2 T2 - T2 T2 15 39 Y 1 - - - - T2
0 32 Y 1 - T2 - - T2 75 26 Y 1 - T2 - - T2
0 23 Y 1 - T2 - T2 T2 85 19 Y 1 - T2 - T2 T2

0.6 16 1 T2 T2 - T2 T2 55 14 1 T2 T2 - T2 T2
0 12 1 T2 T2 - T2 T2 60 30 Y 1 - T2 - - T2
0 10 1 T2 T2 - T2 T2 50 33 Y 1 - - - - T2
0 150 Y 1 - - - - - 80 15 Y 1 T2 T2 - T2 T2
0 76 Y 1 - - - - - 55 360 Y 1 - - - - -

0.15 21 Y 1 - T2 - T2 T2 80 18 Y 1 - T2 - T2 T2
0.688 37 Y 1 - - - - T2 80 110 Y 1 - - - - -

0 20 Y 1 - T2 - T2 T2 35 28 Y 1 - T2 - - T2
0 19 Y 1 - T2 - T2 T2 15 570 Y 1 - - - - -
0 9.2 1 T2 T2 - T2 T2 65 18 Y 1 - T2 - T2 T2
0 18 Y 1 T2 T2 - T2 T2 55 68 Y 1 - - - - -
0 8.1 1 T2 T2 - T2 T2 75 34 Y 1 - - - - T2
0 55 Y 1 - - - - - 50 4.8 1 T2 T2 T2 T2 T2
0 140 Y 1 - - - - - 65 8.2 1 T2 T2 - T2 T2
0 280 Y 1 - - - - - 70 32 Y 1 - - - - T2
0 54 Y 1 - - - - - 55 23 Y 1 - T2 - - T2
0 1 1 T2 T2 T2 T2 T2 75 16 Y 1 - T2 - T2 T2

0.25 1.5 1 T2 T2 T2 T2 T2 45 12 1 T2 T2 - T2 T2
0 8.3 1 T2 T2 - T2 T2 5 10 1 T2 T2 - T2 T2

0.909 1.5 1 T2 T2 T2 T2 T2 85 11 1 T2 T2 - T2 T2
0 1.8 1 T2 T2 T2 T2 T2 25 150 Y 1 - - - - -
0 21 Y 1 - T2 - T2 T2 65 76 Y 1 - - - - -

0.8 11 1 T2 T2 - T2 T2 70 21 Y 1 - T2 - - T2
1.04 11 1 T2 T2 - T2 T2 75 37 Y 1 - - - - T2

0.833 0.62 1 T2 T2 T2 T2 T2 65 20 Y 1 - T2 - T2 T2
0.938 0.75 1 T2 T2 T2 T2 T2 5 19 Y 1 - T2 - T2 T2

0.5 2.4 1 T2 T2 T2 T2 T2 35 9.2 1 T2 T2 - T2 T2
0 2.2 1 T2 T2 T2 T2 T2 60 18 Y 1 - T2 - T2 T2

0.2 2.5  1 T2 T2 T2 T2 T2 5 8.1 1 T2 T2 - T2 T2
0 20 Y 1 - T2 - T2 T2 15 55 Y 1 - - - - T2
0 25 Y 1 - T2 - - T2 50 140 Y 1 - - - - -

0.083 1.8 1 T2 T2 T2 T2 T2 55 280 Y 1 - - - - -
0.556 0.63 1 T2 T2 T2 T2 T2 0 54 Y 1 - - - - T2
1.111 2.4 1 T2 T2 T2 T2 T2 0 1 1 T2 T2 T2 T2 T2
0.571 4.8 1 T2 T2 T2 T2 T2 75 1.5 1 T2 T2 T2 T2 T2
0.792 3.8 1 T2 T2 T2 T2 T2 15 8.3 1 T2 T2 - T2 T2
0.643 3.1 1 T2 T2 T2 T2 T2 35 1.8 1 T2 T2 T2 T2 T2

0 2.1 1 T2 T2 T2 T2 T2 35 21 Y 1 - T2 - - T2
0.708 3.5 1 T2 T2 T2 T2 T2 80 11 1 T2 T2 - T2 T2

0.5 2 1 T2 T2 T2 T2 T2 70 2.4 1 T2 T2 T2 T2 T2
0.818 0.78 1 T2 T2 T2 T2 T2 85 2.2 1 T2 T2 T2 T2 T2

0 4.3 1 T2 T2 T2 T2 T2 80 2.5 1 T2 T2 T2 T2 T2
0.778 2.4 1 T2 T2 T2 T2 T2 75 20 Y 1 - T2 - T2 T2

0 1.7 1 T2 T2 T2 T2 T2 65 25 Y 1 - T2 - - T2
0 0.76 1 T2 T2 T2 T2 T2 80 1.8 1 T2 T2 T2 T2 T2

0.5 4.9 1 T2 T2 T2 T2 T2 65 0.63 1 T2 T2 T2 T2 T2
0.017 2.4 1 T2 T2 T2 T2 T2 85 2.4 1 T2 T2 T2 T2 T2

0 0.35 1 T2 T2 T2 T2 T2 80 4.8 1 T2 T2 T2 T2 T2
0 0.33 1 T2 T2 T2 T2 T2 75 1.7 1 T2 T2 T2 T2 T2
0 2.5 1 T2 T2 T2 T2 T2 75 2.1 1 T2 T2 T2 T2 T2
0 2.5 1 T2 T2 T2 T2 T2 85 2 1 T2 T2 T2 T2 T2
0 5.5 1 T2 T2 T2 T2 T2 85 0.78 1 T2 T2 T2 T2 T2
0 0.16 1 T2 T2 T2 T2 T2 0 4.3 1 T2 T2 T2 T2 T2
0 2.2 1 T2 T2 T2 T2 T2 30 1.7 1 T2 T2 T2 T2 T2
0 0.0079 1 T2 T2 T2 T2 T2 25 0.76 1 T2 T2 T2 T2 T2
0 0.023 1 T2 T2 T2 T2 T2 85 4.9 1 T2 T2 T2 T2 T2
0 4.3 1 T2 T2 T2 T2 T2 80 2.4 1 T2 T2 T2 T2 T2

0.962 1 1 T2 T2 T2 T2 T2 75 0.35 1 T2 T2 T2 T2 T2
0 15 1 T2 T2 - T2 T2 30 2.5 1 T2 T2 T2 T2 T2
0 1.9 1 T2 T2 T2 T2 T2 50 2.5 1 T2 T2 T2 T2 T2
0 1.8 1 T2 T2 T2 T2 T2 10 5.5 1 T2 T2 T2 T2 T2
0 7 1 T2 T2 - T2 T2 85 13 1 T2 T2 - T2 T2
0 1.7 1 T2 T2 T2 T2 T2 55 0.16 1 T2 T2 T2 T2 T2

40 2.2 1 T2 T2 T2 T2 T2
197 4 2 11 4 0 45 0.0079 1 T2 T2 T2 T2 T2
230 116 142 75 129 149 5 0.023 1 T2 T2 T2 T2 T2

120 144 86 133 149 85 4.3 1 T2 T2 T2 T2 T2
85 1 1 T2 T2 T2 T2 T2
50 15 Y 1 T2 T2 - T2 T2
80 1.9 1 T2 T2 T2 T2 T2
55 1.8 1 T2 T2 T2 T2 T2
5 7 1 T2 T2 - T2 T2

60 1.7 1 T2 T2 T2 T2 T2

192 7 2 12 4 0
240 120 153 86 139 169

127 155 98 143 169

 



APPENDIX H - Amphipod Tox - Aroclor 1268

Survivor's 
Average Weight b

Aroclor
1268 A

ct
ua

l E
ffe

ct
s

Pr
ed

. E
ffe

ct
s 

ER
-L

Pr
ed

. E
ffe

ct
s 

ER
-M

Pr
ed

. E
ffe

ct
s 

TE
L

Pr
ed

. E
ffe

ct
s 

PE
L

Pr
ed

. E
ffe

ct
s 

A
ET

0.37 b 0.10 2x mean NOEC 52.1 0 - - - - -
0.35 b 0.10 Median NOEC 5.8 0 - - - - -

0.350 b 0.03 0 - - - - -
0.302 b 2.10 ER-L 61 0 - - - - -
0.362 b 0.03 ER-M 110 0 - - - - -
0.308 b 0.97 15th Percentile E 65 0 - - - - -
0.400 b 12.0 TEL 19 0 - - - - -
0.500 b 12 85th Percentile NE 34 0 - - - - -
0.286 b 10 PEL 61 0 - - - - -
0.406 b 1.30 AET 420 0 - - - - -
0.294 b 3.60 0 - - - - -
0.398 b 0.72 27 0 - - - - -
0.316 b 0.670 Effects Data N 15 0 - - - - -
0.250 b 2.8 0 - - - - -
0.264 b 0.96 Effects Data Set 0 - - - - -
0.452 b 20 430 0 - - T1 - -
0.384 b 41 64 0 - - T1 - -
0.39 b 4.2 92 0 - - - - -

0.408 b 3.7 82 0 - - - - -
0.45 b 3.6 90 0 - - - - -
0.39 b 69 Y 120 0 T1 - T1 T1 -

0.532 b 16 110 0 - - - - -
0.512 b 36 330 0 - - T1 - -
0.528 b 0.210 150 0 - - - - -
0.438 b 0.820 59 0 - - - - -
0.55 b 12.0 360 0 - - - - -

0.756 b 0.1 110 0 - - - - -
0.712 b 31.0 570 0 - - T1 - -
0.744 b 4.6 76 0 - - - - -
0.440 b 17.0 54 0 - - - - -
0.450 b 12.0 0 - - - - -
0.500 b 16.0 0 - - - - -
0.610 b 130 Y 0 T1 T1 T1 T1 -
0.440 b 15.0 0 - - - - -
0.460 b 17.0 0 - - - - -
0.450 b 11.0 0 - - - - -
0.350 b 36.0 0 - - T1 - -
0.640 b 120 Y 0 T1 T1 T1 T1 -
0.560 b 30.0 0 - - T1 - -
0.590 b 44.0 0 - - T1 - -
0.610 b 28.0 0 - - T1 - -
0.550 b 19.0 0 - - - - -
0.690 b 240 Y 0 T1 T1 T1 T1 -
0.480 b 38.0 0 - - T1 - -
0.530 b 28.0 0 - - T1 - -
0.480 b 43.0 0 - - T1 - -
0.690 b 0.15 0 - - - - -
0.430 b 0.27 0 - - - - -
0.710 b 380 Y 0 T1 T1 T1 T1 -
0.470 b 420 Y 0 T1 T1 T1 T1 -
0.680 b 13.0 0 - - - - -
0.560 b 19.0 0 - - - - -
0.550 b 14.0 0 - - - - -
0.480 b 30.0 0 - - T1 - -
0.440 b 15.0 0 - - - - -
0.510 b 18.0 0 - - - - -
0.490 b 28.0 0 - - T1 - -
0.570 b 34.0 0 - - T1 - -
0.440 b 20.0 0 - - T1 - -
0.440 b 32.0 0 - - T1 - -
0.430 b 23.0 0 - - T1 - -
0.450 b 11 0 - - - - -
0.660 b 150 Y 0 T1 T1 T1 T1 -
0.510 b 9.2 0 - - - - -
0.530 b 55 Y 0 - - T1 - -
0.570 b 280 Y 0 T1 T1 T1 T1 -
0.430 b 1.50 0 - - - - -
0.530 b 1.50 0 - - - - -
0.440 b 1.80 0 - - - - -
0.430 b 11.00 0 - - - - -
0.580 b 11.00 0 - - - - -
0.570 b 1.40 0 - - - - -
0.680 b 0.75 0 - - - - -
0.450 b 2.40 0 - - - - -
0.490 b 2.20 0 - - - - -
0.440 b 5.20 0 - - - - -
0.730 b 2.10 0 - - - - -
0.430 b 1.80 0 - - - - -
0.750 b 0.63 0 - - - - -
0.460 b 2.40 0 - - - - -
0.510 b 6.90 0 - - - - -
0.650 b 3.80 0 - - - - -
0.430 b 4.50 0 - - - - -
0.570 b 3.10 0 - - - - -
0.800 b 1.70 0 - - - - -
0.550 b 2.10 0 - - - - -
0.480 b 2.40 0 - - - - -
0.490 b 1.00 0 - - - - -
0.490 b 2.40 0 - - - - -
0.420 b 0.35 0 - - - - -
0.600 b 4.10 0 - - - - -
0.620 b 4.20 0 - - - - -
0.460 b 2.20 0 - - - - -
0.560 b 4.30 0 - - - - -
0.440 b 1.00 0 - - - - -
0.510 b 15.00 0 - - - - -
0.70 b 2.8 0 - - - - -

0.234 b 0.9 0 - - - - -
0.230 b 0.18 0 - - - - -
0.58 b 0.190 0 - - - - -
0.62 b 1 0 - - - - -

0.592 b 25.000 0 - - T1 - -
0.556 b 13.000 0 - - - - -
0.65 b 5.800 0 - - - - -

0.410 b 3.700 0 - - - - -
0.370 b 110.000 Y 0 T1 - T1 T1 -
0.410 b 14.000 0 - - - - -
0.370 b 39.00 0 - - T1 - -
0.400 b 15.00 0 - - - - -
0.390 b 20.00 0 - - T1 - -
0.410 b 26.00 0 - - T1 - -
0.390 b 33.00 0 - - T1 - -
0.370 b 18.00 0 - - - - -
0.390 b 68.00 Y 0 T1 - T1 T1 -
0.380 b 21.00 0 - - T1 - -
0.400 b 140.00 Y 0 T1 T1 T1 T1 -
0.400 b 0.62 0 - - - - -
0.410 b 2.50 0 - - - - -
0.410 b 25.00 0 - - T1 - -
0.390 b 4.80 0 - - - - -
0.380 b 0.78 0 - - - - -
0.410 b 4.90 0 - - - - -
0.410 b 0.33 0 - - - - -
0.360 b 0.01 0 - - - - -
0.390 b 11.00 0 - - - - -
0.282 b 0.012 0 - - - - -
0.29 b 0.013 0 - - - - -
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0.34 b 0.610 0 - - - - -
0.302 b 0.390 0 - - - - -
0.326 b 8.200 0 - - - - -
0.334 b 5.800 0 - - - - -
0.60 1.9 1 T2 T2 T2 T2 T2
0.42 19.0 1 T2 T2 T2 T2 T2
0.51 19 1 T2 T2 T2 T2 T2
0.43 430 Y 1 - - - - -
0.47 0.19 1 T2 T2 T2 T2 T2
0.61 1.2 1 T2 T2 T2 T2 T2
0.46 64 Y 1 - T2 - - T2
0.46 92 Y 1 - T2 - - T2
0.63 0.03 1 T2 T2 T2 T2 T2
0.17 0.79 1 T2 T2 T2 T2 T2
0.10 0.70 1 T2 T2 T2 T2 T2
0.11 24 1 T2 T2 - T2 T2
0.08 19 1 T2 T2 T2 T2 T2
0.02 3.70 1 T2 T2 T2 T2 T2
0.17 0.87 1 T2 T2 T2 T2 T2
0.09 2.20 1 T2 T2 T2 T2 T2
0.15 24.00 1 T2 T2 - T2 T2

0.178 0.06 1 T2 T2 T2 T2 T2
0 0.3 1 T2 T2 T2 T2 T2

0.272 0.015 1 T2 T2 T2 T2 T2
0 2.2 1 T2 T2 T2 T2 T2
0 82.000 Y 1 - T2 - - T2
0 6.800 1 T2 T2 T2 T2 T2

0.14 3.900 1 T2 T2 T2 T2 T2
0.26 0.560 1 T2 T2 T2 T2 T2
0.25 0.044 1 T2 T2 T2 T2 T2

0 0.94 1 T2 T2 T2 T2 T2
0.1 1.3 1 T2 T2 T2 T2 T2
0 2.3 1 T2 T2 T2 T2 T2
0 0.52 1 T2 T2 T2 T2 T2

0.208 7.000 1 T2 T2 T2 T2 T2
0.358 0.210 1 T2 T2 T2 T2 T2
0.488 0.34 1 T2 T2 T2 T2 T2
0.378 1.2 1 T2 T2 T2 T2 T2
0.382 0.980 1 T2 T2 T2 T2 T2
0.426 1.400 1 T2 T2 T2 T2 T2
0.34 0.790 1 T2 T2 T2 T2 T2

0.322 0.001 1 T2 T2 T2 T2 T2
0.534 0.640 1 T2 T2 T2 T2 T2
0.322 0.920 1 T2 T2 T2 T2 T2

0.1 0.850 1 T2 T2 T2 T2 T2
0.43 2.000 1 T2 T2 T2 T2 T2

0.426 11.000 1 T2 T2 T2 T2 T2
0.352 3.100 1 T2 T2 T2 T2 T2
0.318 0.069 1 T2 T2 T2 T2 T2
0.458 4.100 1 T2 T2 T2 T2 T2
0.402 0.026 1 T2 T2 T2 T2 T2
0.310 90.000 Y 1 - T2 - - T2

0 120.000 Y 1 - - - - T2
0.250 1.900 1 T2 T2 T2 T2 T2
0.330 0.007 1 T2 T2 T2 T2 T2

0 12.000 1 T2 T2 T2 T2 T2
0.320 15.000 1 T2 T2 T2 T2 T2
0.340 20.000 1 T2 T2 - T2 T2
0.350 110.000 Y 1 - - - - T2
0.290 16.000 1 T2 T2 T2 T2 T2
0.200 11.000 1 T2 T2 T2 T2 T2
0.180 17.000 1 T2 T2 T2 T2 T2
0.290 44.000 1 T2 T2 - T2 T2

0 12.00 1 T2 T2 T2 T2 T2
0 13.00 1 T2 T2 T2 T2 T2

0.350 330.00 Y 1 - - - - T2
0.330 11.00 1 T2 T2 T2 T2 T2
0.350 9.50 1 T2 T2 T2 T2 T2
0.150 4.00 1 T2 T2 T2 T2 T2
0.200 26.00 1 T2 T2 - T2 T2

0 2.90 1 T2 T2 T2 T2 T2
0.330 1.70 1 T2 T2 T2 T2 T2

0 150.00 Y 1 - - - - T2
0.300 59.00 Y 1 T2 T2 - T2 T2
0.190 26.00 1 T2 T2 - T2 T2
0.340 4.10 1 T2 T2 T2 T2 T2
0.310 15.00 1 T2 T2 T2 T2 T2
0.340 32.00 1 T2 T2 - T2 T2
0.300 39.00 1 T2 T2 - T2 T2
0.270 360.00 Y 1 - - - - T2
0.240 110.00 Y 1 - - - - T2
0.270 570.00 Y 1 - - - - -
0.330 4.80 1 T2 T2 T2 T2 T2
0.390 8.20 1 T2 T2 T2 T2 T2
0.330 16.00 1 T2 T2 T2 T2 T2
0.190 12.00 1 T2 T2 T2 T2 T2
0.200 10.00 1 T2 T2 T2 T2 T2
0.310 76.00 Y 1 - T2 - - T2
0.330 37.00 1 T2 T2 - T2 T2
0.250 20.00 1 T2 T2 - T2 T2
0.300 19.00 1 T2 T2 T2 T2 T2
0.340 18.00 1 T2 T2 T2 T2 T2
0.300 8.10 1 T2 T2 T2 T2 T2

0 54.00 Y 1 T2 T2 - T2 T2
0 1.00 1 T2 T2 T2 T2 T2

0.330 8.30 1 T2 T2 T2 T2 T2
0.330 21.00 1 T2 T2 - T2 T2
0.310 20.00 1 T2 T2 - T2 T2
0.350 3.50 1 T2 T2 T2 T2 T2
0.310 2.00 1 T2 T2 T2 T2 T2
0.000 4.30 1 T2 T2 T2 T2 T2
0.350 1.70 1 T2 T2 T2 T2 T2
0.280 0.76 1 T2 T2 T2 T2 T2
0.130 2.50  1 T2 T2 T2 T2 T2
0.300 2.50 1 T2 T2 T2 T2 T2
0.150 5.50 1 T2 T2 T2 T2 T2
0.350 13.00 1 T2 T2 T2 T2 T2
0.350 0.16 1 T2 T2 T2 T2 T2
0.200 0.02 1 T2 T2 T2 T2 T2
0.240 1.90 1 T2 T2 T2 T2 T2
0.330 1.80 1 T2 T2 T2 T2 T2
0.200 7.00 1 T2 T2 T2 T2 T2
0.290 1.7 1 T2 T2 T2 T2 T2

109 11 8 36 11 0
240 96 101 82 96 107

 107 109 118 107 107
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5.31 b 0.353 2x mean NOEC 2.7 0 - - - - - 87 b 1.250 2x mean NOEC 2.7 0 - - T1 - -
3.23 b 0.018 Median NOEC 0.29 0 - - - - - 87 b 6.568 Y Median NOEC 0.26 0 T1 T1 T1 T1 -
2.87 b 0.153 0 - - - - - 91 b 2.261 0 - - T1 - -
3.01 b 0.146 ER-L 3.0 0 - - - - - 88 b 0.002 ER-L 3.0 0 - - - - -
2.85 b 7.885 Y ER-M 4.9 0 T1 T1 T1 T1 - 87 b 0.123 ER-M 5.2 0 - - - - -
0.86 b 0.237 15th Percentile E 3.2 0 - - - - - 87 b 0.259 15th Percentile E 3.4 0 - - - - -

0.656 b 1.250 TEL 1.0 0 - - T1 - - 88 b 2.529 TEL 0.9 0 - - T1 - -
1.18 b 0.036 85th Percentile NE 2.2 0 - - - - - 77 b 0.651 85th Percentile NE 2.3 0 - - - - -

0.508 b 0.300 PEL 3.3 0 - - - - - 71 b 0.432 PEL 3.5 0 - - - - -
0.61 b 6.568 Y AET 7.9 0 T1 T1 T1 T1 - 80 b 12.308 Y AET 12.3 0 T1 T1 T1 T1 -

0.906 b 0.259 0 - - - - - 76 b 0.091 0 - - - - -
0.464 b 2.529 18 0 - - T1 - - 69 b 0.077 21 0 - - - - -
1.94 b 0.064 Effects Data N 16 0 - - - - - 76 b 0.766 Effects Data N 19 0 - - - - -
1.59 b 0.277 0 - - - - - 72 b 0.021 0 - - - - -
1.61 b 0.766 Effects Data Set 0 - - - - - 80 b 0.035 Effects Data Set 0 - - - - -
1.45 b 0.667 4.318 0 - - - - - 80 b 0.061 4.318 0 - - - - -
0.47 0.651 7.037 1 T2 T2 T2 T2 T2 82 b 0.144 7.037 0 - - - - -
0.29 0.432 78.182 1 T2 T2 T2 T2 T2 79 b 0.237 78.182 0 - - - - -
0.07 4.318 Y 12.308 1 - T2 - - T2 84 b 0.187 24.211 0 - - - - -

0 7.037 Y 24.211 1 - - - - T2 84 b 0.300 7.500 0 - - - - -
0 78.182 Y 3.000 1 - - - - - 85 b 2.292 5.135 0 - - T1 - -

0.1 0.056 3.000 1 T2 T2 T2 T2 T2 78 b 0.521 7.273 0 - - - - -
0 0.240 3.030 1 T2 T2 T2 T2 T2 81 b 0.168 3.000 0 - - - - -

0.01 12.308 Y 4.255 1 - - - - - 54 4.318 Y 3.000 1 - T2 - - T2
0 24.211 Y 5.240 1 - - - - - 48 7.037 Y 3.030 1 - - - - T2

0.025 0.010 15.066 1 T2 T2 T2 T2 T2 56 78.182 Y 4.255 1 - - - - -
0.079 1.235 14.437 1 T2 T2 - T2 T2 53 0.056 7.885 1 T2 T2 T2 T2 T2

0 0.087 4.651 1 T2 T2 T2 T2 T2 63 0.240 5.240 1 T2 T2 T2 T2 T2
0.47 3.000 Y 7.143 1 T2 T2 - T2 T2 68 24.211 Y 15.066 1 - - - - -
0.55 3.000 Y 3.540 1 T2 T2 - T2 T2 80 0.010 14.437 1 T2 T2 T2 T2 T2
0.21 3.030 Y 3.811 1 - T2 - T2 T2 61 0.226 4.651 1 T2 T2 T2 T2 T2
0.21 0.302 1 T2 T2 T2 T2 T2 50 0.233 7.143 1 T2 T2 T2 T2 T2
0.12 0.223 1 T2 T2 T2 T2 T2 37 7.500 Y 3.54 1 - - - - T2

0 4.255 Y 1 - T2 - - T2 35 5.135 Y 3.811 1 - T2 - - T2
0.74 0.205 1 T2 T2 T2 T2 T2 1 1.194 1 T2 T2 - T2 T2
0.15 0.021 1 T2 T2 T2 T2 T2 62 0.272 1 T2 T2 T2 T2 T2
0.85 0.004 1 T2 T2 T2 T2 T2 30 0.733 1 T2 T2 T2 T2 T2
0.77 0.005 1 T2 T2 T2 T2 T2 54 7.273 Y 1 - - - - T2
0.6 1.129 1 T2 T2 - T2 T2 42 0.064 1 T2 T2 T2 T2 T2

0.26 0.925 1 T2 T2 T2 T2 T2 40 0.353 1 T2 T2 T2 T2 T2
0 0.452 1 T2 T2 T2 T2 T2 15 1.235 1 T2 T2 - T2 T2
0 5.240 Y 1 - - - - T2 42 0.018 1 T2 T2 T2 T2 T2

0.95 15.066 Y 1 - - - - - 25 0.277 1 T2 T2 T2 T2 T2
0 14.437 Y 1 - - - - - 0 0.087 1 T2 T2 T2 T2 T2
0 1.518 1 T2 T2 - T2 T2 63 3.000 Y 1 T2 T2 - T2 T2

0.39 4.651 Y 1 - T2 - - T2 24 3.000 Y 1 T2 T2 - T2 T2
0.67 7.143 Y 1 - - - - T2 15 3.030 Y 1 - T2 - T2 T2
0.23 0.003 1 T2 T2 T2 T2 T2 33 0.302 1 T2 T2 T2 T2 T2

0 0.687 1 T2 T2 T2 T2 T2 17 0.153 1 T2 T2 T2 T2 T2
0 0.183 1 T2 T2 T2 T2 T2 66 0.146 1 T2 T2 T2 T2 T2
0 0.103 1 T2 T2 T2 T2 T2 3 0.667 1 T2 T2 T2 T2 T2
0 0.012 1 T2 T2 T2 T2 T2 23 0.223 1 T2 T2 T2 T2 T2

0.38 0.060 1 T2 T2 T2 T2 T2 15 4.255 Y 1 - T2 - - T2
0 2.005 1 T2 T2 - T2 T2 58 0.205 1 T2 T2 T2 T2 T2
0 0.364 1 T2 T2 T2 T2 T2 37 7.885 Y 1 - - - - T2
0 0.077 1 T2 T2 T2 T2 T2 36 0.004 1 T2 T2 T2 T2 T2
0 0.170 1 T2 T2 T2 T2 T2 34 0.005 1 T2 T2 T2 T2 T2
0 0.374 1 T2 T2 T2 T2 T2 62 1.129 1 T2 T2 - T2 T2
0 0.392 1 T2 T2 T2 T2 T2 65 0.925 1 T2 T2 T2 T2 T2
0 0.135 1 T2 T2 T2 T2 T2 0 0.452 1 T2 T2 T2 T2 T2

0.32 2.500 1 T2 T2 - T2 T2 7 5.240 Y 1 - - - - T2
0 3.540 Y 1 - T2 - - T2 42 15.066 Y 1 - - - - -

0.54 0.754 1 T2 T2 T2 T2 T2 0 14.437 Y 1 - - - - -
0.082 0.035 1 T2 T2 T2 T2 T2 0 1.518 1 T2 T2 - T2 T2
0.292 0.061 1 T2 T2 T2 T2 T2 45 4.651 Y 1 - T2 - - T2
0.358 0.144 1 T2 T2 T2 T2 T2 29 7.143 Y 1 - - - - T2
0.142 0.187 1 T2 T2 T2 T2 T2 32 0.003 1 T2 T2 T2 T2 T2

0 0.161 1 T2 T2 T2 T2 T2 3 0.687 1 T2 T2 T2 T2 T2
0.126 3.811 Y 1 - T2 - - T2 12 0.183 1 T2 T2 T2 T2 T2
0.356 2.261 1 T2 T2 - T2 T2 14 0.103 1 T2 T2 T2 T2 T2
0.364 0.002 1 T2 T2 T2 T2 T2 4 0.012 1 T2 T2 T2 T2 T2
0.36 0.123 1 T2 T2 T2 T2 T2 36 0.060 1 T2 T2 T2 T2 T2

0.072 0.379 1 T2 T2 T2 T2 T2 23 2.005 1 T2 T2 - T2 T2
0 0.111 1 T2 T2 T2 T2 T2 0 0.364 1 T2 T2 T2 T2 T2

0.032 2.292 1 T2 T2 - T2 T2 19 0.077 1 T2 T2 T2 T2 T2
0.074 0.521 1 T2 T2 T2 T2 T2 16 0.170 1 T2 T2 T2 T2 T2
0.144 0.168 1 T2 T2 T2 T2 T2 2 0.374 1 T2 T2 T2 T2 T2
0.154 0.706 1 T2 T2 T2 T2 T2 0 0.392 1 T2 T2 T2 T2 T2
0.112 1.041 1 T2 T2 - T2 T2 0 0.135 1 T2 T2 T2 T2 T2
0.05 0.009 1 T2 T2 T2 T2 T2 26 2.500 1 T2 T2 - T2 T2

6 3.540 Y 1 - T2 - - T2
64 2 2 4 2 0 39 0.754 1 T2 T2 T2 T2 T2
80 50 56 40 51 59 70 0.036 1 T2 T2 T2 T2 T2

60 0.161 1 T2 T2 T2 T2 T2
67 3.811 Y 1 - T2 - - T2

 41 0.379 1 T2 T2 T2 T2 T2
1 0.111 1 T2 T2 T2 T2 T2

66 0.706 1 T2 T2 T2 T2 T2
74 1.041 1 T2 T2 - T2 T2
72 0.009 1 T2 T2 T2 T2 T2

67 2 2 6 2 0
90 50 57 41 51 63
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0.37 b 0.091 2x mean NOEC 3.9 0 - - - - -
0.35 b 0.077 Median NOEC 0.67 0 - - - - -

0.350 b 0.064 0 - - - - -
0.302 b 1.235 ER-L 5.0 0 - - - - -
0.362 b 0.018 ER-M 7.5 0 - - - - -
0.308 b 0.277 15th Percentile E 5.5 0 - - - - -
0.400 b 3.000 TEL 1.9 0 - - T1 - -
0.500 b 3.000 85th Percentile NE 4.1 0 - - T1 - -
0.286 b 3.030 PEL 5.6 0 - - T1 - -
0.406 b 0.302 AET 15.1 0 - - - - -
0.294 b 0.766 0 - - - - -
0.398 b 0.153 16 0 - - - - -
0.316 b 0.146 Effects Data N 9 0 - - - - -
0.250 b 0.667 0 - - - - -
0.264 b 0.223 Effects Data Set 0 - - - - -
0.452 b 4.255 Y 4.318 0 - - T1 - -
0.384 b 7.885 Y 7.037 0 T1 T1 T1 T1 -
0.39 b 1.129 78.182 0 - - - - -

0.408 b 0.925 12.308 0 - - - - -
0.45 b 5.240 Y 24.211 0 T1 - T1 - -
0.39 b 15.066 Y 7.500 0 T1 T1 T1 T1 -

0.532 b 4.651 Y 5.135 0 - - T1 - -
0.512 b 7.143 Y 7.273 0 T1 - T1 T1 -
0.528 b 0.077 14.437 0 - - - - -
0.438 b 0.170 0 - - - - -
0.55 b 3.540 0 - - T1 - -

0.756 b 0.036 0 - - - - -
0.712 b 6.568 Y 0 T1 - T1 T1 -
0.744 b 1.041 0 - - - - -
0.70 b 0.651 0 - - - - -

0.234 b 0.205 0 - - - - -
0.230 b 0.021 0 - - - - -
0.58 b 0.035 0 - - - - -
0.62 b 0.237 0 - - - - -

0.592 b 3.811 0 - - T1 - -
0.556 b 2.261 0 - - T1 - -
0.65 b 2.292 0 - - T1 - -

0.282 b 0.004 0 - - - - -
0.29 b 0.003 0 - - - - -

0.302 b 0.060 0 - - - - -
0.326 b 2.005 0 - - T1 - -
0.334 b 0.754 0 - - - - -
0.34 b 0.183 0 - - - - -
0.60 0.432 1 T2 T2 T2 T2 T2
0.42 4.318 Y 1 T2 T2 - T2 T2
0.51 7.037 Y 1 - T2 - - T2
0.43 78.182 Y 1 - - - - -
0.47 0.056 1 T2 T2 T2 T2 T2
0.61 0.240 1 T2 T2 T2 T2 T2
0.46 12.308 Y 1 - - - - T2
0.46 24.211 Y 1 - - - - -
0.63 0.010 1 T2 T2 T2 T2 T2
0.17 0.226 1 T2 T2 T2 T2 T2
0.10 0.233 1 T2 T2 T2 T2 T2
0.11 7.500 Y 1 - - - - T2
0.08 5.135 Y 1 - T2 - T2 T2
0.02 1.194 1 T2 T2 T2 T2 T2
0.17 0.272 1 T2 T2 T2 T2 T2
0.09 0.733 1 T2 T2 T2 T2 T2
0.15 7.273 Y 1 - T2 - - T2

0.178 0.353 1 T2 T2 T2 T2 T2
0 0.087 1 T2 T2 T2 T2 T2

0.272 0.005 1 T2 T2 T2 T2 T2
0 0.452 1 T2 T2 T2 T2 T2
0 14.437 Y 1 - - - - T2
0 1.518 1 T2 T2 T2 T2 T2

0.14 0.687 1 T2 T2 T2 T2 T2
0.26 0.103 1 T2 T2 T2 T2 T2
0.25 0.012 1 T2 T2 T2 T2 T2

0 0.364 1 T2 T2 T2 T2 T2
0.1 0.374 1 T2 T2 T2 T2 T2
0 0.392 1 T2 T2 T2 T2 T2
0 0.135 1 T2 T2 T2 T2 T2

0.208 2.500 1 T2 T2 - T2 T2
0.358 0.061 1 T2 T2 T2 T2 T2
0.488 0.144 1 T2 T2 T2 T2 T2
0.378 1.250 1 T2 T2 T2 T2 T2
0.382 0.187 1 T2 T2 T2 T2 T2
0.426 0.300 1 T2 T2 T2 T2 T2
0.34 0.161 1 T2 T2 T2 T2 T2

0.322 0.002 1 T2 T2 T2 T2 T2
0.534 0.123 1 T2 T2 T2 T2 T2
0.322 0.379 1 T2 T2 T2 T2 T2

0.1 0.111 1 T2 T2 T2 T2 T2
0.43 0.259 1 T2 T2 T2 T2 T2

0.426 2.529 1 T2 T2 - T2 T2
0.352 0.521 1 T2 T2 T2 T2 T2
0.318 0.168 1 T2 T2 T2 T2 T2
0.458 0.706 1 T2 T2 T2 T2 T2
0.402 0.009 1 T2 T2 T2 T2 T2

47 5 2 15 4 0
90 39 42 36 40 45



APPENDIX H - Amphipod Tox - PAHs

Reproductive 
Response b

Total 
PAHs A

ct
ua

l E
ffe

ct
s

Pr
ed

. E
ffe

ct
s 

ER
-L

Pr
ed

. E
ffe

ct
s 

ER
-M

Pr
ed

. E
ffe

ct
s 

TE
L

Pr
ed

. E
ffe

ct
s 

PE
L

Pr
ed

. E
ffe

ct
s 

A
ET

Average 
Survival 

Rate b
Total 
PAHs A

ct
ua

l E
ffe

ct
s

Pr
ed

. E
ffe

ct
s 

ER
-L

Pr
ed

. E
ffe

ct
s 

ER
-M

Pr
ed

. E
ffe

ct
s 

TE
L

Pr
ed

. E
ffe

ct
s 

PE
L

Pr
ed

. E
ffe

ct
s 

A
ET

5.31 b 0.090 2x mean NOEC 2.3 0 - - - - - 87 b 2.560 Y 2x mean NOEC 1.4 0 T1 - T1 T1 -
3.23 b 0.468 Median NOEC 0.6 0 - - - - - 87 b 2.154 Y Median NOEC 0.4 0 T1 - T1 T1 -
2.87 b 0.612 0 - - - - - 91 b 0.473 0 - - - - -
3.01 b 0.788 ER-L 3.1 0 - - - - - 88 b 0.015 ER-L 1.5 0 - - - - -
2.85 b 11.510 Y ER-M 5.6 0 T1 T1 T1 T1 - 87 b 0.289 ER-M 4.4 0 - - - - -
0.86 b 0.434 15th Percentile E 3.6 0 - - - - - 87 b 0.951 15th Percentile E 1.6 0 - - T1 - -
0.656 b 2.560 Y TEL 1.4 0 - - T1 - - 88 b 1.755 Y TEL 0.8 0 T1 - T1 - -
1.18 b 0.975 85th Percentile NE 1.8 0 - - - - - 100 b 0.471 85th Percentile NE 1.1 0 - - - - -
0.508 b 0.563 PEL 3.1 0 - - - - - 90 b 0.614 PEL 2.1 0 - - - - -
0.61 b 2.154 AET 11.5 0 - - T1 - - 90 b 2.533 Y AET 6.19 0 T1 - T1 T1 -
0.906 b 0.951 0 - - - - - 100 b 0.350 0 - - - - -
0.464 b 1.755 20 0 - - T1 - - 90 b 0.060 33 0 - - - - -
2.58 b 0.471 Effects Data N 17 0 - - - - - 95 b 0.628 Effects Data N 27 0 - - - - -
2.06 b 0.614 0 - - - - - 100 b 0.229 0 - - - - -
1.88 b 2.533 Y Effects Data Set 0 - - T1 - - 100 b 0.530 Effects Data Set 0 - - - - -
1.56 b 0.060 4.363 0 - - - - - 100 b 6.192 Y 4.363 0 T1 T1 T1 T1 -

1.625 b 0.456 7.290 0 - - - - - 90 b 0.271 2.553 0 - - - - -
3.64 b 0.271 2.350 0 - - - - - 100 b 0.275 11.782 0 - - - - -
1.733 b 0.308 4.945 0 - - - - - 90 b 0.308 5.042 0 - - - - -
1.682 b 0.293 3.550 0 - - - - - 100 b 0.293 7.290 0 - - - - -
1.571 b 0.397 6.072 0 - - - - - 95 b 0.397 2.350 0 - - - - -
2.833 b 0.402 5.097 0 - - - - - 100 b 0.421 4.945 0 - - - - -
1.91 b 0.182 52.80 0 - - - - - 100 b 0.402 1.684 0 - - - - -
2.27 b 0.894 2.454 0 - - - - - 90 b 0.317 3.550 0 - - - - -
2.17 b 0.623 5.551 0 - - - - - 95 b 0.288 11.510 0 - - - - -
1.625 b 1.319 38.448 0 - - - - - 100 b 0.251 1.484 0 - - - - -
1.94 b 0.441 3.729 0 - - - - - 100 b 0.182 6.072 0 - - - - -
1.59 b 1.067 3.760 0 - - - - - 90 b 0.410 1.647 0 - - - - -
1.61 b 1.820 16.679 0 - - T1 - - 100 b 0.894 5.097 0 - - T1 - -
1.45 b 1.360 16.192 0 - - - - - 90 b 0.351 52.80 0 - - - - -
1.38 b 0.342 11.367 0 - - - - - 95 b 1.319 1.39 0 - - T1 - -
1.42 b 0.351 7.799 0 - - - - - 77 b 0.060 2.454 0 - - - - -
2.25 b 0.511 0 - - - - - 71 b 0.140 1.525 0 - - - - -
0.47 0.060 1 T2 T2 T2 T2 T2 80 b 1.060 5.551 0 - - T1 - -
0.29 0.140 1 T2 T2 T2 T2 T2 80 b 0.060 38.448 0 - - - - -
0.07 1.110 1 T2 T2 T2 T2 T2 76 b 0.084 3.729 0 - - - - -

0 4.363 Y 1 - T2 - - T2 69 b 0.061 2.233 0 - - - - -
0 0.454 1 T2 T2 T2 T2 T2 76 b 1.820 Y 3.376 0 T1 - T1 - -

0.1 0.060 1 T2 T2 T2 T2 T2 72 b 0.630 16.679 0 - - - - -
0 0.087 1 T2 T2 T2 T2 T2 80 b 0.273 1.508 0 - - - - -

0.01 1.060 1 T2 T2 T2 T2 T2 80 b 0.228 11.367 0 - - - - -
0 0.828 1 T2 T2 T2 T2 T2 82 b 0.149 7.799 0 - - - - -

0.025 0.060 1 T2 T2 T2 T2 T2 79 b 0.434 0 - - - - -
0.079 7.290 Y 1 - - - - T2 84 b 0.515 0 - - - - -

0 0.632 1 T2 T2 T2 T2 T2 84 b 0.563 0 - - - - -
0.47 2.350 Y 1 T2 T2 - T2 T2 85 b 0.292 0 - - - - -
0.55 4.945 Y 1 - T2 - - T2 78 b 0.240 0 - - - - -
0.21 1.684 1 T2 T2 - T2 T2 81 b 0.044 0 - - - - -
0.21 0.477 1 T2 T2 T2 T2 T2 54 1.110 1 T2 T2 - T2 T2
0.12 0.625 1 T2 T2 T2 T2 T2 48 4.363 Y 1 - T2 - - T2

0 3.550 Y 1 - T2 - - T2 56 0.454 1 T2 T2 T2 T2 T2
0.74 1.044 1 T2 T2 T2 T2 T2 53 0.060 1 T2 T2 T2 T2 T2
0.15 0.630 1 T2 T2 T2 T2 T2 63 0.087 1 T2 T2 T2 T2 T2
0.85 0.136 1 T2 T2 T2 T2 T2 68 0.828 1 T2 T2 - T2 T2
0.77 0.112 1 T2 T2 T2 T2 T2 61 0.446 1 T2 T2 T2 T2 T2
0.6 1.067 1 T2 T2 T2 T2 T2 50 0.180 1 T2 T2 T2 T2 T2

0.26 1.189 1 T2 T2 T2 T2 T2 37 2.553 Y 1 - T2 - - T2
0 0.826 1 T2 T2 T2 T2 T2 35 0.811 1 T2 T2 - T2 T2
0 0.274 1 T2 T2 T2 T2 T2 1 11.782 Y 1 - - - - -

0.95 1.484 1 T2 T2 - T2 T2 62 0.243 1 T2 T2 T2 T2 T2
0 6.072 Y 1 - - - - T2 30 0.222 1 T2 T2 T2 T2 T2
0 1.015 1 T2 T2 T2 T2 T2 54 5.042 Y 1 - - - - T2

0.39 0.876 1 T2 T2 T2 T2 T2 42 0.441 1 T2 T2 T2 T2 T2
0.67 1.296 1 T2 T2 T2 T2 T2 40 0.090 1 T2 T2 T2 T2 T2
0.23 0.649 1 T2 T2 T2 T2 T2 15 7.290 Y 1 - - - - -

0 0.794 1 T2 T2 T2 T2 T2 42 0.468 1 T2 T2 T2 T2 T2
0 0.725 1 T2 T2 T2 T2 T2 25 1.067 1 T2 T2 - T2 T2
0 0.492 1 T2 T2 T2 T2 T2 0 0.632 1 T2 T2 T2 T2 T2
0 1.647 1 T2 T2 - T2 T2 63 2.350 Y 1 - T2 - - T2

0.38 0.565 1 T2 T2 T2 T2 T2 24 4.945 Y 1 - - - - T2
0 1.365 1 T2 T2 T2 T2 T2 15 1.684 Y 1 - T2 - T2 T2
0 1.166 1 T2 T2 T2 T2 T2 33 0.477 1 T2 T2 T2 T2 T2
0 0.442 1 T2 T2 T2 T2 T2 17 0.612 1 T2 T2 T2 T2 T2
0 0.980 1 T2 T2 T2 T2 T2 66 0.788 1 T2 T2 - T2 T2
0 0.490 1 T2 T2 T2 T2 T2 3 1.360 1 T2 T2 - T2 T2
0 5.097 Y 1 - T2 - - T2 23 0.625 1 T2 T2 T2 T2 T2
0 52.800 Y 1 - - - - - 15 3.550 Y 1 - T2 - - T2

0.32 0.561 1 T2 T2 T2 T2 T2 58 1.044 1 T2 T2 - T2 T2
0 1.394 1 T2 T2 T2 T2 T2 37 11.510 Y 1 - - - - -

0.54 0.608 1 T2 T2 T2 T2 T2 36 0.136 1 T2 T2 T2 T2 T2
0.082 0.273 1 T2 T2 T2 T2 T2 34 0.112 1 T2 T2 T2 T2 T2
0.292 0.228 1 T2 T2 T2 T2 T2 62 1.067 1 T2 T2 - T2 T2
0.358 0.149 1 T2 T2 T2 T2 T2 65 1.189 1 T2 T2 - T2 T2
0.142 0.515 1 T2 T2 T2 T2 T2 0 0.826 1 T2 T2 - T2 T2

0 0.558 1 T2 T2 T2 T2 T2 7 0.274 1 T2 T2 T2 T2 T2
0.126 0.372 1 T2 T2 T2 T2 T2 42 1.484 Y 1 T2 T2 - T2 T2
0.356 0.473 1 T2 T2 T2 T2 T2 0 6.072 Y 1 - - - - T2
0.364 0.015 1 T2 T2 T2 T2 T2 0 1.015 1 T2 T2 - T2 T2
0.36 0.289 1 T2 T2 T2 T2 T2 45 0.876 1 T2 T2 - T2 T2

0.072 0.224 1 T2 T2 T2 T2 T2 29 1.296 1 T2 T2 - T2 T2
0 2.454 Y 1 T2 T2 - T2 T2 32 0.649 1 T2 T2 T2 T2 T2

0.032 0.292 1 T2 T2 T2 T2 T2 3 0.794 1 T2 T2 - T2 T2
0.074 0.240 1 T2 T2 T2 T2 T2 12 0.725 1 T2 T2 T2 T2 T2
0.144 0.044 1 T2 T2 T2 T2 T2 14 0.492 1 T2 T2 T2 T2 T2
0.154 0.286 1 T2 T2 T2 T2 T2 4 1.647 Y 1 - T2 - T2 T2
0.112 0.247 1 T2 T2 T2 T2 T2 36 0.565 1 T2 T2 T2 T2 T2
0.05 0.042 1 T2 T2 T2 T2 T2 23 1.365 1 T2 T2 - T2 T2

0 0.994 1 T2 T2 T2 T2 T2 0 1.166 1 T2 T2 - T2 T2
0 0.585 1 T2 T2 T2 T2 T2 19 0.442 1 T2 T2 T2 T2 T2
0 0.986 1 T2 T2 T2 T2 T2 16 0.980 1 T2 T2 - T2 T2
0 0.006 1 T2 T2 T2 T2 T2 2 0.490 1 T2 T2 T2 T2 T2

0.269 0.315 1 T2 T2 T2 T2 T2 0 5.097 Y 1 - - - - T2
0 0.553 1 T2 T2 T2 T2 T2 0 52.800 Y 1 - - - - -
0 0.668 1 T2 T2 T2 T2 T2 26 0.561 1 T2 T2 T2 T2 T2
0 0.773 1 T2 T2 T2 T2 T2 6 1.394 Y 1 T2 T2 - T2 T2
0 0.379 1 T2 T2 T2 T2 T2 39 0.608 1 T2 T2 T2 T2 T2
0 1.333 1 T2 T2 T2 T2 T2 70 0.975 1 T2 T2 - T2 T2
0 1.525 1 T2 T2 - T2 T2 60 0.558 1 T2 T2 T2 T2 T2
0 0.563 1 T2 T2 T2 T2 T2 67 0.372 1 T2 T2 T2 T2 T2

0.389 0.433 1 T2 T2 T2 T2 T2 41 0.224 1 T2 T2 T2 T2 T2
0 0.506 1 T2 T2 T2 T2 T2 1 2.454 Y 1 - T2 - - T2
0 5.551 Y 1 - - - - T2 66 0.286 1 T2 T2 T2 T2 T2
0 0.908 1 T2 T2 T2 T2 T2 74 0.247 1 T2 T2 T2 T2 T2

0.35 0.566 1 T2 T2 T2 T2 T2 72 0.042 1 T2 T2 T2 T2 T2
0 0.876 1 T2 T2 T2 T2 T2 55 0.994 1 T2 T2 - T2 T2
0 0.419 1 T2 T2 T2 T2 T2 0 0.585 1 T2 T2 T2 T2 T2
0 0.304 1 T2 T2 T2 T2 T2 20 0.986 1 T2 T2 - T2 T2
0 0.545 1 T2 T2 T2 T2 T2 70 0.006 1 T2 T2 T2 T2 T2
0 0.483 1 T2 T2 T2 T2 T2 75 0.315 1 T2 T2 T2 T2 T2

0.125 0.635 1 T2 T2 T2 T2 T2 80 0.553 1 T2 T2 T2 T2 T2
0.727 0.881 1 T2 T2 T2 T2 T2 70 0.668 1 T2 T2 T2 T2 T2

0 0.634 1 T2 T2 T2 T2 T2 0 0.773 1 T2 T2 - T2 T2
0.0769 0.746 1 T2 T2 T2 T2 T2 50 0.379 1 T2 T2 T2 T2 T2

0 0.458 1 T2 T2 T2 T2 T2 75 1.333 1 T2 T2 - T2 T2
0.45 0.808 1 T2 T2 T2 T2 T2 75 1.525 Y 1 - T2 - T2 T2

0 0.710 1 T2 T2 T2 T2 T2 50 0.563 1 T2 T2 T2 T2 T2
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0 0.473 1 T2 T2 T2 T2 T2 80 0.433 1 T2 T2 T2 T2 T2
0 0.358 1 T2 T2 T2 T2 T2 25 0.506 1 T2 T2 T2 T2 T2
0 0.535 1 T2 T2 T2 T2 T2 30 5.551 Y 1 - - - - T2
0 0.607 1 T2 T2 T2 T2 T2 55 0.908 1 T2 T2 - T2 T2
0 0.239 1 T2 T2 T2 T2 T2 85 0.566 1 T2 T2 T2 T2 T2
1 0.350 1 T2 T2 T2 T2 T2 80 0.342 1 T2 T2 T2 T2 T2
0 0.037 1 T2 T2 T2 T2 T2 85 0.876 1 T2 T2 - T2 T2
0 0.727 1 T2 T2 T2 T2 T2 85 0.419 1 T2 T2 T2 T2 T2
0 1.097 1 T2 T2 T2 T2 T2 0 0.304 1 T2 T2 T2 T2 T2
0 38.448 Y 1 - - - - - 0 0.545 1 T2 T2 T2 T2 T2
0 3.729 Y 1 - T2 - - T2 50 0.483 1 T2 T2 T2 T2 T2

0.2308 0.126 1 T2 T2 T2 T2 T2 75 0.635 1 T2 T2 T2 T2 T2
0 1.238 1 T2 T2 T2 T2 T2 85 0.881 1 T2 T2 - T2 T2
0 0.572 1 T2 T2 T2 T2 T2 55 0.634 1 T2 T2 T2 T2 T2
0 0.646 1 T2 T2 T2 T2 T2 70 0.746 1 T2 T2 T2 T2 T2
0 0.623 1 T2 T2 T2 T2 T2 80 0.458 1 T2 T2 T2 T2 T2

0.269 0.758 1 T2 T2 T2 T2 T2 60 0.808 1 T2 T2 - T2 T2
0.167 0.388 1 T2 T2 T2 T2 T2 80 0.710 1 T2 T2 T2 T2 T2

0 0.610 1 T2 T2 T2 T2 T2 40 0.473 1 T2 T2 T2 T2 T2
0 0.524 1 T2 T2 T2 T2 T2 75 0.358 1 T2 T2 T2 T2 T2
0 0.647 1 T2 T2 T2 T2 T2 50 0.535 1 T2 T2 T2 T2 T2
0 0.362 1 T2 T2 T2 T2 T2 20 0.607 1 T2 T2 T2 T2 T2
0 0.597 1 T2 T2 T2 T2 T2 10 0.239 1 T2 T2 T2 T2 T2

0.9 0.431 1 T2 T2 T2 T2 T2 35 0.037 1 T2 T2 T2 T2 T2
0.375 0.391 1 T2 T2 T2 T2 T2 10 0.727 1 T2 T2 T2 T2 T2

0 0.719 1 T2 T2 T2 T2 T2 10 1.097 1 T2 T2 - T2 T2
0 0.568 1 T2 T2 T2 T2 T2 0 38.448 Y 1 - - - - -
0 0.680 1 T2 T2 T2 T2 T2 65 3.729 Y 1 - T2 - - T2
0 2.233 1 T2 T2 - T2 T2 80 0.126 1 T2 T2 T2 T2 T2

0.375 0.588 1 T2 T2 T2 T2 T2 60 1.238 1 T2 T2 - T2 T2
0.611 0.656 1 T2 T2 T2 T2 T2 0 0.572 1 T2 T2 T2 T2 T2

0 0.500 1 T2 T2 T2 T2 T2 75 0.646 1 T2 T2 T2 T2 T2
0 3.760 Y 1 - T2 - - T2 65 0.623 1 T2 T2 T2 T2 T2
0 0.726 1 T2 T2 T2 T2 T2 85 0.758 1 T2 T2 - T2 T2
0 0.854 1 T2 T2 T2 T2 T2 75 0.388 1 T2 T2 T2 T2 T2

0.167 0.640 1 T2 T2 T2 T2 T2 80 0.610 1 T2 T2 T2 T2 T2
0.654 0.628 1 T2 T2 T2 T2 T2 65 0.524 1 T2 T2 T2 T2 T2

0 0.184 1 T2 T2 T2 T2 T2 80 0.647 1 T2 T2 T2 T2 T2
0 0.489 1 T2 T2 T2 T2 T2 15 0.362 1 T2 T2 T2 T2 T2
0 0.393 1 T2 T2 T2 T2 T2 75 0.597 1 T2 T2 T2 T2 T2
0 0.631 1 T2 T2 T2 T2 T2 85 0.431 1 T2 T2 T2 T2 T2

0.6 0.655 1 T2 T2 T2 T2 T2 55 0.391 1 T2 T2 T2 T2 T2
0 0.539 1 T2 T2 T2 T2 T2 60 0.719 1 T2 T2 T2 T2 T2
0 0.404 1 T2 T2 T2 T2 T2 50 0.568 1 T2 T2 T2 T2 T2
0 0.844 1 T2 T2 T2 T2 T2 80 0.680 1 T2 T2 T2 T2 T2
0 0.766 1 T2 T2 T2 T2 T2 55 2.233 Y 1 - T2 - - T2

0.15 0.433 1 T2 T2 T2 T2 T2 80 0.588 1 T2 T2 T2 T2 T2
0.688 0.515 1 T2 T2 T2 T2 T2 80 0.656 1 T2 T2 T2 T2 T2

0 1.008 1 T2 T2 T2 T2 T2 35 0.500 1 T2 T2 T2 T2 T2
0 0.370 1 T2 T2 T2 T2 T2 15 3.760 Y 1 - T2 - - T2
0 0.419 1 T2 T2 T2 T2 T2 65 0.726 1 T2 T2 T2 T2 T2
0 0.395 1 T2 T2 T2 T2 T2 55 0.854 1 T2 T2 - T2 T2
0 16.679 Y 1 - - - - - 75 0.640 1 T2 T2 T2 T2 T2
0 0.452 1 T2 T2 T2 T2 T2 50 0.184 1 T2 T2 T2 T2 T2
0 0.741 1 T2 T2 T2 T2 T2 65 0.489 1 T2 T2 T2 T2 T2
0 0.952 1 T2 T2 T2 T2 T2 70 0.393 1 T2 T2 T2 T2 T2
0 0.712 1 T2 T2 T2 T2 T2 55 0.631 1 T2 T2 T2 T2 T2
0 0.158 1 T2 T2 T2 T2 T2 75 0.655 1 T2 T2 T2 T2 T2

0.25 0.356 1 T2 T2 T2 T2 T2 45 0.539 1 T2 T2 T2 T2 T2
0 0.478 1 T2 T2 T2 T2 T2 5 0.404 1 T2 T2 T2 T2 T2

0.909 0.229 1 T2 T2 T2 T2 T2 85 0.456 1 T2 T2 T2 T2 T2
0 0.342 1 T2 T2 T2 T2 T2 25 0.844 1 T2 T2 - T2 T2
0 0.759 1 T2 T2 T2 T2 T2 65 0.766 1 T2 T2 - T2 T2

0.8 0.858 1 T2 T2 T2 T2 T2 70 0.433 1 T2 T2 T2 T2 T2
1.04 0.530 1 T2 T2 T2 T2 T2 75 0.515 1 T2 T2 T2 T2 T2

0.833 6.192 Y 1 - - - - T2 65 1.008 1 T2 T2 - T2 T2
0.938 0.275 1 T2 T2 T2 T2 T2 5 0.370 1 T2 T2 T2 T2 T2
0.5 0.358 1 T2 T2 T2 T2 T2 35 0.419 1 T2 T2 T2 T2 T2
0 0.245 1 T2 T2 T2 T2 T2 60 0.395 1 T2 T2 T2 T2 T2

0.2 0.317 1 T2 T2 T2 T2 T2 5 16.679 Y 1 - - - - -
0 0.394 1 T2 T2 T2 T2 T2 15 0.452 1 T2 T2 T2 T2 T2
0 0.312 1 T2 T2 T2 T2 T2 50 0.741 1 T2 T2 T2 T2 T2

0.083 0.286 1 T2 T2 T2 T2 T2 55 0.952 1 T2 T2 - T2 T2
0.556 1.508 1 T2 T2 - T2 T2 0 0.712 1 T2 T2 T2 T2 T2
1.111 0.267 1 T2 T2 T2 T2 T2 0 0.158 1 T2 T2 T2 T2 T2
0.571 0.338 1 T2 T2 T2 T2 T2 75 0.356 1 T2 T2 T2 T2 T2
0.792 0.421 1 T2 T2 T2 T2 T2 15 0.478 1 T2 T2 T2 T2 T2
0.643 0.317 1 T2 T2 T2 T2 T2 35 0.342 1 T2 T2 T2 T2 T2

0 0.206 1 T2 T2 T2 T2 T2 35 0.759 1 T2 T2 - T2 T2
0.708 0.288 1 T2 T2 T2 T2 T2 80 0.858 1 T2 T2 - T2 T2
0.5 0.137 1 T2 T2 T2 T2 T2 70 0.358 1 T2 T2 T2 T2 T2

0.818 11.367 Y 1 - - - - T2 85 0.245 1 T2 T2 T2 T2 T2
0 0.240 1 T2 T2 T2 T2 T2 80 0.317 1 T2 T2 T2 T2 T2

0.778 0.251 1 T2 T2 T2 T2 T2 75 0.394 1 T2 T2 T2 T2 T2
0 0.161 1 T2 T2 T2 T2 T2 65 0.312 1 T2 T2 T2 T2 T2
0 0.409 1 T2 T2 T2 T2 T2 80 0.286 1 T2 T2 T2 T2 T2

0.5 0.580 1 T2 T2 T2 T2 T2 65 1.508 Y 1 T2 T2 - T2 T2
0.917 0.241 1 T2 T2 T2 T2 T2 85 0.267 1 T2 T2 T2 T2 T2

0 0.425 1 T2 T2 T2 T2 T2 80 0.338 1 T2 T2 T2 T2 T2
0 0.410 1 T2 T2 T2 T2 T2 75 0.511 1 T2 T2 T2 T2 T2
0 0.150 1 T2 T2 T2 T2 T2 75 0.206 1 T2 T2 T2 T2 T2
0 0.398 1 T2 T2 T2 T2 T2 85 0.137 1 T2 T2 T2 T2 T2
0 0.229 1 T2 T2 T2 T2 T2 85 11.367 Y 1 - - - - -
0 0.524 1 T2 T2 T2 T2 T2 0 0.240 1 T2 T2 T2 T2 T2
0 0.426 1 T2 T2 T2 T2 T2 30 0.161 1 T2 T2 T2 T2 T2
0 0.876 1 T2 T2 T2 T2 T2 25 0.409 1 T2 T2 T2 T2 T2
0 0.445 1 T2 T2 T2 T2 T2 85 0.580 1 T2 T2 T2 T2 T2
0 7.799 Y 1 - - - - T2 80 0.241 1 T2 T2 T2 T2 T2

0.962 1.098 1 T2 T2 T2 T2 T2 75 0.425 1 T2 T2 T2 T2 T2
0 0.656 1 T2 T2 T2 T2 T2 30 0.150 1 T2 T2 T2 T2 T2
0 0.322 1 T2 T2 T2 T2 T2 50 0.398 1 T2 T2 T2 T2 T2
0 0.365 1 T2 T2 T2 T2 T2 10 0.229 1 T2 T2 T2 T2 T2
0 0.358 1 T2 T2 T2 T2 T2 85 0.623 1 T2 T2 T2 T2 T2
0 0.317 1 T2 T2 T2 T2 T2 55 0.524 1 T2 T2 T2 T2 T2

40 0.426 1 T2 T2 T2 T2 T2
197 1 1 6 1 0 45 0.876 1 T2 T2 - T2 T2
230 182 188 174 182 194 5 0.445 1 T2 T2 T2 T2 T2

183 189 180 183 194 85 7.799 Y 1 - - - - -
85 1.098 1 T2 T2 - T2 T2
50 0.656 1 T2 T2 T2 T2 T2
80 0.322 1 T2 T2 T2 T2 T2
55 0.365 1 T2 T2 T2 T2 T2
5 0.358 1 T2 T2 T2 T2 T2

60 0.317 1 T2 T2 T2 T2 T2

192 6 1 10 4 0
240 168 179 127 171 184

174 180 137 175 184
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0.37 b 0.084 2x mean NOEC 2.1 0 - - - - -
0.35 b 0.061 Median NOEC 0.6 0 - - - - -
0.350 b 0.441 0 - - - - -
0.302 b 7.290 Y ER-L 2.5 0 T1 T1 T1 T1 -
0.362 b 0.468 ER-M 5.1 0 - - - - -
0.308 b 1.067 15th Percentile E 2.5 0 - - - - -
0.400 b 2.350 Y TEL 1.2 0 - - T1 - -
0.500 b 4.945 Y 85th Percentile NE 1.3 0 T1 - T1 T1 -
0.286 b 1.684 PEL 3 0 - - T1 - -
0.406 b 0.477 AET 11.5 0 - - - - -
0.294 b 1.820 0 - - T1 - -
0.398 b 0.612 25 0 - - - - -
0.316 b 0.788 Effects Data N 14 0 - - - - -
0.250 b 1.360 0 - - T1 - -
0.264 b 0.625 Effects Data Set 0 - - - - -
0.452 b 3.550 Y 4.363 0 T1 - T1 T1 -
0.384 b 11.510 Y 2.553 0 T1 T1 T1 T1 -
0.39 b 1.067 11.782 0 - - - - -

0.408 b 1.189 5.042 0 - - T1 - -
0.45 b 0.274 6.072 0 - - - - -
0.39 b 1.484 5.097 0 - - T1 - -
0.532 b 0.876 52.80 0 - - - - -
0.512 b 1.296 2.560 0 - - T1 - -
0.528 b 0.442 2.454 0 - - - - -
0.438 b 0.980 5.551 0 - - - - -
0.55 b 1.394 38.448 0 - - T1 - -
0.756 b 0.975 2.233 0 - - - - -
0.712 b 2.154 Y 3.760 0 - - T1 - -
0.744 b 0.247 16.679 0 - - - - -
0.440 b 0.553 0 - - - - -
0.450 b 0.668 0 - - - - -
0.500 b 0.506 0 - - - - -
0.610 b 0.908 0 - - - - -
0.440 b 0.566 0 - - - - -
0.460 b 0.471 0 - - - - -
0.450 b 0.483 0 - - - - -
0.640 b 0.634 0 - - - - -
0.560 b 0.458 0 - - - - -
0.590 b 0.710 0 - - - - -
0.610 b 0.358 0 - - - - -
0.550 b 0.614 0 - - - - -
0.690 b 0.535 0 - - - - -
0.480 b 0.607 0 - - - - -
0.530 b 2.533 Y 0 T1 - T1 - -
0.480 b 0.350 0 - - - - -
0.690 b 0.037 0 - - - - -
0.430 b 0.060 0 - - - - -
0.710 b 3.729 Y 0 T1 - T1 T1 -
0.470 b 1.238 0 - - T1 - -
0.680 b 0.524 0 - - - - -
0.560 b 0.431 0 - - - - -
0.550 b 0.391 0 - - - - -
0.480 b 0.719 0 - - - - -
0.440 b 0.680 0 - - - - -
0.510 b 0.588 0 - - - - -
0.490 b 0.500 0 - - - - -
0.570 b 0.640 0 - - - - -
0.440 b 0.628 0 - - - - -
0.440 b 0.393 0 - - - - -
0.430 b 0.631 0 - - - - -
0.450 b 0.456 0 - - - - -
0.660 b 0.844 0 - - - - -
0.510 b 0.419 0 - - - - -
0.530 b 0.452 0 - - - - -
0.570 b 0.952 0 - - - - -
0.430 b 0.356 0 - - - - -
0.530 b 0.229 0 - - - - -
0.440 b 0.342 0 - - - - -
0.430 b 0.858 0 - - - - -
0.580 b 0.530 0 - - - - -
0.570 b 0.271 0 - - - - -
0.680 b 0.275 0 - - - - -
0.450 b 0.358 0 - - - - -
0.490 b 0.245 0 - - - - -
0.440 b 0.308 0 - - - - -
0.730 b 0.293 0 - - - - -
0.430 b 0.286 0 - - - - -
0.750 b 1.508 0 - - T1 - -
0.460 b 0.267 0 - - - - -
0.510 b 0.397 0 - - - - -
0.650 b 0.421 0 - - - - -
0.430 b 0.402 0 - - - - -
0.570 b 0.317 0 - - - - -
0.800 b 0.511 0 - - - - -
0.550 b 0.206 0 - - - - -
0.480 b 0.251 0 - - - - -
0.490 b 0.182 0 - - - - -
0.490 b 0.241 0 - - - - -
0.420 b 0.425 0 - - - - -
0.600 b 0.894 0 - - - - -
0.620 b 0.351 0 - - - - -
0.460 b 0.426 0 - - - - -
0.560 b 7.799 Y 0 T1 T1 T1 T1 -
0.440 b 1.098 0 - - - - -
0.510 b 0.656 0 - - - - -
0.70 b 0.060 0 - - - - -
0.234 b 1.044 0 - - - - -
0.230 b 0.630 0 - - - - -
0.58 b 0.273 0 - - - - -
0.62 b 0.434 0 - - - - -
0.592 b 0.372 0 - - - - -
0.556 b 0.473 0 - - - - -
0.65 b 0.292 0 - - - - -
0.410 b 0.315 0 - - - - -
0.370 b 0.876 0 - - - - -
0.410 b 0.419 0 - - - - -
0.370 b 0.808 0 - - - - -
0.400 b 0.473 0 - - - - -
0.390 b 0.758 0 - - - - -
0.410 b 0.597 0 - - - - -
0.390 b 0.568 0 - - - - -
0.370 b 0.726 0 - - - - -
0.390 b 0.854 0 - - - - -
0.390 b 0.489 0 - - - - -
0.380 b 0.433 0 - - - - -
0.400 b 0.741 0 - - - - -
0.400 b 6.192 Y 0 T1 T1 T1 T1 -
0.410 b 0.317 0 - - - - -
0.410 b 0.312 0 - - - - -
0.390 b 0.338 0 - - - - -
0.380 b 11.367 Y 0 T1 T1 T1 T1 -
0.410 b 0.580 0 - - - - -
0.410 b 0.410 0 - - - - -
0.360 b 0.876 0 - - - - -
0.390 b 1.319 0 - - T1 - -
0.282 b 0.136 0 - - - - -
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0.29 b 0.649 0 - - - - -
0.34 b 0.725 0 - - - - -
0.302 b 0.565 0 - - - - -
0.326 b 1.365 0 - - T1 - -
0.334 b 0.608 0 - - - - -
0.60 0.140 1 T2 T2 T2 T2 T2
0.42 1.110 1 T2 T2 T2 T2 T2
0.51 4.363 Y 1 - T2 - - T2
0.43 0.454 1 T2 T2 T2 T2 T2
0.47 0.060 1 T2 T2 T2 T2 T2
0.61 0.087 1 T2 T2 T2 T2 T2
0.46 1.060 1 T2 T2 T2 T2 T2
0.46 0.828 1 T2 T2 T2 T2 T2
0.63 0.060 1 T2 T2 T2 T2 T2
0.17 0.446 1 T2 T2 T2 T2 T2
0.10 0.180 1 T2 T2 T2 T2 T2
0.11 2.553 Y 1 - T2 - - T2
0.08 0.811 1 T2 T2 T2 T2 T2
0.02 11.782 Y 1 - - - - -
0.17 0.243 1 T2 T2 T2 T2 T2
0.09 0.222 1 T2 T2 T2 T2 T2
0.15 5.042 Y 1 - T2 - - T2
0.178 0.090 1 T2 T2 T2 T2 T2

0 0.632 1 T2 T2 T2 T2 T2
0.272 0.112 1 T2 T2 T2 T2 T2

0 0.826 1 T2 T2 T2 T2 T2
0 6.072 Y 1 - - - - T2
0 1.015 1 T2 T2 T2 T2 T2

0.14 0.794 1 T2 T2 T2 T2 T2
0.26 0.492 1 T2 T2 T2 T2 T2
0.25 1.647 1 T2 T2 - T2 T2

0 1.166 1 T2 T2 T2 T2 T2
0.1 0.490 1 T2 T2 T2 T2 T2
0 5.097 Y 1 - - - - T2
0 52.800 Y 1 - - - - -

0.208 0.561 1 T2 T2 T2 T2 T2
0.358 0.228 1 T2 T2 T2 T2 T2
0.488 0.149 1 T2 T2 T2 T2 T2
0.378 2.560 Y 1 - T2 - - T2
0.382 0.515 1 T2 T2 T2 T2 T2
0.426 0.563 1 T2 T2 T2 T2 T2
0.34 0.558 1 T2 T2 T2 T2 T2

0.322 0.015 1 T2 T2 T2 T2 T2
0.534 0.289 1 T2 T2 T2 T2 T2
0.322 0.224 1 T2 T2 T2 T2 T2
0.1 2.454 Y 1 T2 T2 - T2 T2
0.43 0.951 1 T2 T2 T2 T2 T2
0.426 1.755 1 T2 T2 - T2 T2
0.352 0.240 1 T2 T2 T2 T2 T2
0.318 0.044 1 T2 T2 T2 T2 T2
0.458 0.286 1 T2 T2 T2 T2 T2
0.402 0.042 1 T2 T2 T2 T2 T2
0.310 0.994 1 T2 T2 T2 T2 T2

0 0.585 1 T2 T2 T2 T2 T2
0.250 0.986 1 T2 T2 T2 T2 T2
0.330 0.006 1 T2 T2 T2 T2 T2

0 0.773 1 T2 T2 T2 T2 T2
0.320 0.379 1 T2 T2 T2 T2 T2
0.340 1.333 1 T2 T2 - T2 T2
0.350 1.525 1 T2 T2 - T2 T2
0.290 0.563 1 T2 T2 T2 T2 T2
0.200 0.433 1 T2 T2 T2 T2 T2
0.180 5.551 Y 1 - - - - T2
0.290 0.342 1 T2 T2 T2 T2 T2

0 0.304 1 T2 T2 T2 T2 T2
0 0.545 1 T2 T2 T2 T2 T2

0.350 0.635 1 T2 T2 T2 T2 T2
0.350 0.881 1 T2 T2 T2 T2 T2
0.330 0.746 1 T2 T2 T2 T2 T2
0.350 0.239 1 T2 T2 T2 T2 T2
0.150 0.727 1 T2 T2 T2 T2 T2
0.200 1.097 1 T2 T2 T2 T2 T2

0 38.448 Y 1 - - - - -
0.330 0.126 1 T2 T2 T2 T2 T2

0 0.572 1 T2 T2 T2 T2 T2
0.300 0.646 1 T2 T2 T2 T2 T2
0.190 0.623 1 T2 T2 T2 T2 T2
0.340 0.388 1 T2 T2 T2 T2 T2
0.310 0.610 1 T2 T2 T2 T2 T2
0.340 0.647 1 T2 T2 T2 T2 T2
0.300 0.362 1 T2 T2 T2 T2 T2
0.270 2.233 Y 1 T2 T2 - T2 T2
0.240 0.656 1 T2 T2 T2 T2 T2
0.270 3.760 Y 1 - T2 - - T2
0.330 0.184 1 T2 T2 T2 T2 T2
0.330 0.655 1 T2 T2 T2 T2 T2
0.190 0.539 1 T2 T2 T2 T2 T2
0.200 0.404 1 T2 T2 T2 T2 T2
0.310 0.766 1 T2 T2 T2 T2 T2
0.330 0.515 1 T2 T2 T2 T2 T2
0.250 1.008 1 T2 T2 T2 T2 T2
0.300 0.370 1 T2 T2 T2 T2 T2
0.340 0.395 1 T2 T2 T2 T2 T2
0.300 16.679 Y 1 - - - - -

0 0.712 1 T2 T2 T2 T2 T2
0 0.158 1 T2 T2 T2 T2 T2

0.330 0.478 1 T2 T2 T2 T2 T2
0.330 0.759  1 T2 T2 T2 T2 T2
0.310 0.394 1 T2 T2 T2 T2 T2
0.350 0.288 1 T2 T2 T2 T2 T2
0.310 0.137 1 T2 T2 T2 T2 T2
0.000 0.240 1 T2 T2 T2 T2 T2
0.350 0.161 1 T2 T2 T2 T2 T2
0.280 0.409 1 T2 T2 T2 T2 T2
0.130 0.150 1 T2 T2 T2 T2 T2
0.300 0.398 1 T2 T2 T2 T2 T2
0.150 0.229 1 T2 T2 T2 T2 T2
0.350 0.623 1 T2 T2 T2 T2 T2
0.350 0.524 1 T2 T2 T2 T2 T2
0.200 0.445 1 T2 T2 T2 T2 T2
0.240 0.322 1 T2 T2 T2 T2 T2
0.330 0.365 1 T2 T2 T2 T2 T2
0.200 0.358 1 T2 T2 T2 T2 T2
0.290 0.317 1 T2 T2 T2 T2 T2

109 9 5 22 8 0
240 97 102 91 97 105

106 107 113 105 105
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5.31 b 0.529 2x mean NOEC 1.2 0 - - - - - 87 b 2.666 Y 2x mean NOEC 0.5 0 T1 T1 T1 T1 -
3.23 b 0.260 Median NOEC 0.4 0 - - - - - 87 b 0.456 Median NOEC 0.1 0 - - T1 - -
2.87 b 0.130 0 - - - - - 91 b 0.082 0 - - - - -
3.01 b 0.171 ER-L 2.2 0 - - - - - 88 b 0.023 ER-L 0.6 0 - - - - -
2.85 b 2.213 Y ER-M 4.3 0 T1 - T1 T1 -  87 b 0.055 ER-M 1.0 0 - - - - -
0.86 b 0.103 15th Percentile E 2.4 0 - - - - - 87 b 0.123 15th Percentile E 0.6 0 - - - - -

0.656 b 2.666 Y TEL 0.9 0 T1 - T1 T1 - 88 b 0.403 TEL 0.2 0 - - T1 - -
1.18 b 0.598 85th Percentile NE 0.8 0 - - - - - 77 b 0.014 85th Percentile NE 0.3 0 - - - - -

0.508 b 0.121 PEL 1.9 0 - - - - - 71 b 0.032 PEL 0.6 0 - - - - -
0.61 b 0.456 AET 2.7 0 - - - - - 80 b 0.204 AET 2.7 0 - - - - -

0.906 b 0.123 0 - - - - - 76 b 0.076 0 - - - - -
0.464 b 0.403 6 0 - - - - - 69 b 0.047 17 0 - - - - -
1.94 b 0.919 Effects Data N 3 0 - - - - - 76 b 0.387 Effects Data N 16 0 - - T1 - -
1.59 b 0.305 0 - - - - - 72 b 0.074 0 - - - - -
1.61 b 0.387 Effects Data Set 0 - - - - - 80 b 0.050 Effects Data Set 0 - - - - -
1.45 b 0.324 1.62 0 - - - - - 80 b 0.066 1.616 0 - - - - -
0.47 0.014 4.29 1 T2 T2 T2 T2 T2 82 b 0.063 0.798 0 - - - - -
0.29 0.032 13.71 1 T2 T2 T2 T2 T2 79 b 0.103 3.801 0 - - - - -
0.07 0.252 1 T2 T2 T2 T2 T2 84 b 0.099 1.528 0 - - - - -

0 1.616 Y 1 T2 T2 - T2 T2 84 b 0.121 0.919 0 - - - - -
0 0.082 1 T2 T2 T2 T2 T2 85 b 0.115 0.529 0 - - - - -

0.1 0.018 1 T2 T2 T2 T2 T2 78 b 0.040 4.288 0 - - - - -
0 0.017 1 T2 T2 T2 T2 T2 81 b 0.107 0.588 0 - - - - -

0.01 0.204 1 T2 T2 T2 T2 T2 54 0.252 1.236 1 T2 T2 - T2 T2
0 0.218 1 T2 T2 T2 T2 T2 48 1.616 Y 0.510 1 - - - - T2

0.025 0.023 1 T2 T2 T2 T2 T2 56 0.082 0.755 1 T2 T2 T2 T2 T2
0.079 4.288 Y 1 - - - - - 53 0.018 2.213 1 T2 T2 T2 T2 T2

0 0.211 1 T2 T2 T2 T2 T2 63 0.017 1.069 1 T2 T2 T2 T2 T2
0.47 0.588 1 T2 T2 T2 T2 T2 68 0.218 0.870 1 T2 T2 T2 T2 T2
0.55 1.236 Y 1 T2 T2 - T2 T2 80 0.023 13.714 1 T2 T2 T2 T2 T2
0.21 0.510 1 T2 T2 T2 T2 T2 61 0.127 0.6 1 T2 T2 T2 T2 T2
0.21 0.111 1 T2 T2 T2 T2 T2 50 0.060 1 T2 T2 T2 T2 T2
0.12 0.145 1 T2 T2 T2 T2 T2 37 0.798 Y 1 - T2 - - T2

0 0.755 1 T2 T2 T2 T2 T2 35 0.219 1 T2 T2 T2 T2 T2
0.74 0.243 1 T2 T2 T2 T2 T2 1 3.801 Y 1 - - - - -
0.15 0.074 1 T2 T2 T2 T2 T2 62 0.076 1 T2 T2 T2 T2 T2
0.85 0.047 1 T2 T2 T2 T2 T2 30 0.074 1 T2 T2 T2 T2 T2
0.77 0.039 1 T2 T2 T2 T2 T2 54 1.528 Y 1 - - - - T2
0.6 0.287 1 T2 T2 T2 T2 T2 42 0.919 Y 1 - T2 - - T2

0.26 0.297 1 T2 T2 T2 T2 T2 40 0.529 Y 1 T2 T2 - T2 T2
0 0.170 1 T2 T2 T2 T2 T2 15 4.288 Y 1 - - - - -
0 0.399 1 T2 T2 T2 T2 T2 42 0.260 1 T2 T2 - T2 T2

0.95 0.324 1 T2 T2 T2 T2 T2 25 0.305 1 T2 T2 - T2 T2
0 1.069 1 T2 T2 - T2 T2 0 0.211 1 T2 T2 T2 T2 T2
0 0.227 1 T2 T2 T2 T2 T2 63 0.588 Y 1 - T2 - - T2

0.39 0.255 1 T2 T2 T2 T2 T2 24 1.236 Y 1 - - - - T2
0.67 0.257 1 T2 T2 T2 T2 T2 15 0.510 Y 1 T2 T2 - T2 T2
0.23 0.150 1 T2 T2 T2 T2 T2 33 0.111 1 T2 T2 T2 T2 T2

0 0.140 1 T2 T2 T2 T2 T2 17 0.130 1 T2 T2 T2 T2 T2
0 0.218 1 T2 T2 T2 T2 T2 66 0.171 1 T2 T2 T2 T2 T2
0 0.090 1 T2 T2 T2 T2 T2 3 0.324 1 T2 T2 - T2 T2
0 0.448 1 T2 T2 T2 T2 T2 23 0.145 1 T2 T2 T2 T2 T2

0.38 0.087 1 T2 T2 T2 T2 T2 15 0.755 Y 1 - T2 - - T2
0 0.334 1 T2 T2 T2 T2 T2 58 0.243 1 T2 T2 - T2 T2
0 0.452 1 T2 T2 T2 T2 T2 37 2.213 Y 1 - - - - T2
0 0.162 1 T2 T2 T2 T2 T2 36 0.047 1 T2 T2 T2 T2 T2
0 0.203 1 T2 T2 T2 T2 T2 34 0.039 1 T2 T2 T2 T2 T2
0 0.141 1 T2 T2 T2 T2 T2 62 0.287 1 T2 T2 - T2 T2
0 0.870 1 T2 T2 T2 T2 T2 65 0.297 1 T2 T2 - T2 T2
0 13.714 Y 1 - - - - - 0 0.170 1 T2 T2 T2 T2 T2

0.32 0.200 1 T2 T2 T2 T2 T2 7 0.399 1 T2 T2 - T2 T2
0 0.411 1 T2 T2 T2 T2 T2 42 0.324 1 T2 T2 - T2 T2

0.54 0.079 1 T2 T2 T2 T2 T2 0 1.069 Y 1 - - - - T2
0.082 0.050 1 T2 T2 T2 T2 T2 0 0.227 1 T2 T2 - T2 T2
0.292 0.066 1 T2 T2 T2 T2 T2 45 0.255 1 T2 T2 - T2 T2
0.358 0.063 1 T2 T2 T2 T2 T2 29 0.257 1 T2 T2 - T2 T2
0.142 0.099 1 T2 T2 T2 T2 T2 32 0.150 1 T2 T2 T2 T2 T2

0 0.113 1 T2 T2 T2 T2 T2 3 0.140 1 T2 T2 T2 T2 T2
0.126 0.057 1 T2 T2 T2 T2 T2 12 0.218 1 T2 T2 T2 T2 T2
0.356 0.082 1 T2 T2 T2 T2 T2 14 0.090 1 T2 T2 T2 T2 T2
0.364 0.023 1 T2 T2 T2 T2 T2 4 0.448 1 T2 T2 - T2 T2
0.36 0.055 1 T2 T2 T2 T2 T2 36 0.087 1 T2 T2 T2 T2 T2

0.072 0.092 1 T2 T2 T2 T2 T2 23 0.334 1 T2 T2 - T2 T2
0 0.319 1 T2 T2 T2 T2 T2 0 0.452 1 T2 T2 - T2 T2

0.032 0.115 1 T2 T2 T2 T2 T2 19 0.162 1 T2 T2 T2 T2 T2
0.074 0.040 1 T2 T2 T2 T2 T2 16 0.203 1 T2 T2 T2 T2 T2
0.144 0.107 1 T2 T2 T2 T2 T2 2 0.141 1 T2 T2 T2 T2 T2
0.154 0.049 1 T2 T2 T2 T2 T2 0 0.870 Y 1 - T2 - - T2
0.112 0.056 1 T2 T2 T2 T2 T2 0 13.714 Y 1 - - - - -
0.05 0.014 1 T2 T2 T2 T2 T2 26 0.200 1 T2 T2 T2 T2 T2

6 0.411 1 T2 T2 - T2 T2
64 2 0 2 2 0 39 0.079 1 T2 T2 T2 T2 T2
80 62 62 59 62 62 70 0.598 Y 1 - T2 - - T2

64 62 61 64 62 60 0.113 1 T2 T2 T2 T2 T2
67 0.057 1 T2 T2 T2 T2 T2
41 0.092 1 T2 T2 T2 T2 T2
1 0.319 1 T2 T2 - T2 T2

66 0.049 1 T2 T2 T2 T2 T2
74 0.056 1 T2 T2 T2 T2 T2
72 0.014 1 T2 T2 T2 T2 T2

67 1 1 4 1 0
90 53 59 34 53 64

54 60 38 54 64
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0.37 b 0.076 2x mean NOEC 0.8 0 - - - - -
0.35 b 0.047 Median NOEC 0.2 0 - - - - -

0.350 b 0.919 Y 0 - - T1 - -
0.302 b 4.288 Y ER-L 1.0 0 T1 T1 T1 T1 -
0.362 b 0.260 ER-M 1.6 0 - - - - -
0.308 b 0.305 15th Percentile E 1.0 0 - - - - -
0.400 b 0.588 TEL 0.5 0 - - T1 - -
0.500 b 1.236 Y 85th Percentile NE 0.6 0 T1 - T1 T1 -
0.286 b 0.510 PEL 1 0 - - T1 - -
0.406 b 0.111 AET 4.3 0 - - - - -
0.294 b 0.387 0 - - - - -
0.398 b 0.130 11 0 - - - - -
0.316 b 0.171 Effects Data N 7 0 - - - - -
0.250 b 0.324 0 - - - - -
0.264 b 0.145 Effects Data Set 0 - - - - -
0.452 b 0.755 1.616 0 - - T1 - -
0.384 b 2.213 Y 3.801 0 T1 T1 T1 T1 -
0.39 b 0.287 1.528 0 - - - - -

0.408 b 0.297 1.069 0 - - - - -
0.45 b 0.399 0.870 0 - - - - -
0.39 b 0.324 13.714 0 - - - - -

0.532 b 0.255 2.666 0 - - - - -
0.512 b 0.257 0 - - - - -
0.528 b 0.162 0 - - - - -
0.438 b 0.203 0 - - - - -
0.55 b 0.411 0 - - - - -

0.756 b 0.598 0 - - T1 - -
0.712 b 0.456 0 - - - - -
0.70 b 0.014 0 - - - - -

0.234 b 0.243 0 - - - - -
0.230 b 0.074 0 - - - - -
0.58 b 0.050 0 - - - - -
0.62 b 0.103 0 - - - - -

0.592 b 0.057 0 - - - - -
0.556 b 0.082 0 - - - - -
0.65 b 0.115 0 - - - - -

0.744 b 0.056 0 - - - - -
0.282 b 0.047 0 - - - - -
0.29 b 0.150 0 - - - - -
0.34 b 0.218 0 - - - - -

0.302 b 0.087 0 - - - - -
0.326 b 0.334 0 - - - - -
0.334 b 0.079 0 - - - - -
0.60 0.032 1 T2 T2 T2 T2 T2
0.42 0.252 1 T2 T2 T2 T2 T2
0.51 1.616 Y 1 - T2 - - T2
0.43 0.082 1 T2 T2 T2 T2 T2
0.47 0.018 1 T2 T2 T2 T2 T2
0.61 0.017 1 T2 T2 T2 T2 T2
0.46 0.204 1 T2 T2 T2 T2 T2
0.46 0.218 1 T2 T2 T2 T2 T2
0.63 0.023 1 T2 T2 T2 T2 T2
0.17 0.127 1 T2 T2 T2 T2 T2
0.10 0.060 1 T2 T2 T2 T2 T2
0.11 0.798 1 T2 T2 - T2 T2
0.08 0.219 1 T2 T2 T2 T2 T2
0.02 3.801 Y 1 - - - - T2
0.17 0.076 1 T2 T2 T2 T2 T2
0.09 0.074 1 T2 T2 T2 T2 T2
0.15 1.528 Y 1 - T2 - - T2

0.178 0.529 1 T2 T2 - T2 T2
0 0.211 1 T2 T2 T2 T2 T2

0.272 0.039 1 T2 T2 T2 T2 T2
0 0.170 1 T2 T2 T2 T2 T2
0 1.069 Y 1 - T2 - - T2
0 0.227 1 T2 T2 T2 T2 T2

0.14 0.140 1 T2 T2 T2 T2 T2
0.26 0.090 1 T2 T2 T2 T2 T2
0.25 0.448 1 T2 T2 T2 T2 T2

0 0.452 1 T2 T2 T2 T2 T2
0.1 0.141 1 T2 T2 T2 T2 T2
0 0.870 Y 1 T2 T2 - T2 T2
0 13.714 Y 1 - - - - -

0.208 0.200 1 T2 T2 T2 T2 T2
0.358 0.066 1 T2 T2 T2 T2 T2
0.488 0.063 1 T2 T2 T2 T2 T2
0.378 2.666 Y 1 - - - - T2
0.382 0.099 1 T2 T2 T2 T2 T2
0.426 0.121 1 T2 T2 T2 T2 T2
0.34 0.113 1 T2 T2 T2 T2 T2

0.322 0.023 1 T2 T2 T2 T2 T2
0.534 0.055 1 T2 T2 T2 T2 T2
0.322 0.092 1 T2 T2 T2 T2 T2

0.1 0.319 1 T2 T2 T2 T2 T2
0.43 0.123 1 T2 T2 T2 T2 T2

0.426 0.403 1 T2 T2 T2 T2 T2
0.352 0.040 1 T2 T2 T2 T2 T2
0.318 0.107 1 T2 T2 T2 T2 T2
0.458 0.049 1 T2 T2 T2 T2 T2
0.402 0.014 1 T2 T2 T2 T2 T2

47 3 2 8 3 0
90 41 44 38 41 46

44 46 46 44 46
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5.31 b 2.2 2x mean NOEC 58.1 0 - - - - - 87 b 6.55 2x mean NOEC 53.5 0 - - - - -
3.23 b 8 Median NOEC 27.0 0 - - - - - 87 b 40.9 Median NOEC 26.4 0 - - T1 - -
2.87 b 15 0 - - - - - 91 b 27.9 0 - - - - -
3.01 b 23 ER-L 66.3 0 - - - - - 88 b 4.29 ER-L 59.8 0 - - - - -
2.85 b 27 ER-M 238.0 0 - - - - -  87 b 23.3 ER-M 196.0 0 - - - - -
0.86 b 25.8 15th Percentile E 74.3 0 - - - - - 87 b 177 Y 15th Percentile E 62.8 0 T1 - T1 T1 -
0.656 b 6.55 TEL 44.8 0 - - - - - 88 b 29.7 TEL 40.8 0 - - - - -
1.18 b 27.8 85th Percentile NE 33.1 0 - - - - - 100 b 27.9 85th Percentile NE 39.9 0 - - - - -

0.508 b 28.9 PEL 88.7 0 - - - - - 90 b 25.4 PEL 88.4 0 - - - - -
0.61 b 40.9 AET 177 0 - - - - - 90 b 26.9 AET 177 0 - - - - -

0.906 b 177 Y 0 T1 - T1 T1 - 100 b 26.9 0 - - - - -
0.464 b 29.7 10 0 - - - - - 90 b 15.9 11 0 - - - - -
2.58 b 27.9 Effects Data N 9 0 - - - - - 95 b 27.5 Effects Data N 10 0 - - - - -
2.06 b 25.4 0 - - - - - 100 b 3.9 0 - - - - -
1.88 b 26.9 Effects Data Set 0 - - - - - 100 b 21.9 Effects Data Set 0 - - - - -
1.56 b 15.9 419 0 - - - - - 100 b 26.5 419 0 - - - - -
1.625 b 30.4 154 0 - - - - - 90 b 24.3 154 0 - - - - -
3.64 b 24.3 387 0 - - - - - 100 b 25.3 387 0 - - - - -

1.733 b 25.3 1190 0 - - - - - 90 b 25.3 1190 0 - - - - -
1.682 b 29.6 275 0 - - - - - 100 b 29.6 275 0 - - - - -
1.571 b 31 99.8 0 - - - - - 95 b 31 99.8 0 - - - - -
2.833 b 27.2 238 0 - - - - - 100 b 32.4 238 0 - - - - -
2.25 b 29.3 68 0 - - - - - 100 b 27.2 68 0 - - - - -
1.91 b 24.8 60.1 0 - - - - - 90 b 26.4 60.1 0 - - - - -
2.27 b 33.3 0 - - - - - 95 b 28.9 56.7 0 - - - - -
2.17 b 34.5 0 - - - - - 100 b 34.1 0 - - - - -

1.625 b 33.8 0 - - - - - 100 b 24.8 0 - - - - -
1.94 b 8.9 0 - - - - - 90 b 36.6 0 - - - - -
1.59 b 20 0 - - - - - 100 b 33.3 0 - - - - -
1.61 b 23 0 - - - - - 90 b 33 0 - - - - -
1.45 b 28 0 - - - - - 95 b 33.8 0 - - - - -
1.38 b 14.6 0 - - - - - 77 b 32 0 - - - - -
1.42 b 33 0 - - - - - 71 b 18 0 - - - - -
0.36 23.3 1 T2 T2 T2 T2 T2 80 b 29 0 - - - - -
0.47 32 1 T2 T2 T2 T2 T2 80 b 14 0 - - - - -
0.29 18 1 T2 T2 T2 T2 T2 80 b 26.8 0 - - - - -
0.07 21 1 T2 T2 T2 T2 T2 80 b 17.3 0 - - - - -

0 20 1 T2 T2 T2 T2 T2 82 b 18.1 0 - - - - -
0 36 1 T2 T2 T2 T2 T2 79 b 25.8 0 - - - - -

0.1 12 1 T2 T2 T2 T2 T2 84 b 25.7 0 - - - - -
0 18 1 T2 T2 T2 T2 T2 84 b 28.9 0 - - - - -

0.01 29 1 T2 T2 T2 T2 T2 85 b 14.9 0 - - - - -
0 27 1 T2 T2 T2 T2 T2 78 b 28.6 0 - - - - -

0.025 14 1 T2 T2 T2 T2 T2 81 b 2.53 0 - - - - -
0.079 15 1 T2 T2 T2 T2 T2 76 b 7.5 0 - - - - -

0 12 1 T2 T2 T2 T2 T2 69 b 9.4 0 - - - - -
0.47 28 1 T2 T2 T2 T2 T2 72 b 3.9 0 - - - - -
0.55 34 1 T2 T2 T2 T2 T2 76 b 23 0 - - - - -
0.21 46 1 T2 T2 - T2 T2 54 21 1 T2 T2 T2 T2 T2
0.21 16 1 T2 T2 T2 T2 T2 48 20 1 T2 T2 T2 T2 T2
0.12 13 1 T2 T2 T2 T2 T2 56 36 1 T2 T2 T2 T2 T2

0 29 1 T2 T2 T2 T2 T2 53 12 1 T2 T2 T2 T2 T2
0.74 27 1 T2 T2 T2 T2 T2 63 18 1 T2 T2 T2 T2 T2
0.15 3.9 1 T2 T2 T2 T2 T2 68 27 1 T2 T2 T2 T2 T2
0.85 12.4 1 T2 T2 T2 T2 T2 61 28 1 T2 T2 T2 T2 T2
0.77 16.6 1 T2 T2 T2 T2 T2 50 17 1 T2 T2 T2 T2 T2
0.6 25.8 1 T2 T2 T2 T2 T2 37 24 1 T2 T2 T2 T2 T2

0.26 29.1 1 T2 T2 T2 T2 T2 35 47 1 T2 T2 - T2 T2
0 25.4 1 T2 T2 T2 T2 T2 1 43 1 T2 T2 - T2 T2
0 5.85 1 T2 T2 T2 T2 T2 62 22 1 T2 T2 T2 T2 T2

0.95 42.1 1 T2 T2 T2 T2 T2 30 21 1 T2 T2 T2 T2 T2
0 52 1 T2 T2 - T2 T2 54 26 1 T2 T2 T2 T2 T2
0 25.3 1 T2 T2 T2 T2 T2 42 8.9 1 T2 T2 T2 T2 T2

0.39 29.5 1 T2 T2 T2 T2 T2 40 2.2 1 T2 T2 T2 T2 T2
0.67 28.8 1 T2 T2 T2 T2 T2 15 15 1 T2 T2 T2 T2 T2
0.23 419 Y 1 - - - - - 42 8 1 T2 T2 T2 T2 T2

0 35.5 1 T2 T2 T2 T2 T2 25 20 1 T2 T2 T2 T2 T2
0 20.3 1 T2 T2 T2 T2 T2 0 12 1 T2 T2 T2 T2 T2
0 24.2 1 T2 T2 T2 T2 T2 63 28 1 T2 T2 T2 T2 T2
0 25.7 1 T2 T2 T2 T2 T2 24 34 1 T2 T2 T2 T2 T2

0.38 22.9 1 T2 T2 T2 T2 T2 15 46 1 T2 T2 - T2 T2
0 154 Y 1 - T2 - - T2 33 16 1 T2 T2 T2 T2 T2
0 16.3 1 T2 T2 T2 T2 T2 17 15 1 T2 T2 T2 T2 T2
0 17.2 1 T2 T2 T2 T2 T2 66 23 1 T2 T2 T2 T2 T2
0 60.1 Y 1 T2 T2 - T2 T2 3 28 1 T2 T2 T2 T2 T2
0 32 1 T2 T2 T2 T2 T2 23 13 1 T2 T2 T2 T2 T2
0 387 Y 1 - - - - - 15 29 1 T2 T2 T2 T2 T2
0 1190 Y 1 - - - - - 58 27 1 T2 T2 T2 T2 T2

0.32 15.4 1 T2 T2 T2 T2 T2 37 27 1 T2 T2 T2 T2 T2
0 27.2 1 T2 T2 T2 T2 T2 36 12.4 1 T2 T2 T2 T2 T2

0.54 27.6 1 T2 T2 T2 T2 T2 34 16.6 1 T2 T2 T2 T2 T2
0.082 26.8 1 T2 T2 T2 T2 T2 62 25.8 1 T2 T2 T2 T2 T2
0.292 17.3 1 T2 T2 T2 T2 T2 65 29.1 1 T2 T2 T2 T2 T2
0.358 18.1 1 T2 T2 T2 T2 T2 0 25.4 1 T2 T2 T2 T2 T2
0.142 25.7 1 T2 T2 T2 T2 T2 7 5.85 1 T2 T2 T2 T2 T2

0 26.4 1 T2 T2 T2 T2 T2 42 42.1 1 T2 T2 - T2 T2
0.126 31.9 1 T2 T2 T2 T2 T2 0 52 1 T2 T2 - T2 T2
0.356 27.9 1 T2 T2 T2 T2 T2 0 25.3 1 T2 T2 T2 T2 T2
0.364 4.29 1 T2 T2 T2 T2 T2 45 29.5 1 T2 T2 T2 T2 T2
0.072 44.2 1 T2 T2 T2 T2 T2 29 28.8 1 T2 T2 T2 T2 T2

0 275 Y 1 - - - - - 32 419 Y 1 - - - - -
0.032 14.9 1 T2 T2 T2 T2 T2 3 35.5 1 T2 T2 T2 T2 T2
0.074 28.6 1 T2 T2 T2 T2 T2 12 20.3 1 T2 T2 T2 T2 T2
0.144 2.53 1 T2 T2 T2 T2 T2 14 24.2 1 T2 T2 T2 T2 T2
0.154 27.2 1 T2 T2 T2 T2 T2 4 25.7 1 T2 T2 T2 T2 T2
0.112 30 1 T2 T2 T2 T2 T2 36 22.9 1 T2 T2 T2 T2 T2
0.05 17.4 1 T2 T2 T2 T2 T2 23 154 Y 1 - T2 - - T2

0 48.6 1 T2 T2 - T2 T2 0 16.3 1 T2 T2 T2 T2 T2
0 39.9 1 T2 T2 T2 T2 T2 19 17.2 1 T2 T2 T2 T2 T2
0 16.5 1 T2 T2 T2 T2 T2 16 60.1 Y 1 - T2 - T2 T2
0 13.9 1 T2 T2 T2 T2 T2 2 32 1 T2 T2 T2 T2 T2

0.269 33.6 1 T2 T2 T2 T2 T2 0 387 Y 1 - - - - -
0 30.7 1 T2 T2 T2 T2 T2 0 1190 Y 1 - - - - -
0 33.9 1 T2 T2 T2 T2 T2 26 15.4 1 T2 T2 T2 T2 T2
0 27.8 1 T2 T2 T2 T2 T2 6 27.2 1 T2 T2 T2 T2 T2
0 8.72 1 T2 T2 T2 T2 T2 39 27.6 1 T2 T2 T2 T2 T2
0 17.7 1 T2 T2 T2 T2 T2 70 27.8 1 T2 T2 T2 T2 T2
0 27.7 1 T2 T2 T2 T2 T2 60 26.4 1 T2 T2 T2 T2 T2
0 23.3 1 T2 T2 T2 T2 T2 67 31.9 1 T2 T2 T2 T2 T2

0.389 30.8 1 T2 T2 T2 T2 T2 41 44.2 1 T2 T2 - T2 T2
0 25.8 1 T2 T2 T2 T2 T2 1 275 Y 1 - - - - -
0 56.7 1 T2 T2 - T2 T2 66 27.2 1 T2 T2 T2 T2 T2
0 36.2 1 T2 T2 T2 T2 T2 74 30 1 T2 T2 T2 T2 T2

0.35 13.3 1 T2 T2 T2 T2 T2 72 17.4 1 T2 T2 T2 T2 T2
0 35.7 1 T2 T2 T2 T2 T2 55 48.6 1 T2 T2 - T2 T2
0 11 1 T2 T2 T2 T2 T2 0 39.9 1 T2 T2 T2 T2 T2
0 27 1 T2 T2 T2 T2 T2 20 16.5 1 T2 T2 T2 T2 T2
0 25.4 1 T2 T2 T2 T2 T2 70 13.9 1 T2 T2 T2 T2 T2
0 29.5 1 T2 T2 T2 T2 T2 75 33.6 1 T2 T2 T2 T2 T2

0.125 25.6 1 T2 T2 T2 T2 T2 80 30.7 1 T2 T2 T2 T2 T2
0.727 31.9 1 T2 T2 T2 T2 T2 70 33.9 1 T2 T2 T2 T2 T2

0 36.2 1 T2 T2 T2 T2 T2 0 27.8 1 T2 T2 T2 T2 T2
0.0769 51.8 1 T2 T2 - T2 T2 50 8.72 1 T2 T2 T2 T2 T2

0 33.8 1 T2 T2 T2 T2 T2 75 17.7 1 T2 T2 T2 T2 T2
0.45 23.3 1 T2 T2 T2 T2 T2 75 27.7 1 T2 T2 T2 T2 T2

0 38.3 1 T2 T2 T2 T2 T2 50 23.3 1 T2 T2 T2 T2 T2
0 20.6 1 T2 T2 T2 T2 T2 80 30.8 1 T2 T2 T2 T2 T2
0 26.7 1 T2 T2 T2 T2 T2 25 25.8 1 T2 T2 T2 T2 T2
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0 37.3 1 T2 T2 T2 T2 T2 30 56.7 Y 1 T2 T2 - T2 T2
0 27.1 1 T2 T2 T2 T2 T2 55 36.2 1 T2 T2 T2 T2 T2
0 9.13 1 T2 T2 T2 T2 T2 85 13.3 1 T2 T2 T2 T2 T2

1.0 26.9 1 T2 T2 T2 T2 T2 80 14.6 1 T2 T2 T2 T2 T2
0 12.6 1 T2 T2 T2 T2 T2 85 35.7 1 T2 T2 T2 T2 T2
0 25.1 1 T2 T2 T2 T2 T2 85 11 1 T2 T2 T2 T2 T2
0 99.8 Y 1 - T2 - - T2 0 27 1 T2 T2 T2 T2 T2
0 238 Y 1 - - - - - 0 25.4 1 T2 T2 T2 T2 T2
0 48.2 1 T2 T2 - T2 T2 50 29.5 1 T2 T2 T2 T2 T2

0.2308 5.74 1 T2 T2 T2 T2 T2 75 25.6 1 T2 T2 T2 T2 T2
0 44.8 1 T2 T2 - T2 T2 85 31.9 1 T2 T2 T2 T2 T2
0 32.6 1 T2 T2 T2 T2 T2 55 36.2 1 T2 T2 T2 T2 T2
0 38.8 1 T2 T2 T2 T2 T2 70 51.8 1 T2 T2 - T2 T2
0 42.9 1 T2 T2 T2 T2 T2 80 33.8 1 T2 T2 T2 T2 T2

0.269 26.6 1 T2 T2 T2 T2 T2 60 23.3 1 T2 T2 T2 T2 T2
0.167 21.3 1 T2 T2 T2 T2 T2 80 38.3 1 T2 T2 T2 T2 T2

0 30.5 1 T2 T2 T2 T2 T2 40 20.6 1 T2 T2 T2 T2 T2
0 29.1 1 T2 T2 T2 T2 T2 75 26.7 1 T2 T2 T2 T2 T2
0 40.9 1 T2 T2 T2 T2 T2 50 37.3 1 T2 T2 T2 T2 T2
0 27.2 1 T2 T2 T2 T2 T2 20 27.1 1 T2 T2 T2 T2 T2
0 24.8 1 T2 T2 T2 T2 T2 10 9.13 1 T2 T2 T2 T2 T2

0.9 12.8 1 T2 T2 T2 T2 T2 35 12.6 1 T2 T2 T2 T2 T2
0.375 13.7 1 T2 T2 T2 T2 T2 10 25.1 1 T2 T2 T2 T2 T2

0 14 1 T2 T2 T2 T2 T2 10 99.8 Y 1 - T2 - - T2
0 29.4 1 T2 T2 T2 T2 T2 0 238 Y 1 - - - - -
0 25.10 1 T2 T2 T2 T2 T2 65 48.2 1 T2 T2 - T2 T2
0 37.9 1 T2 T2 T2 T2 T2 80 5.74 1 T2 T2 T2 T2 T2

0.375 24.5 1 T2 T2 T2 T2 T2 60 44.8 1 T2 T2 - T2 T2
0.611 32.3 1 T2 T2 T2 T2 T2 0 32.6 1 T2 T2 T2 T2 T2

0 28 1 T2 T2 T2 T2 T2 75 38.8 1 T2 T2 T2 T2 T2
0 34.1 1 T2 T2 T2 T2 T2 65 42.9 1 T2 T2 - T2 T2
0 41.2 1 T2 T2 T2 T2 T2 85 26.6 1 T2 T2 T2 T2 T2
0 32.8 1 T2 T2 T2 T2 T2 75 21.3 1 T2 T2 T2 T2 T2

0.167 34.6 1 T2 T2 T2 T2 T2 80 30.5 1 T2 T2 T2 T2 T2
0.654 27.5 1 T2 T2 T2 T2 T2 65 29.1 1 T2 T2 T2 T2 T2

0 12.5 1 T2 T2 T2 T2 T2 80 40.9 1 T2 T2 - T2 T2
0 42.3 1 T2 T2 T2 T2 T2 15 27.2 1 T2 T2 T2 T2 T2
0 24.3 1 T2 T2 T2 T2 T2 75 24.8 1 T2 T2 T2 T2 T2
0 28.7 1 T2 T2 T2 T2 T2 85 12.8 1 T2 T2 T2 T2 T2

0.6 34.3 1 T2 T2 T2 T2 T2 55 13.7 1 T2 T2 T2 T2 T2
0 31.3 1 T2 T2 T2 T2 T2 60 14 1 T2 T2 T2 T2 T2
0 29.7 1 T2 T2 T2 T2 T2 50 29.4 1 T2 T2 T2 T2 T2
0 39.9 1 T2 T2 T2 T2 T2 80 25.1 1 T2 T2 T2 T2 T2
0 30.9 1 T2 T2 T2 T2 T2 55 37.9 1 T2 T2 T2 T2 T2

0.15 28.6 1 T2 T2 T2 T2 T2 80 24.5 1 T2 T2 T2 T2 T2
0.688 30.9 1 T2 T2 T2 T2 T2 80 32.3 1 T2 T2 T2 T2 T2

0 21.90 1 T2 T2 T2 T2 T2 35 28 1 T2 T2 T2 T2 T2
0 32.8 1 T2 T2 T2 T2 T2 15 34.1 1 T2 T2 T2 T2 T2
0 31.5 1 T2 T2 T2 T2 T2 65 41.2 1 T2 T2 - T2 T2
0 30.9 1 T2 T2 T2 T2 T2 55 32.8 1 T2 T2 T2 T2 T2
0 67.9 Y 1 - T2 - T2 T2 75 34.6 1 T2 T2 T2 T2 T2
0 40.5 1 T2 T2 T2 T2 T2 50 12.5 1 T2 T2 T2 T2 T2
0 28.8 1 T2 T2 T2 T2 T2 65 42.3 1 T2 T2 - T2 T2
0 41.5 1 T2 T2 T2 T2 T2 70 24.3 1 T2 T2 T2 T2 T2
0 41.9 1 T2 T2 T2 T2 T2 55 28.7 1 T2 T2 T2 T2 T2
0 5.75 1 T2 T2 T2 T2 T2 75 34.3 1 T2 T2 T2 T2 T2

0.25 4.36 1 T2 T2 T2 T2 T2 45 31.3 1 T2 T2 T2 T2 T2
0 22.90 1 T2 T2 T2 T2 T2 5 29.7 1 T2 T2 T2 T2 T2

0.909 3.9 1 T2 T2 T2 T2 T2 85 30.4 1 T2 T2 T2 T2 T2
0 25.2 1 T2 T2 T2 T2 T2 25 39.9 1 T2 T2 T2 T2 T2
0 23.8 1 T2 T2 T2 T2 T2 65 30.9 1 T2 T2 T2 T2 T2

0.8 22.5 1 T2 T2 T2 T2 T2 70 28.6 1 T2 T2 T2 T2 T2
1.04 21.9 1 T2 T2 T2 T2 T2 75 30.9 1 T2 T2 T2 T2 T2
0.833 26.5 1 T2 T2 T2 T2 T2 65 21.9 1 T2 T2 T2 T2 T2
0.938 25.3 1 T2 T2 T2 T2 T2 5 32.8 1 T2 T2 T2 T2 T2

0.5 27.7 1 T2 T2 T2 T2 T2 35 31.5 1 T2 T2 T2 T2 T2
0 31.2 1 T2 T2 T2 T2 T2 60 30.9 1 T2 T2 T2 T2 T2

0.2 35.6 1 T2 T2 T2 T2 T2 5 67.9 Y 1 - T2 - T2 T2
0 40.3 1 T2 T2 T2 T2 T2 15 40.5 1 T2 T2 T2 T2 T2
0 51.6 1 T2 T2 - T2 T2 50 28.8 1 T2 T2 T2 T2 T2

0.083 27.1 1 T2 T2 T2 T2 T2 55 41.5 1 T2 T2 - T2 T2
0.556 24.5 1 T2 T2 T2 T2 T2 0 41.9 1 T2 T2 - T2 T2
1.111 29.9 1 T2 T2 T2 T2 T2 0 5.75 1 T2 T2 T2 T2 T2
0.571 47 1 T2 T2 - T2 T2 75 4.36 1 T2 T2 T2 T2 T2
0.792 32.4 1 T2 T2 T2 T2 T2 15 22.9 1 T2 T2 T2 T2 T2
0.643 26.4 1 T2 T2 T2 T2 T2 35 25.2 1 T2 T2 T2 T2 T2

0 29.5 1 T2 T2 T2 T2 T2 35 23.8 1 T2 T2 T2 T2 T2
0.708 28.9 1 T2 T2 T2 T2 T2 80 22.5 1 T2 T2 T2 T2 T2

0.5 27.8 1 T2 T2 T2 T2 T2 70 27.7 1 T2 T2 T2 T2 T2
0.818 26.7 1 T2 T2 T2 T2 T2 85 31.2 1 T2 T2 T2 T2 T2

0 23.7 1 T2 T2 T2 T2 T2 80 35.6 1 T2 T2 T2 T2 T2
0.778 34.1 1 T2 T2 T2 T2 T2 75 40.3 1 T2 T2 T2 T2 T2

0 27.3 1 T2 T2 T2 T2 T2 65 51.6 1 T2 T2 - T2 T2
0 39.7 1 T2 T2 T2 T2 T2 80 27.1 1 T2 T2 T2 T2 T2

0.5 32.5 1 T2 T2 T2 T2 T2 65 24.5 1 T2 T2 T2 T2 T2
0.917 37.2 1 T2 T2 T2 T2 T2 85 29.9 1 T2 T2 T2 T2 T2

0 38.4 1 T2 T2 T2 T2 T2 80 47 1 T2 T2 - T2 T2
0 36.6 1 T2 T2 T2 T2 T2 75 29.3 1 T2 T2 T2 T2 T2
0 41.5 1 T2 T2 T2 T2 T2 75 29.5 1 T2 T2 T2 T2 T2
0 45.3 1 T2 T2 - T2 T2 85 27.8 1 T2 T2 T2 T2 T2
0 36.1 1 T2 T2 T2 T2 T2 85 26.7 1 T2 T2 T2 T2 T2
0 39.4 1 T2 T2 T2 T2 T2 0 23.7 1 T2 T2 T2 T2 T2
0 33.6 1 T2 T2 T2 T2 T2 30 27.3 1 T2 T2 T2 T2 T2
0 51.8 1 T2 T2 - T2 T2 25 39.7 1 T2 T2 T2 T2 T2
0 35 1 T2 T2 T2 T2 T2 85 32.5 1 T2 T2 T2 T2 T2
0 35.7 1 T2 T2 T2 T2 T2 80 37.2 1 T2 T2 T2 T2 T2

0.962 34.6 1 T2 T2 T2 T2 T2 75 38.4 1 T2 T2 T2 T2 T2
0 38.4 1 T2 T2 T2 T2 T2 30 41.5 1 T2 T2 - T2 T2
0 27 1 T2 T2 T2 T2 T2 50 45.3 1 T2 T2 - T2 T2
0 27.1 1 T2 T2 T2 T2 T2 10 36.1  1 T2 T2 T2 T2 T2
0 34.2 1 T2 T2 T2 T2 T2 85 34.5 1 T2 T2 T2 T2 T2
0 25.9 1 T2 T2 T2 T2 T2 55 39.4 1 T2 T2 T2 T2 T2

40 33.6 1 T2 T2 T2 T2 T2
197 1 0 1 1 0 45 51.8 1 T2 T2 - T2 T2
230 189 192 177 190 192 5 35 1 T2 T2 T2 T2 T2

 190 192 178 191 192 85 35.7 1 T2 T2 T2 T2 T2
85 34.6 1 T2 T2 T2 T2 T2
50 38.4 1 T2 T2 T2 T2 T2
80 27 1 T2 T2 T2 T2 T2
55 27.1 1 T2 T2 T2 T2 T2
5 34.2 1 T2 T2 T2 T2 T2
60 25.9 1 T2 T2 T2 T2 T2

192 1 0 2 1 0
240 183 187 161 185 187

184 187 163 186 187
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0.37 b 7.5 2x mean NOEC 63.6 0 - - - - -
0.35 b 9.4 Median NOEC 28.0 0 - - - - -

0.350 b 8.9 0 - - - - -
0.302 b 15 ER-L 87.0 0 - - - - -
0.362 b 8 ER-M 238.0 0 - - - - -
0.308 b 20 15th Percentile E 96.6 0 - - - - -
0.400 b 28 TEL 52.0 0 - - - - -
0.500 b 34 85th Percentile NE 37.3 0 - - - - -
0.286 b 46 PEL 94 0 - - - - -
0.406 b 16 AET 419 0 - - - - -
0.294 b 23 0 - - - - -
0.398 b 15 9 0 - - - - -
0.316 b 23 Effects Data N 7 0 - - - - -
0.250 b 28 0 - - - - -
0.264 b 13 Effects Data Set 0 - - - - -
0.452 b 29 387 0 - - - - -
0.384 b 27 1190 0 - - - - -
0.39 b 25.8 275 0 - - - - -
0.408 b 29.1 177 0 - - - - -
0.45 b 5.85 99.8 0 - - - - -
0.39 b 42.1 238 0 - - - - -
0.532 b 29.5 67.9 0 - - - - -
0.512 b 28.8 0 - - - - -
0.528 b 17.2 0 - - - - -
0.438 b 60.1 0 - - T1 - -
0.55 b 27.2 0 - - - - -
0.756 b 27.8 0 - - - - -
0.712 b 40.9 0 - - - - -
0.744 b 30 0 - - - - -
0.440 b 30.7 0 - - - - -
0.450 b 33.9 0 - - - - -
0.500 b 25.8 0 - - - - -
0.610 b 36.2 0 - - - - -
0.440 b 13.3 0 - - - - -
0.460 b 27.9 0 - - - - -
0.450 b 29.5 0 - - - - -
0.640 b 36.2 0 - - - - -
0.560 b 33.8 0 - - - - -
0.590 b 38.3 0 - - - - -
0.610 b 26.7 0 - - - - -
0.550 b 25.4 0 - - - - -
0.690 b 37.3 0 - - - - -
0.480 b 27.1 0 - - - - -
0.530 b 26.9 0 - - - - -
0.480 b 26.9 0 - - - - -
0.690 b 12.6 0 - - - - -
0.430 b 15.9 0 - - - - -
0.710 b 48.2 0 - - - - -
0.470 b 44.8 0 - - - - -
0.680 b 29.1 0 - - - - -
0.560 b 12.8 0 - - - - -
0.550 b 13.7 0 - - - - -
0.480 b 14 0 - - - - -
0.440 b 25.1 0 - - - - -
0.510 b 24.5 0 - - - - -
0.490 b 28 0 - - - - -
0.570 b 34.6 0 - - - - -
0.440 b 27.5 0 - - - - -
0.440 b 24.3 0 - - - - -
0.430 b 28.7 0 - - - - -
0.450 b 30.4 0 - - - - -
0.660 b 39.9 0 - - - - -
0.510 b 31.5 0 - - - - -
0.530 b 40.5 0 - - - - -
0.570 b 41.5 0 - - - - -
0.430 b 4.36 0 - - - - -
0.530 b 3.9 0 - - - - -
0.440 b 25.2 0 - - - - -
0.430 b 22.5 0 - - - - -
0.580 b 21.9 0 - - - - -
0.570 b 24.3 0 - - - - -
0.680 b 25.3 0 - - - - -
0.450 b 27.7 0 - - - - -
0.490 b 31.2 0 - - - - -
0.440 b 25.3 0 - - - - -
0.730 b 29.6 0 - - - - -
0.430 b 27.1 0 - - - - -
0.750 b 24.5 0 - - - - -
0.460 b 29.9 0 - - - - -
0.510 b 31 0 - - - - -
0.650 b 32.4 0 - - - - -
0.430 b 27.20 0 - - - - -
0.570 b 26.4 0 - - - - -
0.800 b 29.3 0 - - - - -
0.550 b 29.5 0 - - - - -
0.480 b 34.1 0 - - - - -
0.490 b 24.800 0 - - - - -
0.490 b 37.2 0 - - - - -
0.420 b 38.4 0 - - - - -
0.600 b 33.3 0 - - - - -
0.620 b 33 0 - - - - -
0.460 b 33.6 0 - - - - -
0.560 b 35.7 0 - - - - -
0.440 b 34.6 0 - - - - -
0.510 b 38.4 0 - - - - -
0.70 b 32 0 - - - - -
0.58 b 26.8 0 - - - - -
0.62 b 25.8 0 - - - - -
0.592 b 31.9 0 - - - - -
0.556 b 27.9 0 - - - - -
0.410 b 33.6 0 - - - - -
0.370 b 35.7 0 - - - - -
0.410 b 11 0 - - - - -
0.370 b 23.3 0 - - - - -
0.400 b 20.6 0 - - - - -
0.390 b 26.6 0 - - - - -
0.410 b 24.8 0 - - - - -
0.390 b 29.4 0 - - - - -
0.370 b 41.2 0 - - - - -
0.390 b 32.8 0 - - - - -
0.390 b 42.3 0 - - - - -
0.400 b 28.8 0 - - - - -
0.410 b 35.6 0 - - - - -
0.410 b 51.6 0 - - - - -
0.390 b 47 0 - - - - -
0.410 b 32.5 0 - - - - -
0.410 b 36.6 0 - - - - -
0.390 b 33.8 0 - - - - -
0.234 b 27 0 - - - - -
0.230 b 3.9 0 - - - - -
0.65 b 14.9 0 - - - - -

0.380 b 28.6 0 - - - - -
0.400 b 26.5 0 - - - - -
0.380 b 26.7 0 - - - - -
0.360 b 51.8 0 - - - - -
0.282 b 12.4 0 - - - - -
0.29 b 419 Y 0 T1 T1 T1 T1 -
0.34 b 20.3 0 - - - - -



APPENDIX H - Amphipod Tox - Lead
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0.302 b 22.9 0 - - - - -
0.326 b 154 Y 0 T1 - T1 T1 -
0.334 b 27.6 0 - - - - -
0.60 18 1 T2 T2 T2 T2 T2
0.42 21 1 T2 T2 T2 T2 T2
0.51 20 1 T2 T2 T2 T2 T2
0.43 36 1 T2 T2 T2 T2 T2
0.47 12 1 T2 T2 T2 T2 T2
0.61 18 1 T2 T2 T2 T2 T2
0.46 29 1 T2 T2 T2 T2 T2
0.46 27 1 T2 T2 T2 T2 T2
0.63 14 1 T2 T2 T2 T2 T2
0.17 28 1 T2 T2 T2 T2 T2
0.10 17 1 T2 T2 T2 T2 T2
0.11 24 1 T2 T2 T2 T2 T2
0.08 47 1 T2 T2 T2 T2 T2
0.02 43 1 T2 T2 T2 T2 T2
0.17 22 1 T2 T2 T2 T2 T2
0.09 21 1 T2 T2 T2 T2 T2
0.15 26 1 T2 T2 T2 T2 T2

0.178 2.2 1 T2 T2 T2 T2 T2
0 12 1 T2 T2 T2 T2 T2

0.272 16.6 1 T2 T2 T2 T2 T2
0 25.4 1 T2 T2 T2 T2 T2
0 52 1 T2 T2 T2 T2 T2
0 25.3 1 T2 T2 T2 T2 T2

0.14 35.5 1 T2 T2 T2 T2 T2
0.26 24.2 1 T2 T2 T2 T2 T2
0.25 25.7 1 T2 T2 T2 T2 T2

0 16.3 1 T2 T2 T2 T2 T2
0.1 32 1 T2 T2 T2 T2 T2
0 387 Y 1 - - - - T2
0 1190 Y 1 - - - - -

0.208 15.4 1 T2 T2 T2 T2 T2
0.358 17.3 1 T2 T2 T2 T2 T2
0.488 18.1 1 T2 T2 T2 T2 T2
0.378 6.55 1 T2 T2 T2 T2 T2
0.382 25.7 1 T2 T2 T2 T2 T2
0.426 28.9 1 T2 T2 T2 T2 T2
0.34 26.4 1 T2 T2 T2 T2 T2
0.322 4.29 1 T2 T2 T2 T2 T2
0.534 23.3 1 T2 T2 T2 T2 T2
0.322 44.2 1 T2 T2 T2 T2 T2

0.1 275 Y 1 - - - - T2
0.43 177 Y 1 - T2 - - T2
0.426 29.7 1 T2 T2 T2 T2 T2
0.352 28.6 1 T2 T2 T2 T2 T2
0.318 2.53 1 T2 T2 T2 T2 T2
0.458 27.2 1 T2 T2 T2 T2 T2
0.402 17.4 1 T2 T2 T2 T2 T2
0.310 48.6 1 T2 T2 T2 T2 T2

0 39.9 1 T2 T2 T2 T2 T2
0.250 16.5 1 T2 T2 T2 T2 T2
0.330 13.9 1 T2 T2 T2 T2 T2

0 27.8 1 T2 T2 T2 T2 T2
0.320 8.72 1 T2 T2 T2 T2 T2
0.340 17.7 1 T2 T2 T2 T2 T2
0.350 27.7 1 T2 T2 T2 T2 T2
0.290 23.3 1 T2 T2 T2 T2 T2
0.200 30.8 1 T2 T2 T2 T2 T2
0.180 56.7 1 T2 T2 - T2 T2
0.290 14.6 1 T2 T2 T2 T2 T2

0 27 1 T2 T2 T2 T2 T2
0 25.4 1 T2 T2 T2 T2 T2

0.350 25.6 1 T2 T2 T2 T2 T2
0.350 31.9 1 T2 T2 T2 T2 T2
0.330 51.8 1 T2 T2 T2 T2 T2
0.350 9.13 1 T2 T2 T2 T2 T2
0.150 25.1 1 T2 T2 T2 T2 T2
0.200 99.8 Y 1 - T2 - - T2

0 238 Y 1 - - - - T2
0.330 5.74 1 T2 T2 T2 T2 T2

0 32.6 1 T2 T2 T2 T2 T2
0.300 38.8 1 T2 T2 T2 T2 T2
0.190 42.9 1 T2 T2 T2 T2 T2
0.340 21.3 1 T2 T2 T2 T2 T2
0.310 30.5 1 T2 T2 T2 T2 T2
0.340 40.9 1 T2 T2 T2 T2 T2
0.300 27.2 1 T2 T2 T2 T2 T2
0.270 37.9 1 T2 T2 T2 T2 T2
0.240 32.3 1 T2 T2 T2 T2 T2
0.270 34.1 1 T2 T2 T2 T2 T2
0.330 12.5 1 T2 T2 T2 T2 T2
0.330 34.3 1 T2 T2 T2 T2 T2
0.190 31.3 1 T2 T2 T2 T2 T2
0.200 29.7 1 T2 T2 T2 T2 T2
0.310 30.9 1 T2 T2 T2 T2 T2
0.330 30.9 1 T2 T2 T2 T2 T2
0.250 21.9 1 T2 T2 T2 T2 T2
0.300 32.8 1 T2 T2 T2 T2 T2
0.340 30.9 1 T2 T2 T2 T2 T2
0.300 67.9 Y 1 T2 T2 - T2 T2

0 41.9 1 T2 T2 T2 T2 T2
0 5.75 1 T2 T2 T2 T2 T2

0.330 22.9 1 T2 T2 T2 T2 T2
0.330 23.8 1 T2 T2 T2 T2 T2
0.310 40.3 1 T2 T2 T2 T2 T2
0.350 28.9 1 T2 T2 T2 T2 T2
0.310 27.8 1 T2 T2 T2 T2 T2
0.000 23.7 1 T2 T2 T2 T2 T2
0.350 27.3 1 T2 T2 T2 T2 T2
0.280 39.7 1 T2 T2 T2 T2 T2
0.130 41.5 1 T2 T2 T2 T2 T2
0.300 45.3 1 T2 T2 T2 T2 T2
0.150 36.1 1 T2 T2 T2 T2 T2
0.350 34.5 1 T2 T2 T2 T2 T2
0.350 39.4 1 T2 T2 T2 T2 T2
0.200 35 1 T2 T2 T2 T2 T2
0.240 27 1 T2 T2 T2 T2 T2
0.330 27.1 1 T2 T2 T2 T2 T2
0.200 34.2 1 T2 T2 T2 T2 T2
0.290 25.9 1 T2 T2 T2 T2 T2

 
109 2 1 3 2 0
240 103 105 101 103 108

105 106 104 105 108



Sediment Effect Concentrations Summary - Grass Shrimp

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

3.2 10.5 1.4 4.8 11.0 77 12.0 20.0 3.2 10.7 41.0 77 3.5 5.2 1.0 2.9 7.9 77
Number of Type 1 Errors 2 1 5 1 0 1 1 5 2 0 1 1 6 2 0
Number of Type 2 Errors 30 40 21 35 40 35 43 26 35 48 35 43 31 33 48

Number predicted correctly 45 36 51 41 37 41 33 46 40 29 41 33 40 42 29
Overall Reliability (%) 58% 47% 66% 53% 48% 53% 43% 60% 52% 38% 53% 43% 52% 55% 38%

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

13.5 46.0 3.9 15.4 86.6 77 18.6 23.0 5.0 16.6 69.0 77 4.2 7.0 1.3 5.4 15.1 77
Number of Type 1 Errors 3 2 12 3 0 6 5 15 6 0 9 5 15 5 0
Number of Type 2 Errors 13 16 9 14 20 12 15 10 11 17 12 15 10 15 18

Number predicted correctly 61 59 56 60 57 59 57 52 60 60 56 57 52 57 59
Overall Accuracy (%) 79% 77% 73% 78% 74% 77% 74% 68% 78% 78% 73% 74% 68% 74% 77%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

13.0 46.0 3.4 17.3 86.6 77 18.4 43.5 4.8 25.3 69.0 77 3.9 7.0 1.2 5.7 15.1 77
Number of Type 1 Errors 4 2 13 4 0 7 1 16 3 0 10 5 17 5 0
Number of Type 2 Errors 16 18 12 17 22 15 18 13 18 19 14 17 13 17 20

Number predicted correctly 57 57 52 56 55 55 58 48 56 58 53 55 47 55 57
Overall Accuracy (%) 74% 74% 68% 73% 71% 71% 75% 62% 73% 75% 69% 71% 61% 71% 74%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

16.4 46.0 4.3 14.8 86.6 77 19.0 41.0 5.8 27.9 69.0 77 4.3 7.5 1.3 5.7 15.1 77
Number of Type 1 Errors 3 2 8 3 0 4 1 14 2 0 7 2 13 4 0
Number of Type 2 Errors 26 28 20 26 32 22 26 20 26 28 22 26 19 25 29

Number predicted correctly 48 47 49 48 45 51 50 43 49 49 48 49 45 48 48
Overall Accuracy (%) 62% 61% 64% 62% 58% 66% 65% 56% 64% 64% 62% 64% 58% 62% 62%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

10.8 22.0 3.5 8.5 86.6 64 19.0 24.0 6.2 16.3 69.0 65 4.3 7.3 1.4 4.7 15.1 65
Number of Type 1 Errors 3 2 7 4 1 4 4 12 4 1 11 5 15 9 1
Number of Type 2 Errors 12 15 9 11 20 12 16 12 12 19 19 20 18 19 21

Number predicted correctly 49 47 48 49 43 49 44 40 48 44 35 39 31 36 42
Overall Accuracy (%) 77% 73% 75% 77% 67% 75% 68% 62% 74% 68% 54% 60% 48% 55% 65%

Ovary Maturation

Survival Rate

DNA Strand Damage

Survival Rate

DNA Strand Damage

Ovary MaturationOvary Maturation

Survival Rate

DNA Strand Damage

Mercury OC-normalized Aroclor 1268

Embryo Development

Embryo Hatching

Embryo Development

Embryo Hatching

Aroclor 1268

Embryo Development

Embryo Hatching



Sediment Effect Concentrations Summary - Grass Shrimp

 

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

4.0 6.1 1.6 4.5 11.5 77 1.3 2.5 0.5 1.4 4.3 77 1190 1190 139 198 419 77
Number of Type 1 Errors 4 2 4 4 0 2 1 6 2 0 0 0 3 2 0
Number of Type 2 Errors 47 50 41 48 50 48 50 43 48 52 52 52 52 52 52

Number predicted correctly 26 25 32 25 27 27 26 28 27 25 25 25 22 23 25
Overall Reliability (%) 34% 32% 42% 32% 35% 35% 34% 36% 35% 32% 32% 32% 29% 30% 32%

  

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

3.9 6.1 1.6 3.3 11.8 77 1.0 1.6 0.4 0.9 4.3 77 1190 1190 174 204 419 77
Number of Type 1 Errors 6 3 10 6 0 5 3 11 5 0 0 0 2 2 0
Number of Type 2 Errors 16 18 14 15 19 16 18 13 15 19 19 19 19 19 19

Number predicted correctly 55 56 53 56 58 56 56 53 57 58 58 58 56 56 58
Overall Accuracy (%) 71% 73% 69% 73% 75% 73% 73% 69% 74% 75% 75% 75% 73% 73% 75%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

6.1 6.1 2.0 4.6 52.8 77 1.6 1.6 0.6 1.2 13.7 77 NA NA NA NA 1190 77
Number of Type 1 Errors 5 5 10 8 0 5 5 11 7 0 0 0 0 0 0
Number of Type 2 Errors 21 21 19 21 22 22 22 20 21 22 0 0 0 0 22

Number predicted correctly 51 51 48 48 55 50 50 46 49 55 77 77 77 77 55
Overall Accuracy (%) 66% 66% 62% 62% 71% 65% 65% 60% 64% 71% 100% 100% 100% 100% 71%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

7.2 11.5 2.1 4.8 52.8 77 1.7 2.2 0.6 1.1 13.7 77 NA NA NA NA 1190 77
Number of Type 1 Errors 3 2 7 6 0 3 3 7 5 0 0 0 0 0 0
Number of Type 2 Errors 29 29 25 28 31 29 29 25 28 31 0 0 0 0 31

Number predicted correctly 45 46 45 43 46 45 45 45 44 46 0 0 0 0 46
Overall Accuracy (%) 58% 60% 58% 56% 60% 58% 58% 58% 57% 60% 0% 0% 0% 0% 60%

ER-L ER-M TEL PEL AET
Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples ER-L ER-M TEL PEL AET

Total # of 
samples

6.6 8.8 2.3 3.9 52.8 65 1.5 1.6 0.6 0.9 13.7 65 NA NA NA NA 1190 65
Number of Type 1 Errors 4 3 7 6 1 4 4 9 6 1 0 0 0 0 0
Number of Type 2 Errors 21 21 16 18 22 19 20 15 17 21 0 0 0 0 22

Number predicted correctly 40 41 42 41 42 42 41 41 42 43 65 65 65 65 43
Overall Accuracy (%) 62% 63% 65% 63% 65% 65% 63% 63% 65% 66% 0% 0% 0% 0% 66%

   

Survival Rate Survival Rate Survival Rate

DNA Strand Damage DNA Strand Damage DNA Strand Damage

Embryo Hatching Embryo Hatching Embryo Hatching

Ovary Maturation Ovary Maturation Ovary Maturation

Total Polycyclic Aromatic Hydrocarbons OC-normalized PAHs Lead

Embryo Development Embryo Development Embryo Development



APPENDIX H - Grass Shrimp Tox - Mercury
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73 b 0.0135 2x mean NOEC 2.6 0 - - - - - 96 b 0.0135 2x mean NOEC 10.5 0 - - - - -
74 b 1.3 Median NOEC 0.56 0 - - - - - 92 b 6.6 Median NOEC 1.0 0 - - T1 - -
53 b 0.025 0 - - - - - 88 b 2.28 0 - - - - -
77 b 0.038 ER-L 3.2 0 - - - - - 89 b 1.3 ER-L 13.5 0 - - - - -
45 b 0.62 ER-M 10.5 0 - - - - -  88 b 0.025 ER-M 46.0 0 - - - - -
50 b 0.044 15th Percentile E 3.3 0 - - - - - 88 b 0.55 15th Percentile E 14.8 0 - - - - -
38 b 0.01 TEL 1.4 0 - - - - - 90 b 0.038 TEL 3.9 0 - - - - -
34 b 2.5 85th Percentile NE 2.2 0 - - T1 - - 87 b 2.8 85th Percentile NE 5.2 0 - - - - -
39 b 0.026 PEL 4.8 0 - - - - - 88 b 0.62 PEL 15.4 0 - - - - -
38 b 0.82 AET 11 0 - - - - - 88 b 10 AET 87 0 - - T1 - -
49 b 0.51 0 - - - - - 88 b 80 Y 0 T1 T1 T1 T1 -
44 b 1.2 28 0 - - - - - 93 b 4.1 14 0 - - T1 - -
33 b 11 Y Effects Data N 26 0 T1 T1 T1 T1 - 97 b 0.01 Effects Data N 9 0 - - - - -

56.3 b 0.0952 Effects Data Set 0 - - - - - 87 b 0.56 Effects Data Set 0 - - - - -
52.3 b 0.243 11.5 0 - - - - - 87 b 22 Y 14 0 T1 - T1 T1 -
56.3 b 2.17 30.5 0 - - T1 - - 93 b 0.01 11.5 0 - - - - -
55 b 2.28 6.6 0 - - T1 - - 85 b 2.5 30.5 0 - - - - -
28 b 0.73 4.16 0 - - - - - 92 b 0.79 48 0 - - - - -
29 b 0.3 3.1 0 - - - - - 87 b 0.73 62 0 - - - - -
29 b 0.16 12.3 0 - - - - - 85 b 0.51 46 0 - - - - -

46.7 b 4.43 Y 11 0 T1 - T1 - - 88 b 1.2 18 0 - - - - -
47.3 b 0.218 48 0 - - - - - 92 b 0.3 86.6 0 - - - - -
37.7 b 1.16 14 0 - - - - - 87 b 0.16 80.4 0 - - - - -
29.3 b 1.1 62 0 - - - - - 86.7 b 0.0952 0 - - - - -
29 2.1 46 1 T2 T2 - T2 T2  90 b 0.0921 0 - - - - -
44 0.279 2.8 1 T2 T2 T2 T2 T2 88.3 b 4.31 0 - - T1 - -
36 0.0787 10 1 T2 T2 T2 T2 T2 90 b 0.243 0 - - - - -
11 11.5 Y 80 1 - - - - - 90 b 1.99 0 - - - - -
11 30.5 Y 4.1 1 - - - - - 86.7 b 1.9 0 - - - - -
48 6.6 Y 6.8 1 - T2 - - T2 86.7 b 4.43 0 - - T1 - -
0 4.16 Y 22 1 - T2 - T2 T2 88.3 b 1.01 0 - - - - -
0 3.1 Y 3.0 1 T2 T2 - T2 T2 86.7 b 0.88 0 - - - - -
45 12.3 Y 3.3 1 - - - - - 86.7 b 0.686 0 - - - - -
44 0.052 18 1 T2 T2 T2 T2 T2 85 b 12.3 Y 0 - - T1 - -
25 0.24 86.6 1 T2 T2 T2 T2 T2 84 b 0.052 0 - - - - -
21 11 Y 80.4 1 - - - - - 84 b 0.24 0 - - - - -
16 48 Y 5.68 1 - - - - - 82 b 0.044 0 - - - - -
18 14 Y 4.31 1 - - - - - 83 b 2.1 0 - - - - -
28 0.55 3.32 1 T2 T2 T2 T2 T2 82 b 0.82 0 - - - - -
8 62 Y 8.79 1 - - - - - 83 b 3.3 0 - - - - -
0 46 Y 1 - - - - - 82 b 11 Y 0 - - T1 - -
21 2.8 Y 1 T2 T2 - T2 T2 80 b 1.1 0 - - - - -
28 10 Y 1 - T2 - - T2 80 b 1.92 0 - - - - -
32 80 Y 1 - - - - - 76.7 b 5.68 0 - - T1 - -
30 4.1 Y 1 - T2 - T2 T2 81.7 b 0.0396 0 - - - - -
29 0.01 1 T2 T2 T2 T2 T2 83.3 b 0.218 0 - - - - -
29 0.56 1 T2 T2 T2 T2 T2 81.7 b 2.17 0 - - - - -
9 6.8 Y 1 - T2 - - T2 81.7 b 3.32 0 - - - - -

15 22 Y 1 - - - - - 81.7 b 8.79 0 - - T1 - -
9 0.044 1 T2 T2 T2 T2 T2 76 b 0.279 0 - - - - -
10 0.53 1 T2 T2 T2 T2 T2 73 b 0.026 0 - - - - -
11 0.2 1 T2 T2 T2 T2 T2 85 b 1.05 0 - - - - -
17 3 Y 1 T2 T2 - T2 T2 85 b 0.572 0 - - - - -
26 0.79 1 T2 T2 T2 T2 T2 83.3 b 86.6 Y 0 T1 T1 T1 T1 -
25 3.3 Y 1 - T2 - T2 T2 85 b 2.11 0 - - - - -
3 18 Y 1 - - - - - 85 b 1.87 0 - - - - -

21 0.68 1 T2 T2 T2 T2 T2 85 b 1.16 0 - - - - -
30.7 0.0921 1 T2 T2 T2 T2 T2 77 14 Y 1 - T2 - T2 T2
38.7 1.92 1 T2 T2 - T2 T2 39 0.0787 1 T2 T2 T2 T2 T2
22 1.05 1 T2 T2 T2 T2 T2 0 11.5 Y 1 T2 T2 - T2 T2

28.3 0.572 1 T2 T2 T2 T2 T2 0 30.5 Y 1 - T2 - - T2
37 86.6 Y 1 - - - - - 0 4.16 1 T2 T2 - T2 T2
8.7 80.4 Y 1 - - - - - 0 3.1 1 T2 T2 T2 T2 T2
27 2.11 1 T2 T2 - T2 T2 61 11 Y 1 T2 T2 - T2 T2

31.7 5.68 Y 1 - T2 - - T2 50 48 Y 1 - - - - T2
31.7 4.31 Y 1 - T2 - T2 T2 65 62 Y 1 - - - - T2
18 1.87 1 T2 T2 - T2 T2 0 46 Y 1 - - - - T2
12 0.245 1 T2 T2 T2 T2 T2 35 6.8 1 T2 T2 - T2 T2

34.7 1.99 1 T2 T2 - T2 T2 67 0.044 1 T2 T2 T2 T2 T2
27.7 1.9 1 T2 T2 - T2 T2 63 0.53 1 T2 T2 T2 T2 T2
28.3 0.0396 1 T2 T2 T2 T2 T2 65 0.2 1 T2 T2 T2 T2 T2
28.7 1.01 1 T2 T2 T2 T2 T2 70 3 1 T2 T2 T2 T2 T2
24.7 0.88 1 T2 T2 T2 T2 T2 45 18 Y 1 - T2 - - T2
29 0.686 1 T2 T2 T2 T2 T2 72 0.68 1 T2 T2 T2 T2 T2
3.7 0.76 1 T2 T2 T2 T2 T2 46.7 80.4 Y 1 - - - - T2
34 3.32 Y 1 - T2 - T2 T2 23.3 0.245 1 T2 T2 T2 T2 T2

22.3 8.79 Y 1 - T2 - - T2 8.3 0.76 1 T2 T2 T2 T2 T2

53 2 1 5 1 0 20 3 2 12 3 0
77 30 40 21 35 40 77 13 16 9 14 20



APPENDIX H - Grass Shrimp Tox - Mercury

Ovary Maturation
Rate b Mercury A
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76 b 0.0787 2x mean NOEC 11.4 0 - - - - - 92 b 0.0135 2x mean NOEC 11.7 0 - - - - -
73 b 0.0135 Median NOEC 0.8 0 - - - - - 93 b 6.6 Median NOEC 1.1 0 - - T1 - -
93 b 1.3 0 - - - - - 89 b 4.16 0 - - - - -
85 b 0.038 ER-L 13.0 0 - - - - - 88 b 0.052 ER-L 16.4 0 - - - - -
78 b 0.62 ER-M 46.0 0 - - - - - 87 b 1.3 ER-M 46.0 0 - - - - -
78 b 80 Y 15th Percentile E 13.8 0 T1 T1 T1 T1 - 87 b 0.038 15th Percentile E 17.6 0 - - - - -
78 b 4.1 TEL 3.4 0 - - T1 - - 85 b 0.62 TEL 4.3 0 - - - - -
83 b 0.044 85th Percentile NE 6.5 0 - - - - - 85 b 10 85th Percentile NE 4.7 0 - - T1 - -
78 b 0.044 PEL 17.3 0 - - - - - 87 b 0.01 PEL 14.8 0 - - - - -
80 b 0.01 AET 86.6 0 - - - - - 83 b 0.56 AET 86.6 0 - - - - -
78 b 2.5 0 - - - - - 83 b 22 Y 0 T1 - T1 T1 -
72 b 0.026 12 0 - - - - - 83 b 0.044 11 0 - - - - -
76 b 0.53 Effects Data N 7 0 - - - - - 87 b 0.01 Effects Data N 7 0 - - - - -
76 b 0.82 Effects Data Set 0 - - - - - 76.7 b 0.0952 Effects Data Set 0 - - - - -
70 b 3 11.5 0 - - - - - 83.3 b 0.0921 30.5 0 - - - - -
78 b 3.3 30.5 0 - - - - - 76.7 b 2.11 48 0 - - - - -
75 b 0.68 48.0 0 - - - - - 81.7 b 5.68 14 0 - - T1 - -
77 b 0.16 14 0 - - - - - 83.3 b 0.243 62 0 - - - - -
72 b 11 62.0 0 - - T1 - - 78.3 b 1.99 46 0 - - - - -
61 b 0.279 46.0 0 - - - - - 83.3 b 0.0396 18 0 - - - - -
63 b 2.28 80.4 0 - - - - - 81.7 b 4.43 80.4 0 - - T1 - -
60 b 3.1 0 - - - - - 83.3 b 1.01 0 - - - - -
64 b 12.3 Y 0 - - T1 - - 80 b 0.218 0 - - - - -
73 b 0.025 0 - - - - - 76.7 b 0.88 0 - - - - -
73 b 2.8 0 - - - - - 83.3 b 0.686 0 - - - - -
73 b 0.01 0 - - - - - 78.3 b 2.17 0 - - - - -
74 b 0.56 0 - - - - - 76.7 b 0.76 0 - - - - -
71 b 22 Y 0 T1 - T1 T1 - 81.7 b 1.16 0 - - - - -
62 b 0.79 0 - - - - - 76.7 b 3.32 0 - - - - -
61 b 0.51 0 - - - - - 84 b 0.0787 0 - - - - -
59 b 1.2 0 - - - - - 83 b 2.28 0 - - - - -
58 b 18 Y 0 T1 - T1 T1 - 73 b 0.025 0 - - - - -

 75.7 b 0.0952 0 - - - - - 72 b 80 Y 0 T1 T1 T1 T1 -
77.3 b 0.0921 0 - - - - - 77 b 4.1 0 - - - - -
79 b 1.92 0 - - - - - 83 b 2.5 0 - - - - -

69.3 b 86.6 Y 0 T1 T1 T1 T1 - 82 b 0.026 0 - - - - -
75.7 b 2.11 0 - - - - - 78 b 0.82 0 - - - - -
83.3 b 5.68 0 - - T1 - - 73 b 3.3 0 - - - - -
79.7 b 4.31 0 - - T1 - - 73.3 b 1.92 0 - - - - -
83.7 b 0.243 0 - - - - - 71.7 b 1.05 0 - - - - -
72.3 b 4.43 0 - - T1 - - 71.7 b 0.572 0 - - - - -
70.7 b 0.218 0 - - - - - 73.3 b 86.6 Y 0 T1 T1 T1 T1 -
76.3 b 0.686 0 - - - - - 73.3 b 4.31 0 - - - - -
75.3 b 2.17 0 - - - - - 71.7 b 1.9 0 - - - - -
70.3 b 0.76 0 - - - - - 71.7 b 8.79 0 - - T1 - -
68.7 b 1.16 0 - - - - - 65 b 1.1 1 T2 T2 T2 T2 T2
77.3 b 3.32 0 - - - - - 77 30.5 Y 1 - T2 - - T2
72 b 10 0 - - T1 - - 76 3.1 1 T2 T2 T2 T2 T2
57 b 6.6 0 - - T1 - - 76 12.3 Y 1 T2 T2 - T2 T2
52 b 0.052 0 - - - - - 80 11.5 1 T2 T2 - T2 T2
56 b 0.73 0 - - - - - 72 0.279 1 T2 T2 T2 T2 T2

66.7 b 0.572 0 - - - - - 40 0.24 1 T2 T2 T2 T2 T2
68 b 0.0396 0 - - - - - 57 11 1 T2 T2 - T2 T2
68 b 1.01 0 - - - - - 15 48 Y 1 - - - - T2

66.7 b 8.79 0 - - T1 - - 23 14 Y 1 T2 T2 - T2 T2
20 11.5 Y 1 T2 T2 - T2 T2 67 0.55 1 T2 T2 T2 T2 T2
32 30.5 Y 1 - T2 - - T2 20 62 Y 1 - - - - T2
48 4.16 1 T2 T2 - T2 T2 48 46 Y 1 - - - - T2
39 0.24 1 T2 T2 T2 T2 T2 58 2.8 1 T2 T2 T2 T2 T2
40 11 1 T2 T2 - T2 T2 27 6.8 1 T2 T2 - T2 T2
32 48 Y 1 - - - - T2 42 0.044 1 T2 T2 T2 T2 T2
38 14 Y 1 - T2 - T2 T2 13 0.53 1 T2 T2 T2 T2 T2
57 0.55 1 T2 T2 T2 T2 T2 63 0.2 1 T2 T2 T2 T2 T2
36 62 Y 1 - - - - T2 67 2.1 1 T2 T2 T2 T2 T2
0 46 Y 1 - - - - T2 67 3 1 T2 T2 T2 T2 T2

33 6.8 1 T2 T2 - T2 T2 52 0.79 1 T2 T2 T2 T2 T2
55 0.2 1 T2 T2 T2 T2 T2 32 0.73 1 T2 T2 T2 T2 T2
54 2.1 1 T2 T2 T2 T2 T2 30 0.51 1 T2 T2 T2 T2 T2
54 0.3 1 T2 T2 T2 T2 T2 65 1.2 1 T2 T2 T2 T2 T2
66 1.1 1 T2 T2 T2 T2 T2 47 0.3 1 T2 T2 T2 T2 T2

63.7 1.05 1 T2 T2 T2 T2 T2 27 18 Y 1 - T2 - - T2
50.3 80.4 Y 1 - - - - T2 60 0.68 1 T2 T2 T2 T2 T2
63.7 1.87 1 T2 T2 T2 T2 T2 28 0.16 1 T2 T2 T2 T2 T2
21.3 0.245 1 T2 T2 T2 T2 T2 40 11 1 T2 T2 - T2 T2
60.3 1.99 1 T2 T2 T2 T2 T2 36.7 80.4 Y 1 - - - - T2
66 1.9 1 T2 T2 T2 T2 T2 56.7 1.87 1 T2 T2 T2 T2 T2

63.7 0.88 1 T2 T2 T2 T2 T2 25 0.245 1 T2 T2 T2 T2 T2

22 4 2 13 4 0 32 3 2 8 3 0
77 16 18 12 17 22 77 26 28 20 26 32
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2.1 b 1.3 2x mean NOEC 7.3 0 T1 T1 T1 T1 T1
2.3 b 0.24 Median NOEC 1.0 0 - - - - -
2.2 b 0.03 0 - - - - -
2.3 b 0.6 ER-L 10.8 0 - - - - -
2.1 b 0.04 ER-M 22.0 0 - - - - -
2.0 b 0.0 15th Percentile E 11.6 0 - - - - -
1.9 b 2.5 TEL 3.5 0 - - - - -
2.2 b 2.1 85th Percentile NE 3.3 0 - - - - -
2.2 b 0.8 PEL 8.5 0 - - - - -
2.3 b 3.0 AET 86.6 0 - - - - -
1.9 b 0.8 0 - - - - -
2.3 b 3.3 12 0 - - - - -
2.3 b 0.73 Effects Data N 9 0 - - - - -
2.3 b 0.51 Effects Data Set 0 - - - - -
2.1 b 1.2 11.0 0 - - - - -
2.0 b 0.3 48.0 0 - - - - -
2.2 b 0.16 14.0 0 - - - - -
1.8 b 0.10 62.0 0 - - - - -
1.9 b 1.92 10.0 0 - - - - -
1.9 b 1.05 80.0 0 - - - - -
1.6 b 86.6 Y 22.0 0 T1 T1 T1 T1 -
2.1 b 2.11 18.0  0 - - - - -
2.0 b 5.68 80.4 0 - - T1 - -
1.9 b 4.31 0 - - T1 - -
1.7 b 0.24 0 - - - - -
2.0 b 1.87 0 - - - - -
2.0 b 1.99 0 - - - - -
1.7 b 1.9 0 - - - - -
2.1 b 0.0396  0 - - - - -
1.8 b 4.43 0 - - T1 - -
1.7 b 0.22 0 - - - - -
1.9 b 0.88 0 - - - - -
1.9 b 2.17 0 - - - - -
1.9 b 0.76 0 - - - - -
2.1 b 1.16  0 - - - - -
1.7 b 3.32 0 - - - - -
1.9 b 8.79 Y 0 - - T1 T1 -
2.4 b 11.00 Y  0 T1 - T1 T1 -
2.2 b 0.09 0 - - - - -
2.2 b 1.10  0 - - - - -
2.1 b 0.57 0 - - - - -
2.1 b 1.01 0 - - - - -
2.2 b 0.69 0 - - - - -
2.5 b 0.026 0 - - - - -
4.3 11 Y 1 - T2 - - T2
3.6 48 Y 1 - - - - T2
3.9 14 Y 1 - T2 - - T2
3.8 62 Y 1 - - - - T2
1.9 2.8 1 T2 T2 T2 T2 T2
1.7 0.62 1 T2 T2 T2 T2 T2
2.7 10 Y 1 T2 T2 - - T2
2.2 80 Y 1 - - - - T2
1.9 4.1 1 T2 T2 - T2 T2
1.7 0.01 1 T2 T2 T2 T2 T2
1.8 0.56 1 T2 T2 T2 T2 T2
3.6 6.8 1 T2 T2 - T2 T2
2.2 22.0 Y 1 - - - - T2
2.4 0.044 1 T2 T2 T2 T2 T2
2.6 0.044 1 T2 T2 T2 T2 T2
3.0 0.5 1 T2 T2 T2 T2 T2
2.8 0.2 1 T2 T2 T2 T2 T2
3.5 18.0 Y 1 - T2 - - T2
2.7 0.68 1 T2 T2 T2 T2 T2
3.67 80.40 Y 1 - - - - T2
4.43 0.25 1 T2 T2 T2 T2 T2

20 3 2 7 4 1
64 12 15 9 11 20
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73 b 0.02 2x mean NOEC 7.3 0 - - - - - 96 b 0.02 2x mean NOEC 12.6 0 - - - - -
74 b 2.8 Median NOEC 0.71 0 - - - - - 92 b 15 Y Median NOEC 1.3 0 - - T1 - -
53 b 0.19 0 - - - - - 88 b 1.4 0 - - - - -
77 b 0.03 ER-L 12.0 0 - - - - - 89 b 2.8 ER-L 18.6 0 - - - - -
45 b 0.7 ER-M 20.0 0 - - - - - 88 b 0.19 ER-M 23.0 0 - - - - -
50 b 0.10 15th Percentile E 14.1 0 - - - - - 88 b 1.2 15th Percentile E 19.0 0 - - - - -
38 b 0.06 TEL 3.2 0 - - - - - 90 b 0.03 TEL 5.0 0 - - - - -
34 b 2.1 85th Percentile NE 5.7 0 - - - - - 87 b 0.79 85th Percentile NE 12.0 0 - - - - -
39 b 0.03 PEL 10.7 0 - - - - - 88 b 0.7 PEL 16.6 0 - - - - -
38 b 12 Y AET 41 0 - - T1 T1 - 88 b 24 Y AET 69 0 T1 T1 T1 T1 -
49 b 0.67 0 - - - - - 88 b 19 Y 0 T1 - T1 T1 -
44 b 2.8 22 0 - - - - - 93 b 3.7 17 0 - - - - -
33 b 41 Y Effects Data N 19 0 T1 T1 T1 T1 - 97 b 0.10 Effects Data N 9 0 - - - - -

56.3 b 0.01 Effects Data Set 0 - - - - - 87 b 0.87 Effects Data Set 0 - - - - -
52.3 b 0.01 12 0 - - - - - 87 b 24 Y 23 0 T1 T1 T1 T1 -
56.3 b 2.3 23 0 - - - - - 93 b 0.06 17 0 - - - - -
37.7 b 7.0 15 0 - - T1 - - 85 b 2.1 19 0 - - - - -
55 b 1.4 17 0 - - - - - 92 b 1.3 19 0 - - - - -
28 b 0.72 19 0 - - - - - 87 b 0.72 430 0 - - - - -
29 b 0.96 19 0 - - - - - 85 b 0.67 64 0 - - - - -
29 b 0.18 430 0 - - - - - 88 b 2.8 92 0 - - - - -

46.7 b 8.2 Y 64 0 - - T1 - - 92 b 0.96 20 0 - - - - -
47.3 b 0.21 92 0 - - - - - 87 b 0.18 82 0 - - - - -
29.3 b 4.2 24 0 - - T1 - - 86.7 b 0.01 0 - - - - -
29 12 Y 19 1 - T2 - - T2 90 b 0.02 0 - - - - -
44 0.60 24 1 T2 T2 T2 T2 T2 88.3 b 36 Y 0 T1 T1 T1 T1 -
36 0.02 10 1 T2 T2 T2 T2 T2 90 b 0.01 0 - - - - -
11 3.7 20 1 T2 T2 - T2 T2 90 b 0.56 0 - - - - -
11 23 Y 69 1 - - - - T2 86.7 b 0.04 0 - - - - -
48 15 Y 82 1 - T2 - - T2 86.7 b 8.2 0 - - T1 - -
0 17 Y 16 1 - T2 - - T2 88.3 b 0.94 0 - - - - -
0 0.33 36 1 T2 T2 T2 T2 T2 86.7 b 0.82 0 - - - - -

45 0.63 12 1 T2 T2 T2 T2 T2 86.7 b 1.3 0 - - - - -
44 0.04 1 T2 T2 T2 T2 T2 76 b 0.6 0 - - - - -
25 1.9 1 T2 T2 T2 T2 T2 85 b 0.63 0 - - - - -
21 19 Y 1 - T2 - - T2 84 b 0.04 0 - - - - -
16 19 Y 1 - T2 - - T2 84 b 1.9 0 - - - - -
18 430 Y 1 - - - - - 82 b 0.10 0 - - - - -
28 1.2 1 T2 T2 T2 T2 T2 73 b 0.03 0 - - - - -
8 64 Y 1 - - - - - 83 b 12 0 - - T1 - -
0 92 Y 1 - - - - - 82 b 12 0 - - T1 - -
21 0.79 1 T2 T2 T2 T2 T2 83 b 3.6 0 - - - - -
28 24 Y 1 - - - - T2 82 b 41 Y 0 T1 T1 T1 T1 -
32 19 Y 1 - T2 - - T2 80 b 4.2 0 - - - - -
30 3.7 1 T2 T2 - T2 T2 80 b 3.7 0 - - - - -
29 0.10 1 T2 T2 T2 T2 T2 85 b 2.2 0 - - - - -
29 0.87 1 T2 T2 T2 T2 T2 85 b 3.6 0 - - - - -
9 2.2 1 T2 T2 T2 T2 T2 83.3 b 69 Y 0 T1 T1 T1 T1 -
15 24 Y 1 - - - - T2 85 b 6.8 0 - - T1 - -
9 0.03 1 T2 T2 T2 T2 T2 76.7 b 16 Y 0 - - T1 - -

10 0.97 1 T2 T2 T2 T2 T2 85 b 3.9 0 - - - - -
11 0.26 1 T2 T2 T2 T2 T2 81.7 b 0.39 0 - - - - -
17 10 Y 1 T2 T2 - T2 T2 83.3 b 0.21 0 - - - - -
26 1.3 1 T2 T2 T2 T2 T2 81.7 b 2.3 0 - - - - -
25 3.6 1 T2 T2 - T2 T2 85 b 7.0 0 - - T1 - -
3 20 Y 1 - - - - T2 81.7 b 12 0 - - T1 - -
21 0.88 1 T2 T2 T2 T2 T2 81.7 b 5.8 0 - - T1 - -

30.7 0.02 1 T2 T2 T2 T2 T2 39 0.02 1 T2 T2 T2 T2 T2
38.7 3.7 1 T2 T2 - T2 T2 0 3.7 1 T2 T2 T2 T2 T2
22 2.2 1 T2 T2 T2 T2 T2 0 23 Y 1 - - - - T2

28.3 3.6 1 T2 T2 - T2 T2 0 17 Y 1 T2 T2 - - T2
37 69 Y 1 - - - - - 0 0.33 1 T2 T2 T2 T2 T2
8.7 82 Y 1 - - - - - 61 19 Y 1 - T2 - - T2
27 6.8 1 T2 T2 - T2 T2 50 19 Y 1 - T2 - - T2

31.7 16 Y 1 - T2 - - T2 77 430 Y 1 - - - - -
31.7 36 Y 1 - - - - T2 65 64 Y 1 - - - - T2
18 3.9 1 T2 T2 - T2 T2 0 92 Y 1 - - - - -
12 0.61 1 T2 T2 T2 T2 T2 35 2.2 1 T2 T2 T2 T2 T2

34.7 0.56 1 T2 T2 T2 T2 T2 67 0.03 1 T2 T2 T2 T2 T2
27.7 0.04 1 T2 T2 T2 T2 T2 63 0.97 1 T2 T2 T2 T2 T2
28.3 0.39 1 T2 T2 T2 T2 T2 65 0.26 1 T2 T2 T2 T2 T2
28.7 0.94 1 T2 T2 T2 T2 T2 70 10 1 T2 T2 - T2 T2
24.7 0.82 1 T2 T2 T2 T2 T2 45 20 Y 1 - T2 - - T2
29 1.3 1 T2 T2 T2 T2 T2 72 0.88 1 T2 T2 T2 T2 T2
3.7 0.52 1 T2 T2 T2 T2 T2 46.7 82 Y 1 - - - - -
34 12 Y 1 - T2 - - T2 23.3 0.61 1 T2 T2 T2 T2 T2

22.3 5.8 1 T2 T2 - T2 T2 8.3 0.52 1 T2 T2 T2 T2 T2

53 1 1 5 2 0 20 6 5 15 6 0
77 35 43 26 35 48 77 12 15 10 11 17
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Survival Rate b
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76 b 0.02 2x mean NOEC 13.3 0 - - - - - 92 b 0.022 2x mean NOEC 13.4 0 - - - - -
73 b 0.02 Median NOEC 1.2 0 - - - - - 93 b 15.000 Y Median NOEC 1.8 0 - - T1 - -
93 b 2.8 0 - - - - - 89 b 17.000 Y 0 - - T1 - -
85 b 0.03 ER-L 18.4 0 - - - - - 88 b 0.045 ER-L 19.0 0 - - - - -
78 b 0.70 ER-M 43.5 0 - - - - - 87 b 2.800 ER-M 41.0 0 - - - - -
78 b 19 Y 15th Percentile E 19.0 0 T1 - T1 - - 87 b 0.025 15th Percentile E 19.2 0 - - - - -
78 b 3.7 TEL 4.8 0 - - - - - 85 b 0.700 TEL 5.8 0 - - - - -
83 b 0.10 85th Percentile NE 14.7 0 - - - - - 85 b 24.000 Y 85th Percentile NE 19.0 0 T1 - T1 - -
78 b 0.03 PEL 25.3 0 - - - - - 87 b 0.100 PEL 27.9 0 - - - - -
80 b 0.06 AET 69 0 - - - - - 83 b 0.870 AET 69.0 0 - - - - -
78 b 2.1 0 - - - - - 83 b 24.000 Y 0 T1 - T1 - -
72 b 0.03 17 0 - - - - - 83 b 0.100 17 0 - - - - -
76 b 0.97 Effects Data N 8 0 - - - - - 87 b 0.060 Effects Data N 9 0 - - - - -
76 b 12 Effects Data Set 0 - - T1 - - 76.7 b 0.012 Effects Data Set 0 - - - - -
70 b 10 23 0 - - T1 - - 83.3 b 0.015 23 0 - - - - -
78 b 3.6 17 0 - - - - - 76.7 b 6.800 19 0 - - T1 - -
75 b 0.88 19 0 - - - - - 81.7 b 16.000 Y 19 0 - - T1 - -
77 b 0.18 19 0 - - - - - 83.3 b 0.013 430 0 - - - - -
72 b 41 Y 430 0 T1 - T1 T1 - 78.3 b 0.560 64 0 - - - - -

83.3 b 16 Y 64 0 - - T1 - - 83.3 b 0.390 92 0 - - - - -
83.7 b 0.01 92 0 - - - - - 81.7 b 8.200 20 0 - - T1 - -
61 b 0.60 82 0 - - - - - 83.3 b 0.940 41 0 - - - - -
57 b 15 Y 0 - - T1 - - 80 b 0.210 82 0 - - - - -
60 b 0.33 0 - - - - - 76.7 b 0.820 0 - - - - -
64 b 0.63 0 - - - - - 83.3 b 1.300 0 - - - - -
52 b 0.04 0 - - - - - 78.3 b 2.300 0 - - - - -
73 b 0.19 0 - - - - - 76.7 b 0.520 0 - - - - -
73 b 0.79 0 - - - - - 81.7 b 7.000 0 - - T1 - -
72 b 24 Y 0 T1 - T1 - - 76.7 b 12.000 0 - - T1 - -
73 b 0.10 0 - - - - - 84 b 0.015 0 - - - - -
61 b 0.67 0 - - - - - 83 b 1.400 0 - - - - -
59 b 2.8 0 - - - - - 73 b 0.190 0 - - - - -
58 b 20 Y 0 T1 - T1 - - 72 b 19.000 Y 0 - - T1 - -

75.7 b 0.01 0 - - - - - 77 b 3.700 0 - - - - -
77.3 b 0.02 0 - - - - - 83 b 2.100 0 - - - - -
79 b 3.7 0 - - - - - 82 b 0.032 0 - - - - -

75.7 b 6.8 0 - - T1 - - 78 b 12.000 0 - - T1 - -
79.7 b 36 Y 0 T1 - T1 T1 - 73 b 3.600 0 - - - - -
68 b 0.39 0 - - - - - 73.3 b 3.700 0 - - - - -

72.3 b 8.2 0 - - T1 - - 71.7 b 2.200 0 - - - - -
68 b 0.94 0 - - - - - 71.7 b 3.600 0 - - - - -

70.7 b 0.21 0 - - - - - 73.3 b 69.000 Y 0 T1 T1 T1 T1 -
76.3 b 1.3 0 - - - - - 73.3 b 36.000 Y 0 T1 - T1 T1 -
75.3 b 2.3 0 - - - - - 71.7 b 0.044 0 - - - - -
70.3 b 0.52 0 - - - - - 71.7 b 5.800 0 - - T1 - -
68.7 b 7.0 0 - - T1 - - 65 b 4.200 0 - - - - -
77.3 b 12 0 - - T1 - - 80 3.700 1 T2 T2 T2 T2 T2
66.7 b 5.8 0 - - T1 - - 77 23.000 Y 1 - T2 - T2 T2
74 b 0.87 0 - - - - - 76 0.330 1 T2 T2 T2 T2 T2
71 b 24 Y 0 T1 - T1 - - 76 0.630 1 T2 T2 T2 T2 T2

66.7 b 3.6 0 - - - - - 72 0.600 1 T2 T2 T2 T2 T2
69.3 b 69 Y 0 T1 T1 T1 T1 - 40 1.900 1 T2 T2 T2 T2 T2
63 b 1.4 0 - - - - - 57 19.000 Y 1 - T2 - T2 T2
57 b 1.2 0 - - - - - 15 19.000 Y 1 - T2 - T2 T2
62 b 1.3 0 - - - - - 23 430.000 Y 1 - - - - -
20 3.7 1 T2 T2 T2 T2 T2 67 1.200 1 T2 T2 T2 T2 T2
32 23 Y 1 - T2 - T2 T2 20 64.000 Y 1 - - - - T2
48 17 Y 1 T2 T2 - T2 T2 48 92.000 Y 1 - - - - -
39 1.9 1 T2 T2 T2 T2 T2 58 0.790 1 T2 T2 T2 T2 T2
40 19 Y 1 - T2 - T2 T2 27 2.200 1 T2 T2 T2 T2 T2
32 19 Y 1 - T2 - T2 T2 42 0.031 1 T2 T2 T2 T2 T2
38 430 Y 1 - - - - - 13 0.970 1 T2 T2 T2 T2 T2
36 64 Y 1 - - - - T2 63 0.260 1 T2 T2 T2 T2 T2
0 92 Y 1 - - - - - 67 12.000 1 T2 T2 - T2 T2

33 2.2 1 T2 T2 T2 T2 T2 67 10.000 1 T2 T2 - T2 T2
55 0.26 1 T2 T2 T2 T2 T2 52 1.300 1 T2 T2 T2 T2 T2
54 12 1 T2 T2 - T2 T2 32 0.720 1 T2 T2 T2 T2 T2
56 0.72 1 T2 T2 T2 T2 T2 30 0.670 1 T2 T2 T2 T2 T2
54 0.96 1 T2 T2 T2 T2 T2 65 2.800 1 T2 T2 T2 T2 T2
66 4.2 1 T2 T2 T2 T2 T2 47 0.960 1 T2 T2 T2 T2 T2

63.7 2.2 1 T2 T2 T2 T2 T2 27 20.000 Y 1 - T2 - T2 T2
50.3 82 Y 1 - - - - - 60 0.880 1 T2 T2 T2 T2 T2
63.7 3.9 1 T2 T2 T2 T2 T2 28 0.180 1 T2 T2 T2 T2 T2
21.3 0.61 1 T2 T2 T2 T2 T2 40 41.000 Y 1 - - - - T2
60.3 0.56 1 T2 T2 T2 T2 T2 36.7 82.000 Y 1 - - - - -
66 0.04 1 T2 T2 T2 T2 T2 56.7 3.900 1 T2 T2 T2 T2 T2

63.7 0.82 1 T2 T2 T2 T2 T2 25 0.610 1 T2 T2 T2 T2 T2

22 7 1 16 3 0 31 4 1 14 2 0
77 15 18 13 18 19 77 22 26 20 26 28
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2.1 b 2.8 2x mean NOEC 12.7 0 T1 T1 T1 T1 T1
2.3 b 1.9 Median NOEC 2.0 0 - - - - -
2.2 b 0.19 0 - - - - -
2.3 b 1.2 ER-L 19.0 0 - - - - -
2.1 b 0.03 ER-M 24.0 0 - - - - -
2.0 b 0.06 15th Percentile E 19.0 0 - - - - -
1.9 b 2.1 TEL 6.2 0 - - - - -
2.2 b 12 85th Percentile NE 11.1 0 - - - - -
2.2 b 12 PEL 16.3 0 - - T1 - -
2.3 b 10 AET 69.0 0 - - T1 - -
1.9 b 1.3 0 - - T1 - -
2.3 b 3.6 13 0 - - - - -
2.3 b 0.72 Effects Data N 9 0 - - - - -
2.3 b 0.67 Effects Data Set 0 - - - - -
2.1 b 2.8 19.0 0 - - - - -
2.0 b 0.96 19.0 0 - - - - -
2.2 b 0.18 430.0 0 - - - - -
1.8 b 0.01 64.0 0 - - - - -
1.9 b 3.7 24.0 0 - - - - -
1.9 b 2.2 19.0 0 - - - - -
1.63 b 69 Y 24.0 0 - - - - -
2.07 b 6.8 20.0 0 T1 T1 T1 T1 -
2.0 b 16 Y 82.0 0 - - T1 - -
1.87 b 36 Y 0 - - T1 - -
1.70 b 0.013 0 T1 T1 T1 T1 -
2.0 b 3.9 0 - - - - -
1.97 b 0.56 0 - - - - -
1.7 b 0.044 0 - - - - -
2.07 b 0.39 0 - - - - -
1.8 b 8.2 0 - - - - -
1.67 b 0.21 0 - - T1 - -
1.9 b 0.82 0 - - - - -
1.87 b 2.3 0 - - - - -
1.9 b 0.52 0 - - - - -
2.07 b 7 0 - - - - -
1.7 b 12 0 - - T1 - -
1.87 b 5.8 0 - - T1 - -
2.4 b 41 Y 0 - - - - -
2.23 b 0.015 0 T1 T1 T1 T1 -
2.2 b 4.2 0 - - - - -
2.1 b 3.6 0 - - - - -
2.13 b 0.94 0 - - - - -
2.23 b 1.3 0 - - - - -
2.5 b 0.032 0 - - - - -
4.3 19 Y 1 T2 T2 T2 T2 T2
3.6 19 Y 1 - T2 - - T2
3.9 430 Y 1 - T2 - - T2
3.8 64 Y 1 - - - - -
1.9 0.79 1 - - - - T2
1.7 0.7 1 T2 T2 T2 T2 T2
2.7 24 Y 1 T2 T2 T2 T2 T2
2.2 19 Y 1 - - - - T2
1.9 3.7 1 - T2 - - T2
1.7 0.10 1 T2 T2 T2 T2 T2
1.8 0.87 1 T2 T2 T2 T2 T2
3.6 2.2 1 T2 T2 T2 T2 T2
2.2 24 Y 1 T2 T2 T2 T2 T2
2.4 0.10 1 - - - - T2
2.6 0.031 1 T2 T2 T2 T2 T2
3.0 0.97 1 T2 T2 T2 T2 T2
2.8 0.26 1 T2 T2 T2 T2 T2
3.5 20 Y 1 T2 T2 T2 T2 T2
2.7 0.88 1 - T2 - - T2
3.67 82 Y 1 T2 T2 T2 T2 T2
4.43 0.61 1 - - - - -

21 4 4 12 4 1
65 12 16 12 12 19
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73 b 0.013 2x mean NOEC 1.77 0 - - - - - 96 b 0.013 2x mean NOEC 3.29 0 - - - - -
74 b 0.651 Median NOEC 0.23 0 - - - - - 92 b 4.688 Y Median NOEC 0.37 0 T1 - T1 - -
53 b 0.056 0 - - - - - 88 b 0.415 0 - - - - -
77 b 0.010 ER-L 3.5 0 - - - - - 89 b 0.651 ER-L 4.2 0 - - - - -
45 b 0.233 ER-M 5.2 0 - - - - - 88 b 0.056 ER-M 7.0 0 - - - - -
50 b 0.077 15th Percentile E 4.1 0 - - - - - 88 b 0.240 15th Percentile E 4.3 0 - - - - -
38 b 0.353 TEL 1.0 0 - - - - - 90 b 0.010 TEL 1.3 0 - - - - -
34 b 1.235 85th Percentile NE 1.7 0 - - T1 - - 87 b 0.226 85th Percentile NE 4.2 0 - - - - -
39 b 0.018 PEL 2.9 0 - - - - - 88 b 0.233 PEL 5.4 0 - - - - -
38 b 3.00 Y AET 7.9 0 - - T1 T1 - 88 b 7.500 Y AET 15.1 0 T1 T1 T1 T1 -
49 b 0.146 0 - - - - - 88 b 5.135 Y 0 T1 - T1 - -
44 b 0.667 24 0 - - - - - 93 b 1.194 19 0 - - - - -
33 b 7.885 Y Effects Data N 20 0 T1 T1 T1 T1 - 97 b 0.091 Effects Data N 9 0 - - - - -

56.3 b 0.004 Effects Data Set 0 - - - - - 87 b 0.272 Effects Data Set 0 - - - - -
52.3 b 0.003 3.00 0 - - - - - 87 b 7.273 Y 4.684 0 T1 T1 T1 T1 -
56.3 b 0.392 4.68 0 - - - - - 93 b 0.353 4.177 0 - - - - -
55 b 0.415 4.69 0 - - - - - 85 b 1.235 4.318 0 - - - - -
28 b 0.153 4.18 0 - - - - - 92 b 0.302 7.037 0 - - - - -
29 b 0.223 4.32 0 - - - - - 87 b 0.153 78.182 0 - - - - -
29 b 0.021 7.04 0 - - - - - 85 b 0.146 12.308 0 - - - - -

46.7 b 2.005 Y 78.18 0 - - T1 - - 88 b 0.667 24.211 0 - - - - -
47.3 b 0.077 12.31 0 - - - - - 92 b 0.223 4.255 0 - - - - -
37.7 b 2.500 Y 24.21 0 - - T1 - - 87 b 0.021 14.437 0 - - - - -
29.3 b 1.129 7.50 0 - - T1 - - 86.7 b 0.004 0 - - - - -
29 3.000 Y 5.135 1 T2 T2 - - T2 90 b 0.005 0 - - - - -
44 0.245 7.273 1 T2 T2 T2 T2 T2 88.3 b 7.143 Y 0 T1 T1 T1 T1 -
36 0.009 3.030 1 T2 T2 T2 T2 T2 90 b 0.003 0 - - - - -
11 0.923 4.26 1 T2 T2 T2 T2 T2 90 b 0.103 0 - - - - -
11 4.684 Y 5.24 1 - T2 - - T2 86.7 b 0.012 0 - - - - -
48 4.688 Y 15.07 1 - T2 - - T2 86.7 b 2.005 0 - - T1 - -
0 4.177 Y 14.44 1 - T2 - - T2 88.3 b 0.364 0 - - - - -
0 0.095 4.65 1 T2 T2 T2 T2 T2 86.7 b 0.170 0 - - - - -

45 0.102 7.14 1 T2 T2 T2 T2 T2 86.7 b 0.374 0 - - - - -
44 0.019 3.54 1 T2 T2 T2 T2 T2 76 b 0.245 0 - - - - -
25 0.432 1 T2 T2 T2 T2 T2 85 b 0.102 0 - - - - -
21 4.318 Y 1 - T2 - - T2 84 b 0.019 0 - - - - -
16 7.037 Y 1 - - - - T2 84 b 0.432 0 - - - - -
18 78.182 Y 1 - - - - - 82 b 0.077 0 - - - - -
28 0.240 1 T2 T2 T2 T2 T2 73 b 0.018 0 - - - - -
8 12.308 Y 1 - - - - - 83 b 3.000 0 - - T1 - -
0 24.211 Y 1 - - - - - 82 b 3.000 0 - - T1 - -

21 0.226 1 T2 T2 T2 T2 T2 83 b 0.766 0 - - - - -
28 7.500 Y 1 - - - - T2 82 b 7.885 Y 0 T1 T1 T1 T1 -
32 5.135 Y 1 - T2 - - T2 80 b 1.129 0 - - - - -
30 1.194 1 T2 T2 - T2 T2 80 b 0.925 0 - - - - -
29 0.091 1 T2 T2 T2 T2 T2 85 b 0.452 0 - - - - -
29 0.272 1 T2 T2 T2 T2 T2 85 b 5.240 Y 0 T1 - T1 - -
9 0.733 1 T2 T2 T2 T2 T2 83.3 b 15.066 Y 0 T1 T1 T1 T1 -

15 7.273 Y 1 - - - - T2 85 b 1.518 0 - - T1 - -
9 0.064 1 T2 T2 T2 T2 T2 76.7 b 4.651 Y 0 T1 - T1 - -

10 0.277 1 T2 T2 T2 T2 T2 85 b 0.687 0 - - - - -
11 0.087 1 T2 T2 T2 T2 T2 81.7 b 0.060 0 - - - - -
17 3.030 Y 1 T2 T2 - - T2 83.3 b 0.077 0 - - - - -
26 0.302 1 T2 T2 T2 T2 T2 81.7 b 0.392 0 - - - - -
25 0.766 1 T2 T2 T2 T2 T2 85 b 2.500 0 - - T1 - -
3 4.255 Y 1 - T2 - - T2 81.7 b 3.540 Y 0 - - T1 - -

21 0.205 1 T2 T2 T2 T2 T2 81.7 b 0.754 0 - - - - -
30.7 0.005 1 T2 T2 T2 T2 T2 39 0.009 1 T2 T2 T2 T2 T2
38.7 0.925 1 T2 T2 T2 T2 T2 0 0.923 1 T2 T2 T2 T2 T2
22 0.452 1 T2 T2 T2 T2 T2 0 4.684 Y 1 - T2 - T2 T2

28.3 5.240 Y 1 - - - - T2 0 4.177 Y 1 T2 T2 - T2 T2
37 15.066 Y 1 - - - - - 0 0.095 1 T2 T2 T2 T2 T2
8.7 14.437 Y 1 - - - - - 61 4.318 Y 1 - T2 - T2 T2
27 1.518 1 T2 T2 - T2 T2 50 7.037 Y 1 - - - - T2

31.7 4.651 Y 1 - T2 - - T2 77 78.182 Y 1 - - - - -
31.7 7.143 Y 1 - - - - T2 65 12.308 Y 1 - - - - T2
18 0.687 1 T2 T2 T2 T2 T2 0 24.211 Y 1 - - - - -
12 0.183 1 T2 T2 T2 T2 T2 35 0.733 1 T2 T2 T2 T2 T2

34.7 0.103 1 T2 T2 T2 T2 T2 67 0.064 1 T2 T2 T2 T2 T2
27.7 0.012 1 T2 T2 T2 T2 T2 63 0.277 1 T2 T2 T2 T2 T2
28.3 0.060 1 T2 T2 T2 T2 T2 65 0.087 1 T2 T2 T2 T2 T2
28.7 0.364 1 T2 T2 T2 T2 T2 70 3.030 1 T2 T2 - T2 T2
24.7 0.170 1 T2 T2 T2 T2 T2 45 4.255 Y 1 - T2 - T2 T2
29 0.374 1 T2 T2 T2 T2 T2 72 0.205 1 T2 T2 T2 T2 T2
3.7 0.135 1 T2 T2 T2 T2 T2 46.7 14.437 Y 1 - - - - T2
34 3.540 Y 1 - T2 - - T2 23.3 0.183 1 T2 T2 T2 T2 T2

22.3 0.754 1 T2 T2 T2 T2 T2 8.3 0.135 1 T2 T2 T2 T2 T2

53 1 1 6 2 0 20 9 5 15 5 0
77 35 43 31 33 48 77 12 15 10 15 18
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76 b 0.009 2x mean NOEC 3.47 0 - - - - - 92 b 0.013 2x mean NOEC 3.43 0 - - - - -
73 b 0.013 Median NOEC 0.35 0 - - - - - 93 b 4.688 Y Median NOEC 0.38 0 T1 - T1 - -
93 b 0.651 0 - - - - - 89 b 4.177 Y 0 - - T1 - -
85 b 0.010 ER-L 3.9 0 - - - - - 88 b 0.019 ER-L 4.3 0 - - - - -
78 b 0.233 ER-M 7.0 0 - - - - - 87 b 0.651 ER-M 7.5 0 - - - - -
78 b 5.135 Y 15th Percentile E 4.2 0 T1 - T1 - - 87 b 0.010 15th Percentile E 4.4 0 - - - - -
78 b 1.194 TEL 1.2 0 - - - - - 85 b 0.233 TEL 1.3 0 - - - - -
83 b 0.077 85th Percentile NE 4.6 0 - - - - - 85 b 7.500 Y 85th Percentile NE 4.3 0 T1 T1 T1 T1 -
78 b 0.064 PEL 5.7 0 - - - - - 87 b 0.091 PEL 5.7 0 - - - - -
80 b 0.353 AET 15.1 0 - - - - - 83 b 0.272 AET 15.1 0 - - - - -
78 b 1.235 0 - - T1 - - 83 b 7.273 Y 0 T1 - T1 T1 -
72 b 0.018 19 0 - - - - - 83 b 0.077 19 0 - - - - -
76 b 0.277 Effects Data N 9 0 - - - - - 87 b 0.353 Effects Data N 10 0 - - - - -
76 b 3.000 Effects Data Set 0 - - T1 - - 76.7 b 0.004 Effects Data Set 0 - - - - -
70 b 3.030 4.684 0 - - T1 - - 83.3 b 0.005 4.684 0 - - - - -
78 b 0.766 4.177 0 - - - - - 76.7 b 1.518 4.318 0 - - T1 - -
75 b 0.205 4.318 0 - - - - - 81.7 b 4.651 Y 7.037 0 T1 - T1 - -
77 b 0.021 7.037 0 - - - - - 83.3 b 0.003 78.182 0 - - - - -
72 b 7.885 Y 78.18 0 T1 T1 T1 T1 - 78.3 b 0.103 12.308 0 - - - - -

83.3 b 4.651 Y 12.308 0 T1 - T1 - - 83.3 b 0.060 24.211 0 - - - - -
83.7 b 0.003 24.211 0 - - - - - 81.7 b 2.005 5.135 0 - - T1 - -
61 b 0.245 3.000 0 - - - - - 83.3 b 0.364 4.255 0 - - - - -
57 b 4.688 Y 14.437 0 T1 - T1 - - 80 b 0.077 7.885 0 - - - - -
63 b 0.415 0 - - - - - 76.7 b 0.170 14.437 0 - - - - -
64 b 0.102 0 - - - - - 83.3 b 0.374 0 - - - - -
52 b 0.019 0 - - - - - 78.3 b 0.392 0 - - - - -
73 b 0.056 0 - - - - - 76.7 b 0.135 0 - - - - -
57 b 0.240 0 - - - - - 81.7 b 2.500 0 - - T1 - -
73 b 0.226 0 - - - - - 76.7 b 3.540 Y 0 - - T1 - -
72 b 7.500 Y 0 T1 T1 T1 T1 - 72 b 0.245 0 - - - - -
73 b 0.091 0 - - - - - 84 b 0.009 0 - - - - -
74 b 0.272 0 - - - - - 83 b 0.415 0 - - - - -
56 b 0.153 0 - - - - - 77 b 1.194 0 - - - - -
61 b 0.146 0 - - - - - 83 b 1.235 0 - - - - -
59 b 0.667 0 - - - - - 82 b 0.018 0 - - - - -
58 b 4.255 Y 0 T1 - T1 - - 78 b 3.000 0 - - T1 - -

75.7 b 0.004 0 - - - - - 73 b 0.766 0 - - - - -
66.7 b 5.240 Y 0 T1 - T1 - - 73.3 b 0.925 0 - - - - -
69.3 b 15.066 Y 0 T1 T1 T1 T1 - 71.7 b 0.452 0 - - - - -
75.7 b 1.518 0 - - T1 - - 71.7 b 5.240 Y 0 T1 - T1 - -
68 b 0.060 0 - - - - - 73.3 b 15.066 Y 0 T1 T1 T1 T1 -

72.3 b 2.005 0 - - T1 - - 73.3 b 7.143 Y 0 T1 - T1 T1 -
68 b 0.364 0 - - - - - 71.7 b 0.012 0 - - - - -

70.7 b 0.077 0 - - - - - 71.7 b 0.754 0 - - - - -
76.3 b 0.374 0 - - - - - 73 b 0.056 0 - - - - -
75.3 b 0.392 0 - - - - - 65 b 1.129 0 - - - - -
70.3 b 0.135 0 - - - - - 80 0.923 1 T2 T2 T2 T2 T2
68.7 b 2.500 0 - - T1 - - 77 4.684 Y 1 - T2 - T2 T2
77.3 b 3.540 Y 0 - - T1 - - 76 0.095 1 T2 T2 T2 T2 T2
66.7 b 0.754 0 - - - - - 76 0.102 1 T2 T2 T2 T2 T2
71 b 7.273 Y 0 T1 T1 T1 T1 - 40 0.432 1 T2 T2 T2 T2 T2

77.3 b 0.005 0 - - - - - 57 4.318 Y 1 - T2 - T2 T2
79.7 b 7.143 Y 0 T1 T1 T1 T1 - 15 7.037 Y 1 - T2 - - T2
60 b 0.095 0 - - - - - 23 78.182 Y 1 - - - - -
79 b 0.925 0 - - - - - 67 0.240 1 T2 T2 T2 T2 T2
20 0.923 1 T2 T2 T2 T2 T2 20 12.308 Y 1 - - - - T2
32 4.684 Y 1 - T2 - T2 T2 48 24.211 Y 1 - - - - -
48 4.177 Y 1 - T2 - T2 T2 58 0.226 1 T2 T2 T2 T2 T2
39 0.432 1 T2 T2 T2 T2 T2 72 5.135 Y 1 - T2 - T2 T2
40 4.318 Y 1 - T2 - T2 T2 27 0.733 1 T2 T2 T2 T2 T2
32 7.037 Y 1 - - - - T2 42 0.064 1 T2 T2 T2 T2 T2
38 78.182 Y 1 - - - - - 13 0.277 1 T2 T2 T2 T2 T2
36 12.308 Y 1 - - - - T2 63 0.087 1 T2 T2 T2 T2 T2
0 24.211 Y 1 - - - - - 67 3.000 1 T2 T2 - T2 T2

33 0.733 1 T2 T2 T2 T2 T2 67 3.030 1 T2 T2 - T2 T2
55 0.087 1 T2 T2 T2 T2 T2 52 0.302 1 T2 T2 T2 T2 T2
54 3.000 1 T2 T2 - T2 T2 32 0.153 1 T2 T2 T2 T2 T2
62 0.302 1 T2 T2 T2 T2 T2 30 0.146 1 T2 T2 T2 T2 T2
54 0.223 1 T2 T2 T2 T2 T2 65 0.667 1 T2 T2 T2 T2 T2
66 1.129 1 T2 T2 T2 T2 T2 47 0.223 1 T2 T2 T2 T2 T2

63.7 0.452 1 T2 T2 T2 T2 T2 27 4.255 Y 1 T2 T2 - T2 T2
50.3 14.437 Y 1 - - - - T2 60 0.205 1 T2 T2 T2 T2 T2
63.7 0.687 1 T2 T2 T2 T2 T2 28 0.021 1 T2 T2 T2 T2 T2
21.3 0.183 1 T2 T2 T2 T2 T2 40 7.885 Y 1 - - - - T2
60.3 0.103 1 T2 T2 T2 T2 T2 36.7 14.437 Y 1 - - - - T2
66 0.012 1 T2 T2 T2 T2 T2 56.7 0.687 1 T2 T2 T2 T2 T2

63.7 0.170 1 T2 T2 T2 T2 T2 25 0.183 1 T2 T2 T2 T2 T2

22 10 5 17 5 0 31 7 2 13 4 0
77 14 17 13 17 20 77 22 26 19 25 29
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2.1 b 0.65 2x mean NOEC 3.16 0 - - - - -
2.3 b 0.4318 Median NOEC 0.412 0 - - - - -
2.2 b 0.06 0 - - - - -
2.3 b 0.2 ER-L 4.3 0 - - - - -
2.1 b 0.01 ER-M 7.3 0 - - - - -
2.0 b 0.353 15th Percentile E 4.5 0 - - - - -
1.9 b 1.24 TEL 1.4 0 - - - - -
2.2 b 3.00 85th Percentile NE 3.0 0 - - - - -
2.2 b 3.000 PEL 4.7 0 - - - - -
2.3 b 3.030 AET 15.1 0 T1 T1 T1 T1 -
1.9 b 0.302 0 - - T1 - -
2.3 b 0.77 15 0 T1 - T1 - -
2.3 b 0.15 Effects Data N 9 0 T1 - T1 T1 -
2.3 b 0.146 Effects Data Set 0 - - - - -
2.1 b 0.667 4.320 0 - - - - -
2.0 b 0.2233 7.037 0 - - - - -
2.2 b 0.021 78.182 0 - - - - -
1.8 b 0.00 12.300 0 - - - - -
1.9 b 0.9250 7.500 0 - - T1 - -
1.9 b 0.45 5.100 0 - - - - -

1.63 b 15.07 Y 7.300 0 - - - - -
2.07 b 1.518 4.255 0 - - - - -
2.0 b 4.6512 Y 14.437 0 - - - - -

1.87 b 7.14 Y 0 - - T1 - -
1.7 b 0.0030 0 - - T1 - -
2.0 b 0.687 0 - - - - -

1.97 b 0.103 0 - - - - -
1.7 b 0.012 0 - - - - -

2.07 b 0.0601 0 - - - - -
1.8 b 2.0049 0 - - - - -

1.67 b 0.077 0 - - - - -
1.9 b 0.170 0 T1 T1 T1 T1 -

1.87 b 0.39 0 T1 - T1 T1 -
1.9 b 0.14 0 T1 - T1 - -

2.07 b 2.500 0 T1 - T1 T1 -
1.7 b 3.540 Y 0 T1 T1 T1 T1 T1

1.87 b 0.754 0 T1 T1 T1 T1 -
2.5 b 0.018 0 - - - - -
2.23 b 0.005 0 - - - - -
2.2 b 1.129 0 T1 T1 T1 T1 -

2.13 b 0.3643 0 T1 - T1 T1 -
2.23 b 0.374 0 - - - - -
2.4 b 7.885 Y 0 - - - - -
2.1 b 5.24 Y 0 - - - - -
4.3 4.32 Y 1 T2 T2 T2 T2 T2
3.6 7.037 Y 1 - T2 - - T2
3.9 78.182 Y 1 T2 T2 T2 T2 T2
3.8 12.3 Y 1 T2 T2 T2 T2 T2
1.9 0.226 1 T2 T2 T2 T2 T2
1.7 0.23 1 T2 T2 T2 T2 T2
2.7 7.5000 Y 1 T2 T2 - T2 T2
2.2 5.1 Y 1 T2 T2 T2 T2 T2
1.9 1.2 1 - - - - T2
1.7 0.09 1 T2 T2 T2 T2 T2
1.8 0.27 1 T2 T2 T2 T2 T2
3.6 0.73 1 T2 T2 T2 T2 T2
2.2 7.3 Y 1 T2 T2 T2 T2 T2
2.4 0.077 1 T2 T2 T2 T2 T2
2.6 0.064 1 T2 T2 T2 T2 T2
3.0 0.277 1 T2 T2 T2 T2 T2
2.8 0.087 1 T2 T2 T2 T2 T2
3.5 4.255 Y 1 T2 T2 T2 T2 T2
2.7 0.20 1 T2 T2 T2 T2 T2
3.67 14.437 Y 1 T2 T2 T2 T2 T2
4.43 0.183 1 T2 T2 T2 T2 T2

21 11 5 15 9 1
65 19 20 18 19 21
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73 b 0.080 2x mean NOEC 3.198 0 - - - - - 96 b 0.0801 2x mean NOEC 2.86 0 - - - - -
74 b 0.060 Median NOEC 0.587 0 - - - - - 92 b 0.562 Median NOEC 0.62 0 - - - - -
53 b 0.060 0 - - - - - 88 b 0.2340 0 - - - - -
77 b 0.060 ER-L 4.0 0 - - - - - 89 b 0.06 ER-L 3.9 0 - - - - -
45 b 0.180 ER-M 6.1 0 - - - - - 88 b 0.0603 ER-M 6.1 0 - - - - -
50 b 0.061 15th Percentile E 4.3 0 - - - - - 88 b 0.0870 15th Percentile E 4.0 0 - - - - -
38 b 0.090 TEL 1.6 0 - - - - - 90 b 0.0603 TEL 1.6 0 - - - - -
34 b 7.290 Y 85th Percentile NE 3.3 0 T1 T1 T1 T1 - 87 b 0.4460 85th Percentile NE 1.8 0 - - - - -
39 b 0.468 PEL 4.5 0 - - - - - 88 b 0.1800 PEL 3.3 0 - - - - -
38 b 4.945 Y AET 11.5 0 T1 - T1 T1 - 88 b 2.553 AET 12 0 - - T1 - -
49 b 0.788 0 - - - - - 88 b 0.8110 0 - - - - -
44 b 1.360 11 0 - - - - - 93 b 11.782 Y 11 0 T1 T1 T1 T1 -
33 b 11.510 Y Effects Data N 7 0 T1 T1 T1 T1 - 97 b 0.0836 Effects Data N 5 0 - - - - -

56.3 b 0.136 Effects Data Set 0 - - - - - 87 b 0.24 Effects Data Set 0 - - - - -
52.3 b 0.649 11.726 0 - - - - - 87 b 5.042 Y 11.726 0 T1 - T1 T1 -
56.3 b 5.097 Y 4.363 0 T1 - T1 T1 - 93 b 0.090 4.363 0 - - - - -
55 b 0.234 11.7820 0 - - - - - 85 b 7.290 Y 3.55 0 T1 T1 T1 T1 -
28 b 0.612 5.042 0 - - - - - 92 b 0.477 6.072 0 - - - - -
29 b 0.625 3.550 0 - - - - - 87 b 0.6120 52.8 0 - - - - -
29 b 0.630 6.072 0 - - - - - 85 b 0.788 0 - - - - -

46.7 b 1.365 52.8 0 - - - - - 88 b 1.3600 0 - - - - -
47.3 b 0.442 0 - - - - - 92 b 0.625 0 - - - - -
37.7 b 0.561 0 - - - - - 87 b 0.6300 0 - - - - -
29.3 b 1.067 0 - - - - - 86.7 b 0.136 0 - - - - -
29 2.350 1 T2 T2 - T2 T2 90 b 0.112 0 - - - - -
44 0.107 1 T2 T2 T2 T2 T2 88.3 b 1.2960 0 - - - - -
36 0.086 1 T2 T2 T2 T2 T2 90 b 0.6490 0 - - - - -
11 0.270 1 T2 T2 T2 T2 T2 90 b 0.492 0 - - - - -
11 0.229 1 T2 T2 T2 T2 T2 86.7 b 1.6470 0 - - T1 - -
48 0.562 1 T2 T2 T2 T2 T2 86.7 b 1.3650 0 - - - - -
0 0.204 1 T2 T2 T2 T2 T2 88.3 b 1.1660 0 - - - - -
0 11.726 Y 1 - - - - - 86.7 b 0.9795 0 - - - - -

45 0.564 1 T2 T2 T2 T2 T2 86.7 b 0.4895 0 - - - - -
44 0.810 1 T2 T2 T2 T2 T2 76 b 0.1065 0 - - - - -
25 0.140 1 T2 T2 T2 T2 T2 85 b 0.5640 0 - - - - -
21 1.110 1 T2 T2 T2 T2 T2 84 b 0.810 0 - - - - -
16 4.363 Y 1 - T2 - T2 T2 84 b 0.1396 0 - - - - -
18 0.454 1 T2 T2 T2 T2 T2 82 b 0.061 0 - - - - -
28 0.087 1 T2 T2 T2 T2 T2 83 b 2.35 0 - - T1 - -
8 1.060 1 T2 T2 T2 T2 T2 82 b 4.945 Y 0 T1 - T1 T1 -
0 0.828 1 T2 T2 T2 T2 T2 83 b 1.8200 0 - - T1 - -

21 0.446 1 T2 T2 T2 T2 T2 82 b 11.51 Y 0 T1 T1 T1 T1 -
28 2.553 1 T2 T2 - T2 T2 80 b 1.0670 0 - - - - -
32 0.811 1 T2 T2 T2 T2 T2 80 b 1.1890 0 - - - - -
30 11.782 Y 1 - - - - - 85 b 0.8260 0 - - - - -
29 0.084 1 T2 T2 T2 T2 T2 85 b 0.274 0 - - - - -
29 0.243 1 T2 T2 T2 T2 T2 83.3 b 1.4840 0 - - - - -
9 0.222 1 T2 T2 T2 T2 T2 85 b 1.015 0 - - - - -

15 5.042 Y 1 - T2 - - T2 76.7 b 0.8760 0 - - - - -
9 0.441 1 T2 T2 T2 T2 T2 85 b 0.7940 0 - - - - -

10 1.067 1 T2 T2 T2 T2 T2 81.7 b 0.5650 0 - - - - -
11 0.632 1 T2 T2 T2 T2 T2 83.3 b 0.4415 0 - - - - -
17 1.684 1 T2 T2 - T2 T2 81.7 b 5.0970 Y 0 T1 - T1 T1 -
26 0.477 1 T2 T2 T2 T2 T2 85 b 0.5610 0 - - - - -
25 1.820 1 T2 T2 - T2 T2 81.7 b 1.3940 0 - - - - -
3 3.550 Y 1 T2 T2 - T2 T2 81.7 b 0.6080 0 - - - - -

21 1.044 1 T2 T2 T2 T2 T2 73 b 0.4680 0 - - - - -
30.7 0.112 1 T2 T2 T2 T2 T2 39 0.0857 1 T2 T2 T2 T2 T2
38.7 1.189 1 T2 T2 T2 T2 T2 0 0.27 1 T2 T2 T2 T2 T2
22 0.826 1 T2 T2 T2 T2 T2 0 0.229 1 T2 T2 T2 T2 T2

28.3 0.274 1 T2 T2 T2 T2 T2 0 0.204 1 T2 T2 T2 T2 T2
37 1.484 1 T2 T2 T2 T2 T2 0 11.726 Y 1 - - - - T2
8.7 6.072 Y 1 - T2 - - T2 61 1.1095 1 T2 T2 T2 T2 T2
27 1.015 1 T2 T2 T2 T2 T2 50 4.3629 Y 1 - T2 - - T2

31.7 0.876 1 T2 T2 T2 T2 T2 77 0.4536 1 T2 T2 T2 T2 T2
31.7 1.296 1 T2 T2 T2 T2 T2 65 1.0602 1 T2 T2 T2 T2 T2
18 0.794 1 T2 T2 T2 T2 T2 0 0.8279 1 T2 T2 T2 T2 T2
12 0.725 1 T2 T2 T2 T2 T2 35 0.2220 1 T2 T2 T2 T2 T2

34.7 0.492 1 T2 T2 T2 T2 T2 67 0.441 1 T2 T2 T2 T2 T2
27.7 1.647 1 T2 T2 - T2 T2 63 1.067 1 T2 T2 T2 T2 T2
28.3 0.565 1 T2 T2 T2 T2 T2 65 0.632 1 T2 T2 T2 T2 T2
28.7 1.166 1 T2 T2 T2 T2 T2 70 1.684 1 T2 T2 - T2 T2
24.7 0.980 1 T2 T2 T2 T2 T2 45 3.5500 Y 1 T2 T2 - - T2
29 0.490 1 T2 T2 T2 T2 T2 72 1.0440 1 T2 T2 T2 T2 T2
3.7 52.800 Y 1 - - - - - 46.7 6.0715 Y 1 - T2 - - T2
34 1.394 1 T2 T2 T2 T2 T2 23.3 0.7250 1 T2 T2 T2 T2 T2

22.3 0.608 1 T2 T2 T2 T2 T2 8.3 52.7995 Y 1 - - - - -

53 4 2 4 4 0 20 6 3 10 6 0
77 47 50 41 48 50 77 16 18 14 15 19
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76 b 0.0857 2x mean NOEC 5.25 0 - - - - - 92 b 0.08 2x mean NOEC 4.93 0 - - - - -
73 b 0.0801 Median NOEC 0.630 0 - - - - - 93 b 0.5623 Median NOEC 0.587 0 - - - - -
93 b 0.0603 0 - - - - - 89 b 0.2040 0 - - - - -
85 b 0.0603 ER-L 6.1 0 - - - - - 88 b 0.8100 ER-L 7.2 0 - - - - -
78 b 0.1800 ER-M 6.1 0 - - - - - 87 b 0.0603 ER-M 11.5 0 - - - - -
78 b 0.8110 15th Percentile E 6.1 0 - - - - - 87 b 0.0603 15th Percentile E 7.7 0 - - - - -
78 b 11.78 Y TEL 2.0 0 T1 T1 T1 T1 - 85 b 0.18 TEL 2.1 0 - - - - -
83 b 0.0612 85th Percentile NE 3.5 0 - - - - - 85 b 2.553 85th Percentile NE 2.0 0 - - T1 - -
78 b 0.441 PEL 4.6 0 - - - - - 87 b 0.0836 PEL 4.8 0 - - - - -
80 b 0.090 AET 52.8 0 - - - - - 83 b 0.243 AET 52.8 0 - - - - -
78 b 7.290 Y 0 T1 T1 T1 T1 - 83 b 5.042 Y 0 - - T1 T1 -
72 b 0.468 6 0 - - - - - 83 b 0.0612 9 0 - - - - -
76 b 1.067 Effects Data N 1 0 - - - - - 87 b 0.090 Effects Data N 3 0 - - - - -
76 b 4.945 Effects Data Set 0 - - T1 T1 - 76.7 b 0.136 Effects Data Set 0 - - - - -
70 b 1.684 6.072 0 - - - - - 83.3 b 0.1115 11.51 0 - - - - -
78 b 1.820 0 - - - - - 76.7 b 1.0150 6.1 0 - - - - -
75 b 1.044 0 - - - - - 81.7 b 0.8760 11.726 0 - - - - -
77 b 0.630 0 - - - - - 83.3 b 0.6490 0 - - - - -
72 b 11.510 Y 0 T1 T1 T1 T1 - 78.3 b 0.4915 0 - - - - -

83.3 b 0.8760 0 - - - - - 83.3 b 0.5650 0 - - - - -
83.7 b 0.6490 0 - - - - - 81.7 b 1.3650 0 - - - - -
61 b 0.1065 0 - - - - - 83.3 b 1.1660 0 - - - - -
57 b 0.5623 0 - - - - - 80 b 0.4415 0 - - - - -
60 b 11.7260 Y 0 T1 T1 T1 T1 - 76.7 b 0.9795 0 - - - - -
64 b 0.5640 0 - - - - - 83.3 b 0.4895 0 - - - - -
73 b 0.0603 0 - - - - - 78.3 b 5.0970 Y 0 - - T1 T1 -
73 b 0.4460 0 - - - - - 76.7 b 52.7995 Y 0 T1 T1 T1 T1 -
72 b 2.5530 0 - - T1 - - 81.7 b 0.5610 0 - - - - -
73 b 0.0836 0 - - - - - 76.7 b 1.3940 0 - - - - -
74 b 0.2430 0 - - - - - 72 b 0.1065 0 - - - - -
71 b 5.0420 0 - - T1 T1 - 84 b 0.086 0 - - - - -
61 b 0.788 0 - - - - - 83 b 0.2340 0 - - - - -
59 b 1.360 0 - - - - - 73 b 0.0603 0 - - - - -
58 b 3.550 0 - - T1 - - 77 b 11.782 Y 0 T1 T1 T1 T1 -

75.7 b 0.1360 0 - - - - - 83 b 7.29 Y 0 T1 - T1 T1 -
77.3 b 0.1115 0 - - - - - 82 b 0.468 0 - - - - -
79 b 1.1890 0 - - - - - 78 b 4.9450 Y 0 - - T1 T1 -

66.7 b 0.2740 0 - - - - - 73 b 1.82 0 - - - - -
75.7 b 1.0150 0 - - - - - 73.3 b 1.1890 0 - - - - -
79.7 b 1.2960 0 - - - - - 71.7 b 0.826 0 - - - - -
63.7 b 0.7940 0 - - - - - 71.7 b 0.2740 0 - - - - -
68 b 0.5650 0 - - - - - 73.3 b 1.4840 0 - - - - -

72.3 b 1.3650 0 - - - - - 73.3 b 1.2960 0 - - - - -
68 b 1.1660 0 - - - - - 71.7 b 1.6470 0 - - - - -

70.7 b 0.4415 0 - - - - - 71.7 b 0.6080 0 - - - - -
76.3 b 0.4895 0 - - - - - 65 b 1.0670 0 - - - - -
75.3 b 5.0970 0 - - T1 T1 - 80 0.2700 1 T2 T2 T2 T2 T2
70.3 b 52.7995 Y 0 T1 T1 T1 T1 - 77 0.229 1 T2 T2 T2 T2 T2
68.7 b 0.5610 0 - - - - - 76 11.7260 Y 1 - - - - T2
77.3 b 1.3940 0 - - - - - 76 0.5640 1 T2 T2 T2 T2 T2
66.7 b 0.6080 0 - - - - - 72 0.811 1 T2 T2 T2 T2 T2
63 b 0.2340 0 - - - - - 40 0.1396 1 T2 T2 T2 T2 T2
57 b 0.08695 0 - - - - - 57 1.1095 1 T2 T2 T2 T2 T2
56 b 0.612 0 - - - - - 15 4.3629 1 T2 T2 - T2 T2

69.3 b 1.4840 0 - - - - - 23 0.454 1 T2 T2 T2 T2 T2
20 0.2700 1 T2 T2 T2 T2 T2 67 0.087 1 T2 T2 T2 T2 T2
32 0.2290 1 T2 T2 T2 T2 T2 20 1.0602 1 T2 T2 T2 T2 T2
48 0.2040 1 T2 T2 T2 T2 T2 48 0.83 1 T2 T2 T2 T2 T2
52 0.8100 1 T2 T2 T2 T2 T2 58 0.4460 1 T2 T2 T2 T2 T2
39 0.140 1 T2 T2 T2 T2 T2 27 0.222 1 T2 T2 T2 T2 T2
40 1.110 1 T2 T2 T2 T2 T2 42 0.441 1 T2 T2 T2 T2 T2
32 4.36 1 T2 T2 - T2 T2 13 1.067 1 T2 T2 T2 T2 T2
38 0.4536 1 T2 T2 T2 T2 T2 63 0.632 1 T2 T2 T2 T2 T2
36 1.06 1 T2 T2 T2 T2 T2 67 2.3500 1 T2 T2 - T2 T2
0 0.828 1 T2 T2 T2 T2 T2 67 1.6840 1 T2 T2 T2 T2 T2

33 0.2220 1 T2 T2 T2 T2 T2 52 0.477 1 T2 T2 T2 T2 T2
55 0.632 1 T2 T2 T2 T2 T2 32 0.6120 1 T2 T2 T2 T2 T2
54 2.350 1 T2 T2 - T2 T2 30 0.788 1 T2 T2 T2 T2 T2
62 0.477 1 T2 T2 T2 T2 T2 65 1.360 1 T2 T2 T2 T2 T2
54 0.625 1 T2 T2 T2 T2 T2 47 0.6245 1 T2 T2 T2 T2 T2
66 1.0670 1 T2 T2 T2 T2 T2 27 3.5500 1 T2 T2 - T2 T2

63.7 0.8260 1 T2 T2 T2 T2 T2 60 1.0440 1 T2 T2 T2 T2 T2
50.3 6.0715 Y 1 - - - - T2 28 0.63 1 T2 T2 T2 T2 T2
21.3 0.7250 1 T2 T2 T2 T2 T2 40 11.51 Y 1 - - - - T2
60.3 0.4915 1 T2 T2 T2 T2 T2 36.7 6.072 Y 1 T2 T2 - - T2
66 1.6470 1 T2 T2 T2 T2 T2 56.7 0.7940 1 T2 T2 T2 T2 T2

63.7 0.9795 1 T2 T2 T2 T2 T2 25 0.725 1 T2 T2 T2 T2 T2

22 5 5 10 8 0 31 3 2 7 6 0
77 21 21 19 21 22 77 29 29 25 28 31



APPENDIX H - Grass Shrimp Tox - PAHs

DNA Strand 
Damage b

Total 
PAHs A

ct
ua

l E
ffe

ct
s

Pr
ed

. E
ffe

ct
s 

ER
-L

Pr
ed

. E
ffe

ct
s 

ER
-M

Pr
ed

. E
ffe

ct
s 

TE
L

Pr
ed

. E
ffe

ct
s 

PE
L

Pr
ed

. E
ffe

ct
s 

A
ET

2.1 b 0.0603 2x mean NOEC 5.11 0 T1 T1 T1 T1 T1
2.3 b 0.1396 Median NOEC 0.791 0 - - - - -
2.2 b 0.0603 0 - - - - -
2.3 b 0.0870 ER-L 6.6 0 - - - - -
2.1 b 0.0603 ER-M 8.8 0 - - - - -
2.0 b 0.09 15th Percentile E 6.9 0 - - - - -
1.9 b 7.29 Y TEL 2.3 0 - - - - -
2.2 b 2.350 85th Percentile NE 1.8 0 T1 - T1 T1 -
2.2 b 4.945 PEL 3.9 0 - - T1 - -
2.3 b 1.6840 AET 52.8 0 - - T1 T1 -
1.9 b 0.477 0 - - - - -
2.3 b 1.820 5 0 - - - - -
2.3 b 0.612 Effects Data N 2 0 - - - - -
2.3 b 0.7880 Effects Data Set 0 - - - - -
2.1 b 1.360 11.5 0 - - - - -
2.0 b 0.625 6.1 0 - - - - -
2.2 b 0.630 0 - - - - -
1.8 b 0.1360 0 - - - - -
1.9 b 1.189 0 - - - - -
1.9 b 0.8260 0 - - - - -

1.63 b 1.484 0 - - - - -
2.07 b 1.0150 0 - - - - -
2.0 b 0.8760 0 - - - - -

1.87 b 1.296 0 - - - - -
1.7 b 0.649 0 - - - - -
2.0 b 0.794 0 - - - - -

1.97 b 0.4915 0 - - - - -
1.7 b 1.6470 0 - - - - -

2.07 b 0.565 0 - - - - -
1.8 b 1.3650 0 - - - - -

1.67 b 0.442 0 - - - - -
1.9 b 0.9795 0 - - - - -

1.87 b 5.0970 0 - - - - -
1.9 b 52.80 Y 0 - - T1 T1 -

2.07 b 0.5610 0 T1 T1 T1 T1 -
1.7 b 1.394 0 - - - - -

1.87 b 0.6080 0 - - - - -
2.5 b 0.4680 1 T2 T2 T2 T2 T2
2.4 b 11.510 Y 0 - - - - -
2.23 b 0.1115 0 T1 T1 T1 T1 -
2.20 b 1.067 0 - - - - -
2.1 b 0.274 0 - - - - -
2.13 b 1.1660 0 - - - - -
2.23 b 0.4895 0 - - - - -
4.3 1.1095 1 T2 T2 T2 T2 T2
3.6 4.3629 1 T2 T2 T2 T2 T2
3.9 0.4536 1 T2 T2 - - T2
3.8 1.0602 1 T2 T2 T2 T2 T2
1.9 0.4460 1 T2 T2 T2 T2 T2
1.7 0.180 1 T2 T2 T2 T2 T2
2.7 2.5530 1 T2 T2 T2 T2 T2
2.2 0.811 1 T2 T2 - T2 T2
1.9 11.7820 Y 1 T2 T2 T2 T2 T2
1.7 0.0836 1 - - - - T2
1.8 0.243 1 T2 T2 T2 T2 T2
3.6 0.22 1 T2 T2 T2 T2 T2
2.2 5.0420 1 T2 T2 T2 T2 T2
2.4 0.0612 1 T2 T2 - - T2
2.6 0.441 1 T2 T2 T2 T2 T2
3.0 1.07 1 T2 T2 T2 T2 T2
2.8 0.632 1 T2 T2 T2 T2 T2
3.5 3.55 1 T2 T2 T2 T2 T2
2.7 1.044 1 T2 T2 - T2 T2
3.67 6.0715 Y 1 T2 T2 T2 T2 T2
4.43 0.7250 1 T2 T2 - - T2

22 4 3 7 6 1
65 21 21 16 18 22
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73 b 0.047 2x mean NOEC 1.000 0 - - - - - 76 b 0.043 2x mean NOEC 0.85 0 - - - - -
55 b 0.069 Median NOEC 0.156 0 - - - - - 96 b 0.047 Median NOEC 0.17 0 - - - - -
74 b 0.014 0 - - - - - 92 b 0.176 0 - - - - -
53 b 0.018 ER-L 1.3 0 - - - - - 88 b 0.069 ER-L 1.0 0 - - - - -
77 b 0.023 ER-M 2.5 0 - - - - - 85 b 0.091 ER-M 1.6 0 - - - - -
45 b 0.060 15th Percentile E 1.4 0 - - - - - 84 b 0.349 15th Percentile E 1.0 0 - - - - -
50 b 0.047 TEL 0.5 0 - - - - - 89 b 0.014 TEL 0.4 0 - - - - -
38 b 0.529 85th Percentile NE 0.7 0 - - T1 - - 84 b 0.032 85th Percentile NE 0.5 0 - - - - -
34 b 4.288 Y PEL 1.4 0 T1 T1 T1 T1 - 88 b 0.018 PEL 0.9 0 - - - - -
39 b 0.260 AET 4.3 0 - - - - - 88 b 0.017 AET 4.3 0 - - - - -
29 b 0.588 0 - - T1 - - 90 b 0.023 0 - - - - -
38 b 1.236 Y 9 0 - - T1 - - 87 b 0.127 11 0 - - - - -
28 b 0.130 Effects Data N 6 0 - - - - - 88 b 0.060 Effects Data N 5 0 - - - - -
49 b 0.171 Effects Data Set 0 - - - - - 88 b 0.798 Effects Data Set 0 - - T1 - -
44 b 0.324 3.379 0 - - - - - 88 b 0.219 3.379 0 - - - - -
29 b 0.145 1.616 0 - - - - - 93 b 3.801 Y 1.616 0 T1 T1 T1 T1 -
29 b 0.074 3.801 0 - - - - - 97 b 0.076 0.919 0 - - - - -
33 b 2.213 Y 1.528 0 T1 - T1 T1 - 87 b 0.076 1.069 0 - - - - -

56.3 b 0.047 1.069 0 - - - - - 87 b 1.528 Y 13.714 0 T1 - T1 T1 -
52.3 b 0.150 13.714 0 - - - - - 82 b 0.047 0 - - - - -
46.7 b 0.334 0 - - - - - 93 b 0.529 0 - - T1 - -
47.3 b 0.162 0 - - - - - 85 b 4.288 Y 0 T1 T1 T1 T1 -
56.3 b 0.870 0 - - T1 - - 73 b 0.260 0 - - - - -
37.7 b 0.200 0 - - - - - 83 b 0.588 0 - - T1 - -
44 0.0435 1 T2 T2 T2 T2 T2 82 b 1.236 Y 0 T1 - T1 T1 -
36 0.052 1 T2 T2 T2 T2 T2 92 b 0.111 0 - - - - -
11 0.067 1 T2 T2 T2 T2 T2 83 b 0.387 0 - - - - -
11 0.047 1 T2 T2 T2 T2 T2 87 b 0.130 0 - - - - -
48 0.176 1 T2 T2 T2 T2 T2 85 b 0.171 0 - - - - -
0 0.050 1 T2 T2 T2 T2 T2 88 b 0.324 0 - - - - -
0 3.379 Y 1 - - - - T2 92 b 0.145 0 - - - - -
45 0.091 1 T2 T2 T2 T2 T2 87 b 0.074 0 - - - - -
44 0.349 1 T2 T2 T2 T2 T2 82 b 2.213 Y 0 T1 T1 T1 T1 -
25 0.032 1 T2 T2 T2 T2 T2 86.7 b 0.047 0 - - - - -
21 0.252 1 T2 T2 T2 T2 T2 90 b 0.039 0 - - - - -
16 1.616 Y 1 - T2 - - T2 80 b 0.287 0 - - - - -
18 0.082 1 T2 T2 T2 T2 T2 80 b 0.297 0 - - - - -
28 0.017 1 T2 T2 T2 T2 T2 85 b 0.170 0 - - - - -
8 0.204 1 T2 T2 T2 T2 T2 85 b 0.399 0 - - - - -
0 0.218 1 T2 T2 T2 T2 T2 83.3 b 0.324 0 - - - - -

21 0.127 1 T2 T2 T2 T2 T2 85 b 0.227 0 - - - - -
28 0.798 1 T2 T2 - T2 T2 76.7 b 0.255 0 - - - - -
32 0.219 1 T2 T2 T2 T2 T2 88.3 b 0.257 0 - - - - -
30 3.801 Y 1 - - - - T2 90 b 0.150 0 - - - - -
29 0.076 1 T2 T2 T2 T2 T2 85 b 0.140 0 - - - - -
29 0.076 1 T2 T2 T2 T2 T2 90 b 0.090 0 - - - - -
9 0.074 1 T2 T2 T2 T2 T2 86.7 b 0.448 0 - - T1 - -
15 1.528 Y 1 - T2 - - T2 81.7 b 0.087 0 - - - - -
9 0.919 1 T2 T2 - T2 T2 86.7 b 0.334 0 - - - - -

10 0.305 1 T2 T2 T2 T2 T2 88.3 b 0.452 0 - - T1 - -
11 0.211 1 T2 T2 T2 T2 T2 83.3 b 0.162 0 - - - - -
17 0.510 1 T2 T2 - T2 T2 86.7 b 0.203 0 - - - - -
26 0.111 1 T2 T2 T2 T2 T2 86.7 b 0.141 0 - - - - -
25 0.387 1 T2 T2 T2 T2 T2 81.7 b 0.870 Y 0 - - T1 - -
3 0.755 1 T2 T2 - T2 T2 85 b 0.200 0 - - - - -
21 0.243 1 T2 T2 T2 T2 T2 81.7 b 0.411 0 - - - - -

30.7 0.039 1 T2 T2 T2 T2 T2 81.7 b 0.079 0 - - - - -
29.3 0.287 1 T2 T2 T2 T2 T2 39 0.052 1 T2 T2 T2 T2 T2
38.7 0.297 1 T2 T2 T2 T2 T2 0 0.067 1 T2 T2 T2 T2 T2
22 0.170 1 T2 T2 T2 T2 T2 0 0.047 1 T2 T2 T2 T2 T2

28.3 0.399 1 T2 T2 T2 T2 T2 0 0.050 1 T2 T2 T2 T2 T2
37 0.324 1 T2 T2 T2 T2 T2 0 3.379 Y 1 - - - - T2
8.7 1.069 Y 1 T2 T2 - T2 T2 61 0.252 1 T2 T2 T2 T2 T2
27 0.227 1 T2 T2 T2 T2 T2 50 1.616 Y 1 - T2 - - T2

31.7 0.255 1 T2 T2 T2 T2 T2 77 0.082 1 T2 T2 T2 T2 T2
31.7 0.257 1 T2 T2 T2 T2 T2 65 0.204 1 T2 T2 T2 T2 T2
18 0.140 1 T2 T2 T2 T2 T2 0 0.218 1 T2 T2 T2 T2 T2
12 0.218 1 T2 T2 T2 T2 T2 35 0.074 1 T2 T2 T2 T2 T2

34.7 0.090 1 T2 T2 T2 T2 T2 67 0.919 Y 1 T2 T2 - - T2
27.7 0.448 1 T2 T2 T2 T2 T2 63 0.305 1 T2 T2 T2 T2 T2
28.3 0.087 1 T2 T2 T2 T2 T2 65 0.211 1 T2 T2 T2 T2 T2
28.7 0.452 1 T2 T2 T2 T2 T2 70 0.510 1 T2 T2 - T2 T2
24.7 0.203 1 T2 T2 T2 T2 T2 45 0.755 1 T2 T2 - T2 T2
29 0.141 1 T2 T2 T2 T2 T2 72 0.243 1 T2 T2 T2 T2 T2
3.7 13.714 Y 1 - - - - - 46.7 1.069 Y 1 - T2 - - T2
34 0.411 1 T2 T2 T2 T2 T2 23.3 0.218 1 T2 T2 T2 T2 T2

22.3 0.079 1 T2 T2 T2 T2 T2 8.3 13.714 Y 1 - - - - -

53 2 1 6 2 0 20 5 3 11 5 0
77 48 50 43 48 52 77 16 18 13 15 19
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61 b 0.043 2x mean NOEC 1.52 0 - - - - - 84 b 0.052 2x mean NOEC 1.47 0 - - - - -
76 b 0.052 Median NOEC 0.227 0 - - - - - 92 b 0.047 Median NOEC 0.211 0 - - - - -
73 b 0.047 0 - - - - - 93 b 0.176 0 - - - - -
57 b 0.176 ER-L 1.6 0 - - - - - 83 b 0.069 ER-L 1.7 0 - - - - -
63 b 0.069 ER-M 1.6 0 - - - - - 89 b 0.050 ER-M 2.2 0 - - - - -
60 b 3.379 Y 15th Percentile E 1.6 0 T1 T1 T1 T1 - 88 b 0.349 15th Percentile E 1.8 0 - - - - -
64 b 0.091 TEL 0.6 0 - - - - - 87 b 0.014 TEL 0.6 0 - - - - -
52 b 0.349 85th Percentile NE 0.9 0 - - - - - 73 b 0.018 85th Percentile NE 0.6 0 - - - - -
93 b 0.014 PEL 1.2 0 - - - - - 87 b 0.023 PEL 1.1 0 - - - - -
73 b 0.018 AET 13.7 0 - - - - - 85 b 0.060 AET 13.7 0 - - - - -
85 b 0.023 0 - - - - - 85 b 0.798 0 - - T1 - -
73 b 0.127 7 0 - - - - - 72 b 0.219 7 0 - - - - -
78 b 0.060 Effects Data N 1 0 - - - - - 77 b 3.801 Y Effects Data N 3 0 T1 T1 T1 T1 -
72 b 0.798 Effects Data Set 0 - - T1 - - 87 b 0.076 Effects Data Set 0 - - - - -
78 b 0.219 1.616 0 - - - - - 83 b 0.076 3.379 0 - - - - -
78 b 3.801 Y 0 T1 T1 T1 T1 - 83 b 1.528 Y 1.616 0 - - T1 T1 -
73 b 0.076 0 - - - - - 83 b 0.047 2.213 0 - - - - -
74 b 0.076 0 - - - - - 87 b 0.529 0 - - - - -

 71 b 1.528 Y 0 - - T1 T1 - 83 b 4.288 Y 0 T1 T1 T1 T1 -
83 b 0.047 0 - - - - - 82 b 0.260 0 - - - - -
78 b 0.919 0 - - T1 - - 78 b 1.236 0 - - T1 T1 -
80 b 0.529 0 - - - - - 73 b 0.387 0 - - - - -
78 b 4.288 Y 0 T1 T1 T1 T1 - 76.7 b 0.047 0 - - - - -
72 b 0.260 0 - - - - - 83.3 b 0.039 0 - - - - -
76 b 0.305 0 - - - - - 65 b 0.287 0 - - - - -
76 b 1.236 0 - - T1 T1 - 73.3 b 0.297 0 - - - - -
70 b 0.510 0 - - - - - 71.7 b 0.170 0 - - - - -
62 b 0.111 0 - - - - - 71.7 b 0.399 0 - - - - -
78 b 0.387 0 - - - - - 73.3 b 0.324 0 - - - - -
56 b 0.130 0 - - - - - 76.7 b 0.227 0 - - - - -
61 b 0.171 0 - - - - - 81.7 b 0.255 0 - - - - -
59 b 0.324 0 - - - - - 73.3 b 0.257 0 - - - - -
58 b 0.755 0 - - T1 - - 83.3 b 0.150 0 - - - - -
75 b 0.243 0 - - - - - 78.3 b 0.090 0 - - - - -
77 b 0.074 0 - - - - - 71.7 b 0.448 0 - - - - -
72 b 2.213 Y 0 T1 T1 T1 T1 - 83.3 b 0.087 0 - - - - -

75.7 b 0.047 0 - - - - - 81.7 b 0.334 0 - - - - -
77.3 b 0.039 0 - - - - - 83.3 b 0.452 0 - - - - -
79 b 0.297 0 - - - - - 80 b 0.162 0 - - - - -

66.7 b 0.399 0 - - - - - 76.7 b 0.203 0 - - - - -
69.3 b 0.324 0 - - - - - 83.3 b 0.141 0 - - - - -
75.7 b 0.227 0 - - - - - 78.3 b 0.870 0 - - T1 - -
83.3 b 0.255 0 - - - - - 76.7 b 13.714 Y 0 T1 T1 T1 T1 -
79.7 b 0.257 0 - - - - - 81.7 b 0.200 0 - - - - -
83.7 b 0.150 0 - - - - - 76.7 b 0.411 0 - - - - -
68 b 0.087 0 - - - - - 71.7 b 0.079 0 - - - - -

72.3 b 0.334 0 - - - - - 72 0.043 1 T2 T2 T2 T2 T2
68 b 0.452 0 - - - - - 80 0.067 1 T2 T2 T2 T2 T2

70.7 b 0.162 0 - - - - - 77 0.047 1 T2 T2 T2 T2 T2
76.3 b 0.141 0 - - - - - 76 3.379 Y 1 - - - - T2
75.3 b 0.870 0 - - T1 - - 76 0.091 1 T2 T2 T2 T2 T2
70.3 b 13.714 Y 0 T1 T1 T1 T1 - 40 0.032 1 T2 T2 T2 T2 T2
68.7 b 0.200 0 - - - - - 57 0.252 1 T2 T2 T2 T2 T2
77.3 b 0.411 0 - - - - - 15 1.616 Y 1 T2 T2 - - T2
66.7 b 0.079 0 - - - - - 23 0.082 1 T2 T2 T2 T2 T2
20 0.067 1 T2 T2 T2 T2 T2 67 0.017 1 T2 T2 T2 T2 T2
32 0.047 1 T2 T2 T2 T2 T2 20 0.204 1 T2 T2 T2 T2 T2
48 0.050 1 T2 T2 T2 T2 T2 48 0.218 1 T2 T2 T2 T2 T2
39 0.032 1 T2 T2 T2 T2 T2 58 0.127 1 T2 T2 T2 T2 T2
40 0.252 1 T2 T2 T2 T2 T2 27 0.074 1 T2 T2 T2 T2 T2
32 1.616 Y 1 T2 T2 - - T2 42 0.919 1 T2 T2 - T2 T2
38 0.082 1 T2 T2 T2 T2 T2 13 0.305 1 T2 T2 T2 T2 T2
57 0.017 1 T2 T2 T2 T2 T2 63 0.211 1 T2 T2 T2 T2 T2
36 0.204 1 T2 T2 T2 T2 T2 67 0.588 1 T2 T2 T2 T2 T2
0 0.218 1 T2 T2 T2 T2 T2 67 0.510 1 T2 T2 T2 T2 T2

33 0.074 1 T2 T2 T2 T2 T2 52 0.111 1 T2 T2 T2 T2 T2
55 0.211 1 T2 T2 T2 T2 T2 32 0.130 1 T2 T2 T2 T2 T2
54 0.588 1 T2 T2 T2 T2 T2 30 0.171 1 T2 T2 T2 T2 T2
54 0.145 1 T2 T2 T2 T2 T2 65 0.324 1 T2 T2 T2 T2 T2
66 0.287 1 T2 T2 T2 T2 T2 47 0.145 1 T2 T2 T2 T2 T2

63.7 0.170 1 T2 T2 T2 T2 T2 27 0.755 1 T2 T2 - T2 T2
50.3 1.069 1 T2 T2 - T2 T2 60 0.243 1 T2 T2 T2 T2 T2
63.7 0.140 1 T2 T2 T2 T2 T2 28 0.074 1 T2 T2 T2 T2 T2
21.3 0.218 1 T2 T2 T2 T2 T2 40 2.213 Y 1 - - - - T2
60.3 0.090 1 T2 T2 T2 T2 T2 36.7 1.069 1 T2 T2 - T2 T2
66 0.448 1 T2 T2 T2 T2 T2 56.7 0.140 1 T2 T2 T2 T2 T2

63.7 0.203 1 T2 T2 T2 T2 T2 25 0.218 1 T2 T2 T2 T2 T2

22 5 5 11 7 0 31 3 3 7 5 0
77 22 22 20 21 22 77 29 29 25 28 31
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2.1 b 0.014 2x mean NOEC 1.40 0 T1 T1 T1 T1 T1
2.3 b 0.032 Median NOEC 0.215 0 - - - - -
2.2 b 0.018 0 - - - - -
2.3 b 0.017 ER-L 1.5 0 - - - - -
2.1 b 0.023 ER-M 1.6 0 - - - - -
2.0 b 0.529 15th Percentile E 1.6 0 - - - - -
1.9 b 4.288 Y TEL 0.6 0 - - - - -
2.5 b 0.260 85th Percentile NE 0.5 0 T1 T1 T1 T1 -
2.2 b 0.588 PEL 0.9 0 - - - - -
2.2 b 1.236 AET 13.7 0 - - T1 - -
2.3 b 0.510 0 - - T1 T1 -
1.9 b 0.111 6 0 - - T1 - -
2.3 b 0.387 Effects Data N 3 0 - - T1 T1 -
2.3 b 0.130 Effects Data Set 0 - - - - -
2.3 b 0.171 1.616 0 - - - - -
2.1 b 0.324 3.801 0 - - - - -
2.0 b 0.145 1.528 0 - - - - -
2.2 b 0.074 0 - - - - -
2.4 b 2.213 Y 0 - - - - -
1.8 b 0.047 0 - - - - -
2.23 b 0.039 0 - - - - -
2.2 b 0.287 0 T1 T1 T1 T1 -
1.9 b 0.297 0 - - - - -
1.9 b 0.170 0 - - - - -
2.1 b 0.399 0 - - - - -
1.63 b 0.324 0 - - - - -
2.07 b 0.227 0 - - - - -

2 b 0.255 0 - - - - -
1.87 b 0.257 0 - - - - -
1.7 b 0.150 0 - - - - -
2 b 0.140 0 - - - - -

1.97 b 0.090  0 - - - - -
1.7 b 0.448 0 - - - - -
2.07 b 0.087 0 - - - - -
1.8 b 0.334 0 - - - - -
2.13 b 0.452 0 - - - - -
1.67 b 0.162 0 - - - - -
1.9 b 0.203 0 - - - - -
2.23 b 0.141 0 - - - - -
1.87 b 0.870 0 - - - - -
1.9 b 13.714 Y 0 - - - - -

2.07 b 0.200 0 - - - - -
1.7 b 0.411 0 - - T1 - -
1.87 b 0.079 0 T1 T1 T1 T1 -
4.3 0.252 1 T2 T2 T2 T2 T2
3.6 1.616 Y 1 T2 T2 T2 T2 T2
3.9 0.082 1 T2 T2 T2 T2 T2
3.8 0.204 1 T2 T2 T2 T2 T2
1.9 0.127 1 - T2 - - T2
1.7 0.060 1 T2 T2 T2 T2 T2
2.7 0.798 1 T2 T2 T2 T2 T2
2.2 0.219 1 T2 T2 T2 T2 T2
1.9 3.801 Y 1 T2 T2 T2 T2 T2
1.7 0.076 1 T2 T2 - T2 T2
1.8 0.076 1 T2 T2 T2 T2 T2
3.6 0.074 1 - - - - T2
2.2 1.528 Y 1 T2 T2 T2 T2 T2
2.4 0.047 1 T2 T2 T2 T2 T2
2.6 0.919 1 T2 T2 T2 T2 T2
3.0 0.305 1 T2 T2 - - T2
2.8 0.211 1 T2 T2 T2 T2 T2
3.5 0.755 1 T2 T2 - - T2
2.7 0.243 1 T2 T2 T2 T2 T2
3.67 1.069 1 T2 T2 T2 T2 T2
4.43 0.218 1 T2 T2 - T2 T2

21 4 4 9 6 1
65 19 20 15 17 21
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73 b 2.0 2x mean NOEC 110 0 - - - - - 96 b 2.00 2x mean NOEC 77 0 - - - - -
74 b 32.0 Median NOEC 16.2 0 - - - - - 92 b 28.00 Median NOEC 25.3 0 - - - - -
53 b 12.0 0 - - - - - 88 b 28.00 0 - - - - -
77 b 14.0 ER-L 1190 0 - - - - - 89 b 32.00 ER-L 1190 0 - - - - -
45 b 17.0 ER-M 1190 0 - - - - - 88 b 12.0 ER-M 1190 0 - - - - -
50 b 9.4 15th Percentile E 1190 0 - - - - - 88 b 18.0 15th Percentile E 1190 0 - - - - -
38 b 2.2 TEL 139 0 - - - - - 90 b 14.0 TEL 174 0 - - - - -
34 b 15.0 85th Percentile NE 33 0 - - - - - 87 b 28.0 85th Percentile NE 35 0 - - - - -
39 b 8.0 PEL 198 0 - - - - - 88 b 17.0 PEL 204 0 - - - - -
38 b 34.0 AET 419 0 - - - - - 88 b 24.0 AET 419 0 - - - - -
49 b 23.0 0 - - - - - 88 b 47.0 0 - - - - -
44 b 28.0 4 0 - - - - - 93 b 43.0 4 0 - - - - -

56.3 b 12.4 Effects Data N 1 0 - - - - - 97 b 7.5 Effects Data N 1 0 - - - - -
52.3 b 419 Y Effects Data Set 0 - - T1 T1 - 87 b 22.0 Effects Data Set 0 - - - - -
56.3 b 387 Y 1190 0 - - T1 T1 - 87 b 26.0 1190 0 - - - - -
55 b 28.0 0 - - - - - 93 b 2.2 0 - - - - -
28 b 15.0 0 - - - - - 85 b 15.0 0 - - - - -
29 b 13.0 0 - - - - - 92 b 16.0 0 - - - - -
29 b 3.9 0 - - - - - 87 b 15.0 0 - - - - -

46.7 b 154 Y 0 - - T1 - - 85 b 23.0 0 - - - - -
47.3 b 17.2 0 - - - - - 88 b 28.0 0 - - - - -
33 b 27.0 0 - - - - - 92 b 13.0 0 - - - - -

37.7 b 15.4 0 - - - - - 87 b 3.9 0 - - - - -
29.3 b 25.8 0 - - - - - 86.7 b 12.4 0 - - - - -
29 28.0 1 T2 T2 T2 T2 T2 90 b 16.6 0 - - - - -
44 3.7 1 T2 T2 T2 T2 T2 88.3 b 28.8 0 - - - - -
36 17.0 1 T2 T2 T2 T2 T2 90 b 419.0 Y 0 - - T1 T1 -
11 36.0 1 T2 T2 T2 T2 T2 90 b 24.2 0 - - - - -
11 38.0 1 T2 T2 T2 T2 T2 86.7 b 154.0 Y 0 - - - - -
48 28.0 1 T2 T2 T2 T2 T2 88.3 b 16.3 0 - - - - -
0 50.0 1 T2 T2 T2 T2 T2 86.7 b 60.1 0 - - - - -
0 47.0 1 T2 T2 T2 T2 T2 86.7 b 32.0 0 - - - - -

45 29.0 1 T2 T2 T2 T2 T2 76 b 3.7 0 - - - - -
44 12.0 1 T2 T2 T2 T2 T2 85 b 29.00 0 - - - - -
25 18.0 1 T2 T2 T2 T2 T2 84 b 12.00 0 - - - - -
21 21.0 1 T2 T2 T2 T2 T2 84 b 18.00 0 - - - - -
16 20.0 1 T2 T2 T2 T2 T2 82 b 9.4 0 - - - - -
18 36.0 1 T2 T2 T2 T2 T2 83 b 28.0 0 - - - - -
28 18.0 1 T2 T2 T2 T2 T2 82 b 34.0 0 - - - - -
8 29.0 1 T2 T2 T2 T2 T2 83 b 23.0 0 - - - - -
0 27.0 1 T2 T2 T2 T2 T2 82 b 27.0 0 - - - - -

21 28.0 1 T2 T2 T2 T2 T2 80 b 25.8 0 - - - - -
28 24.0 1 T2 T2 T2 T2 T2 80 b 29.1 0 - - - - -
32 47.0 1 T2 T2 T2 T2 T2 85 b 25.4 0 - - - - -
30 43.0 1 T2 T2 T2 T2 T2 85 b 5.8 0 - - - - -
29 7.5 1 T2 T2 T2 T2 T2 83.3 b 42.1 0 - - - - -
29 22.0 1 T2 T2 T2 T2 T2 85 b 25.3 0 - - - - -
9 21.0 1 T2 T2 T2 T2 T2 76.7 b 29.5 0 - - - - -

15 26.0 1 T2 T2 T2 T2 T2 85 b 35.5 0 - - - - -
9 8.9 1 T2 T2 T2 T2 T2 86.7 b 25.7 0 - - - - -

10 20.0 1 T2 T2 T2 T2 T2 81.7 b 22.9 0 - - - - -
11 12.0 1 T2 T2 T2 T2 T2 83.3 b 17.2 0 - - - - -
17 46.0 1 T2 T2 T2 T2 T2 81.7 b 387.0 Y 0 - - T1 T1 -
26 16.0 1 T2 T2 T2 T2 T2 85 b 15.4 0 - - - - -
25 23.0 1 T2 T2 T2 T2 T2 81.7 b 27.2 0 - - - - -
3 29.0 1 T2 T2 T2 T2 T2 81.7 b 27.6 0 - - - - -

21 27.0 1 T2 T2 T2 T2 T2 77 b 36.0 0 - - - - -
30.7 16.6 1 T2 T2 T2 T2 T2 39 17.0 1 T2 T2 T2 T2 T2
38.7 29.1 1 T2 T2 T2 T2 T2 0 36.0 1 T2 T2 T2 T2 T2
22 25.4 1 T2 T2 T2 T2 T2 0 38.0 1 T2 T2 T2 T2 T2

28.3 5.8 1 T2 T2 T2 T2 T2 0 50.00 1 T2 T2 T2 T2 T2
37 42.1 1 T2 T2 T2 T2 T2 0 47.00 1 T2 T2 T2 T2 T2
8.7 52.0 1 T2 T2 T2 T2 T2 61 21.00 1 T2 T2 T2 T2 T2
27 25.3 1 T2 T2 T2 T2 T2 50 20.00 1 T2 T2 T2 T2 T2

31.7 29.5 1 T2 T2 T2 T2 T2 65 29.0 1 T2 T2 T2 T2 T2
31.7 28.8 1 T2 T2 T2 T2 T2 0 27.0 1 T2 T2 T2 T2 T2
18 35.5 1 T2 T2 T2 T2 T2 35 21.0 1 T2 T2 T2 T2 T2
12 20.3 1 T2 T2 T2 T2 T2 67 8.9 1 T2 T2 T2 T2 T2

34.7 24.2 1 T2 T2 T2 T2 T2 73 8.0 1 T2 T2 T2 T2 T2
27.7 25.7 1 T2 T2 T2 T2 T2 63 20.0 1 T2 T2 T2 T2 T2
28.3 22.9 1 T2 T2 T2 T2 T2 65 12.0 1 T2 T2 T2 T2 T2
28.7 16.3 1 T2 T2 T2 T2 T2 70 46.0 1 T2 T2 T2 T2 T2
24.7 60.1 1 T2 T2 T2 T2 T2 45 29.0 1 T2 T2 T2 T2 T2
29 32 1 T2 T2 T2 T2 T2 72 27.0 1 T2 T2 T2 T2 T2
3.7 1190 Y 1 - - - - - 46.7 52.0 1 T2 T2 T2 T2 T2
34 27.2 1 T2 T2 T2 T2 T2 23.3 20.3 1 T2 T2 T2 T2 T2

22.3 27.6 1 T2 T2 T2 T2 T2 8.3 1190.0 Y 1 - - - - -

53 0 0 3 2 0 20 0 0 2 2 0
77 52 52 52 52 52 77 19 19 19 19 19
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76 b 17.0 2x mean NOEC 119 0 #### #### #### #### - 92 b 2 2x mean NOEC 136 0 #### #### #### #### -
73 b 2.00 Median NOEC 25.3 0 #### #### #### #### - 93 b 28 Median NOEC 25 0 #### #### #### #### -
93 b 32.00 0 #### #### #### #### - 89 b 50 0 #### #### #### #### -
85 b 14.0 ER-L #NUM! 0 #### #### #### #### - 88 b 12 ER-L ##### 0 #### #### #### #### -
78 b 17.0 ER-M #NUM! 0 #### #### #### #### - 87 b 32 ER-M ##### 0 #### #### #### #### -
78 b 47.0 15th Percentile E #NUM! 0 #### #### #### #### - 87 b 14 15th Percentile E ##### 0 #### #### #### #### -
78 b 43.0 TEL #NUM! 0 #### #### #### #### - 85 b 17 TEL ##### 0 #### #### #### #### -
83 b 9.4 85th Percentile NE 41 0 #### #### #### #### - 85 b 24 85th Percentile NE 44 0 #### #### #### #### -
78 b 8.9 PEL #NUM! 0 #### #### #### #### - 87 b 7.5 PEL ##### 0 #### #### #### #### -
80 b 2.2 AET 1190 0 #### #### #### #### - 83 b 22 AET 1190 0 #### #### #### #### -
78 b 15.0 0 #### #### #### #### - 83 b 26 0 #### #### #### #### -
72 b 8.0 4 0 #### #### #### #### - 83 b 9.4 4 0 #### #### #### #### -
76 b 20.0 Effects Data N 0 0 #### #### #### #### - 87 b 2.2 Effects Data N 0 0 #### #### #### #### -
76 b 34.0 Effects Data Set 0 #### #### #### #### - 76.7 b 12.4 Effects Data Set 0 #### #### #### #### -
70 b 46.0 0 #### #### #### #### - 83.3 b 16.6 0 #### #### #### #### -
78 b 23.0 0 #### #### #### #### - 76.7 b 25.3 0 #### #### #### #### -
75 b 27.0 0 #### #### #### #### - 81.7 b 29.5 0 #### #### #### #### -
77 b 3.9 0 #### #### #### #### - 83.3 b 419 Y 0 #### #### #### #### -
72 b 27.0 0 #### #### #### #### - 78.3 b 24.2 0 #### #### #### #### -

83.3 b 29.5 0 #### #### #### #### - 83.3 b 22.9 0 #### #### #### #### -
83.7 b 419.0 Y 0 #### #### #### #### - 81.7 b 154 Y 0 #### #### #### #### -
61 b 3.7 0 #### #### #### #### - 83.3 b 16.3 0 #### #### #### #### -
57 b 28.00 0 #### #### #### #### - 80 b 17.2 0 #### #### #### #### -
60 b 47.00 0 #### #### #### #### - 76.7 b 60.1 0 #### #### #### #### -
64 b 29.00 0 #### #### #### #### - 83.3 b 32 0 #### #### #### #### -
52 b 12.00 0 #### #### #### #### - 78.3 b 387 Y 0 #### #### #### #### -
73 b 12.0 0 #### #### #### #### - 76.7 b 1190 Y 0 #### #### #### #### -
73 b 28.0 0 #### #### #### #### - 81.7 b 15.4 0 #### #### #### #### -
72 b 24.0 0 #### #### #### #### - 76.7 b 27.2 0 #### #### #### #### -
73 b 7.5 0 #### #### #### #### - 84 b 17 0 #### #### #### #### -
56 b 15.0 0 #### #### #### #### - 83 b 28 0 #### #### #### #### -
61 b 23.0 0 #### #### #### #### - 73 b 12 0 #### #### #### #### -
59 b 28.0 0 #### #### #### #### - 72 b 47 0 #### #### #### #### -
58 b 29.0 0 #### #### #### #### - 77 b 43 0 #### #### #### #### -

75.7 b 12.4 0 #### #### #### #### - 83 b 15 0 #### #### #### #### -
77.3 b 16.6 0 #### #### #### #### - 82 b 8 0 #### #### #### #### -
66 b 25.8 0 #### #### #### #### - 65 b 25.8 0 #### #### #### #### -
79 b 29.1 0 #### #### #### #### - 73.3 b 29.1 0 #### #### #### #### -

63.7 b 25.4 0 #### #### #### #### - 71.7 b 25.4 0 #### #### #### #### -
66.7 b 5.8 0 #### #### #### #### - 71.7 b 5.85 0 #### #### #### #### -
69.3 b 42.1 0 #### #### #### #### - 73.3 b 42.1 0 #### #### #### #### -
75.7 b 25.3 0 #### #### #### #### - 73.3 b 28.8 0 #### #### #### #### -
79.7 b 28.8 0 #### #### #### #### - 71.7 b 25.7 0 #### #### #### #### -
68 b 22.9 0 #### #### #### #### - 71.7 b 27.6 0 #### #### #### #### -

72.3 b 154.0 Y 0 #### #### #### #### - 78 b 34 0 #### #### #### #### -
68 b 16.3 0 #### #### #### #### - 73 b 23 0 #### #### #### #### -

70.7 b 17.2 0 #### #### #### #### - 80 36 1 #### #### #### #### T2
76.3 b 32.0 0 #### #### #### #### - 77 38 1 #### #### #### #### T2
75.3 b 387.0 Y 0 #### #### #### #### - 76 47 1 #### #### #### #### T2
70.3 b 1190.0 Y 0 #### #### #### #### - 76 29 1 #### #### #### #### T2
68.7 b 15.4 0 #### #### #### #### - 72 3.7 1 #### #### #### #### T2
77.3 b 27.2 0 #### #### #### #### - 40 18 1 #### #### #### #### T2
66.7 b 27.6 0 #### #### #### #### - 57 21 1 #### #### #### #### T2
63 b 28.00 0 #### #### #### #### - 15 20 1 #### #### #### #### T2
74 b 22.0 0 #### #### #### #### - 23 36 1 #### #### #### #### T2
20 36.0 1 #### #### #### #### T2 67 18 1 #### #### #### #### T2
32 38.0 1 #### #### #### #### T2 20 29 1 #### #### #### #### T2
48 50.00 1 #### #### #### #### T2 48 27 1 #### #### #### #### T2
39 18.00 1 #### #### #### #### T2 58 28 1 #### #### #### #### T2
40 21.00 1 #### #### #### #### T2 27 21 1 #### #### #### #### T2
32 20.00 1 #### #### #### #### T2 42 8.9 1 #### #### #### #### T2
38 36.0 1 #### #### #### #### T2 13 20 1 #### #### #### #### T2
57 18.0 1 #### #### #### #### T2 63 12 1 #### #### #### #### T2
36 29.0 1 #### #### #### #### T2 67 28 1 #### #### #### #### T2
0 27.0 1 #### #### #### #### T2 67 46 1 #### #### #### #### T2

33 21.0 1 #### #### #### #### T2 52 16 1 #### #### #### #### T2
71 26.0 1 #### #### #### #### T2 32 15 1 #### #### #### #### T2
55 12.0 1 #### #### #### #### T2 30 23 1 #### #### #### #### T2
54 28.0 1 #### #### #### #### T2 65 28 1 #### #### #### #### T2
62 16.0 1 #### #### #### #### T2 47 13 1 #### #### #### #### T2
54 13.0 1 #### #### #### #### T2 27 29 1 #### #### #### #### T2

50.3 52.0 1 #### #### #### #### T2 60 27 1 #### #### #### #### T2
63.7 35.5 1 #### #### #### #### T2 28 3.9 1 #### #### #### #### T2
21.3 20.3 1 #### #### #### #### T2 40 27 1 #### #### #### #### T2
60.3 24.2 1 #### #### #### #### T2 36.7 52 1 #### #### #### #### T2
66 25.7 1 #### #### #### #### T2 56.7 35.5 1 #### #### #### #### T2

63.7 60.1 1 #### #### #### #### T2 25 20.3 1 #### #### #### #### T2

22 0 0 0 0 0 31 0 0 0 0 0
77 0 0 0 0 22 77 0 0 0 0 31
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2.1 b 32 2x mean NOEC 140 0 #### #### #### #### -
2.3 b 18 Median NOEC 25 0 #### #### #### #### -
2.2 b 12 0 #### #### #### #### -
2.3 b 18 ER-L #NUM! 0 #### #### #### #### -
2.1 b 14 ER-M #NUM! 0 #### #### #### #### -
2.0 b 2.2 15th Percentile E #NUM! 0 #### #### #### #### -
1.9 b 15 TEL #NUM! 0 #### #### #### #### -
2.2 b 28 85th Percentile NE 39 0 #### #### #### #### -
2.2 b 34 PEL #NUM! 0 #### #### #### #### -
2.3 b 46 AET 1190 0 #### #### #### #### -
1.9 b 16 0 #### #### #### #### -
2.3 b 23 4 0 #### #### #### #### -
2.3 b 15 Effects Data N 0 0 #### #### #### #### -
2.3 b 23 Effects Data Set 0 #### #### #### #### -
2.1 b 28 0 #### #### #### #### -
2.0 b 13 0 #### #### #### #### -
2.2 b 3.9 0 #### #### #### #### -
1.8 b 12.4 0 #### #### #### #### -
1.9 b 29.1 0 #### #### #### #### -
1.9 b 25.4 0 #### #### #### #### -

1.63 b 42.1 0 #### #### #### #### -
2.07 b 25.3 0 #### #### #### #### -
2.0 b 29.5 0 #### #### #### #### -

1.87 b 28.8 0 #### #### #### #### -
1.70 b 419 Y 0 #### #### #### #### -
2.0 b 35.5 0 #### #### #### #### -

1.97 b 24.2 0 #### #### #### #### -
1.7 b 25.7 0 #### #### #### #### -

2.07 b 22.9 0 #### #### #### #### -
1.8 b 154 Y 0 #### #### #### #### -

1.67 b 17.2 0 #### #### #### #### -
1.9 b 60.1 0 #### #### #### #### -

1.87 b 387 Y 0 #### #### #### #### -
1.9 b 1190 Y 0 #### #### #### #### -

2.07 b 15.4 0 #### #### #### #### -
1.7 b 27.2 0 #### #### #### #### -

1.87 b 27.6 0 #### #### #### #### -
2.4 b 27 1 #### #### #### #### T2
2.23 b 16.6 0 #### #### #### #### -
2.2 b 25.8 0 #### #### #### #### -
2.1 b 5.8 0 #### #### #### #### -

2.13 b 16.3 0 #### #### #### #### -
2.23 b 32 0 #### #### #### #### -
2.5 b 8 0 #### #### #### #### -
4.3 21 1 #### #### #### #### T2
3.6 20 1 #### #### #### #### T2
3.9 36 1 #### #### #### #### T2
3.8 29 1 #### #### #### #### T2
1.9 28 1 #### #### #### #### T2
1.7 17 1 #### #### #### #### T2
2.7 24 1 #### #### #### #### T2
2.2 47 1 #### #### #### #### T2
1.9 43 1 #### #### #### #### T2
1.7 7.5 1 #### #### #### #### T2
1.8 22 1 #### #### #### #### T2
3.6 21 1 #### #### #### #### T2
2.2 26 1 #### #### #### #### T2
2.4 9.4 1 #### #### #### #### T2
2.6 8.9 1 #### #### #### #### T2
3.0 20 1 #### #### #### #### T2
2.8 12 1 #### #### #### #### T2
3.5 29 1 #### #### #### #### T2
2.7 27 1 #### #### #### #### T2
3.67 52 1 #### #### #### #### T2
4.43 20.3 1 #### #### #### #### T2

22 0 0 0 0 0
65 0 0 0 0 22



APPENDIX  E 
 

LIFE HISTORIES OF SELECTED FOOD ITEMS EMPLOYED 
IN FINFISH AND WILDLIFE FOOD‐WEB EXPOSURE MODELS  

FOR ESTUARY AT LCP SITE 
      E.1 Cordgrass 
      E.2 Fiddler Crabs 
      E.3 Blue Crab 
      E.4 Mummichog 
      E.5 Silver Perch 
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Appendix E 

 

Life Histories of Selected Food Items Employed in Fish and Wildlife Food ‐ Web 

Exposure Models for Estuary at LCP Chemicals Superfund Site 

 

Appendix  E  reviews  relevant  aspects  of  the  life  histories  and  vital  statistics  of  five 

aquatic species at the LCP Chemicals Superfund Site (Site); cordgrass, fiddler crabs, blue 

crabs, mummichogs, and  silver perch.   These organisms are  food  items  in  the diet of 

higher‐trophic‐level fish and wildlife which are modeled for potential hazard associated 

with uptake of chemicals of potential concern  (COPC)  from  the estuary.   Only  insects, 

employed as a  food  item  for  two avian species  (the  red‐winged blackbird and clapper 

rail), are not addressed in this appendix. 

 

E.1   Cordgrass (Spartina alterniflora) 

The salt marsh  in Georgia consists of  four basic zones: 1)  the  levee, which  is  the area 

along the banks of the tidal creeks; 2) the low marsh, the area just behind the levee; 3) 

the high marsh,  just  inland of  the  low marsh; and 4)  the border,  located between  the 

low marsh and  the  transitional area, which blends  into  the uplands  (Univ. of Georgia, 

2000). 

 

Smooth  cordgrass  occurs  in  all  of  the  above‐identified  marsh  zones,  in  great  part 

because of  its  special  adaptations  that  allow  it  to  live where  few other plants  could 

survive.   These adaptations  include a tough and well‐anchored root system, as well as 

narrow,  tough  blades  and  special  glands  that  secrete  excess  salt,  permitting  it  to 

withstand high heat and daily exposure to salt water. 

 

Smooth cordgrass grows  tallest  (up  to about 3 meters  [m]) on  the  levee because  the 

frequent movement  of water  across  the  creek  bank  prevents  sediment  in  this  zone 

from becoming anaerobic or having high salt concentrations.  In the low marsh, which is 

characterized by anaerobic sediment, a shorter variety of cordgrass is found, reaching a 

height  of  between  about  0.5  to  1 m.    Cordgrass  in  the  high marsh, which  typically 

contains  a  sandy  sediment  high  in  salt  content,  is  either  absent  or  stunted,  often 

reaching a height of just 10 centimeters (cm).  In the less salty border zone, a variety of 

plants successfully compete against smooth cordgrass. 
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Smooth cordgrass provides habitat, protection, and food to a variety of biota.   Fiddler 

crabs  (typically  the mud  fiddler), mud  snails, marsh periwinkles,  ribbed mussels, and 

Eastern oysters are  found among  the cordgrass  in  the  low marsh, while sand  fiddlers 

occur  in the high marsh.   Birds, such as the red‐winged blackbird, feed on  insects and 

seeds  in the marsh.   Other birds, such as herons and egrets, forage on fiddler crabs  in 

the marsh.  The clapper rail roosts on the marsh surface within the protective cover of 

cordgrass.  Perhaps most importantly, decomposition of cordgrass results in formation 

of detritus, which is the base of the ecological food web in southeastern estuaries. 

 

E.2   Fiddler Crabs (Uca spp.)  

Three  species  of  fiddler  crabs  inhabit  the marsh  at  the  Site:  1)  the mud  fiddler  (Uca 

pugnax); 2) the sand fiddler (U. pugilator); and 3) the red‐jointed fiddler (U. minax). The 

three species differ  in terms of preferred habitat, with, as their common names  imply, 

the mud  and  sand  fiddlers  preferring  substrates  of  different  textures,  and  the  red‐

jointed fiddler being found on either substrate but at some distance from water of high 

salinity  (Williams, 1965).    In addition,  the mud and sand  fiddlers are generally smaller 

(carapace  length  of  males:  15‐17  millimeters  [mm])  than  the  red‐jointed  fiddler 

(carapace length of males: 25 mm).  

 

The males of all three species of fiddler crabs are characterized by one  large cheliped 

with  (mud  and  red‐jointed  fiddlers)  or without  (sand  fiddler)  an  oblique  tuberculate 

ridge on  the  inner  surface of  the palm extending upward  from  the  lower margin.    In 

addition,  the  red‐jointed  fiddler  is  so  named  because  of  red  leg  joints  on  the  large 

cheliped.    In  this  investigation,  the easily  identified  red‐jointed  fiddler was often  the 

primary  species  encountered  at  the  two  reference  locations  (Troup  Creek  and  the 

Crescent River), while a combination of the less easily identified mud and sand fiddlers 

characterized the Site. 

 

The mud fiddler (Pearse, 1914)  lives primarily on  intertidal flats of mud or clay among 

the roots of cordgrass, with the maximum number of burrows  found about 2  feet  (ft) 

below  the  high‐tide mark.    These  burrows, which  often  extend  to  2  ft  in  depth,  are 

typically  constructed during  falling  tides; on  rising  tides, mud  fiddlers hasten  to plug 

their burrows with mud, which keeps the water out and a small amount of air  inside.  

When the tide  is out, mud fiddlers feed on bacteria, algae, and detritus that cover the 

surface of the tidal flats.   Mud fiddlers,  in turn, are preyed upon by a variety of fishes, 
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reptiles, birds, and mammals.  Mud fiddlers spawn during the summer, producing eggs 

attached  to  the abdomens of  the  females, and hibernate  in  their burrows during  the 

winter.  

 

The sand fiddler and red‐jointed fiddler display, in their preferred habitats, most of the 

characteristics  described  above  for  the  mud  fiddler.    However,  several  differences 

exhibited by  the  red‐jointed  fiddler are  its burrows,  the openings of which are often 

considerably  above  the  high‐tide  level,  and  the  sometimes  observed  (Teal,  1958) 

predation  on  the  two  smaller  fiddler  crab  species.    Based  on  studies  of  red‐jointed 

fiddlers by Teal (1958), it appears that fiddler crabs exhibit fidelity to their environment, 

with usually just one crab inhabiting a single burrow.  

 

E.3  Blue Crab (Callinectes sapidus) 

Blue crabs inhabit the upper (landward) part of the estuary from the megalopal stage to 

adulthood.   Mating of crabs then typically occurs during all but the coldest months of 

the year.   After mating, male crabs usually remain  in the upper estuary, while females 

migrate  to  higher  salinity  water  in  the  lower  estuary  or  ocean  to  ensure  egg 

development.    Spawning  of  eggs  (onto  the  ventral  surface  of  the  abdomen  of  the 

female, which  is  then  termed  a  "sponge  crab")  usually  occurs  several months  after 

mating.   Eggs hatch  in about  two weeks and pass  through a number of  larval  stages 

before reaching  the megalopal stage, which  then begins shoreward movement  to  the 

estuarine nursery grounds.  

 

Blue crabs feed on a variety of plant and animal materials, both alive and dead.   Blue 

crabs may  live  for  as many  as  three  years,  but most  die within  a  year  (Sea  Science, 

2000).  Tagging studies have documented that female crabs can migrate 800 kilometers 

(km) (500 miles) in 100 days (Sea‐Stats, 2000).  

 

The general restriction of male blue crabs to the upper estuary throughout their  lives 

has  resulted  in  their  selection  for  analyses  of  chemical  body  burdens  in  this 

investigation.   By  this  restriction,  a  conservative  estimate  of  chemical  contamination 

can be obtained for a key prey species with the capability of reflecting or "integrating" 

contamination over a moderately extensive geographical area.  
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E.4   Mummichog (Fundulus heteroclitus) 

The mummichog is a cyprinodont fish that occurs from Labrador to Mexico, and which 

prefers brackish water (Perlmutter, 1961).  It may reach up to about five (5) years in age 

and achieve a  total  length of approximately 100 mm  (Abraham, 1985). Mummichogs 

are euryhaline and eurythermal.  

 

Mummichogs  are  relatively  stationary  fish.  Fish  over  60  mm  in  length  maintain  a 

summer home range of 36‐38 m along one bank of a tidal creek, although some may 

move as much as 375 m (Lotrich, 1975).   In winter, fish may burrow 150‐200 mm  into 

the mud  (Chidester, 1920; Hardy, 1978) or migrate  to  the mouth of  the  tidal channel 

where they have been  living (Butner and Brattstrom, 1960).   Spring migration back up 

the tidal channel occurs when the water temperature reaches about 15 degrees Celsius 

(°C) (Hardy, 1978).  

 

Mummichogs become  sexually mature  and  spawn  as early  as  their  first  year  (Hardy, 

1978).  Spawning generally occurs during the spring and summer in shallows containing 

heavy  growths  of  vegetation, with  eight  or more  spawning  peaks  per  season  during 

high  spring  tides  (Taylor and DiMichele, 1980).   Eggs, which  typically number  several 

hundred per spawning episode, are sometimes deposited inside the outer dead leaves 

of smooth cordgrass (Taylor and DiMichele, 1980).   The eggs normally  incubate  in the 

air  and  are  not  submerged  until  the  next  spring  tide  after  they  are  laid  (Taylor  and 

DiMichele, 1980).  Eggs hatch in about 7‐8 days at a temperature of 22‐34oC (Taylor et 

al., 1977).  

 

Mummichogs  are  one  of  the more  abundant  estuarine  fish  species, with  fish  longer 

than  40 mm  exhibiting  a  density  ranging  from  0.35  to  6.04  individuals  / m2  in  the 

summer  (Kelso,  1979).   Mummichogs  feed  throughout  the water  column  and  in  the 

sediment  on  a  variety  of  food  items,  including  fiddler  crabs;  however,  they  cannot 

subsist on a diet of plant material or detritus (Katz, 1975).   Mummichogs,  in turn, are 

commonly  preyed  upon  by  numerous  species  of  larger  fishes  (including  red  drum; 

Peterson and Peterson, 1979), wading birds (e. g., green herons), and mammals.  

 

E.5   Silver Perch (Bairdiella chrysoura)  

The  silver  perch  is  a member  of  the  drum  family,  Sciaenidae  that  occurs  along  the 

Atlantic coast and Gulf of Mexico  from New York  to Texas  (Perlmutter, 1961).   These 
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fish  may  reach  up  to  about  six  (6)  years  in  age  and  achieve  a  total  length  of 

approximately 30 cm (Perlmutter, 1961).  

 

Adult  silver  perch  are  typically  "shore"  fishes  that  only  appear  to migrate  offshore 

during colder months  (Breder, 1928).   Adult  fish  (like red drum and spotted seatrout) 

generally  spawn  in  shallow estuarine  areas  and  young  recruits  appear  to  "settle  and 

stay" in their nursery habitats (Rooker et al., 1997). 

 

Silver perch become sexually mature by their second or third year (at a length of about 

15  cm).  Spawning  generally  occurs  during  the  spring  through  early  fall.    Eggs  are 

buoyant and generally hatch in less than 2 days (Breder, 1928). 

 

Silver  perch  feed  on  a  variety  .of  annelid  worms,  crustaceans,  and  smaller  fishes 

(Perlmutter, 1961).  They are preyed upon by larger fishes, wading birds, and mammals 

such as the river otter. 

 

_______________________________________________________________________ 
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Appendix F 

 
RELATIONSHIPS BETWEEN BODY BURDENS OF TOTAL MERCURY AND 

METHYLMERCURY IN FOOD ITEMS EMPLOYED IN FISH 
AND WILDLIFE FOOD‐WEB EXPOSURE MODELS FOR ESTUARY AT LCP SITE 

 
Body‐burden relationships between total mercury and methylmercury  in major food  items 
of modeled  fish and wildlife are presented  in Table 1. The  relationship between  the  two 
forms of mercury  and  cordgrass  (Spartina alterniflora),  the  sole  food  item  for  the marsh 
rabbit (Sylvilagus palustris), is addressed in Table 10 of the main body of this document. The 
last  food  item employed  in wildlife modeling was  insects, which were  collected  in  2000. 
Body  burdens  of  total mercury  and methylmercury  in  these  insects  were,  respectively, 
0.032 and 0.018 mg/kg (dw), which generates a methylmercury/total mercury ratio of 56% 

 1



Table 1.__Relationships between body burdens of total mercury and methylmercury in selected 
   food items of modeled fish and wildlife for estuary at LCP Site (2000, 2005, and 2007 data)

Sample identifier Total mercury Sample identifier Total mercury
(Sampling station) (mg/kg, dw) (mg/kg, dw) % of total (Sampling station) (mg/kg, dw) (mg/kg, dw) % of total

M-AB 1.07 0.611 57 Crescent River 0.025 0.027 108
M-25/NOAA 4 0.74 0.350 47 Troup Creek 0.041 0.040 98
M-28/NOAA 10 0.16 0.118 74 C-6 0.433 0.413 95
Crescent River 0.018 0.013 72 C-9 0.777 0.790 102
Troup Creek 0.031 0.028 90 C-13 0.327 0.363 111

C-33 0.370 0.407 110
Crescent River 0.054 0.042 78
Troup Creek 0.069 0.051 74 Crescent River 0.092 0.050 54

M-25/NOAA 4 0.543 0.448 82 Troup Creek 0.101 0.095 94
M-NOAA 5 0.233 0.120 52 C-5 0.249 0.256 103
M-NOAA 3 0.186 0.167 90 C-6 0.660 0.533 81
M-NOAA 6 0.211 0.117 56 C-9 0.429 0.422 98
M-NOAA 7 0.234 0.169 72 C-13 0.209 0.174 83
M-NOAA 8 0.128 0.066 52 C-100 0.268 0.254 95
M-NOAA 9 0.211 0.114 54 C-204 0.441 0.389 88

M-AB 0.949 0.565 60 C-39 0.398 0.396 99
M-100 0.254 0.178 70 C-33 0.453 0.412 91
M-101 0.172 0.133 77 C-102 0.261 0.246 94
M-204 0.278 0.249 90 C-D 0.179 0.181 101
M-102 0.194 0.134 69 C-C 0.211 0.217 103
M-37 0.200 0.114 57 C-45 0.269 0.279 104
M-103 0.213 0.173 81 C-103 0.127 0.097 76
M-104 0.135 0.022 16 C-104 0.146 0.127 87
M-108 0.083 0.066 80 C-105 0.141 0.125 89
M-107 0.095 0.105 110 C-200 0.393 0.441 112
M-106 0.154 0.048 31 C-201 0.070 0.058 83
M-200 0.206 0.084 41 C-202 0.396 0.443 112
M-201 0.185 0.141 76
M-202 0.072 0.036 50 C-5 0.497 0.343 69
M-203 0.094 0.058 62 C-9 0.910 0.673 74

C-33 0.327 0.203 62
M-NOAA 5 0.233 0.183 79 C-39 0.523 0.380 73
M-NOAA 3 0.447 0.327 73
M-NOAA 8 0.147 0.130 88 Mean: 92

M-AB 0.960 0.793 83

Mean: 68

Crescent River 0.078 0.085 109 Troup Creek 0.151 0.17 113
Troup Creek 0.069 0.073 106 Purvis Creek 2.12 2.21 104

Upper Purvis Creek 1.714 1.93 113
Lower Purvis Creek 1.723 1.70 99 Crescent River 0.134 0.165 123

Troup Creek 0.269 0.322 120
Crescent River 0.138 0.143 104 Purvis Creek 0.993 1.000 101
Troup Creek 0.193 0.220 114

Upper Purvis Creek 1.390 1.240 89 Mean: <112
Lower Purvis Creek 0.878 0.884 101

Mean: <104

Crescent River 0.217 0.192 88 Purvis Creek 0.925 0.92 99
Troup Creek 0.553 0.422 76
Purvis Creek 0.728 0.758 104 Crescent River 0.065 0.055 85

Troup Creek 0.082 0.075 91
Mean: 89 Purvis Creek 0.923 0.823 89

Mean: 91

Purvis Creek 0.64 1.0 156 Crescent River 0.017 0.004 24
Troup Creek 0.179 0.079 44

Crescent River 0.117 0.116 99 Purvis Creek 0.129 0.056 43
Troup Creek 0.346 0.246 71
Purvis Creek 3.77 3.84 102 Mean: 37

Mean: <107

2007

2007

2005
2005

2000 2000

2005

2005

2005

2005

2000

2000

2005

Spotted Seatrout (Cynoscion nebulosus ) Striped Mullet (Mugil cephalus )

Blue crabs (Callinectes sapidus ) Silver Perch (Bairdiella chrysoura )

Red Drum (Sciaenops ocellatus ) Black Drum (Pogonias cromis )

2005

2000 2000

Methylmercury Methylmercury

Fidder Crabs (Uca spp.) Mummichogs (Fundulus heteroclitus )
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Appendix G 

 

Life Histories of Finfish and Wildlife Evaluated in 

Food ‐ Web Exposure Models for Estuary at LCP Chemicals Superfund Site 

 

Appendix G  reviews  relevant aspects of  the  life histories and vital statistics of  the  red 

drum  and  seven  species  of  wildlife  at  the  LCP  Chemicals  Superfund  Site  (Site)  – 

diamondback  terrapin,  red‐winged  blackbird,  clapper  rail,  green  heron, marsh  rabbit, 

raccoon,  and  river  otter  –  employed  as  predator  species  evaluated  (modeled)  for 

potential hazard associated with uptake of chemicals of potential concern (COPC) from 

the estuary. 

 

G.1   Red Drum (Sciaenops ocellatus) 

The red drum is a member of the drum family, Sciaenidae, which ranges in the Atlantic 

Ocean from Massachusetts to Key West and throughout the Gulf of Mexico (Sea‐Stats, 

2000).  The fish is both euryhaline and eurythermal, although younger fish are best able 

to tolerate freshwater conditions and can withstand a substantial range in temperature 

(from about 2 to 33 degrees Celsius (°C). 

 

Red drum may  reach up  to about 25‐35 years  in age and weigh as much as about 45 

kilograms (kg) (100 lb). 

 

Red  drum matures  at  about  2  years  (males)  and  4  years  (females)  of  age  (Sea‐Stats, 

2000).  Most fish are fall spawners, and move out of the estuary to inlets and passes for 

this activity.   The  fertilized eggs are about 1 millimeter  (mm)  in diameter and contain 

small oil globules, which keep the eggs afloat as they are transported shoreward by tidal 

currents.   The eggs hatch  after  about 20  to 30 hours,  and  the  yolk  sac  is  completely 

absorbed after about  three days.   The young  larvae  then  feed mostly on plankton as 

they continue their journey into the estuarine nursery areas. 

 

Inside the estuary, juvenile red drum settles in shallow water along the edges of thickly 

vegetated  seagrass  beds  presumably  for  protection  (Sea‐Stats,  2000).    Young‐of‐the‐

year  fish  (juveniles  less  than 1  year old) move  in and out of backwater  channels and 

canals as they develop.  By the end of their first year, fish are about 35 centimeters (cm) 
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(13‐14 inches) in length and will remain in the estuary for up to 4 years, where they may 

reach a size of perhaps 75 cm (30  inches). They will then move out of the estuary and 

return to inshore areas to spawn, thus repeating the cycle. 

 

Red drum are not  long‐distance travelers and tend to remain  in the same geographical 

area in which they were spawned (Sea‐Stats, 2000).  In tagging studies conducted along 

Florida’s Gulf Coast, 50  to 85 percent of  fish were recaptured within six miles of  their 

original release site. 

 

The diet of red drum changes as  the  fish grows  (Texas Parks and Wildlife, 2000).   The 

fish  are  generally  bottom  feeders,  but  will  feed  in  the  water  column  when  the 

opportunity  arises.    Juvenile  fish  feed  primarily  on marine worms,  shrimp,  and  small 

crabs.    As  the  fish  grow  older,  they  feed  on  shrimp,  larger  crabs,  and  small  fish.    A 

phenomenon  called  “tailing”occurs when  red  drum  feed  in  shallow water with  their 

head down in the grass and tail exposed to the air.  

 

Life history of  the  red drum  is  similar  to  the  life history of  the black drum  (Pogonias 

cromis) except that diet of the black drum consists of a higher percentage of mollusks 

(e.g. mussels and oysters).    Indeed, non‐reproducing hybrids of  the  two  species have 

been produced and stocked in Texas (Howells and Garrett, 1992).  

 

G.2   Diamondback Terrapin (Malaclemys terrapin) 

The diamondback terrapin is the only turtle species found exclusively in brackish coastal 

marshes and occurs from Massachusetts to Texas (Wood, 1995). 

 

Male terrapins average from 10 to 14 cm  in  length; whereas females tend to be  larger 

(15 to 24 cm  in  length) and more abundant than males (Behler and King, 1979; Wood, 

1995). The maximum life span of terrapins is not known (Wood, 1995).  In a laboratory 

study of the feeding habits and growth of terrapins (Allen and Littleford, 1955), animals 

of mixed  sexes  averaged  9.0  cm  in  length  and  0.14  kg  in weight  at  the  end  of  their 

second year. 

 

The diamondback  terrapin  is a highly aquatic  species, and occurs out of water  for an 

extended  period  of  time  only  when  nesting  (Behler  and  King,  1979;  Wood,  1995).  

Females  typically  lay  from 4  to 18 pinkish‐white eggs  in  July  (Behler and King, 1979), 
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although more  than  one  clutch may  be  produced  during  the  nesting  season  (Wood, 

1995).  Nests are 12.5‐ to 15‐ cm cavities dug at the sandy edges of marshes and dunes 

above the high‐tide line.  Terrapins hibernate within and below the intertidal zone of the 

marsh, singularly or  in groups,  from November  to March  (Wood, 1995).   Terrapins do 

not exhibit site fidelity, often using local habitats for short periods and then moving on 

to other sites (Seigel, 1993). 

 

The diamondback terrapin is capable of foraging aquatically in the upper reaches of the 

marsh during high  tides, although  food accessibility, rather  than  food availability, may 

be a limiting factor for terrapins in areas of high tidal variability (Tucker et al., 1995).  In 

a South Carolina study (Tucker et al., 1995), 76 to 79 percent of the dietary volume of 

terrapins was marsh periwinkles, while  crabs  (including  fiddler  crabs and blue  crabs), 

barnacles, and clams constituted  the remainder of  the diet.   These authors concluded 

that diamondback terrapins are clearly prominent, but unrecognized, macro‐consumers 

in salt marsh ecosystems. 

 

G.3  Red‐Winged Blackbird (Agelaius phoeniceus) 

The  red‐winged  blackbird  is  found  from  Canada  to  the West  Indies  and  Costa  Rica 

(Peterson, 1980).  In Georgia, it is a year‐round resident, with a territory that may range 

from 0.07 hectares (ha) (0.17 acres; Case and Hewitt, 1963) to 0.30 ha (0.74 acres; Nero, 

1956).    It  is primarily a marsh bird, but will nest near virtually any body of water and 

occasionally breeds in upland pastures. 

 

Adult male blackbirds average 0.064 kg  in weight, while  the  female averages 0.042 kg 

(Clench and Leberman, 1978). 

 

A pair of red‐winged blackbirds raises two or three broods per season, building a new 

nest  for each brood  (Bull and  Farrand, 1977).   Nests are well‐formed  cups built  from 

marsh grasses or reeds attached to growing marsh vegetation or, alternatively, built  in 

bushes  in  the marsh.   Each clutch consists of an average of  from  three  to  five young.  

Blackbird  chicks may  spend  12  days  in  the  egg  and  10  additional  days  as  a  nestling 

(Daniel, 1957).  Males obtain adult plumage after about 1 year (Gill, 1990). 
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Red‐winged blackbirds feed primarily on insects, small fruits, seeds and small aquatic life 

(Peterson,  1980).    Insects  are  the  dominant  food  item  during  the  breeding  season 

(Orians, 1980). 

 

G.4   Clapper rail (Rallus longirostris) 

The clapper  rail  is  found primarily along  the east coast  if  the United States  from New 

Hampshire south  to  the Florida Keys and  then  to  the Caribbean  islands and along  the 

Gulf Coast  to Texas  (U.S. Geological Survey  [USGS], 2000).   There  is also a west coast 

population that extends from San Francisco Bay to Mexico.  Southern populations, as in 

Georgia, are year‐round  residents, while northern populations winter  in  the  southern 

part of their breeding range. 

 

Adult clapper  rails average  from between 32  to 41 cm  in  length and between 0.16  to 

0.40 kg  in weight  (USGS, 2000).   Males average about 20 percent  larger than  females.  

The maximum  recorded  age  of  a  clapper  rail  is  7  years  and  6 months  (Edelman  and 

Conway, 1998). 

 

Clapper  rails are  solitary ground nesters  in  salt, brackish, and  freshwater marshes, as 

well as in mangrove swamps (USGS, 2000).  A typical clutch consists of from 7 to 11 buff 

or olive‐buff eggs in a basket‐shaped nest of aquatic vegetation or tidal wrack hidden on 

a  firm bank or under a small bush.   Young rails are extremely precocial  (Ehrlich et al., 

1988). 

 

Cumbee, et al  (2008)  reported a mean home  range of clapper rails  in  the LCP estuary 

area as 1.2 ha or approximately 3 acres. 

 

Clapper  rails  are  opportunistic  omnivores  (Hear,  1982),  but  prefer  crustaceans  if 

available  (USGS,  2000).  In  a  study  of  rails  from  the  Atlantic  and Gulf  coasts  (Heard, 

1982), crabs, mostly fiddler crabs, were the dominant prey (71 percent of diet, based on   

occurrence  in stomachs) during the warmer months when they were available.   During 

this  time,  insects were  also  eaten  (10  percent  of  diet).  In  the  colder months,  snails 

became a major part of the diet.   Fish remains were also part of the diet  (1.6 percent 

occurrence). 
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G.5  Green Heron (Butorides striatus) 

The  green heron  is  found  from  the northwestern United  States  and Canada  south  to 

northern South America (Peterson, 1980).   Along the southeastern coast of the United 

States, including Georgia, it is a year‐round resident.  It is the most widely distributed of 

all herons, and occurs near brooks, ponds, and marshes, whether freshwater or marine.  

Its  territory may  range  from  1 ha  (2.5  acres)  to  3.3 ha  (8  acres) during  the breeding 

season (Palmer, 1962). 

 

Adult green herons are approximately 45  cm  in  length and  range  from about 0.20  to 

0.25 kg in weight (University of Guelph, 2000).  Males and females are similar in size. 

 

Green herons are usually solitary nesters; although the species may nest  in colonies of 

up  to  about  30  pairs,  sometimes with  other  herons  or  grackles  (Pough,  1951).    Low 

shrubs  or marsh  hummocks may  be  the  nesting  site,  but  the  site  need  not  be  near 

water.   The nest  is a  frail, unlined  flat platform of  loose  sticks.   The  four or  five eggs 

placed in the nest area are pale, glaucous green. 

 

Diet of green herons has been reported (Palmer, 1962) to consist of 44 percent fish, 21 

percent  insects,  24  percent  spiders  and miscellaneous  invertebrates,  and  1  percent 

crustaceans. 

 

G.6  Marsh Rabbit (Sylvilagus palustris) 

The marsh  rabbit  is  restricted  to  the  Coastal  Plain  of  extreme  southeastern  Virginia 

southwestward to southern Alabama (Georgia Museum Natural History, 2001a).  It also 

occurs throughout Florida and on the larger barrier islands of North Carolina. 

 

Adult marsh  rabbits weigh about 1  kg – or 2  to 3 pounds  (lbs)  (Palmer, 1954).   They 

range in length from 40 to 45 cm (Georgia Museum, 2001a). 

 

Marsh rabbits breed throughout the year (Georgia Museum Natural History, 2001a).  A 

mature female may produce five or six litters per year.  After a 30‐ to 31‐day gestation 

period,  three  to  five young are born  in a nest  located  in a  shallow depression on  the 

ground and made of dried grasses  lined with the soft under‐fur of the  female.   Young 

remain in the nest until they are weaned and may reach sexual maturity within a year. 
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Marsh  rabbits  are  nocturnal,  foraging  at  night  for  food  (Georgia  Museum  Natural 

History, 2001a).  Diet of rabbits consists strictly of vegetation, which may include cane, 

cattails, rushes, and the leaves and twigs of woody plants. 

 

G.7   Raccoon (Procyon lotor) 

The  raccoon  is  ubiquitous  throughout  the United  States  and  also  occurs  throughout 

Mexico  and  Central  America  (Kaufmann,  1982).    Although  adaptable  to  nearly  all 

environments,  it  prefers  wetland  sites  associated  with  rivers,  streams,  marshes, 

swamps, and lakes (Georgia Museum Natural History, 2001b). 

 

Adult  female  raccoons  in  Alabama  have  been  reported  (Jognson,  1970)  to  exhibit  a 

mean weight of 3.7 kg  (8  lb).   Other size measurements have been  reported  (Georgia 

Museum Natural History, 2001b) as from 5.4 to 11.8 kg (12 to 26 lb) in weight and from 

71.1 to 83.8 cm in total length. 

 

Raccoons breed from December to June, with peak breeding occurring in February and 

March (Georgia Museum Natural History, 2001b).  A litter of from one to seven young is 

born about 2 months later.  Young raccoons (termed kits) are weaned at from 10 to 12 

weeks of age, at which  time  they begin  to  travel on  foraging  trips with  their mother.  

Raccoons reach sexual maturity in the spring following their birth. 

 

Raccoons  are  omnivores,  feeding  on  whatever  is  available  during  a  given  season 

(Georgia Museum Natural History, 2001b).   Their diet may  include fruits, berries, nuts, 

acorns,  insects,  crayfish,  crabs,  fishes,  turtle  eggs,  birds  and  their  eggs,  and  small 

mammals.    In a study conducted on St Catherines  Island, Georgia  (Harman and Stains, 

1979), the dominant  food of raccoons was  fiddler crabs, which constituted  from 57 to 

89 percent of the volume of total animal food depending on season of the year.  Other 

foods included unknown species of crabs and fishes. 

 

G.8  River Otter (Lutra canadensis) 

The  river  otter  occurs  throughout  most  of  the  United  States  and  Canada  (Georgia 

Museum Natural History, 2001c).    It ranges widely along rivers, streams, swamps, and 

marshes.  An individual otter may move from 77 to 97 kilometers (km) (48 to 60 miles) 

along a waterway in a season, although average movement is from 5 to 16 km (3 to 10 

miles).    In  a  Texas  coastal marsh,  the  home  range  of  adult  female  otters  has  been 
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reported (Foy, 1984) to be 295 ha (730 acres), as compared to  just 195 ha of available 

marsh at the LCP Site.  Otters typically live for 5 to 7 years in the wild (Georgia Museum 

Natural History, 2001c). 

 

Adult female river otters in Georgia have been reported (Lauhachinda, 1978) to exhibit a 

mean weight of 6.7 kg (15  lb).   Other size measurements have been reported (Georgia 

Museum Natural History, 2001c) as from 5 to 10.4 kg (11 to 23  lb)  in weight and from 

0.9 to 1.2 m in total length. 

 

River  otters mate  in  late winter  and  early  spring  (Georgia Museum  Natural  History, 

2001c).   After mating, a delay of about 290 to 380 days occurs before development of 

the embryos begins.  Gestation takes 60 to 63 days after embryos are implanted in the 

uterus.    In March or April, one to six young (termed kits) are born  in a  leaf‐ and grass‐

lined den constructed in an old muskrat lodge, abandoned burrow, or hollow tree close 

to a water source.   The young remain with the  female until the breeding season after 

their birth.  River otters are capable of breeding when they reach 2 years of age. 

 

River otters are primarily piscivores, with 80 percent of their diet consisting of various 

families of fishes (Twill, 1974).  Other food items included crustaceans, amphibians, and 

birds.   Otters (Erlanger, 1968) appear to prefer larger fishes (15 to 17 cm) over smaller 

fishes (<15 cm). 

 

________________________________________________________________ 
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APPENDIX  H 
 

WORKSHEETS FOR FINFISH AND WILDLIFE FOOD‐WEB EXPOSURE MODELS  
FOR ESTUARY AT LCP SITE 



1. The basic equation used to calculate HQs for wildlife is:

    {[(CF1 x P1) + (... x ...) + (CF4 x P4)] [FIR] + [CS] [SIR] + [CW] [WIR]} {TUF} {AUF} / BW 

TRV

with CF1, ..., CF4 = mean concentrations of COPC in food items of wildlife (mg/kg, dry wt); P1, ..., P4 = percentage 

of each food item in diet of wildlife (total for all food items = 1); FIR = food ingestion rate 

(kg dry wt / day); CS = mean concentration of COPC in sediment (mg/kg, dry wt); SIR = sediment ingestion rate

(kg dry wt / day); CW = mean concentration of COPC in water (mg / L); WIR = water ingestion rate (L / day);

TUF = time‐use factor; AUF = area‐use factor; BW = body weight of wildlife (kg / wet wt); and TRV = toxicity

reference value (mg / kg BW / day.

2. HQs were not developed for PAHs because a previous investigation (CDR Environmental Specialists and 

    GeoSyntec Consultants, 2001) indicated that PAHs were almost never detected in evaluated prey of wildlife 

    and were demonstrated not to be hazardous in worst‐case examples. 

3. Estimated environmental exposure (EEE) of wildlife to COPC was derived by the following processes: 

a. EEE of wildlife to COPC was determined for all exposure areas i.e., Eastern Creek, Main Canal, Purvis Creek,

   Western Creek Complex, Domains 1 through 4, Blythe Island, and Troup Creek Reference.

   In addition, Area A is included which is comprised of Eastern Creek, Main Canal, and Western Creek complex

b.  Mean and 95UCL Concentrations of COPC in various environmental media were derived from the following sources:

● Surface water: Table 4‐2a
● Surface sediment: Table 4‐3a (with methylmercury based on mean relationship in Figure 8)

● Cordgrass: Table 4‐6a
● Insects: CDR Environmental Specialists and GeoSyntec Consultants, 2001

● Fiddler crabs: Table 4‐8a
● Blue crabs: Table 4‐9a
● Mummichogs: Table 4‐10a

● Silver perch: Table 4‐11a

c. Concentrations of COPC in sediment and blue crabs from Purvis Creek are based on mean values for North and South Purvis Creek

d. The strategy for determining body burdens of the various forms of mercury in food items of wildlife was as follows:

● The mean concentration of total mercury in a food item from a particular area (i. e., domain or creek) was 

   identified from the above‐referenced tables. 

● Methylmercury body burden in a food item from a particular area was determined as the product of the 

   mean concentration of total mercury in that food item and the overall (all areas considered collectively) 

   percentage (%) of total mercury in the form of methylmercury. These percentages were ‐‐

   1) cordgrass: 9.93%; 2) insects: 56%; 3) fiddler crabs: 68%; 4) blue crabs: 100%; 5)mummichogs: 90%; 

   and 6) silver perch: 100%.

● Body burden of inorganic mercury  in a food item from a particular area was derived by subtracting 

   methylmercury body burden from mean total mercury concentration. 

e. Concentration of a COPC in a food item from one evaluated area was extrapolated to another area(s) if the food item

    was not represented in the latter area(s). This occasionally occurred for all food items except cordgrass.. 

f. The diet of a wildlife species in a particular area was altered from its hypothetical diet if one (or more) of its hypothetical food 

    items was not collected (was not present) in the area. In these cases, diet was proportionately shifted to  remaining

    food items. This shift occurred in several areas for the following wildlife ‐‐ 

● Diamondback terrapin: 90% fiddler crabs and 10% mummichogs to 100% fiddler crabs

● Red‐winged blackbird: 90% insects and 10% fiddler crabs to 100% fiddler crabs

● Clapper rail: 85% fiddler crabs, 10% insects, and 5% mummichogs to 90% fiddler crabs and 10% mummichogs  

● River otter: 30% mummichogs, 50% silver perch, 10% fiddler crabs, and 10% blue crabs to 

   60% silver perch, 20% fiddler crabs, and 20% blue crabs  

g.  Exposure of wildlife to COPC in water was determined for water from either Troup Creek (for the reference purposes) or the site  

    (grand mean values) since data were not available for fresh‐water sources of water. 
 

h.  Evaluated, but undetected, COPC in all environmental media (food items, sediment, and water) were assigned 1/2 of their 

    detection limits.

i.  TUFs and AUFs for wildlife were assumed to be unity (1) except in the cases of AUFs for the raccoon and river otter. 

                                                          A.  Wildlife Worksheet                                         

         HQ =



Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

FC FC Mc Mc IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference  

UCL95 0.03 0.9 0.10 0.10 0.00059 0.0001 0.000027 1.00E-07 0.000 1.0 1.0 0.14 0.00017 0.5 5 0.0003 0.00003

Mean 0.03 0.9 0.08 0.10 0.00059 0.0001 0.000027 5.00E-08 0.000 1.0 1.0 0.14 0.00014 0.5 5 0.0003 0.00003

Domain 1

UCL95 0.69 0.9 1.40 0.10 0.00059 0.009 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0032 0.5 5 0.006 0.0006

Mean 0.65 0.9 0.78 0.10 0.00059 0.004 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0028 0.5 5 0.006 0.0006

Domain 2

UCL95 0.21 0.9 0.32 0.10 0.00059 0.005 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0009 0.5 5 0.002 0.0002

Mean 0.19 0.9 0.26 0.10 0.00059 0.003 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0008 0.5 5 0.002 0.0002

Domain 3

UCL95 0.20 0.9 0.35 0.10 0.00059 0.002 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0009 0.5 5 0.002 0.0002

Mean 0.18 0.9 0.32 0.10 0.00059 0.002 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0008 0.5 5 0.002 0.0002

Domain 4

UCL95 0.16 0.9 0.22 0.10 0.00059 0.001 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0007 0.5 5 0.001 0.0001

Mean 0.15 0.9 0.18 0.10 0.00059 0.001 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0006 0.5 5 0.001 0.0001

Purvis Creek

UCL95 0.10 0.9 0.22 0.10 0.00059 0.001 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0005 0.5 5 0.001 0.0001

Mean 0.09 0.9 0.18 0.10 0.00059 0.001 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0004 0.5 5 0.001 0.0001

Main Canal

UCL95 0.41 0.9 0.70 0.10 0.00059 0.007 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0019 0.5 5 0.004 0.0004

Mean 0.39 0.9 0.52 0.10 0.00059 0.006 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0017 0.5 5 0.003 0.0003

Eastern Creek

UCL95 0.57 0.9 1.83 0.10 0.00059 0.020 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0029 0.5 5 0.006 0.0006

Mean 0.54 0.9 0.64 0.10 0.00059 0.016 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0023 0.5 5 0.005 0.0005

Western Creek Complex

UCL95 0.21 0.9 0.32 0.10 0.00059 0.003 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0009 0.5 5 0.002 0.0002

Mean 0.19 0.9 0.26 0.10 0.00059 0.002 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0008 0.5 5 0.002 0.0002

Area A

UCL95 0.57 0.9 1.40 0.10 0.00059 0.011 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0028 0.5 5 0.006 0.0006

Mean 0.54 0.9 0.78 0.10 0.00059 0.010 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0024 0.5 5 0.005 0.0005

Blythe Island

UCL95 0.14 0.9 0.15 0.10 0.00059 0.0003 0.000027 9.60E-07 0.000 1.0 1.0 0.14 0.0006 0.5 5 0.001 0.0001

Mean 0.13 0.9 0.14 0.10 0.00059 0.0002 0.000027 7.00E-07 0.000 1.0 1.0 0.14 0.0005 0.5 5 0.001 0.0001

Aroclor 1268
Location

Reference

UCL95 0.38 0.9 0.22 0.10 0.00059 0.08 0.000027 0.00060 0.000 1.0 1.0 0.14 0.0015 0.32 3.2 0.005 0.0005

Mean 0.22 0.9 0.15 0.10 0.00059 0.05 0.000027 0.00042 0.000 1.0 1.0 0.14 0.0009 0.32 3.2 0.003 0.0003

Domain 1

UCL95 2.49 0.9 0.156 0.10 0.00059 23.43 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0140 0.32 3.2 0.04 0.004

Mean 2.22 0.9 0.087 0.10 0.00059 11.45 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0107 0.32 3.2 0.03 0.003

Domain 2

UCL95 1.15 0.9 2.13 0.10 0.00059 5.05 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0062 0.32 3.2 0.02 0.002

Mean 1.06 0.9 1.62 0.10 0.00059 3.75 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0054 0.32 3.2 0.02 0.002

Domain 3

UCL95 0.93 0.9 3.29 0.10 0.00059 2.08 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0053 0.32 3.2 0.02 0.002

Mean 0.81 0.9 2.87 0.10 0.00059 1.67 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0046 0.32 3.2 0.01 0.001

Domain 4

UCL95 0.71 0.9 1.22 0.10 0.00059 1.36 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0035 0.32 3.2 0.01 0.001

Mean 0.61 0.9 1.01 0.10 0.00059 1.14 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0030 0.32 3.2 0.01 0.001

Purvis Creek

UCL95 0.98 0.9 1.22 0.10 0.00059 5.07 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0052 0.32 3.2 0.02 0.002

Mean 0.73 0.9 1.01 0.10 0.00059 3.78 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0039 0.32 3.2 0.01 0.001

Main Canal

UCL95 3.26 0.9 5.06 0.10 0.00059 41.71 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0225 0.32 3.2 0.07 0.007

Mean 2.86 0.9 4.28 0.10 0.00059 27.64 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0180 0.32 3.2 0.06 0.006

Eastern Creek

UCL95 2.75 0.9 7.27 0.10 0.00059 65.28 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0261 0.32 3.2 0.08 0.008

Mean 2.49 0.9 6.06 0.10 0.00059 49.57 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0216 0.32 3.2 0.07 0.007

Western Creek Complex

UCL95 1.15 0.9 2.13 0.10 0.00059 3.84 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0060 0.32 3.2 0.02 0.002

Mean 1.06 0.9 1.62 0.10 0.00059 3.18 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0053 0.32 3.2 0.02 0.002

Area A

UCL95 2.75 0.9 6.42 0.10 0.00059 40.14 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0209 0.32 3.2 0.07 0.007

Mean 2.49 0.9 5.58 0.10 0.00059 32.78 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0181 0.32 3.2 0.06 0.006

Blythe Island

UCL95 0.24 0.9 0.84 0.10 0.00059 0.25 0.000027 0.00038 0.000 1.0 1.0 0.14 0.0013 0.32 3.2 0.004 0.0004

Mean 0.22 0.9 0.72 0.10 0.00059 0.20 0.000027 0.00030 0.000 1.0 1.0 0.14 0.0012 0.32 3.2 0.004 0.0004

Lead
     Location
Reference

UCL95 0.84 0.9 1.43 0.10 0.00059 20.41 0.000027 0.0100 0.000 1.0 1.0 0.14 0.0077 0.28 2.8 0.03 0.003

Mean 0.71 0.9 0.87 0.10 0.00059 17.64 0.000027 0.0057 0.000 1.0 1.0 0.14 0.0065 0.28 2.8 0.02 0.002

Domain 1

UCL95 10.85 0.9 0.76 0.10 0.00059 40.73 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0493 0.28 2.8 0.18 0.018

Mean 7.93 0.9 0.62 0.10 0.00059 31.02 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0363 0.28 2.8 0.13 0.013

Domain 2

UCL95 0.56 0.9 1.26 0.10 0.00059 63.03 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0148 0.28 2.8 0.05 0.005

Mean 0.52 0.9 0.93 0.10 0.00059 40.85 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0102 0.28 2.8 0.04 0.004

Domain 3

UCL95 3.34 0.9 30.7 0.10 0.00059 132.5 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0512 0.28 2.8 0.18 0.018

Mean 2.11 0.9 2.41 0.10 0.00059 90.72 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0265 0.28 2.8 0.09 0.009

Domain 4

UCL95 0.57 0.9 0.65 0.10 0.00059 22.88 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0068 0.28 2.8 0.02 0.002

Mean 0.53 0.9 0.43 0.10 0.00059 21.66 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0064 0.28 2.8 0.02 0.002

Purvis Creek

UCL95 1.07 0.9 0.65 0.10 0.00059 23.08 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0088 0.28 2.8 0.03 0.003

Mean 0.92 0.9 0.43 0.10 0.00059 17.41 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0070 0.28 2.8 0.03 0.003

Main Canal

UCL95 1.77 0.9 0.55 0.10 0.00059 28.07 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0124 0.28 2.8 0.04 0.004

Mean 1.45 0.9 0.46 0.10 0.00059 26.07 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0107 0.28 2.8 0.04 0.004

Eastern Creek

UCL95 7.58 0.9 0.863 0.10 0.00059 41.5 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0371 0.28 2.8 0.13 0.013

Mean 5.21 0.9 0.68 0.10 0.00059 35.71 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0269 0.28 2.8 0.10 0.010

Western Creek Complex

UCL95 0.56 0.9 1.26 0.10 0.00059 30.1 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0085 0.28 2.8 0.03 0.003

Mean 0.52 0.9 0.93 0.10 0.00059 28.98 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0080 0.28 2.8 0.03 0.003

Area A

UCL95 7.58 0.9 0.76 0.10 0.00059 34.05 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0356 0.28 2.8 0.13 0.013

Mean 5.21 0.9 0.62 0.10 0.00059 31 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0260 0.28 2.8 0.09 0.009

Blythe Island

UCL95 0.54 0.9 0.29 0.10 0.00059 18.26 0.000027 0.0016 0.000 1.0 1.0 0.14 0.0057 0.28 2.8 0.02 0.002

Mean 0.504 0.9 0.25 0.10 0.00059 16.50 0.000027 0.0013 0.000 1.0 1.0 0.14 0.0052 0.28 2.8 0.02 0.002

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

FC - Fiddler Crab

Mc - Mummichog

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean

(mg/kgBW/day)

TRV Hazard Quotient

Table H-1.  Estimated Exposure Concentrations - Diamondback terrapin (Malaclemys terrapin)



Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Insects Insects FC FC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference  

UCL95 0.018 0.9 0.03 0.10 0.0086 0.0001 0.00017 1.00E-07 0.0065 1.0 1.0 0.037 0.0046 0.02 0.06 0.23 0.08

Mean 0.018 0.9 0.03 0.10 0.0086 0.0001 0.00017 5.00E-08 0.0065 1.0 1.0 0.037 0.0044 0.02 0.06 0.22 0.07

Domain 1

UCL95 0.018 0.9 0.69 0.10 0.0086 0.009 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0199 0.02 0.06 1.00 0.33

Mean 0.018 0.9 0.65 0.10 0.0086 0.004 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0188 0.02 0.06 0.94 0.31

Domain 2

UCL95 0.018 0.9 0.21 0.10 0.0086 0.005 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0087 0.02 0.06 0.43 0.14

Mean 0.018 0.9 0.19 0.10 0.0086 0.003 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0082 0.02 0.06 0.41 0.14

Domain 3

UCL95 0.018 0.9 0.20 0.10 0.0086 0.002 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0084 0.02 0.06 0.42 0.14

Mean 0.018 0.9 0.18 0.10 0.0086 0.002 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0080 0.02 0.06 0.40 0.13

Domain 4

UCL95 0.018 0.9 0.16 0.10 0.0086 0.001 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0076 0.02 0.06 0.38 0.13

Mean 0.018 0.9 0.15 0.10 0.0086 0.001 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0072 0.02 0.06 0.36 0.12

Purvis Creek

UCL95 0.018 0.9 0.10 0.10 0.0086 0.001 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0060 0.02 0.06 0.30 0.10

Mean 0.018 0.9 0.09 0.10 0.0086 0.001 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0058 0.02 0.06 0.29 0.10

Main Canal

UCL95 0.018 0.9 0.41 0.10 0.0086 0.007 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0134 0.02 0.06 0.67 0.22

Mean 0.018 0.9 0.39 0.10 0.0086 0.006 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0128 0.02 0.06 0.64 0.21

Eastern Creek

UCL95 0.018 0.9 0.57 0.10 0.0086 0.020 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0171 0.02 0.06 0.86 0.29

Mean 0.018 0.9 0.54 0.10 0.0086 0.016 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0163 0.02 0.06 0.82 0.27

Western Creek Complex

UCL95 0.018 0.9 0.21 0.10 0.0086 0.003 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0087 0.02 0.06 0.43 0.14

Mean 0.018 0.9 0.19 0.10 0.0086 0.002 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0082 0.02 0.06 0.41 0.14

Area A

UCL95 0.018 0.9 0.57 0.10 0.0086 0.011 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0171 0.02 0.06 0.85 0.28

Mean 0.018 0.9 0.54 0.10 0.0086 0.010 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0163 0.02 0.06 0.81 0.27

Blythe Island

UCL95 0.018 0.9 0.14 0.10 0.0086 0.0003 0.00017 9.60E-07 0.0065 1.0 1.0 0.037 0.0071 0.02 0.06 0.35 0.12

Mean 0.018 0.9 0.13 0.10 0.0086 0.0002 0.00017 7.00E-07 0.0065 1.0 1.0 0.037 0.0068 0.02 0.06 0.34 0.11

Inorganic Mercury
Location

Reference

UCL95 0.018 0.9 0.02 0.10 0.0086 0.10 0.00017 0.000017 0.0065 1.0 1.0 0.037 0.0046 0.45 0.90 0.01 0.01

Mean 0.018 0.9 0.01 0.10 0.0086 0.08 0.00017 0.000008 0.0065 1.0 1.0 0.037 0.0044 0.45 0.90 0.01 0.00

Domain 1

UCL95 0.018 0.9 0.33 0.10 0.0086 11.501 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0642 0.45 0.90 0.14 0.07

Mean 0.018 0.9 0.30 0.10 0.0086 4.846 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0331 0.45 0.90 0.07 0.04

Domain 2

UCL95 0.018 0.9 0.10 0.10 0.0086 5.839 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0329 0.45 0.90 0.07 0.04

Mean 0.018 0.9 0.09 0.10 0.0086 3.850 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0235 0.45 0.90 0.05 0.03

Domain 3

UCL95 0.018 0.9 0.09 0.10 0.0086 2.225 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0162 0.45 0.90 0.04 0.02

Mean 0.018 0.9 0.09 0.10 0.0086 1.881 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0144 0.45 0.90 0.03 0.02

Domain 4

UCL95 0.018 0.9 0.08 0.10 0.0086 1.067 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0105 0.45 0.90 0.02 0.01

Mean 0.018 0.9 0.07 0.10 0.0086 0.631 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0083 0.45 0.90 0.02 0.01

Purvis Creek

UCL95 0.018 0.9 0.04 0.10 0.0086 1.53 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0119 0.45 0.90 0.03 0.01

Mean 0.018 0.9 0.04 0.10 0.0086 1.22 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0103 0.45 0.90 0.02 0.01

Main Canal

UCL95 0.018 0.9 0.20 0.10 0.0086 8.72 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0484 0.45 0.90 0.11 0.05

Mean 0.018 0.9 0.18 0.10 0.0086 7.39 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0420 0.45 0.90 0.09 0.05

Eastern Creek

UCL95 0.018 0.9 0.27 0.10 0.0086 25.02 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.1250 0.45 0.90 0.28 0.14

Mean 0.018 0.9 0.25 0.10 0.0086 20.26 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.1028 0.45 0.90 0.23 0.11

Western Creek Complex

UCL95 0.018 0.9 0.10 0.10 0.0086 3.31 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0213 0.45 0.90 0.05 0.02

Mean 0.018 0.9 0.09 0.10 0.0086 2.75 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0185 0.45 0.90 0.04 0.02

Area A

UCL95 0.018 0.9 0.27 0.10 0.0086 14.04 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0745 0.45 0.90 0.17 0.08

Mean 0.018 0.9 0.25 0.10 0.0086 11.99 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0647 0.45 0.90 0.14 0.07

Blythe Island

UCL95 0.018 0.9 0.07 0.10 0.0086 0.39 0.00017 0.000057 0.0065 1.0 1.0 0.037 0.0071 0.45 0.90 0.02 0.01

Mean 0.018 0.9 0.06 0.10 0.0086 0.30 0.00017 0.000044 0.0065 1.0 1.0 0.037 0.0066 0.45 0.90 0.01 0.01

(mg/kgBW/day)

TRV Hazard Quotient

Table H-2.  Estimated Exposure Concentrations - Red-winged blackbird (Agelaius phoeniceus )



Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Insects Insects FC FC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Table H-2.  Estimated Exposure Concentrations - Red-winged blackbird (Agelaius phoeniceus )

Aroclor 1268
Location

Reference

UCL95 0.018 0.9 0.38 0.10 0.0086 0.08 0.00017 0.00060 0.0065 1.0 1.0 0.037 0.0131 1.3 3.9 0.01 0.003

Mean 0.018 0.9 0.22 0.10 0.0086 0.05 0.00017 0.00042 0.0065 1.0 1.0 0.037 0.0092 1.3 3.9 0.01 0.002

Domain 1

UCL95 0.018 0.9 2.49 0.10 0.0086 23.43 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.1694 1.3 3.9 0.13 0.043

Mean 0.018 0.9 2.22 0.10 0.0086 11.45 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.1080 1.3 3.9 0.08 0.028

Domain 2

UCL95 0.018 0.9 1.15 0.10 0.0086 5.05 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0538 1.3 3.9 0.04 0.01

Mean 0.018 0.9 1.06 0.10 0.0086 3.75 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0457 1.3 3.9 0.04 0.01

Domain 3

UCL95 0.018 0.9 0.93 0.10 0.0086 2.08 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0350 1.3 3.9 0.03 0.009

Mean 0.018 0.9 0.81 0.10 0.0086 1.67 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0303 1.3 3.9 0.02 0.008

Domain 4

UCL95 0.018 0.9 0.71 0.10 0.0086 1.36 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0266 1.3 3.9 0.02 0.007

Mean 0.018 0.9 0.61 0.10 0.0086 1.14 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0232 1.3 3.9 0.02 0.006

Purvis Creek

UCL95 0.018 0.9 0.98 0.10 0.0086 5.07 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0499 1.3 3.9 0.04 0.01

Mean 0.018 0.9 0.73 0.10 0.0086 3.78 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0381 1.3 3.9 0.03 0.01

Main Canal

UCL95 0.018 0.9 3.26 0.10 0.0086 41.71 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.2712 1.3 3.9 0.21 0.07

Mean 0.018 0.9 2.86 0.10 0.0086 27.64 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.1973 1.3 3.9 0.15 0.05

Eastern Creek

UCL95 0.018 0.9 2.75 0.10 0.0086 65.28 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.3677 1.3 3.9 0.28 0.09

Mean 0.018 0.9 2.49 0.10 0.0086 49.57 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.2894 1.3 3.9 0.22 0.07

Western Creek Complex

UCL95 0.018 0.9 1.15 0.10 0.0086 3.84 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0482 1.3 3.9 0.04 0.01

Mean 0.018 0.9 1.06 0.10 0.0086 3.18 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0430 1.3 3.9 0.03 0.01

Area A

UCL95 0.018 0.9 2.75 0.10 0.0086 40.14 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.2522 1.3 3.9 0.19 0.06

Mean 0.018 0.9 2.49 0.10 0.0086 32.78 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.2123 1.3 3.9 0.16 0.05

Blythe Island

UCL95 0.018 0.9 0.24 0.10 0.0086 0.25 0.00017 0.00038 0.0065 1.0 1.0 0.037 0.0105 1.3 3.9 0.01 0.003

Mean 0.018 0.9 0.22 0.10 0.0086 0.20 0.00017 0.00030 0.0065 1.0 1.0 0.037 0.0099 1.3 3.9 0.01 0.003

Lead
     Location
Reference

UCL95 0.018 0.9 0.84 0.10 0.0086 20.41 0.00017 0.0100 0.0065 1.0 1.0 0.037 0.1188 3.85 11.3 0.03 0.01

Mean 0.018 0.9 0.71 0.10 0.0086 17.64 0.00017 0.0057 0.0065 1.0 1.0 0.037 0.1023 3.85 11.3 0.03 0.01

Domain 1

UCL95 0.018 0.9 10.85 0.10 0.0086 40.73 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.4434 3.85 11.3 0.12 0.04

Mean 0.018 0.9 7.93 0.10 0.0086 31.02 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.3308 3.85 11.3 0.09 0.03

Domain 2

UCL95 0.018 0.9 0.56 0.10 0.0086 63.03 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.3067 3.85 11.3 0.08 0.03

Mean 0.018 0.9 0.52 0.10 0.0086 40.85 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.2038 3.85 11.3 0.05 0.02

Domain 3

UCL95 0.018 0.9 3.34 0.10 0.0086 132.5 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.6905 3.85 11.3 0.18 0.06

Mean 0.018 0.9 2.11 0.10 0.0086 90.72 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.4699 3.85 11.3 0.12 0.04

Domain 4

UCL95 0.018 0.9 0.57 0.10 0.0086 22.88 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.1224 3.85 11.3 0.03 0.01

Mean 0.018 0.9 0.53 0.10 0.0086 21.66 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.1158 3.85 11.3 0.03 0.01

Purvis Creek

UCL95 0.018 0.9 1.07 0.10 0.0086 23.08 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.1350 3.85 11.3 0.04 0.01

Mean 0.018 0.9 0.92 0.10 0.0086 17.41 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.1054 3.85 11.3 0.03 0.01

Main Canal

UCL95 0.018 0.9 1.77 0.10 0.0086 28.07 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.1742 3.85 11.3 0.05 0.02

Mean 0.018 0.9 1.45 0.10 0.0086 26.07 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.1575 3.85 11.3 0.04 0.01

Eastern Creek

UCL95 0.018 0.9 7.58 0.10 0.0086 41.5 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.3709 3.85 11.3 0.10 0.03

Mean 0.018 0.9 5.21 0.10 0.0086 35.71 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.2892 3.85 11.3 0.08 0.03

Western Creek Complex

UCL95 0.018 0.9 0.56 0.10 0.0086 30.1 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.1554 3.85 11.3 0.04 0.01

Mean 0.018 0.9 0.52 0.10 0.0086 28.98 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.1492 3.85 11.3 0.04 0.01

Area A

UCL95 0.018 0.9 7.58 0.10 0.0086 34.05 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.3367 3.85 11.3 0.09 0.03

Mean 0.018 0.9 5.21 0.10 0.0086 31 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.2675 3.85 11.3 0.07 0.02

Blythe Island

UCL95 0.018 0.9 0.54 0.10 0.0086 18.26 0.00017 0.0016 0.0065 1.0 1.0 0.037 0.1005 3.85 11.3 0.03 0.009

Mean 0.018 0.9 0.504 0.10 0.0086 16.50 0.00017 0.0013 0.0065 1.0 1.0 0.037 0.0915 3.85 11.3 0.02 0.008

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

FC - Fiddler Crab

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean



Table H-3.  Estimated Exposure Concentrations - Clapper Rail (Rallus longirostris)  

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

FC FC Insects Insects Mc Mc IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference  

UCL95 0.03 0.85 0.02 0.10 0.10 0.05 0.025 0.0001 0.0025 1.00E-07 0.025 1.0 1.0 0.28 0.0032 0.02 0.06 0.16 0.05

Mean 0.03 0.85 0.02 0.10 0.08 0.05 0.025 0.0001 0.0025 5.00E-08 0.025 1.0 1.0 0.28 0.0026 0.02 0.06 0.13 0.04

Domain 1

UCL95 0.69 0.85 0.02 0.10 1.40 0.05 0.025 0.009 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0592 0.02 0.06 2.96 0.99

Mean 0.65 0.85 0.02 0.10 0.78 0.05 0.025 0.004 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0527 0.02 0.06 2.64 0.88

Domain 2

UCL95 0.21 0.85 0.02 0.10 0.32 0.05 0.025 0.005 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0176 0.02 0.06 0.88 0.29

Mean 0.19 0.85 0.02 0.10 0.26 0.05 0.025 0.003 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0158 0.02 0.06 0.79 0.26

Domain 3

UCL95 0.20 0.85 0.02 0.10 0.35 0.05 0.025 0.002 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0167 0.02 0.06 0.84 0.28

Mean 0.18 0.85 0.02 0.10 0.32 0.05 0.025 0.002 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0156 0.02 0.06 0.78 0.26

Domain 4

UCL95 0.16 0.85 0.02 0.10 0.22 0.05 0.025 0.001 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0135 0.02 0.06 0.68 0.23

Mean 0.15 0.85 0.02 0.10 0.18 0.05 0.025 0.001 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0123 0.02 0.06 0.62 0.21

Purvis Creek

UCL95 0.10 0.85 0.02 0.10 0.22 0.05 0.025 0.001 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0084 0.02 0.06 0.42 0.14

Mean 0.09 0.85 0.02 0.10 0.18 0.05 0.025 0.001 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0077 0.02 0.06 0.38 0.13

Main Canal

UCL95 0.41 0.85 0.02 0.10 0.70 0.05 0.025 0.007 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0348 0.02 0.06 1.74 0.58

Mean 0.39 0.85 0.02 0.10 0.52 0.05 0.025 0.006 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0320 0.02 0.06 1.60 0.53

Eastern Creek

UCL95 0.57 0.85 0.02 0.10 1.83 0.05 0.025 0.020 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0518 0.02 0.06 2.59 0.86

Mean 0.54 0.85 0.02 0.10 0.64 0.05 0.025 0.016 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0439 0.02 0.06 2.20 0.73

Western Creek Complex

UCL95 0.21 0.85 0.02 0.10 0.32 0.05 0.025 0.003 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0176 0.02 0.06 0.88 0.29

Mean 0.19 0.85 0.02 0.10 0.26 0.05 0.025 0.002 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0158 0.02 0.06 0.79 0.26

Area A

UCL95 0.57 0.85 0.02 0.10 1.40 0.05 0.025 0.011 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0499 0.02 0.06 2.49 0.83

Mean 0.54 0.85 0.02 0.10 0.78 0.05 0.025 0.010 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0445 0.02 0.06 2.23 0.74

Blythe Island

UCL95 0.14 0.85 0.02 0.10 0.15 0.05 0.025 0.0003 0.0025 9.60E-07 0.025 1.0 1.0 0.28 0.0117 0.02 0.06 0.58 0.19

Mean 0.13 0.85 0.02 0.10 0.14 0.05 0.025 0.0002 0.0025 7.00E-07 0.025 1.0 1.0 0.28 0.0106 0.02 0.06 0.53 0.18

Inorganic Mercury
Location

Reference

UCL95 0.02 0.85 0.02 0.10 0.01 0.05 0.025 0.10 0.0025 0.000017 0.025 1.0 1.0 0.28 0.0023 0.45 0.90 0.01 0.003

Mean 0.01 0.85 0.02 0.10 0.01 0.05 0.025 0.08 0.0025 0.000008 0.025 1.0 1.0 0.28 0.0019 0.45 0.90 0.004 0.002

Domain 1

UCL95 0.33 0.85 0.02 0.10 0.16 0.05 0.025 11.501 0.0025 0.000057 0.025 1.0 1.0 0.28 0.1283 0.45 0.90 0.29 0.14

Mean 0.30 0.85 0.02 0.10 0.09 0.05 0.025 4.846 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0669 0.45 0.90 0.15 0.07

Domain 2

UCL95 0.10 0.85 0.02 0.10 0.04 0.05 0.025 5.839 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0600 0.45 0.90 0.13 0.07

Mean 0.09 0.85 0.02 0.10 0.03 0.05 0.025 3.850 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0415 0.45 0.90 0.09 0.05

Domain 3

UCL95 0.09 0.85 0.02 0.10 0.04 0.05 0.025 2.225 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0272 0.45 0.90 0.06 0.03

Mean 0.09 0.85 0.02 0.10 0.04 0.05 0.025 1.881 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0237 0.45 0.90 0.05 0.03

Domain 4

UCL95 0.08 0.85 0.02 0.10 0.02 0.05 0.025 1.067 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0156 0.45 0.90 0.03 0.02

Mean 0.07 0.85 0.02 0.10 0.02 0.05 0.025 0.631 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0113 0.45 0.90 0.03 0.01

Purvis Creek

UCL95 0.04 0.85 0.02 0.10 0.02 0.05 0.025 1.53 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0173 0.45 0.90 0.04 0.02

Mean 0.04 0.85 0.02 0.10 0.02 0.05 0.025 1.22 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0143 0.45 0.90 0.03 0.02

Main Canal

UCL95 0.20 0.85 0.02 0.10 0.08 0.05 0.025 8.72 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0932 0.45 0.90 0.21 0.10

Mean 0.18 0.85 0.02 0.10 0.06 0.05 0.025 7.39 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0803 0.45 0.90 0.18 0.09

Eastern Creek

UCL95 0.27 0.85 0.02 0.10 0.20 0.05 0.025 25.02 0.0025 0.000057 0.025 1.0 1.0 0.28 0.2449 0.45 0.90 0.54 0.27

Mean 0.25 0.85 0.02 0.10 0.070 0.05 0.025 20.26 0.0025 0.000044 0.025 1.0 1.0 0.28 0.2006 0.45 0.90 0.45 0.22

Western Creek Complex

UCL95 0.10 0.85 0.02 0.10 0.04 0.05 0.025 3.31 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0374 0.45 0.90 0.08 0.04

Mean 0.09 0.85 0.02 0.10 0.03 0.05 0.025 2.75 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0317 0.45 0.90 0.07 0.04

Area A

UCL95 0.27 0.85 0.02 0.10 0.16 0.05 0.025 14.04 0.0025 0.000057 0.025 1.0 1.0 0.28 0.1466 0.45 0.90 0.33 0.16

Mean 0.25 0.85 0.02 0.10 0.09 0.05 0.025 11.99 0.0025 0.000044 0.025 1.0 1.0 0.28 0.1268 0.45 0.90 0.28 0.14

Blythe Island

UCL95 0.07 0.85 0.02 0.10 0.02 0.05 0.025 0.39 0.0025 0.000057 0.025 1.0 1.0 0.28 0.0088 0.45 0.90 0.02 0.01

Mean 0.06 0.85 0.02 0.10 0.02 0.05 0.025 0.30 0.0025 0.000044 0.025 1.0 1.0 0.28 0.0075 0.45 0.90 0.02 0.01

(mg/kgBW/day)

TRV Hazard Quotient



Table H-3.  Estimated Exposure Concentrations - Clapper Rail (Rallus longirostris)  

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

FC FC Insects Insects Mc Mc IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Aroclor 1268
Location

Reference

UCL95 0.38 0.85 0.08 0.10 0.22 0.05 0.025 0.08 0.0025 0.00060 0.025 1.0 1.0 0.28 0.0313 1.3 3.9 0.02 0.01

Mean 0.22 0.85 0.08 0.10 0.15 0.05 0.025 0.05 0.0025 0.00042 0.025 1.0 1.0 0.28 0.0186 1.3 3.9 0.01 0.005

Domain 1

UCL95 2.49 0.85 0.08 0.10 6.42 0.05 0.025 23.43 0.0025 0.00038 0.025 1.0 1.0 0.28 0.4276 1.3 3.9 0.33 0.11

Mean 2.22 0.85 0.08 0.10 5.58 0.05 0.025 11.45 0.0025 0.00030 0.025 1.0 1.0 0.28 0.2964 1.3 3.9 0.23 0.08

Domain 2

UCL95 1.15 0.85 0.08 0.10 2.13 0.05 0.025 5.05 0.0025 0.00038 0.025 1.0 1.0 0.28 0.1426 1.3 3.9 0.11 0.04

Mean 1.06 0.85 0.08 0.10 1.62 0.05 0.025 3.75 0.0025 0.00030 0.025 1.0 1.0 0.28 0.1219 1.3 3.9 0.09 0.03

Domain 3

UCL95 0.93 0.85 0.08 0.10 3.29 0.05 0.025 2.08 0.0025 0.00038 0.025 1.0 1.0 0.28 0.1046 1.3 3.9 0.08 0.03

Mean 0.81 0.85 0.08 0.10 2.87 0.05 0.025 1.67 0.0025 0.00030 0.025 1.0 1.0 0.28 0.0899 1.3 3.9 0.07 0.02

Domain 4

UCL95 0.71 0.85 0.08 0.10 1.22 0.05 0.025 1.36 0.0025 0.00038 0.025 1.0 1.0 0.28 0.0722 1.3 3.9 0.06 0.02

Mean 0.61 0.85 0.08 0.10 1.01 0.05 0.025 1.14 0.0025 0.00030 0.025 1.0 1.0 0.28 0.0617 1.3 3.9 0.05 0.02

Purvis Creek

UCL95 0.98 0.85 0.08 0.10 1.22 0.05 0.025 5.07 0.0025 0.00038 0.025 1.0 1.0 0.28 0.1259 1.3 3.9 0.10 0.03

Mean 0.73 0.85 0.08 0.10 1.01 0.05 0.025 3.78 0.0025 0.00030 0.025 1.0 1.0 0.28 0.0943 1.3 3.9 0.07 0.02

Main Canal

UCL95 3.26 0.85 0.08 0.10 5.06 0.05 0.025 41.71 0.0025 0.00038 0.025 1.0 1.0 0.28 0.6432 1.3 3.9 0.49 0.16

Mean 2.86 0.85 0.08 0.10 4.28 0.05 0.025 27.64 0.0025 0.00030 0.025 1.0 1.0 0.28 0.4837 1.3 3.9 0.37 0.12

Eastern Creek

UCL95 2.75 0.85 0.08 0.10 7.27 0.05 0.025 65.28 0.0025 0.00038 0.025 1.0 1.0 0.28 0.8248 1.3 3.9 0.63 0.21

Mean 2.49 0.85 0.08 0.10 6.06 0.05 0.025 49.57 0.0025 0.00030 0.025 1.0 1.0 0.28 0.6593 1.3 3.9 0.51 0.17

Western Creek Complex

UCL95 1.15 0.85 0.08 0.10 2.13 0.05 0.025 3.84 0.0025 0.00038 0.025 1.0 1.0 0.28 0.1318 1.3 3.9 0.10 0.03

Mean 1.06 0.85 0.08 0.10 1.62 0.05 0.025 3.18 0.0025 0.00030 0.025 1.0 1.0 0.28 0.1168 1.3 3.9 0.09 0.03

Area A

UCL95 2.75 0.85 0.08 0.10 6.42 0.05 0.025 40.14 0.0025 0.00038 0.025 1.0 1.0 0.28 0.5965 1.3 3.9 0.46 0.15

Mean 2.49 0.85 0.08 0.10 5.58 0.05 0.025 32.78 0.0025 0.00030 0.025 1.0 1.0 0.28 0.5073 1.3 3.9 0.39 0.13

Blythe Island

UCL95 0.24 0.85 0.08 0.10 0.84 0.05 0.025 0.25 0.0025 0.00038 0.025 1.0 1.0 0.28 0.0249 1.3 3.9 0.02 0.01

Mean 0.22 0.85 0.08 0.10 0.72 0.05 0.025 0.20 0.0025 0.00030 0.025 1.0 1.0 0.28 0.0224 1.3 3.9 0.02 0.01

Lead
     Location

Reference

UCL95 0.84 0.9 1.40 0.05 1.43 0.05 0.024 20.41 0.00048 0.0100 0.023 1.0 1.0 0.20 0.1578 3.85 11.3 0.04 0.01

Mean 0.71 0.9 1.40 0.05 0.87 0.05 0.024 17.64 0.00048 0.0057 0.023 1.0 1.0 0.20 0.1333 3.85 11.3 0.03 0.01

Domain 1

UCL95 10.85 0.9 1.40 0.05 0.76 0.05 0.024 40.73 0.00048 0.0016 0.023 1.0 1.0 0.20 1.2827 3.85 11.3 0.33 0.11

Mean 7.93 0.9 1.40 0.05 0.62 0.05 0.024 31.02 0.00048 0.0013 0.023 1.0 1.0 0.20 0.9432 3.85 11.3 0.24 0.08

Domain 2

UCL95 0.56 0.9 1.40 0.05 1.26 0.05 0.024 63.03 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2279 3.85 11.3 0.06 0.02

Mean 0.52 0.9 1.40 0.05 0.93 0.05 0.024 40.85 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1683 3.85 11.3 0.04 0.01

Domain 3

UCL95 3.34 0.9 1.40 0.05 30.7 0.05 0.024 132.5 0.00048 0.0016 0.023 1.0 1.0 0.20 0.8715 3.85 11.3 0.23 0.08

Mean 2.11 0.9 1.40 0.05 2.41 0.05 0.024 90.72 0.00048 0.0013 0.023 1.0 1.0 0.20 0.4686 3.85 11.3 0.12 0.04

Domain 4

UCL95 0.57 0.9 1.40 0.05 0.65 0.05 0.024 22.88 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1290 3.85 11.3 0.03 0.01

Mean 0.53 0.9 1.40 0.05 0.43 0.05 0.024 21.66 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1204 3.85 11.3 0.03 0.01

Purvis Creek

UCL95 1.07 0.9 1.40 0.05 0.65 0.05 0.024 23.08 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1834 3.85 11.3 0.05 0.02

Mean 0.92 0.9 1.40 0.05 0.43 0.05 0.024 17.41 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1523 3.85 11.3 0.04 0.01

Main Canal

UCL95 1.77 0.9 1.40 0.05 0.55 0.05 0.024 28.07 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2704 3.85 11.3 0.07 0.02

Mean 1.45 0.9 1.40 0.05 0.46 0.05 0.024 26.07 0.00048 0.0013 0.023 1.0 1.0 0.20 0.2305 3.85 11.3 0.06 0.02

Eastern Creek

UCL95 7.58 0.9 1.40 0.05 0.86 0.05 0.024 41.5 0.00048 0.0016 0.023 1.0 1.0 0.20 0.9320 3.85 11.3 0.24 0.08

Mean 5.21 0.9 1.40 0.05 0.68 0.05 0.024 35.71 0.00048 0.0013 0.023 1.0 1.0 0.20 0.6610 3.85 11.3 0.17 0.06

Western Creek Complex

UCL95 0.56 0.9 1.40 0.05 1.26 0.05 0.024 30.1 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1489 3.85 11.3 0.04 0.01

Mean 0.52 0.9 1.40 0.05 0.93 0.05 0.024 28.98 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1398 3.85 11.3 0.04 0.01

Area A

UCL95 7.58 0.9 1.40 0.05 0.76 0.05 0.024 34.05 0.00048 0.0016 0.023 1.0 1.0 0.20 0.9135 3.85 11.3 0.24 0.08

Mean 5.21 0.9 1.40 0.05 0.62 0.05 0.024 31 0.00048 0.0013 0.023 1.0 1.0 0.20 0.6494 3.85 11.3 0.17 0.06

Blythe Island

UCL95 0.54 0.9 1.40 0.05 0.29 0.05 0.024 18.26 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1125 3.85 11.3 0.03 0.01

Mean 0.504 0.9 1.40 0.05 0.25 0.05 0.024 16.50 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1041 3.85 11.3 0.03 0.009

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

FC - Fiddler Crab

Mc - Mummichog

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean



Table H-4.  Estimated Exposure Concentrations - Green Heron (Butorides striatus )

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Mc Mc BC BC FC FC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference

UCL95 0.10 0.9 0.19 0.05 0.034 0.05 0.024 0.0001 0.00048 1.00E-07 0.023 1.0 1.0 0.20 0.0121 0.02 0.06 0.61 0.20

Mean 0.08 0.9 0.15 0.05 0.027 0.05 0.024 0.0001 0.00048 5.00E-08 0.023 1.0 1.0 0.20 0.0097 0.02 0.06 0.49 0.16

Domain 1

UCL95 1.40 0.9 1.78 0.05 0.69 0.05 0.024 0.009 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.1660 0.02 0.06 8.30 2.77

Mean 0.78 0.9 1.59 0.05 0.65 0.05 0.024 0.004 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0977 0.02 0.06 4.88 1.63

Domain 2

UCL95 0.32 0.9 1.78 0.05 0.21 0.05 0.024 0.005 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0465 0.02 0.06 2.33 0.78

Mean 0.26 0.9 1.59 0.05 0.19 0.05 0.024 0.003 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0388 0.02 0.06 1.94 0.65

Domain 3

UCL95 0.35 0.9 1.78 0.05 0.20 0.05 0.024 0.002 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0497 0.02 0.06 2.48 0.83

Mean 0.32 0.9 1.59 0.05 0.18 0.05 0.024 0.002 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0452 0.02 0.06 2.26 0.75

Domain 4

UCL95 0.22 0.9 1.78 0.05 0.16 0.05 0.024 0.001 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0354 0.02 0.06 1.77 0.59

Mean 0.18 0.9 1.59 0.05 0.15 0.05 0.024 0.001 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0299 0.02 0.06 1.49 0.50

Purvis Creek

UCL95 0.22 0.9 1.78 0.05 0.10 0.05 0.024 0.001 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0350 0.02 0.06 1.75 0.58

Mean 0.18 0.9 1.59 0.05 0.09 0.05 0.024 0.001 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0295 0.02 0.06 1.48 0.49

Main Canal

UCL95 0.70 0.9 1.78 0.05 0.41 0.05 0.024 0.007 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0888 0.02 0.06 4.44 1.48

Mean 0.52 0.9 1.59 0.05 0.39 0.05 0.024 0.006 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0681 0.02 0.06 3.40 1.13

Eastern Creek

UCL95 1.83 0.9 1.78 0.05 0.57 0.05 0.024 0.020 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.2118 0.02 0.06 10.59 3.53

Mean 0.64 0.9 1.59 0.05 0.54 0.05 0.024 0.016 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0819 0.02 0.06 4.10 1.37

Western Creek Complex

UCL95 0.32 0.9 1.78 0.05 0.21 0.05 0.024 0.003 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0465 0.02 0.06 2.33 0.78

Mean 0.26 0.9 1.59 0.05 0.19 0.05 0.024 0.002 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0388 0.02 0.06 1.94 0.65

Area A

UCL95 1.40 0.9 1.78 0.05 0.57 0.05 0.024 0.011 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.1653 0.02 0.06 8.27 2.76

Mean 0.78 0.9 1.59 0.05 0.54 0.05 0.024 0.010 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0970 0.02 0.06 4.85 1.62

Blythe Island

UCL95 0.15 0.9 1.78 0.05 0.14 0.05 0.024 0.0003 0.00048 9.60E-07 0.023 1.0 1.0 0.20 0.0277 0.02 0.06 1.39 0.46

Mean 0.14 0.9 1.59 0.05 0.13 0.05 0.024 0.0002 0.00048 7.00E-07 0.023 1.0 1.0 0.20 0.0254 0.02 0.06 1.27 0.42

Inorganic Mercury
Location

Reference

UCL95 0.01 0.9 0.00 0.05 0.02 0.05 0.024 0.10 0.00048 0.000017 0.023 1.0 1.0 0.20 0.0016 0.45 0.90 0.003 0.002

Mean 0.01 0.9 0.00 0.05 0.01 0.05 0.024 0.08 0.00048 0.000008 0.023 1.0 1.0 0.20 0.0013 0.45 0.90 0.003 0.001

Domain 1

UCL95 0.16 0.9 0.00 0.05 0.33 0.05 0.024 11.501 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0464 0.45 0.90 0.10 0.05

Mean 0.09 0.9 0.00 0.05 0.30 0.05 0.024 4.846 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0228 0.45 0.90 0.05 0.03

Domain 2

UCL95 0.04 0.9 0.00 0.05 0.10 0.05 0.024 5.839 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0189 0.45 0.90 0.04 0.02

Mean 0.03 0.9 0.00 0.05 0.09 0.05 0.024 3.850 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0130 0.45 0.90 0.03 0.01

Domain 3

UCL95 0.04 0.9 0.00 0.05 0.09 0.05 0.024 2.225 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0098 0.45 0.90 0.02 0.01

Mean 0.04 0.9 0.00 0.05 0.09 0.05 0.024 1.881 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0093 0.45 0.90 0.02 0.01

Domain 4

UCL95 0.02 0.9 0.00 0.05 0.08 0.05 0.024 1.067 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0052 0.45 0.90 0.01 0.006

Mean 0.02 0.9 0.00 0.05 0.07 0.05 0.024 0.631 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0045 0.45 0.90 0.01 0.005

Purvis Creek

UCL95 0.02 0.9 0.00 0.05 0.04 0.05 0.024 1.53 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0061 0.45 0.90 0.01 0.01

Mean 0.02 0.9 0.00 0.05 0.04 0.05 0.024 1.22 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0058 0.45 0.90 0.01 0.01

Main Canal

UCL95 0.08 0.9 0.00 0.05 0.20 0.05 0.024 8.72 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0308 0.45 0.90 0.07 0.03

Mean 0.06 0.9 0.00 0.05 0.18 0.05 0.024 7.39 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0253 0.45 0.90 0.06 0.03

Eastern Creek

UCL95 0.20 0.9 0.00 0.05 0.27 0.05 0.024 25.02 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0833 0.45 0.90 0.19 0.09

Mean 0.070 0.9 0.00 0.05 0.25 0.05 0.024 20.26 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0577 0.45 0.90 0.13 0.06

Western Creek Complex

UCL95 0.04 0.9 0.00 0.05 0.10 0.05 0.024 3.31 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0129 0.45 0.90 0.03 0.01

Mean 0.03 0.9 0.00 0.05 0.09 0.05 0.024 2.75 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0104 0.45 0.90 0.02 0.01

Area A

UCL95 0.16 0.9 0.00 0.05 0.27 0.05 0.024 14.04 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0526 0.45 0.90 0.12 0.06

Mean 0.09 0.9 0.00 0.05 0.25 0.05 0.024 11.99 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0400 0.45 0.90 0.09 0.04

Blythe Island

UCL95 0.02 0.9 0.00 0.05 0.07 0.05 0.024 0.39 0.00048 0.000057 0.023 1.0 1.0 0.20 0.0030 0.45 0.90 0.01 0.003

Mean 0.02 0.9 0.00 0.05 0.06 0.05 0.024 0.30 0.00048 0.000044 0.023 1.0 1.0 0.20 0.0029 0.45 0.90 0.01 0.003

(mg/kgBW/day)

TRV Hazard Quotient



Table H-4.  Estimated Exposure Concentrations - Green Heron (Butorides striatus )

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Mc Mc BC BC FC FC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Aroclor 1268
Location

Reference

UCL95 0.22 0.9 0.30 0.05 0.38 0.05 0.024 0.08 0.00048 0.00060 0.023 1.0 1.0 0.20 0.0281 1.3 3.9 0.02 0.007

Mean 0.15 0.9 0.13 0.05 0.22 0.05 0.024 0.05 0.00048 0.00042 0.023 1.0 1.0 0.20 0.0185 1.3 3.9 0.01 0.005

Domain 1

UCL95 6.42 0.9 1.88 0.05 2.49 0.05 0.024 23.43 0.00048 0.00038 0.023 1.0 1.0 0.20 0.7759 1.3 3.9 0.60 0.20

Mean 5.58 0.9 1.61 0.05 2.22 0.05 0.024 11.45 0.00048 0.00030 0.023 1.0 1.0 0.20 0.6531 1.3 3.9 0.50 0.17

Domain 2

UCL95 2.13 0.9 1.88 0.05 1.15 0.05 0.024 5.05 0.00048 0.00038 0.023 1.0 1.0 0.20 0.2604 1.3 3.9 0.20 0.07

Mean 1.62 0.9 1.61 0.05 1.06 0.05 0.024 3.75 0.00048 0.00030 0.023 1.0 1.0 0.20 0.2000 1.3 3.9 0.15 0.05

Domain 3

UCL95 3.29 0.9 1.88 0.05 0.93 0.05 0.024 2.08 0.00048 0.00038 0.023 1.0 1.0 0.20 0.3772 1.3 3.9 0.29 0.10

Mean 2.87 0.9 1.61 0.05 0.81 0.05 0.024 1.67 0.00048 0.00030 0.023 1.0 1.0 0.20 0.3285 1.3 3.9 0.25 0.08

Domain 4

UCL95 1.22 0.9 1.88 0.05 0.71 0.05 0.024 1.36 0.00048 0.00038 0.023 1.0 1.0 0.20 0.1506 1.3 3.9 0.12 0.04

Mean 1.01 0.9 1.61 0.05 0.61 0.05 0.024 1.14 0.00048 0.00030 0.023 1.0 1.0 0.20 0.1252 1.3 3.9 0.10 0.03

Purvis Creek

UCL95 1.22 0.9 1.88 0.05 0.98 0.05 0.024 5.07 0.00048 0.00038 0.023 1.0 1.0 0.20 0.1611 1.3 3.9 0.12 0.04

Mean 1.01 0.9 1.61 0.05 0.73 0.05 0.024 3.78 0.00048 0.00030 0.023 1.0 1.0 0.20 0.1322 1.3 3.9 0.10 0.03

Main Canal

UCL95 5.06 0.9 1.88 0.05 3.26 0.05 0.024 41.71 0.00048 0.00038 0.023 1.0 1.0 0.20 0.6775 1.3 3.9 0.52 0.17

Mean 4.28 0.9 1.61 0.05 2.86 0.05 0.024 27.64 0.00048 0.00030 0.023 1.0 1.0 0.20 0.5554 1.3 3.9 0.43 0.14

Eastern Creek

UCL95 7.27 0.9 1.88 0.05 2.75 0.05 0.024 65.28 0.00048 0.00038 0.023 1.0 1.0 0.20 0.9697 1.3 3.9 0.75 0.25

Mean 6.06 0.9 1.61 0.05 2.49 0.05 0.024 49.57 0.00048 0.00030 0.023 1.0 1.0 0.20 0.7981 1.3 3.9 0.61 0.20

Western Creek Complex

UCL95 2.13 0.9 1.88 0.05 1.15 0.05 0.024 3.84 0.00048 0.00038 0.023 1.0 1.0 0.20 0.2575 1.3 3.9 0.20 0.07

Mean 1.62 0.9 1.61 0.05 1.06 0.05 0.024 3.18 0.00048 0.00030 0.023 1.0 1.0 0.20 0.1986 1.3 3.9 0.15 0.05

Area A

UCL95 6.42 0.9 1.88 0.05 2.75 0.05 0.024 40.14 0.00048 0.00038 0.023 1.0 1.0 0.20 0.8175 1.3 3.9 0.63 0.21

Mean 5.58 0.9 1.61 0.05 2.49 0.05 0.024 32.78 0.00048 0.00030 0.023 1.0 1.0 0.20 0.7059 1.3 3.9 0.54 0.18

Blythe Island

UCL95 0.84 0.9 1.88 0.05 0.24 0.05 0.024 0.25 0.00048 0.00038 0.023 1.0 1.0 0.20 0.1041 1.3 3.9 0.08 0.03

Mean 0.72 0.9 1.61 0.05 0.22 0.05 0.024 0.20 0.00048 0.00030 0.023 1.0 1.0 0.20 0.0893 1.3 3.9 0.07 0.02

Lead
     Location
Reference

UCL95 1.43 0.9 4.21 0.05 0.84 0.05 0.024 20.41 0.00048 0.0100 0.023 1.0 1.0 0.20 0.2349 3.85 11.3 0.06 0.02

Mean 0.87 0.9 0.73 0.05 0.71 0.05 0.024 17.64 0.00048 0.0057 0.023 1.0 1.0 0.20 0.1456 3.85 11.3 0.04 0.01

Domain 1

UCL95 0.76 0.9 1.21 0.05 10.85 0.05 0.024 40.73 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2524 3.85 11.3 0.07 0.02

Mean 0.62 0.9 0.82 0.05 7.93 0.05 0.024 31.02 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1941 3.85 11.3 0.05 0.02

Domain 2

UCL95 1.26 0.9 1.21 0.05 0.56 0.05 0.024 63.03 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2982 3.85 11.3 0.08 0.03

Mean 0.93 0.9 0.82 0.05 0.52 0.05 0.024 40.85 0.00048 0.0013 0.023 1.0 1.0 0.20 0.2067 3.85 11.3 0.05 0.02

Domain 3

UCL95 30.7 0.9 1.21 0.05 3.34 0.05 0.024 132.5 0.00048 0.0016 0.023 1.0 1.0 0.20 3.6611 3.85 11.3 0.95 0.32

Mean 2.41 0.9 0.82 0.05 2.11 0.05 0.024 90.72 0.00048 0.0013 0.023 1.0 1.0 0.20 0.4957 3.85 11.3 0.13 0.04

Domain 4

UCL95 0.65 0.9 1.21 0.05 0.57 0.05 0.024 22.88 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1360 3.85 11.3 0.04 0.01

Mean 0.43 0.9 0.82 0.05 0.53 0.05 0.024 21.66 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1067 3.85 11.3 0.03 0.009

Purvis Creek

UCL95 0.65 0.9 1.21 0.05 1.07 0.05 0.024 23.08 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1395 3.85 11.3 0.04 0.01

Mean 0.43 0.9 0.82 0.05 0.92 0.05 0.024 17.41 0.00048 0.0013 0.023 1.0 1.0 0.20 0.0988 3.85 11.3 0.03 0.01

Main Canal

UCL95 0.55 0.9 1.21 0.05 1.77 0.05 0.024 28.07 0.00048 0.0016 0.023 1.0 1.0 0.20 0.1448 3.85 11.3 0.04 0.01

Mean 0.46 0.9 0.82 0.05 1.45 0.05 0.024 26.07 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1260 3.85 11.3 0.03 0.01

Eastern Creek

UCL95 0.86 0.9 1.21 0.05 7.58 0.05 0.024 41.5 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2454 3.85 11.3 0.06 0.02

Mean 0.68 0.9 0.82 0.05 5.21 0.05 0.024 35.71 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1955 3.85 11.3 0.05 0.02

Western Creek Complex

UCL95 1.26 0.9 1.21 0.05 0.56 0.05 0.024 30.1 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2191 3.85 11.3 0.06 0.02

Mean 0.93 0.9 0.82 0.05 0.52 0.05 0.024 28.98 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1782 3.85 11.3 0.05 0.02

Area A

UCL95 0.76 0.9 1.21 0.05 7.58 0.05 0.024 34.05 0.00048 0.0016 0.023 1.0 1.0 0.20 0.2167 3.85 11.3 0.06 0.02

Mean 0.62 0.9 0.82 0.05 5.21 0.05 0.024 31 0.00048 0.0013 0.023 1.0 1.0 0.20 0.1777 3.85 11.3 0.05 0.02

Blythe Island

UCL95 0.29 0.9 1.21 0.05 0.54 0.05 0.024 18.26 0.00048 0.0016 0.023 1.0 1.0 0.20 0.0858 3.85 11.3 0.02 0.008

Mean 0.25 0.9 0.82 0.05 0.50 0.05 0.024 16.50 0.00048 0.0013 0.023 1.0 1.0 0.20 0.0747 3.85 11.3 0.02 0.007

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

Mc - Mummichog

BC - Blue Crab

FC - Fiddler Crab

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean



Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Cordgrass Cordgrass IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference  

UCL95 0.001 1 0.088 0.0001 0.0018 1.00E-07 0.099 1.0 1.0 1.00 0.00005 0.075 0.15 0.001 0.0004

Mean 0.0005 1 0.088 0.0001 0.0018 5.00E-08 0.099 1.0 1.0 1.00 0.00004 0.075 0.15 0.001 0.0003

Domain 1

UCL95 0.02 1 0.088 0.009 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00189 0.075 0.15 0.03 0.01

Mean 0.01 1 0.088 0.004 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00085 0.075 0.15 0.01 0.006

Domain 2

UCL95 0.01 1 0.088 0.005 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00079 0.075 0.15 0.01 0.005

Mean 0.005 1 0.088 0.003 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00043 0.075 0.15 0.006 0.003

Domain 3

UCL95 0.004 1 0.088 0.002 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00038 0.075 0.15 0.005 0.003

Mean 0.004 1 0.088 0.002 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00033 0.075 0.15 0.004 0.002

Domain 4

UCL95 0.003 1 0.088 0.001 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00030 0.075 0.15 0.004 0.002

Mean 0.003 1 0.088 0.001 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00025 0.075 0.15 0.003 0.002

Purvis Creek

UCL95 0.002 1 0.088 0.001 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00022 0.075 0.15 0.003 0.001

Mean 0.002 1 0.088 0.001 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00019 0.075 0.15 0.003 0.001

Main Canal

UCL95 0.075 1 0.088 0.007 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00665 0.075 0.15 0.09 0.04

Mean 0.015 1 0.088 0.006 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00130 0.075 0.15 0.02 0.009

Eastern Creek

UCL95 0.014 1 0.088 0.020 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00130 0.075 0.15 0.02 0.009

Mean 0.008 1 0.088 0.016 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00075 0.075 0.15 0.01 0.005

Western Creek Complex

UCL95 0.01 1 0.088 0.003 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00078 0.075 0.15 0.01 0.005

Mean 0.005 1 0.088 0.002 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00043 0.075 0.15 0.01 0.003

Area A

UCL95 0.014 1 0.088 0.011 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00129 0.075 0.15 0.02 0.009

Mean 0.008 1 0.088 0.010 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00074 0.075 0.15 0.01 0.005

Blythe Island

UCL95 0.003 1 0.088 0.0003 0.0018 9.60E-07 0.099 1.0 1.0 1.00 0.00026 0.075 0.15 0.003 0.002

Mean 0.002 1 0.088 0.0002 0.0018 7.00E-07 0.099 1.0 1.0 1.00 0.00020 0.075 0.15 0.003 0.001

Inorganic Mercury
Location

Reference

UCL95 0.006 1 0.088 0.10 0.0018 0.000017 0.099 1.0 1.0 1.00 0.00067 0.05 0.5 0.01 0.001

Mean 0.004 1 0.088 0.08 0.0018 0.000008 0.099 1.0 1.0 1.00 0.00051 0.05 0.5 0.01 0.001

Domain 1

UCL95 0.19 1 0.088 11.501 0.0018 0.000057 0.099 1.0 1.0 1.00 0.03767 0.05 0.5 0.75 0.08

Mean 0.09 1 0.088 4.846 0.0018 0.000044 0.099 1.0 1.0 1.00 0.01638 0.05 0.5 0.33 0.03

Domain 2

UCL95 0.08 1 0.088 5.839 0.0018 0.000057 0.099 1.0 1.0 1.00 0.01759 0.05 0.5 0.35 0.04

Mean 0.04 1 0.088 3.850 0.0018 0.000044 0.099 1.0 1.0 1.00 0.01079 0.05 0.5 0.22 0.02

Domain 3

UCL95 0.04 1 0.088 2.225 0.0018 0.000057 0.099 1.0 1.0 1.00 0.00747 0.05 0.5 0.15 0.01

Mean 0.03 1 0.088 1.881 0.0018 0.000044 0.099 1.0 1.0 1.00 0.00640 0.05 0.5 0.13 0.01

Domain 4

UCL95 0.031 1 0.088 1.067 0.0018 0.000057 0.099 1.0 1.0 1.00 0.00462 0.05 0.5 0.09 0.009

Mean 0.025 1 0.088 0.631 0.0018 0.000044 0.099 1.0 1.0 1.00 0.00338 0.05 0.5 0.07 0.007

Purvis Creek

UCL95 0.022 1 0.088 1.53 0.0018 0.000057 0.099 1.0 1.0 1.00 0.00474 0.05 0.5 0.09 0.009

Mean 0.019 1 0.088 1.22 0.0018 0.000044 0.099 1.0 1.0 1.00 0.00389 0.05 0.5 0.08 0.008

Main Canal

UCL95 0.684 1 0.088 8.72 0.0018 0.000057 0.099 1.0 1.0 1.00 0.07585 0.05 0.5 1.52 0.15

Mean 0.132 1 0.088 7.39 0.0018 0.000044 0.099 1.0 1.0 1.00 0.02497 0.05 0.5 0.50 0.05

Eastern Creek

UCL95 0.131 1 0.088 25.02 0.0018 0.000057 0.099 1.0 1.0 1.00 0.05653 0.05 0.5 1.13 0.11

Mean 0.074 1 0.088 20.26 0.0018 0.000044 0.099 1.0 1.0 1.00 0.04303 0.05 0.5 0.86 0.09

Western Creek Complex

UCL95 0.08 1 0.088 3.31 0.0018 0.000057 0.099 1.0 1.0 1.00 0.01303 0.05 0.5 0.26 0.03

Mean 0.04 1 0.088 2.75 0.0018 0.000044 0.099 1.0 1.0 1.00 0.00882 0.05 0.5 0.18 0.02

Area A

UCL95 0.131 1 0.088 14.04 0.0018 0.000057 0.099 1.0 1.0 1.00 0.03677 0.05 0.5 0.74 0.07

Mean 0.074 1 0.088 11.99 0.0018 0.000044 0.099 1.0 1.0 1.00 0.02814 0.05 0.5 0.56 0.06

Blythe Island

UCL95 0.027 1 0.088 0.39 0.0018 0.000057 0.099 1.0 1.0 1.00 0.00305 0.05 0.5 0.06 0.006

Mean 0.021 1 0.088 0.30 0.0018 0.000044 0.099 1.0 1.0 1.00 0.00238 0.05 0.5 0.05 0.005

(mg/kgBW/day)

TRV Hazard Quotient

Table H-5.  Estimated Exposure Concentrations - Marsh rabbit (Sylvilagus palustris ) 



Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Cordgrass Cordgrass IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Table H-5.  Estimated Exposure Concentrations - Marsh rabbit (Sylvilagus palustris ) 

Aroclor 1268
Location

Reference

UCL95 0.20 1 0.088 0.08 0.0018 0.00060 0.099 1.0 1.0 1.00 0.01806 0.03 0.3 0.60 0.06

Mean 0.13 1 0.088 0.05 0.0018 0.00042 0.099 1.0 1.0 1.00 0.01193 0.03 0.3 0.40 0.04

Domain 1

UCL95 0.55 1 0.088 23.43 0.0018 0.00038 0.099 1.0 1.0 1.00 0.09044 0.03 0.3 3.01 0.30

Mean 0.26 1 0.088 11.45 0.0018 0.00030 0.099 1.0 1.0 1.00 0.04361 0.03 0.3 1.45 0.15

Domain 2

UCL95 0.20 1 0.088 5.05 0.0018 0.00038 0.099 1.0 1.0 1.00 0.02655 0.03 0.3 0.89 0.09

Mean 0.15 1 0.088 3.75 0.0018 0.00030 0.099 1.0 1.0 1.00 0.02016 0.03 0.3 0.67 0.07

Domain 3

UCL95 0.12 1 0.088 2.08 0.0018 0.00038 0.099 1.0 1.0 1.00 0.01452 0.03 0.3 0.48 0.05

Mean 0.09 1 0.088 1.67 0.0018 0.00030 0.099 1.0 1.0 1.00 0.01103 0.03 0.3 0.37 0.04

Domain 4

UCL95 0.15 1 0.088 1.36 0.0018 0.00038 0.099 1.0 1.0 1.00 0.01578 0.03 0.3 0.53 0.05

Mean 0.1 1 0.088 1.14 0.0018 0.00030 0.099 1.0 1.0 1.00 0.01055 0.03 0.3 0.35 0.04

Purvis Creek

UCL95 0.22 1 0.088 5.07 0.0018 0.00038 0.099 1.0 1.0 1.00 0.02827 0.03 0.3 0.94 0.09

Mean 0.11 1 0.088 3.78 0.0018 0.00030 0.099 1.0 1.0 1.00 0.01677 0.03 0.3 0.56 0.06

Main Canal

UCL95 0.24 1 0.088 41.71 0.0018 0.00038 0.099 1.0 1.0 1.00 0.09588 0.03 0.3 3.20 0.32

Mean 0.14 1 0.088 27.64 0.0018 0.00030 0.099 1.0 1.0 1.00 0.06237 0.03 0.3 2.08 0.21

Eastern Creek

UCL95 0.31 1 0.088 65.28 0.0018 0.00038 0.099 1.0 1.0 1.00 0.14465 0.03 0.3 4.82 0.48

Mean 0.18 1 0.088 49.57 0.0018 0.00030 0.099 1.0 1.0 1.00 0.10536 0.03 0.3 3.51 0.35

Western Creek Complex

UCL95 0.20 1 0.088 3.84 0.0018 0.00038 0.099 1.0 1.0 1.00 0.02436 0.03 0.3 0.81 0.08

Mean 0.15 1 0.088 3.18 0.0018 0.00030 0.099 1.0 1.0 1.00 0.01912 0.03 0.3 0.64 0.06

Area A

UCL95 0.31 1 0.088 40.14 0.0018 0.00038 0.099 1.0 1.0 1.00 0.09939 0.03 0.3 3.31 0.33

Mean 0.18 1 0.088 32.78 0.0018 0.00030 0.099 1.0 1.0 1.00 0.07514 0.03 0.3 2.50 0.25

Blythe Island

UCL95 0.04 1 0.088 0.25 0.0018 0.00038 0.099 1.0 1.0 1.00 0.00393 0.03 0.3 0.13 0.01

Mean 0.03 1 0.088 0.20 0.0018 0.00030 0.099 1.0 1.0 1.00 0.00283 0.03 0.3 0.09 0.009

Lead
     Location
Reference

UCL95 2.15 1 0.088 20.41 0.0018 0.0100 0.099 1.0 1.0 1.00 0.22693 8 80 0.03 0.003

Mean 1.60 1 0.088 17.64 0.0018 0.0057 0.099 1.0 1.0 1.00 0.17276 8 80 0.02 0.002

Domain 1

UCL95 2.88 1 0.088 40.73 0.0018 0.0016 0.099 1.0 1.0 1.00 0.32726 8 80 0.04 0.004

Mean 2.50 1 0.088 31.02 0.0018 0.0013 0.099 1.0 1.0 1.00 0.27570 8 80 0.03 0.003

Domain 2

UCL95 2.74 1 0.088 63.03 0.0018 0.0016 0.099 1.0 1.0 1.00 0.35438 8 80 0.04 0.004

Mean 1.95 1 0.088 40.85 0.0018 0.0013 0.099 1.0 1.0 1.00 0.24553 8 80 0.03 0.003

Domain 3

UCL95 5.12 1 0.088 132.5 0.0018 0.0016 0.099 1.0 1.0 1.00 0.68878 8 80 0.09 0.009

Mean 3.51 1 0.088 90.72 0.0018 0.0013 0.099 1.0 1.0 1.00 0.47257 8 80 0.06 0.006

Domain 4

UCL95 3.12 1 0.088 22.88 0.0018 0.0016 0.099 1.0 1.0 1.00 0.31608 8 80 0.04 0.004

Mean 1.98 1 0.088 21.66 0.0018 0.0013 0.099 1.0 1.0 1.00 0.21362 8 80 0.03 0.003

Purvis Creek

UCL95 3.07 1 0.088 23.08 0.0018 0.0016 0.099 1.0 1.0 1.00 0.31186 8 80 0.04 0.004

Mean 2.02 1 0.088 17.41 0.0018 0.0013 0.099 1.0 1.0 1.00 0.20914 8 80 0.03 0.003

Main Canal

UCL95 4.16 1 0.088 28.07 0.0018 0.0016 0.099 1.0 1.0 1.0 0.41703 8 80 0.05 0.005

Mean 3.33 1 0.088 26.07 0.0018 0.0013 0.099 1.0 1.0 1.0 0.33992 8 80 0.04 0.004

Eastern Creek

UCL95 2.97 1 0.088 41.5 0.0018 0.0016 0.099 1.0 1.0 1.0 0.33648 8 80 0.04 0.004

Mean 2.47 1 0.088 35.71 0.0018 0.0013 0.099 1.0 1.0 1.0 0.28212 8 80 0.04 0.004

Western Creek Complex

UCL95 2.74 1 0.088 30.1 0.0018 0.0016 0.099 1.0 1.0 1.0 0.29511 8 80 0.04 0.004

Mean 1.95 1 0.088 28.98 0.0018 0.0013 0.099 1.0 1.0 1.0 0.22416 8 80 0.03 0.003

Area A

UCL95 2.97 1 0.088 34.05 0.0018 0.0016 0.099 1.0 1.0 1.0 0.32307 8 80 0.04 0.004

Mean 2.47 1 0.088 31 0.0018 0.0013 0.099 1.0 1.0 1.0 0.27364 8 80 0.03 0.003

Blythe Island

UCL95 1.56 1 0.088 18.26 0.0018 0.0016 0.099 1.0 1.0 1.0 0.17031 8 80 0.02 0.002

Mean 1.08 1 0.088 16.50 0.0018 0.0013 0.099 1.0 1.0 1.0 0.12487 8 80 0.02 0.002

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean



Table H-6.  Estimated Exposure Concentrations - Raccoon (Procyon lotor )

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

FC FC BC BC Mc Mc IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations

Reference

UCL95 0.034 0.45 0.19 0.45 0.10 0.10 0.20 0.0001 0.019 1.00E-07 0.320 1.0 0.3 3.70 0.0018 0.075 0.15 0.02 0.012

Mean 0.027 0.45 0.15 0.45 0.08 0.10 0.20 0.0001 0.019 5.00E-08 0.320 1.0 0.3 3.70 0.0014 0.075 0.15 0.02 0.009

Domain 1

UCL95 0.69 0.45 1.78 0.45 1.40 0.10 0.20 0.009 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0203 0.075 0.15 0.27 0.135

Mean 0.65 0.45 1.59 0.45 0.78 0.10 0.20 0.004 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0176 0.075 0.15 0.23 0.117

Domain 2

UCL95 0.21 0.45 1.78 0.45 0.32 0.10 0.20 0.005 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0150 0.075 0.15 0.20 0.10

Mean 0.19 0.45 1.59 0.45 0.26 0.10 0.20 0.003 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0134 0.075 0.15 0.18 0.09

Domain 3

UCL95 0.20 0.45 1.78 0.45 0.35 0.10 0.20 0.002 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0150 0.075 0.15 0.20 0.10

Mean 0.18 0.45 1.59 0.45 0.32 0.10 0.20 0.002 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0134 0.075 0.15 0.18 0.09

Domain 4

UCL95 0.16 0.45 1.78 0.45 0.22 0.10 0.20 0.001 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0145 0.075 0.15 0.19 0.10

Mean 0.15 0.45 1.59 0.45 0.18 0.10 0.20 0.001 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0130 0.075 0.15 0.17 0.09

Purvis Creek

UCL95 0.10 0.45 1.78 0.45 0.22 0.10 0.20 0.001 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0141 0.075 0.15 0.19 0.09

Mean 0.09 0.45 1.59 0.45 0.18 0.10 0.20 0.001 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0126 0.075 0.15 0.17 0.08

Main Canal

UCL95 0.41 0.45 1.78 0.45 0.70 0.10 0.20 0.007 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0171 0.075 0.15 0.23 0.11

Mean 0.39 0.45 1.59 0.45 0.52 0.10 0.20 0.006 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0153 0.075 0.15 0.20 0.10

Eastern Creek

UCL95 0.57 0.45 1.78 0.45 1.83 0.10 0.20 0.020 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0201 0.075 0.15 0.27 0.13

Mean 0.54 0.45 1.59 0.45 0.64 0.10 0.20 0.016 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0166 0.075 0.15 0.22 0.11

Western Creek Complex

UCL95 0.21 0.45 1.78 0.45 0.32 0.10 0.20 0.003 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0150 0.075 0.15 0.20 0.10

Mean 0.19 0.45 1.59 0.45 0.26 0.10 0.20 0.002 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0134 0.075 0.15 0.18 0.09

Area A

UCL95 0.57 0.45 1.78 0.45 1.40 0.10 0.20 0.011 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0194 0.075 0.15 0.26 0.13

Mean 0.54 0.45 1.59 0.45 0.78 0.10 0.20 0.010 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0168 0.075 0.15 0.22 0.11

Blythe Island

UCL95 0.14 0.45 1.78 0.45 0.15 0.10 0.20 0.0003 0.019 9.60E-07 0.320 1.0 0.3 3.70 0.0143 0.075 0.15 0.19 0.10

Mean 0.13 0.45 1.59 0.45 0.14 0.10 0.20 0.0002 0.019 7.00E-07 0.320 1.0 0.3 3.70 0.0128 0.075 0.15 0.17 0.09

Inorganic Mercury
Location

Reference

UCL95 0.02 0.45 0.00 0.45 0.01 0.10 0.20 0.10 0.019 0.000017 0.320 1.0 0.3 3.70 0.0003 0.05 0.5 0.01 0.001

Mean 0.01 0.45 0.00 0.45 0.01 0.10 0.20 0.08 0.019 0.000008 0.320 1.0 0.3 3.70 0.0002 0.05 0.5 0.004 0.0004

Domain 1

UCL95 0.33 0.45 0.00 0.45 0.16 0.10 0.20 11.501 0.019 0.000057 0.320 1.0 0.3 3.70 0.0204 0.05 0.5 0.41 0.04

Mean 0.30 0.45 0.00 0.45 0.09 0.10 0.20 4.846 0.019 0.000044 0.320 1.0 0.3 3.70 0.0098 0.05 0.5 0.20 0.02

Domain 2

UCL95 0.10 0.45 0.00 0.45 0.04 0.10 0.20 5.839 0.019 0.000057 0.320 1.0 0.3 3.70 0.0098 0.05 0.5 0.20 0.02

Mean 0.09 0.45 0.00 0.45 0.03 0.10 0.20 3.850 0.019 0.000044 0.320 1.0 0.3 3.70 0.0066 0.05 0.5 0.13 0.01

Domain 3

UCL95 0.09 0.45 0.00 0.45 0.04 0.10 0.20 2.225 0.019 0.000057 0.320 1.0 0.3 3.70 0.0041 0.05 0.5 0.08 0.008

Mean 0.09 0.45 0.00 0.45 0.04 0.10 0.20 1.881 0.019 0.000044 0.320 1.0 0.3 3.70 0.0036 0.05 0.5 0.07 0.007

Domain 4

UCL95 0.08 0.45 0.00 0.45 0.02 0.10 0.20 1.067 0.019 0.000057 0.320 1.0 0.3 3.70 0.0023 0.05 0.5 0.05 0.005

Mean 0.07 0.45 0.00 0.45 0.02 0.10 0.20 0.631 0.019 0.000044 0.320 1.0 0.3 3.70 0.0015 0.05 0.5 0.03 0.003

Purvis Creek

UCL95 0.04 0.45 0.00 0.45 0.02 0.10 0.20 1.53 0.019 0.000057 0.320 1.0 0.3 3.70 0.0027 0.05 0.5 0.05 0.005

Mean 0.04 0.45 0.00 0.45 0.02 0.10 0.20 1.22 0.019 0.000044 0.320 1.0 0.3 3.70 0.0022 0.05 0.5 0.04 0.004

Main Canal

UCL95 0.20 0.45 0.00 0.45 0.08 0.10 0.20 8.72 0.019 0.000057 0.320 1.0 0.3 3.70 0.0150 0.05 0.5 0.30 0.03

Mean 0.18 0.45 0.00 0.45 0.06 0.10 0.20 7.39 0.019 0.000044 0.320 1.0 0.3 3.70 0.0128 0.05 0.5 0.26 0.03

Eastern Creek

UCL95 0.27 0.45 0.00 0.45 0.20 0.10 0.20 25.02 0.019 0.000057 0.320 1.0 0.3 3.70 0.0408 0.05 0.5 0.82 0.08

Mean 0.25 0.45 0.00 0.45 0.070 0.10 0.20 20.26 0.019 0.000044 0.320 1.0 0.3 3.70 0.0332 0.05 0.5 0.66 0.07

Western Creek Complex

UCL95 0.10 0.45 0.00 0.45 0.04 0.10 0.20 3.31 0.019 0.000057 0.320 1.0 0.3 3.70 0.0059 0.05 0.5 0.12 0.01

Mean 0.09 0.45 0.00 0.45 0.03 0.10 0.20 2.75 0.019 0.000044 0.320 1.0 0.3 3.70 0.0049 0.05 0.5 0.10 0.01

Area A

UCL95 0.27 0.45 0.00 0.45 0.16 0.10 0.20 14.04 0.019 0.000057 0.320 1.0 0.3 3.70 0.0239 0.05 0.5 0.48 0.05

Mean 0.25 0.45 0.00 0.45 0.09 0.10 0.20 11.99 0.019 0.000044 0.320 1.0 0.3 3.70 0.0204 0.05 0.5 0.41 0.04

Blythe Island

UCL95 0.07 0.45 0.00 0.45 0.02 0.10 0.20 0.39 0.019 0.000057 0.320 1.0 0.3 3.70 0.0011 0.05 0.5 0.02 0.002

Mean 0.06 0.45 0.00 0.45 0.02 0.10 0.20 0.30 0.019 0.000044 0.320 1.0 0.3 3.70 0.0009 0.05 0.5 0.02 0.002

(mg/kgBW/day)

TRV Hazard Quotient



Table H-6.  Estimated Exposure Concentrations - Raccoon (Procyon lotor )

Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

FC FC BC BC Mc Mc IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Aroclor 1268
Location

Reference

UCL95 0.38 0.45 0.30 0.45 0.22 0.10 0.20 0.08 0.019 0.00060 0.320 1.0 0.3 3.70 0.0055 0.03 0.3 0.18 0.018

Mean 0.22 0.45 0.13 0.45 0.15 0.10 0.20 0.05 0.019 0.00042 0.320 1.0 0.3 3.70 0.0029 0.03 0.3 0.10 0.01

Domain 1

UCL95 2.49 0.45 1.88 0.45 6.42 0.10 0.20 23.43 0.019 0.00038 0.320 1.0 0.3 3.70 0.0784 0.03 0.3 2.61 0.26

Mean 2.22 0.45 1.61 0.45 5.58 0.10 0.20 11.45 0.019 0.00030 0.320 1.0 0.3 3.70 0.0546 0.03 0.3 1.82 0.18

Domain 2

UCL95 1.15 0.45 1.88 0.45 2.13 0.10 0.20 5.05 0.019 0.00038 0.320 1.0 0.3 3.70 0.0334 0.03 0.3 1.11 0.11

Mean 1.06 0.45 1.61 0.45 1.62 0.10 0.20 3.75 0.019 0.00030 0.320 1.0 0.3 3.70 0.0279 0.03 0.3 0.93 0.09

Domain 3

UCL95 0.93 0.45 1.88 0.45 3.29 0.10 0.20 2.08 0.019 0.00038 0.320 1.0 0.3 3.70 0.0291 0.03 0.3 0.97 0.10

Mean 0.81 0.45 1.61 0.45 2.87 0.10 0.20 1.67 0.019 0.00030 0.320 1.0 0.3 3.70 0.0249 0.03 0.3 0.83 0.08

Domain 4

UCL95 0.71 0.45 1.88 0.45 1.22 0.10 0.20 1.36 0.019 0.00038 0.320 1.0 0.3 3.70 0.0230 0.03 0.3 0.77 0.08

Mean 0.61 0.45 1.61 0.45 1.01 0.10 0.20 1.14 0.019 0.00030 0.320 1.0 0.3 3.70 0.0196 0.03 0.3 0.65 0.07

Purvis Creek

UCL95 0.98 0.45 1.88 0.45 1.22 0.10 0.20 5.07 0.019 0.00038 0.320 1.0 0.3 3.70 0.0307 0.03 0.3 1.02 0.10

Mean 0.73 0.45 1.61 0.45 1.01 0.10 0.20 3.78 0.019 0.00030 0.320 1.0 0.3 3.70 0.0245 0.03 0.3 0.82 0.08

Main Canal

UCL95 3.26 0.45 1.88 0.45 5.06 0.10 0.20 41.71 0.019 0.00038 0.320 1.0 0.3 3.70 0.1100 0.03 0.3 3.67 0.37

Mean 2.86 0.45 1.61 0.45 4.28 0.10 0.20 27.64 0.019 0.00030 0.320 1.0 0.3 3.70 0.0821 0.03 0.3 2.74 0.27

Eastern Creek

UCL95 2.75 0.45 1.88 0.45 7.27 0.10 0.20 65.28 0.019 0.00038 0.320 1.0 0.3 3.70 0.1462 0.03 0.3 4.87 0.49

Mean 2.49 0.45 1.61 0.45 6.06 0.10 0.20 49.57 0.019 0.00030 0.320 1.0 0.3 3.70 0.1161 0.03 0.3 3.87 0.39

Western Creek Complex

UCL95 1.15 0.45 1.88 0.45 2.13 0.10 0.20 3.84 0.019 0.00038 0.320 1.0 0.3 3.70 0.0315 0.03 0.3 1.05 0.10

Mean 1.06 0.45 1.61 0.45 1.62 0.10 0.20 3.18 0.019 0.00030 0.320 1.0 0.3 3.70 0.0270 0.03 0.3 0.90 0.09

Area A

UCL95 2.75 0.45 1.88 0.45 6.42 0.10 0.20 40.14 0.019 0.00038 0.320 1.0 0.3 3.70 0.1060 0.03 0.3 3.53 0.35

Mean 2.49 0.45 1.61 0.45 5.58 0.10 0.20 32.78 0.019 0.00030 0.320 1.0 0.3 3.70 0.0895 0.03 0.3 2.98 0.30

Blythe Island

UCL95 0.24 0.45 1.88 0.45 0.84 0.10 0.20 0.25 0.019 0.00038 0.320 1.0 0.3 3.70 0.0172 0.03 0.3 0.57 0.06

Mean 0.22 0.45 1.61 0.45 0.72 0.10 0.20 0.20 0.019 0.00030 0.320 1.0 0.3 3.70 0.0148 0.03 0.3 0.49 0.05

Lead
     Location
Reference

UCL95 0.84 0.45 4.21 0.45 1.43 0.10 0.20 20.41 0.019 0.0100 0.320 1.0 0.3 3.70 0.0709 8 80 0.009 0.001

Mean 0.71 0.45 0.73 0.45 0.87 0.10 0.20 17.64 0.019 0.0057 0.320 1.0 0.3 3.70 0.0392 8 80 0.005 0.0005

Domain 1

UCL95 10.85 0.45 1.21 0.45 0.76 0.10 0.20 40.73 0.019 0.0016 0.320 1.0 0.3 3.70 0.1520 8 80 0.02 0.002

Mean 7.93 0.45 0.82 0.45 0.62 0.10 0.20 31.02 0.019 0.0013 0.320 1.0 0.3 3.70 0.1127 8 80 0.01 0.001

Domain 2

UCL95 0.56 0.45 1.21 0.45 1.26 0.10 0.20 63.03 0.019 0.0016 0.320 1.0 0.3 3.70 0.1121 8 80 0.01 0.001

Mean 0.52 0.45 0.82 0.45 0.93 0.10 0.20 40.85 0.019 0.0013 0.320 1.0 0.3 3.70 0.0743 8 80 0.009 0.001

Domain 3

UCL95 3.34 0.45 1.21 0.45 30.7 0.10 0.20 132.5 0.019 0.0016 0.320 1.0 0.3 3.70 0.2871 8 80 0.04 0.004

Mean 2.11 0.45 0.82 0.45 2.41 0.10 0.20 90.72 0.019 0.0013 0.320 1.0 0.3 3.70 0.1651 8 80 0.02 0.002

Domain 4

UCL95 0.57 0.45 1.21 0.45 0.65 0.10 0.20 22.88 0.019 0.0016 0.320 1.0 0.3 3.70 0.0493 8 80 0.006 0.001

Mean 0.53 0.45 0.82 0.45 0.43 0.10 0.20 21.66 0.019 0.0013 0.320 1.0 0.3 3.70 0.0440 8 80 0.005 0.001

Purvis Creek

UCL95 1.07 0.45 1.21 0.45 0.65 0.10 0.20 23.08 0.019 0.0016 0.320 1.0 0.3 3.70 0.0533 8 80 0.007 0.001

Mean 0.92 0.45 0.82 0.45 0.43 0.10 0.20 17.41 0.019 0.0013 0.320 1.0 0.3 3.70 0.0402 8 80 0.005 0.001

Main Canal

UCL95 1.77 0.45 1.21 0.45 0.55 0.10 0.20 28.07 0.019 0.0016 0.320 1.0 0.3 3.70 0.0659 8 80 0.008 0.001

Mean 1.45 0.45 0.82 0.45 0.46 0.10 0.20 26.07 0.019 0.0013 0.320 1.0 0.3 3.70 0.0575 8 80 0.007 0.001

Eastern Creek

UCL95 7.58 0.45 1.21 0.45 0.86 0.10 0.20 41.5 0.019 0.0016 0.320 1.0 0.3 3.70 0.1295 8 80 0.02 0.002

Mean 5.21 0.45 0.82 0.45 0.68 0.10 0.20 35.71 0.019 0.0013 0.320 1.0 0.3 3.70 0.1002 8 80 0.01 0.001

Western Creek Complex

UCL95 0.56 0.45 1.21 0.45 1.26 0.10 0.20 30.1 0.019 0.0016 0.320 1.0 0.3 3.70 0.0614 8 80 0.008 0.001

Mean 0.52 0.45 0.82 0.45 0.93 0.10 0.20 28.98 0.019 0.0013 0.320 1.0 0.3 3.70 0.0560 8 80 0.007 0.001

Area A

UCL95 7.58 0.45 1.21 0.45 0.76 0.10 0.20 34.05 0.019 0.0016 0.320 1.0 0.3 3.70 0.1179 8 80 0.01 0.001

Mean 5.21 0.45 0.82 0.45 0.62 0.10 0.20 31 0.019 0.0013 0.320 1.0 0.3 3.70 0.0928 8 80 0.01 0.001

Blythe Island

UCL95 0.54 0.45 1.21 0.45 0.29 0.10 0.20 18.26 0.019 0.0016 0.320 1.0 0.3 3.70 0.0414 8 80 0.005 0.001

Mean 0.50 0.45 0.82 0.45 0.25 0.10 0.20 16.50 0.019 0.0013 0.320 1.0 0.3 3.70 0.0355 8 80 0.004 0.0004

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

FC - Fiddler Crab

BC - Blue Crab

Mc - Mummichog

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean



Table H-7.  Estimated Exposure Concentrations - River otter (Lutra canadensis )

Conc Fraction Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Mc Mc S Perch S Perch FC FC BC BC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ

Methyl Mercury
Locations  

Reference

UCL95 0.10 0.30 0.33 0.50 0.034 0.10 0.19 0.10 0.33 0.0001 0.015 1.00E-07 0.55 1.0 0.57 6.70 0.00610 0.075 0.15 0.08 0.04

Mean 0.08 0.30 0.29 0.50 0.027 0.10 0.15 0.10 0.33 0.0001 0.015 5.00E-08 0.55 1.0 0.57 6.70 0.00524 0.075 0.15 0.07 0.03

Domain 1

UCL95 1.40 0.30 1.85 0.50 0.69 0.10 1.78 0.10 0.33 0.009 0.015 9.60E-07 0.55 1.0 0.03 6.70 0.00235 0.075 0.15 0.03 0.02

Mean 0.78 0.30 1.60 0.50 0.65 0.10 1.59 0.10 0.33 0.004 0.015 7.00E-07 0.55 1.0 0.03 6.70 0.00186 0.075 0.15 0.02 0.01

Domain 2

UCL95 0.32 0.30 1.85 0.50 0.21 0.10 1.78 0.10 0.33 0.005 0.015 9.60E-07 0.55 1.0 0.18 6.70 0.01082 0.075 0.15 0.14 0.07

Mean 0.26 0.30 1.60 0.50 0.19 0.10 1.59 0.10 0.33 0.003 0.015 7.00E-07 0.55 1.0 0.18 6.70 0.00936 0.075 0.15 0.12 0.06

Domain 3

UCL95 0.35 0.30 1.85 0.50 0.20 0.10 1.78 0.10 0.33 0.002 0.015 9.60E-07 0.55 1.0 0.21 6.70 0.01270 0.075 0.15 0.17 0.08

Mean 0.32 0.30 1.60 0.50 0.18 0.10 1.59 0.10 0.33 0.002 0.015 7.00E-07 0.55 1.0 0.21 6.70 0.01110 0.075 0.15 0.15 0.07

Domain 4

UCL95 0.22 0.30 1.85 0.50 0.16 0.10 1.78 0.10 0.33 0.001 0.015 9.60E-07 0.55 1.0 0.57 6.70 0.03327 0.075 0.15 0.44 0.22

Mean 0.18 0.30 1.60 0.50 0.15 0.10 1.59 0.10 0.33 0.001 0.015 7.00E-07 0.55 1.0 0.57 6.70 0.02886 0.075 0.15 0.38 0.19

Purvis Creek

UCL95 0.22 0.30 1.85 0.50 0.10 0.10 1.78 0.10 0.33 0.001 0.015 9.60E-07 0.55 1.0 0.08 6.70 0.00465 0.075 0.15 0.06 0.03

Mean 0.18 0.30 1.60 0.50 0.09 0.10 1.59 0.10 0.33 0.001 0.015 7.00E-07 0.55 1.0 0.08 6.70 0.00403 0.075 0.15 0.05 0.03

Main Canal

UCL95 0.70 0.30 1.85 0.50 0.41 0.10 1.78 0.10 0.33 0.007 0.015 9.60E-07 0.55 1.0 0.002 6.70 0.00013 0.075 0.15 0.002 0.001

Mean 0.52 0.30 1.60 0.50 0.39 0.10 1.59 0.10 0.33 0.006 0.015 7.00E-07 0.55 1.0 0.002 6.70 0.00011 0.075 0.15 0.002 0.001

Eastern Creek

UCL95 1.83 0.30 1.85 0.50 0.57 0.10 1.78 0.10 0.33 0.020 0.015 9.60E-07 0.55 1.0 0.006 6.70 0.00051 0.075 0.15 0.007 0.003

Mean 0.64 0.30 1.60 0.50 0.54 0.10 1.59 0.10 0.33 0.016 0.015 7.00E-07 0.55 1.0 0.006 6.70 0.00036 0.075 0.15 0.005 0.002

Western Creek Complex

UCL95 0.32 0.30 1.85 0.50 0.21 0.10 1.78 0.10 0.33 0.003 0.015 9.60E-07 0.55 1.0 0.003 6.70 0.00018 0.075 0.15 0.002 0.001

Mean 0.26 0.30 1.60 0.50 0.19 0.10 1.59 0.10 0.33 0.002 0.015 7.00E-07 0.55 1.0 0.003 6.70 0.00016 0.075 0.15 0.002 0.001

Area A

UCL95 1.40 0.30 1.85 0.50 0.57 0.10 1.78 0.10 0.33 0.011 0.015 9.60E-07 0.55 1.0 0.011 6.70 0.00086 0.075 0.15 0.011 0.006

Mean 0.78 0.30 1.60 0.50 0.54 0.10 1.59 0.10 0.33 0.010 0.015 7.00E-07 0.55 1.0 0.011 6.70 0.00068 0.075 0.15 0.009 0.005

Blythe Island

UCL95 0.15 0.30 1.85 0.50 0.14 0.10 1.78 0.10 0.33 0.0003 0.015 9.60E-07 0.55 1.0 0.57 6.70 0.03262 0.075 0.15 0.43 0.22

Mean 0.14 0.30 1.60 0.50 0.13 0.10 1.59 0.10 0.33 0.0002 0.015 7.00E-07 0.55 1.0 0.57 6.70 0.02847 0.075 0.15 0.38 0.19

Inorganic Mercury
Location

Reference

UCL95 0.01 0.30 0.33 0.50 0.02 0.10 0.00 0.10 0.33 0.10 0.015 0.000017 0.55 1.0 0.57 6.70 0.004913 0.05 0.5 0.10 0.01

Mean 0.01 0.30 0.29 0.50 0.01 0.10 0.00 0.10 0.33 0.08 0.015 0.000008 0.55 1.0 0.57 6.70 0.004288 0.05 0.5 0.09 0.009

Domain 1

UCL95 0.16 0.30 1.85 0.50 0.33 0.10 0.00 0.10 0.33 11.501 0.015 0.000057 0.55 1.0 0.03 6.70 0.00226 0.05 0.5 0.05 0.005

Mean 0.09 0.30 1.60 0.50 0.30 0.10 0.00 0.10 0.33 4.846 0.015 0.000044 0.55 1.0 0.03 6.70 0.00159 0.05 0.5 0.03 0.003

Domain 2

UCL95 0.04 0.30 1.85 0.50 0.10 0.10 0.00 0.10 0.33 5.839 0.015 0.000057 0.55 1.0 0.18 6.70 0.01075 0.05 0.5 0.21 0.021

Mean 0.03 0.30 1.60 0.50 0.09 0.10 0.00 0.10 0.33 3.850 0.015 0.000044 0.55 1.0 0.18 6.70 0.00880 0.05 0.5 0.18 0.018

Domain 3

UCL95 0.04 0.30 1.85 0.50 0.09 0.10 0.00 0.10 0.33 2.225 0.015 0.000057 0.55 1.0 0.21 6.70 0.01082 0.05 0.5 0.22 0.022

Mean 0.04 0.30 1.60 0.50 0.09 0.10 0.00 0.10 0.33 1.881 0.015 0.000044 0.55 1.0 0.21 6.70 0.00938 0.05 0.5 0.19 0.019

Domain 4

UCL95 0.02 0.30 1.85 0.50 0.08 0.10 0.00 0.10 0.33 1.067 0.015 0.000057 0.55 1.0 0.57 6.70 0.02773 0.05 0.5 0.55 0.055

Mean 0.02 0.30 1.60 0.50 0.07 0.10 0.00 0.10 0.33 0.631 0.015 0.000044 0.55 1.0 0.57 6.70 0.02367 0.05 0.5 0.47 0.047

Purvis Creek

UCL95 0.02 0.30 1.85 0.50 0.04 0.10 0.00 0.10 0.33 1.53 0.015 0.000057 0.55 1.0 0.08 6.70 0.00396 0.05 0.5 0.08 0.008

Mean 0.02 0.30 1.60 0.50 0.04 0.10 0.00 0.10 0.33 1.22 0.015 0.000044 0.55 1.0 0.08 6.70 0.00342 0.05 0.5 0.07 0.007

Main Canal

UCL95 0.08 0.30 1.85 0.50 0.20 0.10 0.00 0.10 0.33 8.72 0.015 0.000057 0.55 1.0 0.002 6.70 0.00013 0.05 0.5 0.003 0.0003

Mean 0.06 0.30 1.60 0.50 0.18 0.10 0.00 0.10 0.33 7.39 0.015 0.000044 0.55 1.0 0.002 6.70 0.00012 0.05 0.5 0.002 0.0002

Eastern Creek

UCL95 0.20 0.30 1.85 0.50 0.27 0.10 0.00 0.10 0.33 25.02 0.015 0.000057 0.55 1.0 0.006 6.70 0.00064 0.05 0.5 0.01 0.001

Mean 0.070 0.30 1.60 0.50 0.25 0.10 0.00 0.10 0.33 20.26 0.015 0.000044 0.55 1.0 0.006 6.70 0.00052 0.05 0.5 0.01 0.001

Western Creek Complex

UCL95 0.04 0.30 1.85 0.50 0.10 0.10 0.00 0.10 0.33 3.31 0.015 0.000057 0.55 1.0 0.003 6.70 0.00016 0.05 0.5 0.003 0.0003

Mean 0.03 0.30 1.60 0.50 0.09 0.10 0.00 0.10 0.33 2.75 0.015 0.000044 0.55 1.0 0.003 6.70 0.00014 0.05 0.5 0.003 0.0003

Area A

UCL95 0.16 0.30 1.85 0.50 0.27 0.10 0.00 0.10 0.33 14.04 0.015 0.000057 0.55 1.0 0.011 6.70 0.00089 0.05 0.5 0.018 0.0018

Mean 0.09 0.30 1.60 0.50 0.25 0.10 0.00 0.10 0.33 11.99 0.015 0.000044 0.55 1.0 0.011 6.70 0.00076 0.05 0.5 0.015 0.0015

Blythe Island

UCL95 0.02 0.30 1.85 0.50 0.07 0.10 0.00 0.10 0.33 0.39 0.015 0.000057 0.55 1.0 0.57 6.70 0.02680 0.05 0.5 0.5359 0.05359

Mean 0.02 0.30 1.60 0.50 0.06 0.10 0.00 0.10 0.33 0.30 0.015 0.000044 0.55 1.0 0.57 6.70 0.02316 0.05 0.5 0.4631 0.04631

(mg/kgBW/day)

TRV Hazard Quotient



Table H-7.  Estimated Exposure Concentrations - River otter (Lutra canadensis )

Conc Fraction Conc Fraction Conc Fraction Conc Fraction Food Conc Sed Conc Water Time Area Body Estimated

Mc Mc S Perch S Perch FC FC BC BC IR Sed IR Water IR UF UF Weight Exposure NOAEL LOAEL NOAEL LOAEL

COPC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (kg/day) (mg/kg) (kg/day) (mg/L) (L/day) (kg) (mg/kgBW/day) HQ HQ(mg/kgBW/day)

TRV Hazard Quotient

Aroclor 1268
Location

Reference

UCL95 0.22 0.30 0.23 0.50 0.38 0.10 0.30 0.10 0.33 0.08 0.015 0.00060 0.55 1.0 0.57 6.70 0.00712 0.03 0.3 0.237 0.0237

Mean 0.15 0.30 0.19 0.50 0.22 0.10 0.13 0.10 0.33 0.05 0.015 0.00042 0.55 1.0 0.57 6.70 0.00500 0.03 0.3 0.167 0.0167

Domain 1

UCL95 6.42 0.30 7.05 0.50 2.49 0.10 1.88 0.10 0.33 23.43 0.015 0.00038 0.55 1.0 0.03 6.70 0.01027 0.03 0.3 0.34 0.034

Mean 5.58 0.30 5.67 0.50 2.22 0.10 1.61 0.10 0.33 11.45 0.015 0.00030 0.55 1.0 0.03 6.70 0.00800 0.03 0.3 0.27 0.027

Domain 2

UCL95 2.13 0.30 7.05 0.50 1.15 0.10 1.88 0.10 0.33 5.05 0.015 0.00038 0.55 1.0 0.18 6.70 0.04164 0.03 0.3 1.39 0.139

Mean 1.62 0.30 5.67 0.50 1.06 0.10 1.61 0.10 0.33 3.75 0.015 0.00030 0.55 1.0 0.18 6.70 0.03333 0.03 0.3 1.11 0.111

Domain 3

UCL95 3.29 0.30 7.05 0.50 0.93 0.10 1.88 0.10 0.33 2.08 0.015 0.00038 0.55 1.0 0.21 6.70 0.05056 0.03 0.3 1.69 0.169

Mean 2.87 0.30 5.67 0.50 0.81 0.10 1.61 0.10 0.33 1.67 0.015 0.00030 0.55 1.0 0.21 6.70 0.04152 0.03 0.3 1.38 0.138

Domain 4

UCL95 1.22 0.30 7.05 0.50 0.71 0.10 1.88 0.10 0.33 1.36 0.015 0.00038 0.55 1.0 0.57 6.70 0.11827 0.03 0.3 3.94 0.39

Mean 1.01 0.30 5.67 0.50 0.61 0.10 1.61 0.10 0.33 1.14 0.015 0.00030 0.55 1.0 0.57 6.70 0.09580 0.03 0.3 3.19 0.319

Purvis Creek

UCL95 1.22 0.30 7.05 0.50 0.98 0.10 1.88 0.10 0.33 5.07 0.015 0.00038 0.55 1.0 0.08 6.70 0.01737 0.03 0.3 0.58 0.058

Mean 1.01 0.30 5.67 0.50 0.73 0.10 1.61 0.10 0.33 3.78 0.015 0.00030 0.55 1.0 0.08 6.70 0.01396 0.03 0.3 0.47 0.047

Main Canal

UCL95 5.06 0.30 7.05 0.50 3.26 0.10 1.88 0.10 0.33 41.71 0.015 0.00038 0.55 1.0 0.002 6.70 0.00073 0.03 0.3 0.02 0.002

Mean 4.28 0.30 5.67 0.50 2.86 0.10 1.61 0.10 0.33 27.64 0.015 0.00030 0.55 1.0 0.002 6.70 0.00057 0.03 0.3 0.02 0.002

Eastern Creek

UCL95 7.27 0.30 7.05 0.50 2.75 0.10 1.88 0.10 0.33 65.28 0.015 0.00038 0.55 1.0 0.006 6.70 0.00270 0.03 0.3 0.09 0.009

Mean 6.06 0.30 5.67 0.50 2.49 0.10 1.61 0.10 0.33 49.57 0.015 0.00030 0.55 1.0 0.006 6.70 0.00216 0.03 0.3 0.07 0.007

Western Creek Complex

UCL95 2.13 0.30 7.05 0.50 1.15 0.10 1.88 0.10 0.33 3.84 0.015 0.00038 0.55 1.0 0.003 6.70 0.00069 0.03 0.3 0.02 0.002

Mean 1.62 0.30 5.67 0.50 1.06 0.10 1.61 0.10 0.33 3.18 0.015 0.00030 0.55 1.0 0.003 6.70 0.00055 0.03 0.3 0.02 0.002

Area A

UCL95 6.42 0.30 7.05 0.50 2.75 0.10 1.88 0.10 0.33 40.14 0.015 0.00038 0.55 1.0 0.011 6.70 0.00419 0.03 0.3 0.14 0.014

Mean 5.58 0.30 5.67 0.50 2.49 0.10 1.61 0.10 0.33 32.78 0.015 0.00030 0.55 1.0 0.011 6.70 0.00347 0.03 0.3 0.12 0.012

Blythe Island

UCL95 0.84 0.30 7.05 0.50 0.24 0.10 1.88 0.10 0.33 0.25 0.015 0.00038 0.55 1.0 0.57 6.70 0.11232 0.03 0.3 3.74 0.374

Mean 0.72 0.30 5.67 0.50 0.22 0.10 1.61 0.10 0.33 0.20 0.015 0.00030 0.55 1.0 0.57 6.70 0.09106 0.03 0.3 3.04 0.304

Lead
     Location
Reference

UCL95 1.43 0.30 0.23 0.50 0.84 0.10 4.21 0.10 0.33 20.41 0.015 0.0100 0.55 1.0 0.57 6.70 0.05596 8 80 0.007 0.0007

Mean 0.87 0.30 0.22 0.50 0.71 0.10 0.73 0.10 0.33 17.64 0.015 0.0057 0.55 1.0 0.57 6.70 0.03723 8 80 0.005 0.0005

Domain 1

UCL95 0.76 0.30 0.50 0.50 10.85 0.10 1.21 0.10 0.33 40.73 0.015 0.0016 0.55 1.0 0.03 6.70 0.00523 8 80 0.0007 0.00007

Mean 0.62 0.30 0.40 0.50 7.93 0.10 0.82 0.10 0.33 31.02 0.015 0.0013 0.55 1.0 0.03 6.70 0.00395 8 80 0.0005 0.00005

Domain 2

UCL95 1.26 0.30 0.50 0.50 0.56 0.10 1.21 0.10 0.33 63.03 0.015 0.0016 0.55 1.0 0.18 6.70 0.03256 8 80 0.004 0.0004

Mean 0.93 0.30 0.40 0.50 0.52 0.10 0.82 0.10 0.33 40.85 0.015 0.0013 0.55 1.0 0.18 6.70 0.02192 8 80 0.003 0.0003

Domain 3

UCL95 30.7 0.30 0.50 0.50 3.34 0.10 1.21 0.10 0.33 132.5 0.015 0.0016 0.55 1.0 0.21 6.70 0.16488 8 80 0.02 0.002

Mean 2.41 0.30 0.40 0.50 2.11 0.10 0.82 0.10 0.33 90.72 0.015 0.0013 0.55 1.0 0.21 6.70 0.05525 8 80 0.007 0.001

Domain 4

UCL95 0.65 0.30 0.50 0.50 0.57 0.10 1.21 0.10 0.33 22.88 0.015 0.0016 0.55 1.0 0.57 6.70 0.04676 8 80 0.006 0.0006

Mean 0.43 0.30 0.40 0.50 0.53 0.10 0.82 0.10 0.33 21.66 0.015 0.0013 0.55 1.0 0.57 6.70 0.04073 8 80 0.005 0.0005

Purvis Creek

UCL95 0.65 0.30 0.50 0.50 1.07 0.10 1.21 0.10 0.33 23.08 0.015 0.0016 0.55 1.0 0.08 6.70 0.00680 8 80 0.0008 0.00008

Mean 0.43 0.30 0.40 0.50 0.92 0.10 0.82 0.10 0.33 17.41 0.015 0.0013 0.55 1.0 0.08 6.70 0.00511 8 80 0.0006 0.00006

Main Canal

UCL95 0.55 0.30 0.50 0.50 1.77 0.10 1.21 0.10 0.33 28.07 0.015 0.0016 0.55 1.0 0.002 6.70 0.00020 8 80 0.00002 0.000002

Mean 0.46 0.30 0.40 0.50 1.45 0.10 0.82 0.10 0.33 26.07 0.015 0.0013 0.55 1.0 0.002 6.70 0.00017 8 80 0.00002 0.000002

Eastern Creek

UCL95 0.86 0.30 0.50 0.50 7.58 0.10 1.21 0.10 0.33 41.5 0.015 0.0016 0.55 1.0 0.006 6.70 0.00097 8 80 0.0001 0.00001

Mean 0.68 0.30 0.40 0.50 5.21 0.10 0.82 0.10 0.33 35.71 0.015 0.0013 0.55 1.0 0.006 6.70 0.00078 8 80 0.0001 0.00001

Western Creek Complex

UCL95 1.26 0.30 0.50 0.50 0.56 0.10 1.21 0.10 0.33 30.1 0.015 0.0016 0.55 1.0 0.003 6.70 0.00032 8 80 0.00004 0.000004

Mean 0.93 0.30 0.40 0.50 0.52 0.10 0.82 0.10 0.33 28.98 0.015 0.0013 0.55 1.0 0.003 6.70 0.00029 8 80 0.00004 0.000004

Area A

UCL95 0.76 0.30 0.50 0.50 7.58 0.10 1.21 0.10 0.33 34.05 0.015 0.0016 0.55 1.0 0.011 6.70 0.00158 8 80 0.0002 0.00002

Mean 0.62 0.30 0.40 0.50 5.21 0.10 0.82 0.10 0.33 31 0.015 0.0013 0.55 1.0 0.011 6.70 0.00130 8 80 0.0002 0.00002

Blythe Island

UCL95 0.29 0.30 0.50 0.50 0.54 0.10 1.21 0.10 0.33 18.26 0.015 0.0016 0.55 1.0 0.57 6.70 0.03775 8 80 0.005 0.0005

Mean 0.25 0.30 0.40 0.50 0.50 0.10 0.82 0.10 0.33 16.50 0.015 0.0013 0.55 1.0 0.57 6.70 0.03254 8 80 0.004 0.0004

Notes:

COPC - Chemical of Potential Concern

Conc - Concentration

Mc - Mummichog

S Perch - Silver Perch

FC - Fiddler Crab

BC - Blue Crab

IR - Ingestion Rate

Sed - Sediment

UF - Use Factor

NOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

HQ - Hazard Quotient

UCL95 - 95th Upper Confidence of the Mean
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B.  Finfish Worksheet 
 
The  viability  of  finfish  utilizing  the  estuarine  system  was  evaluated  using  food‐web 

exposure models available from the scientific literature (Evans and Engel, 1994; Gobas, 

1993).   The only COPC evaluated with  these models were methylmercury and Aroclor 

1268, since these are the only COPC with the potential to significantly bioaccumulate in 

the aquatic food‐web. 

 

Methylmercury  exposure  and  bioaccumulation  in  higher  trophic  level  finfish  were 

evaluated using the “Lavaca Bay model” (Evans and Engel, 1994). Aroclor 1268 exposure 

and  bioaccumulation were  evaluated  using  the  “Gobas Model”  (Gobas,  1993).    Both 

models  were  originally  intended  to  “sub‐model”  transfer  of  chemicals  from  abiotic 

media  (i.e.,  sediment  and  surface water)  to  trophic  levels  of  the  aquatic  food web.  

Because more  detailed  site‐specific  data were  available  for  the  LCP  estuary,  such  as 

concentrations of COPC  in prey  items, both models were modified  from  their original 

form  in  order  to make  use  of measured  rather  than  “sub‐modeled”  data.    A  brief 

discussion of each model  is provided below. Both models are based on environmental 

data generated from 2000 to 2006. 

 

Lavaca Bay Methylmercury Model 

The Lavaca Bay model  is described  in detail  in Mercury bioaccumulation  in  finfish and 

shellfish from Lavaca Bay, Texas: Descriptive models and annotated bibliography (Evans 

and Engel, 1994)1.  The primary pathway for methylmercury exposure in the Lavaca Bay 

model  is the transfer and bioaccumulation of chemicals through the aquatic food web.  

Uptake of methylmercury via ingestion of contaminated sediment and through the skin 

and  gills  is  assumed  to  be  insignificant.  The  uncertainties  associated  with  this 

assumption are discussed in detail in the Evans and Engel report.   

 

The  original  Lavaca  Bay  model  provides  estimates  of  tissue  concentrations  of 

methylmercury  in  red  drum  based  on  total mercury  concentrations  in  sediment.  For 

application  to  the  LCP  estuary,  the  original  model  was  based  on  measured 

concentrations  (dry weight) of methylmercury  in mummichogs,  fiddler crabs, and blue 

 
1 A spreadsheet containing the model calculations was provided to Honeywell Consultants by Dr. 
Tom Dillon of NOAA. 
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crabs.    These measured  tissue  concentrations  were  converted  to  wet  weight  using 

conversion factors of 25% for mummichogs and 30% for fiddler crabs and blue crabs.  

 

Another modification applied  to  the original model was  the  incorporation of a growth 

term,  as  suggested  by  Evans  and  Engel  (1994).    When  Evans  and  Engel  compared 

modeled  tissue  concentrations  of  methylmercury  from  their  model  to  actual 

biomonitoring  data  from  the  Lavaca  Bay  system,  the modeled  concentrations  were 

considerably higher than the highest measured concentrations in red drum.  As a result, 

the authors  suggested  the  incorporation of a  term  to  represent growth of  fish  in  the 

model.  The inputs and equations used in application of the Lavaca Bay model to the LCP 

estuary are provided on Table 1.  

 

The Lavaca Bay model (as modified) calculates a bioaccumulation factor (BAF) that is the 

ratio  of  the  uptake  of methylmercury  from  food  and  its  reduction  via  excretion  and 

growth.  This BAF is multiplied by the total methyl mercury concentration in the diet of 

red drum to yield a wet weight concentration of methylmercury in the fish.  It should be 

noted  that  the  incorporation  of  the  previously mentioned  growth  term  for modeled 

tissue concentrations of the red drum results in an approximate 10‐fold reduction in the 

BAF  (45.71 without  the  growth  term, 4.78 with  the  growth  term).   This has  a  similar 

impact on resulting HQs.   

 

The  results  (output)  of  the  LCP model  are  presented  in  Table  1.   Mean  and  95UCL 

estimated tissue concentrations of methylmercury in higher trophic level fish feeding on 

mummichogs (40% of diet), fiddler crabs (30%), and blue crabs (30%) in the LCP estuary 

are  (expressed  in  terms of wet wt): 0.87 mg/kg and 0.98 mg/kg,  respectively, when a 

growth term is incorporated in the model.  Without the growth term, mean and 95UCL 

tissue concentrations are approximately 10‐fold higher. 

 

At  the  Troup  Creek  reference  location,  mean  and  95UCL  methylmercury  tissue 

concentrations are estimated to be 0.11 and 0.14 mg/kg (wet wt), respectively, when a 

growth term is included in the model.  
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Gobas Aroclor 1268 Model 

The Gobas model is described in detail in A model for predicting the bioaccumulation of 

hydrophobic  organic  chemicals  in  aquatic  food‐webs:  Application  to  Lake  Ontario 

(Gobas,  1993).    An  executable  file  containing  this  model  is  available  online  at 

http://www.rem.sfu.ca/toxicology/models.htm.    The  primary  pathways  for  chemical 

exposure  in  the model  are  transfer  and  bioaccumulation  of  chemical  concentrations 

through  the  food web  and  uptake  from water  via  the  gills.  Elimination  of  chemicals 

occurs via metabolism, excretion, and growth. As with the Lavaca Bay model, ingestion 

of contaminated sediment and uptake through the skin are assumed to be insignificant.   

 

The original Gobas model, which was originally developed  for  fish  in  the Great  Lakes 

ecosystem, has been modified for use with the red drum in one major way. The original 

Gobas model provides for estimates of tissue concentrations of chemicals in some prey 

of  fishes  (benthic  invertebrates)  to be based on  chemical  characteristics of  sediment.  

For application in the LCP estuary, the original model was modified to employ measured 

concentrations  (dry  weight)  of  Aroclor  1268  in  all  prey  of  higher  trophic  level  fish: 

mummichogs,  fiddler  crabs,  and  blue  crabs.    These measured  tissue  concentrations 

were  converted  to wet weight using  conversion  factors of 25%  for mummichogs  and 

30% for fiddler crabs and blue crabs. 

 

This  finfish model  directly  reflects  the  original Gobas model  by  evaluating  uptake  of 

Aroclor 1268  from water  via  gills of  the  fish,  as well  as by uptake  from prey. Water‐

related  uptake  is  based  on  the  percentage  of  total  Aroclor  1268  in water  (CWT)  that 

occurs  in the bioavailable form of dissolved chemical (CWD). CWD  is classically estimated 

(Clark  et  al.,  1990)  through  use  of  KPW  (a  coefficient  that  describes  partitioning  of 

organic chemicals between water and  its suspended solids). KPW,  in turn,  is predicated 

on  an  estimate  of  the  percent  of  organic  carbon  that  is  characteristic  of  suspended 

solids  (%OCSS).  Because %OCSS was  not measured  in  the  LCP  estuary,  three  different 

modeling approaches were employed to estimate CWD. In Approach 1 (Table 2), percent 

(%)  organic  carbon  in  sediment  from  the  estuary was  employed  as  a  substitute  for 

%OCSS.  In Approach 2  (Table 3), use of %OCSS was avoided by employing an equation 

(Bergen et al., 1993) for directly estimating KPW. In Approach 3 (Table 4), an even more 

direct procedure was employed,  in which CWD was estimated by a  simple  relationship 

reported by Gobas (1993).   
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Approaches 1 and 2 (Tables 2 and 3) generate similar model output (CRD) for both site 

and reference conditions, which serves to validate use of site‐specific sediment data, in 

lieu of suspended solids data, for addressing organic content in Approach 1.  

 

Approach 3 (Table 4) generates substantially higher values for CRD from the LCP estuary 

than  the other  approaches.  This may be because  the  relationship  reported by Gobas 

(1993) – CWD = (CWT) (0.5) – is based on CWT being derived for centrifuged water (Oliver 

and Nilmi, 1988), in which a substantial amount of solids would be removed. CWT for the 

LCP model was based on un‐centrifuged water, which would likely generate a correction 

value  lower  than  0.5  and  a  lower  estimate  of  CWD.  Any  bias  associated with water‐

related uptake of Aroclor 1268 in Approach 3 is limited because of the dominant role of 

food‐related uptake  in  fishes, as has been noted  for organic  chemicals by Clark et al. 

(1990) and Oliver and Nilmi (1988).  

 

In all three approaches, CRD values for reference conditions may be artifacts associated 

with the use of high input values for Aroclor 1268 in water and prey of red drum – i. e., 

use of  the 1/2 detection‐limit protocol  in  the many cases when Aroclor 1268 was not 

detected in these media.  

________________________________________________________________________ 
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Table 1.__ Parameters and calculations employed in Lavaca Bay mercury model applied to bioaccumulation of methylmercury in higher trophic level finfish
   from the LCP estuary

Symbol Description Units Formula/rationale Source Mean 95UCL Mean 95UCL

CF1D Conc. in mummichogs mg/kg (dry wt) Site-specific value
2000 - 2007 sampling (MeHg 

= 90% of tHg)
a 0.23 0.29 0.08 0.10

CF1W ---------- mg/kg (wet wt) 25% of CF1 Assumption 0.058 0.073 0.020 0.025
%P1 Percent mummichogs in diet % 40% Assumption

CF2D Conc. in fiddler crabs mg/kg (dry wt) Site-specific value
2000 - 2007 sampling (MeHg 

= 67% of tHg)
b 0.17 0.18 0.027 0.032

CF2W ---------- mg/kg (wet wt) 30% of CF2 Assumption 0.051 0.054 0.0081 0.010
%P2 Percent fiddler crabs in diet % 30% Assumption

CF3D Conc. in blue crabs mg/kg (dry wt) Site-specific value
2000 - 2007 sampling (MeKg 

= 100% of tHg)
c 1.59 1.78 0.15 0.19

CF3W ---------- mg/kg (wet wt) 30% of CF3 Assumption 0.477 0.534 0.045 0.057
%P3 Percent blue crabs in diet % 30% Assumption

CFT Total conc. in diet mg/kg (wet wt) CFT = ([CF1W] [%P1]) + ([CF2W] [%P2]) + ([CFW] [%P3])  Site-specific calculation 0.181 0.205 0.024 0.030

BW Weight of red drum g Assumption Evans and Engel (1994)

FIR Food ingestion rate g diet/g red 
drum/day Assumption Evans and Engel (1994)

a Food assimilation efficiency unitless Assumption Evans and Engel (1994)

K Fecal excretion rate (MeHg) g diet/g red 
drum/day Assumption Evans and Engel (1994)

G Growth rate g diet/g red 
drum/day Assumption Evans and Engel (1994)

BAFNG Bioaccumulation factor w/o growth BAFNG = (FIR) (a) / K Evans and Engel (1994)

BAFG Bioaccumulation factor w growth BAFG = (FIR) (a) / K + G Evans and Engel (1994)
 

CRDNG Conc. in red drum w/o growth mg/kg MeHg (wet wt) CRDNG = (BAFNG) (CFT) Evans and Engel (1994) 8.3 9.4 1.1 1.4

CRDG Conc. in red drum w growth mg/kg MeHg (wet wt) CRDG = (BAFG) (CFT) Evans and Engel (1994) 0.87 0.98 0.11 0.14

   aSources of body burdens (concentrations) of methylmercury in mummichogs (CF1D)  are derived from:
● LCP estuary mean and 95UCLs from Table 4-10a in main report.

   
b
Sources of body burdens (concentrations) of methylmercury in fiddler crabs (CF2D) are derived from:

● LCP estuary mean value: Table 4-8a in main report.

   
c
Sources of body burdens (concentrations) of methylmercury in blue crabs (CF3D) are derived from:

● LCP estuary mean value: Table 4-9a in main report. 

LCP Estuary Troup Creek Reference

Chemical Inputs for Model

Metabolic Assumptions and Constants for Model

0.40

0.30

0.30

2,000

0.02

0.8

0.00035

0.003

45.71

4.78

Output for Model



Table 2.__ Parameters and calculations employed in Gobas PCB Model applied to bioaccumulation of Aroclor 1268 in higher trophic level finfish from 
the LCP estuary -- Approach 1

Symbol Description Units Formula/rationale Source Mean 95UCL Mean 95UCL

CF1D Conc. in mummichogs μg/kg (dry wt) Site-specific value 2000 - 2007 samplinga
1,570 1,880 150 220

CF1W ---------- μg/kg (wet wt) 25% of CF1 ---------- 393 470 38 55
%P1 Percent mummichogs in diet % 40% Assumption

CF2D Conc. in fiddler crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingb
770 890 220 380

CPFW ---------- μg/kg (wet wt) 30% of CF2 ---------- 231 267 66 114
%P2 Percent fiddler crabs in diet % 30% Assumption

CF3D Conc. in blue crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingc
1,610 1,880 130 300

CF3W ---------- μg/kg (wet wt) 30% of CF3 ---------- 483 564 39 90
%P3 Percent blue crabs in diet % 30% Assumption
CFT Total conc. in diet μg/kg (wet wt) CFT = ([CF1W] [%P1]) + ([CF2W] [%P2]) + ([CFW] [%P3])  Site-specific calculation 371 437 46.5 83.2

CWT Total conc. in water μg/L Site-specific value 2000 - 2007 samplingd
0.26 0.26 0.0018 0.0018

CWD Dissolved conc. in water μg/L CWD = CWT / 1 + (KPW) (SS) Clark et al. (1990) 0.020 0.008 0.00019 0.00016

SS Suspended solids kg/L Site-specific value 2000 samplinge
0.000039 0.00010 0.000037 0.000037

%OCSS % organic carbon in SS % Site-specific estimate 2000 - 2007 samplingf
0.0484 0.0531 0.0359 0.0440

KPW SS/water partition coeff. L/kg KPW = (%OCSS) (KOW) Clark et al. (1990) 300,000 330,000 230,000 280,000

KOW Octanol/water partition coeff. L/kg Value for Aroclor 1260 Veith et al. (1979)

GV Gill ventilation rate L/day Value for rainbow trout Gobas and Mackay (1987)

ED Uptake efficiency -- gut diffusion unitless Assumption Gobas (1993)
EW Uptake efficiency -- gill diffusion unitless Assumption Morrison et al. (1997)

VF (BW) Wet weight of red drum kg Assumption Evans and Engal (1994)

VL Lipid content of red drum kg 10% of BW (value for trout/perch) Morrison et al. (1997)

FD (FIR) Food ingestion rate kg food/day 2% of BW/day Evans and Engal (1994)

k1 Gill uptake rate L/kg red drum/day 3 Gobas (1993)

k2 Gill elimination rate L/day k2 = 1 / ([VL / QW] [KOW]) + (VL /QL) Gobas (1993)

kD Dietary uptake rate kg food/kg red 
drum/day

kD = (ED) (FIR) / BW Gobas (1993)

kE Fecal excretion rate kg faeces/kg red 
drum/day

kE = (0.25) (kD) Gobas (1993)

kM Metabolic transformation rate L/day Estimation Gobas (1993)

kG Growth kg kG = (0.00251) (BW-0.2), at 25oC Gobas (1993)

Qw
Transport parameter (aqueous 
phase of red drum) L/day QW = (88.3) (BW0.6) Gobas (1993)

QL
Transport parameter (lipid phase of 
red drum) L/day ~100x smaller than QW Gobas (1993)

CRD Conc. in red drum μg/kg (wet wt) CRD =([k1] [CWD]) + ([kD] [CFT]) / k2 + kE + kM + kG Gobas (1993) 796 791 79 139

   
aSources of body burdens (concentrations) of Aroclor 1268 in mummichogs (CF 1D)  are as follows: dSources of total concentrations of Aroclor 1268 in water (CWT) are as follows:

● LCP estuary grand mean value and 95UCL: Table 4-10a in main report.  ● LCP estuary grand mean and 95UCL value: Table4-2a in main report.  

   
bSources of body burdens (concentrations) of Aroclor 1268 in fiddler crabs (CF 2D) are as follows:

eSources of suspended solids (SS) content of water are  as follows
● LCP estuary grand mean and 95UCL value: Table 4-8a in main report. (CDR Environmental Specialists and GeoSyntec Consultants, 2001): 

● LCP estuary mean value: mean of 49 values (outlier of 0.0076 excluded)
● LCP estuary maximum value: maximum of 49 values 
   (outlier of 0.0076 excluded) 

   
cSources of body burdens (concentrations) of Aroclor 1268 in blue crabs (CF 3D) are as follows: fThe values for %OCSS are estimates derived from values for sediment:

● LCP estuary grand mean and 95UCLvalue: Table 4-9a in main report. ● LCP estuary grand mean and 95UCL value:  Table 7a in main report.

●Troup Creek mean and maximum value: only one value reported

0

0.00219

133.8

1.34

0.000106

0.010

0.00375

Output for Model

0.2

0.040

Rate Constants for Model

53.625

143

0.50
0.75

2

0.30

0.30

6,300,000

Metabolic Assumptions for Model

LCP estuary Troup Creek Reference

Chemical/Physical Inputs for Model

0.40



Table 3.__ Parameters and calculations employed in Gobas PCB Model applied to bioaccumulation of Aroclor 1268 in higher trophic level finfish from 
the LCP estuary -- Approach 2

Symbol Description Units Formula/rationale Source Mean 95UCL Mean 95UCL

CF1D Conc. in mummichogs μg/kg (dry wt) Site-specific value 2000 - 2007 samplinga
1,570 1,880 150 220

CF1W ---------- μg/kg (wet wt) 25% of CF1 ---------- 393 470 38 55
%P1 Percent mummichogs in diet % 40% Assumption

CF2D Conc. in fiddler crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingb
770 890 220 380

CPFW ---------- μg/kg (wet wt) 30% of CF2 ---------- 231 267 66 114
%P2 Percent fiddler crabs in diet % 30% Assumption

CF3D Conc. in blue crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingc
1,610 1,880 130 300

CF3W ---------- μg/kg (wet wt) 30% of CF3 ---------- 483 564 39 90
%P3 Percent blue crabs in diet % 30% Assumption
CFT Total conc. in diet μg/kg (wet wt) CFT = ([CF1W] [%P1]) + ([CF2W] [%P2]) + ([CFW] [%P3])  Site-specific calculation 371 437 46.5 83.2

CWT Total conc. in water μg/L Site-specific value 2000 - 2007 samplingd
0.26 0.26 0.0018 0.0018

CWD Dissolved conc. in water μg/L CWD = CWT / 1 + (KPW) (SS) Clark et al. (1990) 0.011 0.005 0.00008 0.00008

SS Suspended solids kg/L Site-specific value 2000 samplinge
0.000039 0.00010 0.000037 0.000037

KPW SS/water partition coeff. L/kg log KPW = (0.688) (log KOW) +1.074; antilog determined Bergen et al. (1993)f

KOW Octanol/water partition coeff. L/kg Value for Aroclor 1260 Veith et al. (1979)

GV Gill ventilation rate L/day Value for rainbow trout Gobas and Mackay (1987)

ED Uptake efficiency -- gut diffusion unitless Assumption Gobas (1993)
EW Uptake efficiency -- gill diffusion unitless Assumption Morrison et al. (1997)

VF (BW) Wet weight of red drum kg Assumption Evans and Engal (1994)

VL Lipid content of red drum kg 10% of BW (value for trout/perch) Morrison et al. (1997)

FD (FIR) Food ingestion rate kg food/day 2% of BW/day Evans and Engal (1994)

k1 Gill uptake rate L/kg red drum/day k1 = (EW) (GV) / BW Gobas (1993)

k2 Gill elimination rate L/day k2 = 1 / ([VL / QW] [KOW]) + (VL /QL) Gobas (1993)

kD Dietary uptake rate kg food/kg red 
drum/day

kD = (ED) (FIR) / BW Gobas (1993)

kE Fecal excretion rate kg faeces/kg red 
drum/day

kE = (0.25) (kD) Gobas (1993)

kM Metabolic transformation rate L/day Estimation Gobas (1993)

kG Growth kg kG = (0.00251) (BW-0.2), at 25oC Gobas (1993)

Qw
Transport parameter (aqueous 
phase of red drum) L/day QW = (88.3) (BW0.6) Gobas (1993)

QL
Transport parameter (lipid phase of 
red drum) L/day ~100x smaller than QW Gobas (1993)

CRD Conc. in red drum μg/kg (wet wt) CRD =([k1] [CWD]) + ([kD] [CFT]) / k2 + kE + kM + kG Gobas (1993) 714 763 78 138

   
aSources of body burdens (concentrations) of Aroclor 1268 in mummichogs (CF1D)  are as follows: dSources of total concentrations of Aroclor 1268 in water (CWT) are as follows:

● LCP estuary grand mean and 95UCL value: Table 4-10a in main report.  ● LCP estuary grand mean and 95UCL value: Table 4-2a in main report. 

   
bSources of body burdens (concentrations) of Aroclor 1268 in fiddler crabs (CF2D) are as follows:

eSources of suspended solids (SS) content of water are  as follows

● LCP estuary grand mean and 95UCL value: Table 4-8a in main report. (CDR Environmental Specialists and GeoSyntec Consultants, 2001): 
● LCP estuary mean value: mean of 49 values (outlier of 0.0076 excluded)
● LCP estuary maximum value: maximum of 49 values 
   (outlier of 0.0076 excluded) 

   
cSources of body burdens (concentrations) of Aroclor 1268 in blue crabs (CF3D) are as follows: fThe value for KPW is based the equation derived by Bergen et al. (1993) for several

● LCP estuary grand mean and 95UCL value: Table 4-9a in main report. PCB congeners (including CD118) evaluated in seawater of New Bedford Harbor, 
Massachusetts.

Metabolic Assumptions for Model

Rate Constants for Model

Output for Model

133.8

1.34

0.040

143

●Troup Creek mean and maximum value: only one value reported

0.50

LCP estuary Troup Creek Reference

Chemical/Physical Inputs for Model

0.00219

53.625

0.000106

0.010

0.00375

0

0.2

0.75
2

0.40

0.30

0.30

6,300,000

565,000



Table 4.__ Parameters and calculations employed in Gobas PCB Model applied to bioaccumulation of Aroclor 1268 in higher trophic level finfish from 
the LCP estuary -- Approach 3

Symbol Description Units Formula/rationale Source Mean 95UCL Mean 95UCL

CF1D Conc. in mummichogs μg/kg (dry wt) Site-specific value 2000 - 2007 samplinga
1,570 1,880 150 220

CF1W ---------- μg/kg (wet wt) 25% of CF1 ---------- 393 470 38 55
%P1 Percent mummichogs in diet % 40% Assumption

CF2D Conc. in fiddler crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingb
770 890 220 380

CPFW ---------- μg/kg (wet wt) 30% of CF2 ---------- 231 267 66 114
%P2 Percent fiddler crabs in diet % 30% Assumption

CF3D Conc. in blue crabs μg/kg (dry wt) Site-specific value 2000 - 2007 samplingc
1,610 1,880 130 300

CF3W ---------- μg/kg (wet wt) 30% of CF3 ---------- 483 564 39 90
%P3 Percent blue crabs in diet % 30% Assumption
CFT Total conc. in diet μg/kg (wet wt) CFT = ([CF1W] [%P1]) + ([CF2W] [%P2]) + ([CFW] [%P3])  Site-specific calculation 371 437 46.5 83.2

CWT Total conc. in water μg/L Site-specific value 2000 - 2007 samplingd
0.26 0.26 0.0018 0.0018

CWD Dissolved conc. in water μg/L Assumption -- (CWT) (0.5) Gobas (1993)e 0.13 0.13 0.0009 0.0009

KOW Octanol/water partition coeff. L/kg Value for Aroclor 1260 Veith et al. (1979)

GV Gill ventilation rate L/day Value for rainbow trout Gobas and Mackay (1987)
ED Uptake efficiency -- gut diffusion unitless Assumption Gobas (1993)
EW Uptake efficiency -- gill diffusion unitless Assumption Morrison et al. (1997)

VF (BW) Wet weight of red drum kg Assumption Evans and Engal (1994)

VL Lipid content of red drum kg 10% of BW (value for trout/perch) Morrison et al. (1997)

FD (FIR) Food ingestion rate kg food/day 2% of BW/day Evans and Engal (1994)

k1 Gill uptake rate L/kg red drum/day k1 = (EW) (GV) / BW Gobas (1993)

k2 Gill elimination rate L/day k2 = 1 / ([VL / QW] [KOW]) + (VL /QL) Gobas (1993)

kD Dietary uptake rate kg food/kg red 
drum/day

kD = (ED) (FIR) / BW Gobas (1993)

kE Fecal excretion rate kg faeces/kg red 
drum/day

kE = (0.25) (kD) Gobas (1993)

kM Metabolic transformation rate L/day Estimation Gobas (1993)

kG Growth kg kG = (0.00251) (BW-0.2), at 25oC Gobas (1993)

Qw
Transport parameter (aqueous 
phase of red drum) L/day QW = (88.3) (BW0.6) Gobas (1993)

QL
Transport parameter (lipid phase of 
red drum) L/day ~100x smaller than QW Gobas (1993)

CRD Conc. in red drum μg/kg (wet wt) CRD =([k1] [CWD]) + ([kD] [CFT]) / k2 + kE + kM + kG Gobas (1993) 1,767 1,876 85 146

   
aSources of body burdens (concentrations) of Aroclor 1268 in mummichogs (CF1D)  are as follows: dSources of total concentrations of Aroclor 1268 in water (C WT) are as follows:

● LCP estuary grand mean and 95UCL value: Table 4-10a in main report  ● LCP estuary grand mean and 95UCL value: Table 4-2a in main report.  

   
bSources of body burdens (concentrations) of Aroclor 1268 in fiddler crabs (CF 2D) are as follows: fThe values for KPW are based on the relationship identified and used by Gobas (1993) 

● LCP estuary grand mean and 95UCL value: Table 4-8a in main report. for water in Lake Ontario and a KOW value (log KOW) of 6.6.

   
cSources of body burdens (concentrations) of Aroclor 1268 in blue crabs (CF 3D) are as follows:

● LCP estuary grand mean and 95UCL value: Table 4-9a in main report.

LCP estuary Troup Creek Reference

Chemical/Physical Inputs for Model

0.40

0.30

0.30

6,300,000

Metabolic Assumptions for Model
143
0.50
0.75

2

0.2

0.040

Rate Constants for Model
53.625

0.000106

0.010

0.00375

0

0.00219

133.8

1.34

Output for Model
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Appendix I 
 

SPECIAL SEDIMENT STUDIES 
FOR ESTUARY AT LCP SITE 

 
Two studies designed to address specific issues are described in this appendix.  

 

I.1  Apparent Effects Threshold (AET) Study 

The  first of  these studies was conducted  in 2006  to develop site‐specific apparent effects 

thresholds  (AETs)  and  sediment  effect  concentrations  (SECs)  for  chemicals  of  potential 

concern (COPC) and selected metals in surface sediment of the estuary. Interpreted results 

of  this  study  are  presented  in  Section  4.5  of  this  document.  This  appendix  illustrates 

locations of sediment sampling stations employed in the study – locations in the Main Canal 

(Figure 5), Eastern Creek (Figure 6), and Western Creek Complex (Figure 7) – and presents 

resulting  chemical  data  in  a  format  that  facilitates  an  understanding  of  chemical 

characteristics along the headwater‐to‐mouth gradient of these water bodies (Table 1). 

 

The  highest  concentrations  of  total  mercury  and  Aroclor  1268  in  the  Main  Canal  are 

characteristic of  the upper and middle  stretches of  the  canal  (down  to about Station 20, 

located near  the mouth of  the  Eastern Creek). However,  relatively  low  levels of  the  two 

chemicals  occurred  at  the  extreme  headwaters  of  the  canal  (Stations  48‐  50).  For  the 

Eastern  Creek,  highest  concentrations  of  total mercury  and Aroclor  1268  also  tended  to 

occur  in  the upper and middle parts of  the creek  (down  to perhaps Station 32), although 

relatively high  levels of Aroclor 1268 occurred at more downstream  locations (Stations 26, 

23, and 19).  In  the Western Creek Complex  (the most western branch), concentrations of 

total mercury and Aroclor 1268 were substantially lower than in the Main Canal and Eastern 

Creek, and a headwater‐to‐mouth gradient was not apparent. Concentrations of total PAHs 

in all three water bodies were generally  less than 1 mg/kg, with higher  levels occasionally 

present in all three bodies.  

 

I.2  Purvis Creek and Domain 4 Study 

This study was conducted in 2005 to evaluate the extent to which North Purvis Creek could 

be distinguished from the southern stretch of the creek in terms of concentrations of COPC 

in surface sediment; and, also, if the western part of Domain 4 (primarily flooded by water 

 1



 2

from the Turtle River) exhibited lower levels of COPC in surface sediment than the eastern 

part of the domain (primarily flooded by water from Purvis Creek).  

 

Sediment sampling stations for North and South Purvis Creek are illustrated in, respectively, 

Figures  5a  and  5b. Mean  concentrations  of  all  COPC were  higher  in North  Purvis  Creek 

(Table 2); and,  in the cases of total mercury and  lead, the 95% confidence  interval (CI) for 

the two stretches of creek did not overlap. These distribution patterns for COPC may reflect 

a net “up‐creek” transport of the chemicals in the creek. 

 

For Domain 4, sediment sampling stations are  illustrated  in Figure 6. Mean concentrations 

of all COPC were, as expected, lower in the western domain than in the eastern domain. In 

the case of Aroclor 1268, the 95% CI for the two parts of the domain did not overlap.  

 

 
.  

 



   apparent effects thresholds (AETs) and sediment effect concentrations (SECs) for surface sedimenta,b

Sampling location
(From headwaters Total Aroclor Total

to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc

MC50 0.37 1.5 3.9 0.229 0.032 1.29 1.26 0.016 8
MC49 0.40 1.5 4.4 0.429 0.037 1.58 1.31 0.016 9
MC48 0.20 1.0 5.8 0.104 0.036 1.76 1.85 0.015 9.9
MC47 29 54 42 0.714 0.233 28.2 20.2 0.291 106
MC46 35 280 42 0.955 0.296 20 20.2 0.22 88.5
MC45 29 140 29 0.744 0.182 15.9 12.9 0.206 71.4
MC44 6.2 55 41 0.454 0.244 18.8 21 0.188 76.9
MC43 1.2 8.1 68 16.683 0.137 11.2 12.7 0.079 58
MC42 13 18 31 0.396 0.2 20.1 15.8 0.323 93
MC41 22 9.2 32 0.420 0.201 19.4 16 0.256 95
MC40 8.9 19 33 0.371 0.21 14.3 14.1 0.246 84.8
MC39 5.3 37 31 0.517 0.219 13.1 13.1 0.199 79.6
MC38 4.3 21 29 0.435 0.184 12.7 14.5 0.169 84.3
MC37 5.3 76 31 0.769 0.228 13.9 15.3 0.16 79.3
MC36 6.7 150 40 0.849 0.28 16.2 17.7 0.134 36.3
MC35 8.3 11 30 0.457 0.199 18.8 16.7 0.245 56.3
MC34 8.0 10 30 0.405 0.193 14.8 17.1 0.218 81.3
MC33 11 12 31 0.541 0.197 18.5 15.1 0.275 79
MC32 5.8 16 34 0.657 0.202 13.6 14 0.172 90
MC31 5.6 23 29 0.633 0.218 14.6 14.6 0.233 87
MC30 40 32 24 0.394 0.168 10.1 10.2 0.125 91.4
MC29 1.5 4.8 12 0.184 0.095 5.63 6.57 0.064 77.1
MC28 12 20 28 0.630 0.193 14 13.2 0.297 74.5
MC27 9.4 34 35 0.642 0.248 17.3 17.8 0.354 66.8
MC26 7.6 68 33 0.858 0.222 13.8 15.5 0.202 71.6
MC25 6.3 18 41 0.729 0.218 13.9 14.4 0.178 80.5
MC24 22 570 34 3.764 0.255 14.8 10.7 0.229 67.6
MC23 4.7 28 28 0.501 0.206 12.4 13.6 0.179 75.3
MC22 10 110 32 0.658 0.246 14.3 15.9 0.188 75.3
MC21 3.0 18 24 0.589 0.203 11.3 11.9 0.127 71.1
MC20 18 360 38 2.238 0.266 16.4 12.5 0.215 76.4
MC19 24 33 29 0.569 0.237 20.7 13.5 0.309 78.9
MC18 4.6 30 14 0.719 0.107 5.45 5.32 0.071 31.8
MC17 8.4 14 14 0.391 0.099 5.82 7.09 0.066 35.1
MC16 3.0 19 13 0.433 0.078 5.06 6.12 0.065 32.4
MC15 3.1 26 25 0.599 0.211 10.4 12.3 0.133 59.1
MC14 9.0 39 27 0.363 0.251 12.4 11.6 0.238 70.3
MC13 13 32 41 0.648 0.156 11.6 10.8 0.183 57.4
MC12 3.6 13 29 0.525 0.246 14.6 16.4 0.274 77
MC11 28 15 30 0.612 0.224 19.1 15.7 0.277 78.3
MC10 1.3 4.1 21 0.389 0.198 12.1 13.3 0.142 85.5
MC9 2.6 11 22 0.516 0.179 10.9 12.1 0.147 75
MC8 3.0 11 23 0.859 0.2 12 12.8 0.15 78.7
MC7 3.6 21 24 0.761 0.207 11.7 12.4 0.143 80.8
MC6 0.77 1.8 25 0.343 0.21 12.8 15.1 0.146 97.1
MC5 2.1 8.3 23 0.479 0.212 12 12.2 0.141 77.2
MC4 2.8 20 22 1.010 0.168 9.29 8.64 0.105 59.2
MC3 1.7 8.2 42 0.490 0.181 10.7 11.9 0.118 73.5
MC2 2.6 15 25 0.682 0.175 10.5 10.6 0.122 67.1
MC1 3.4 20 27 0.761 0.189 10.6 10.4 0.131 71.2

Range: 0.20-40 1.0-570 3.9-68 0.104-16.683 0.032-0.296 1.29-28.2 1.26-21 0.015-0.354 8-106

Mean: 9.21 50.95 28.4 0.982 0.192 13.01 12.72 0.176 69.74

95% CI: 6.47-11.95 22.54-79.36 25.3-31.5 0.320-1.644 0.175-0.209 11.54-14.48 11.47-13.97 0.153-0.199 63.49-75.99

Table 1.__ Chemical data generated in selected areas of LCP estuary during 2006 to generate 

Chemical concentration in sediment (mg/kg, dry wt)

MAIN CANAL



Sampling location
(From headwaters Total Aroclor Total

to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc

EC50 2.5 1.7 5.7 0.126 0.054 2.38 2.85 0.027 14.5
EC49 5.6 2.9 240 38 0.16 17.3 14.8 0.095 79.5
EC48 28 26 100 1.100 0.304 18.9 17.6 0.184 75.5
EC47 4.5 4.0 25 0.728 0.17 10 11.1 0.12 51.4
EC13 11 3.7 34 0.318 0.178 11.5 10.6 0.125 51.2
EC46 0.26 0.27 16 0.060 0.114 6.01 11.5 0.066 47.1
EC12 0.044 0.0074 14 0.0065 0.141 5.64 10.2 0.046 33
EC45 0.28 0.15 13 0.037 0.103 4.71 8.6 0.054 38.7
EC11 1.5 1.9 16 0.986 0.121 5.52 8.25 0.053 30.8
EC44 13 43 27 0.351 0.183 11.6 8.74 0.262 64.6
EC10 26 120 40 0.588 0.255 16.3 13.4 0.257 81.3
EC43 2.4 9.5 9.1 0.240 0.074 3.28 3.14 0.052 22.5
EC9 13 26 43 0.626 0.182 15 16.6 0.233 90.1
EC8 61 59 39 0.648 0.22 25.3 17 0.387 96.3

EC42 11 28 27 2.534 0.164 9.92 10.4 0.137 56.1
EC7 76 150 33 0.575 0.196 20.1 14.3 0.338 86.5

EC41 17 38 27 0.608 0.187 13.8 9.35 0.299 71.7
EC6 110 420 45 1.243 0.285 19.9 18 0.463 98.7
EC5 42 380 48 3.735 0.28 21.8 16.1 0.412 92.8

EC40 140 24 37 0.538 0.239 17 13.9 0.364 71.3
EC4 6.5 19 25 0.616 0.198 11.9 11.5 0.152 79.2
EC3 19 17 28 0.473 0.183 13.1 13.5 0.193 90.5

EC39 6.8 28 27 0.359 0.184 12.2 12.2 0.158 67
EC2 74 16 23 0.566 0.143 9.66 10.3 0.164 58.6

EC38 6.2 15 21 0.474 0.136 9.16 10.1 0.1 50.5
EC37 110 44 38 0.715 0.221 16.8 14.4 0.413 73.3
EC36 4.3 39 23 0.809 0.151 9.02 10.2 0.143 56
EC35 20 30 34 0.420 0.243 17 13.3 0.357 89.9
EC1 21 90 49 0.997 0.263 19 17.7 0.154 61.1

EC34 50 11 52 0.750 0.177 13.6 11.7 0.202 63
EC33 14 120 36 0.636 0.253 15.6 14.8 0.306 85
EC32 30 330 32 0.883 0.226 14.9 13.9 0.198 72
EC31 8.7 36 26 0.638 0.177 9.84 8.97 0.141 57.8
EC30 5.1 11 30 0.483 0.176 13.3 14.9 0.14 70.9
EC29 4.1 13 25 0.546 0.188 11.3 13.8 0.106 63.9
EC28 5.3 12 27 0.305 0.162 12.1 14 0.143 62.1
EC27 3.5 14 11 0.420 0.059 3.94 4.48 0.047 22.5
EC26 17 110 36 0.878 0.244 18.1 14.3 0.224 65.8
EC25 11 44 15 0.343 0.094 5.27 5.34 0.063 24.3
EC24 2.6 15 13 0.568 0.079 4.3 4.66 0.038 20.5
EC23 13 130 36 0.910 0.265 16 15.6 0.184 64.1
EC22 4.5 17 57 5.560 0.175 12.9 12.6 0.131 60.5
EC21 3.0 16 26 0.507 0.219 12.6 14.3 0.127 83.3
EC20 6.4 11 31 0.434 0.221 14.2 14.8 0.156 75.3
EC19 4.7 110 28 1.527 0.191 11.8 11.8 0.151 53.3
EC18 4.6 20 18 1.335 0.08 4.95 5.19 0.064 26.4
EC17 0.79 15 8.7 0.380 0.052 2.69 2.5 0.03 15.1
EC16 0.77 12 28 0.774 0.163 9.41 11.1 0.092 44.9
EC15 5.0 12 34 0.670 0.184 14.9 14.2 0.185 76.7
EC14 5.6 17 31 0.555 0.238 15.9 14.4 0.225 88.9

Range: 0.044-140 0.0074-420 5.7-240 0.0065-38 0.052-0.304 2.38-25.3 2.5-18 0.027-0.463 14.5-98.7

Mean: 20.65 54.24 34.1 1.552 0.179 12.23 11.74 0.175 61.52

95% CI: 11.80-29.50 28.40-80.08 24.6-43.6 0.026-3.096 0.161-0.197 10.70-13.76 10.60-12.88 0.143-0.207 55.02-68.02

Table 1.__ Continued

Chemical concentration in sediment (mg/kg, dry wt)

EASTERN CREEK



Sampling location

(From headwaters Total Aroclor Total
to mouth) Mercury 1268 Lead PAHs Cadmium Copper Nickel Silver Zinc

WC1 1.2 0.62 26 6.197 0.209 15.4 13.7 0.144 77.3
WC2 1.3 0.63 24 1.509 0.208 14.4 14.8 0.155 76
WC3 1.4 0.78 27 11 0.248 16 15.8 0.158 78.8
WC4 4.8 4.1 33 0.896 0.295 14.7 13.5 0.147 70.9

WC50 16 11 34 1.324 0.32 17.7 14.1 0.239 85.7
WC5 3.8 15 38 0.659 0.336 17.3 14.8 0.178 78.5

WC49 0.20 1.0 35 1.103 0.213 13.7 11.2 0.137 69.2
WC48 5.5 4.3 36 7.813 0.302 15 12.5 0.151 70.3
WC47 0.88 0.023 35 0.449 0.169 15.4 15.6 0.135 77.9
WC46 0.089 0.0079 52 0.878 0.148 15.2 16.1 0.118 72.4
WC45 7.8 2.2 34 0.428 0.255 18.8 18.4 0.287 88.7
WC44 0.35 0.16 39 0.525 0.157 15 16.1 0.119 79
WC43 15 13 34 0.629 0.251 17.8 15.6 0.26 78.9
WC42 3.8 5.5 36 0.230 0.376 18.2 18.5 0.192 93.8
WC41 12 4.2 33 0.354 0.245 16.5 15.4 0.21 81
WC40 0.50 2.5 45 0.400 0.277 19.1 21.9 0.13 70.7
WC39 1.7 2.5 42 0.151 0.288 19.9 25.6 0.174 79.5
WC38 13 0.33 37 0.414 0.236 18.4 22.1 0.171 65.9
WC37 5.2 0.35 38 0.428 0.201 18.7 21.8 0.158 69.3
WC36 2.3 2.4 37 0.242 0.261 17.5 23.2 0.175 83.2
WC35 13 4.9 32 0.586 0.259 16.6 17.8 0.192 68.8
WC34 12 0.76 40 0.413 0.294 18.8 17.9 0.179 61.2
WC33 1.8 1.7 27 0.162 0.208 15.6 18.4 0.182 88.3
WC32 1.1 1.0 25 0.183 0.17 15.4 18.2 0.146 77.9
WC31 2.6 2.4 34 0.253 0.3 17.8 19.6 0.22 72.1
WC30 4.0 4.3 24 0.242 0.196 12.2 12.5 0.195 77.6
WC29 1.5 2.0 28 0.138 0.213 15.3 16.6 0.17 79.7
WC28 2.1 3.5 29 0.289 0.252 14.5 15.7 0.223 79.7
WC27 1.6 2.1 30 0.207 0.201 15.2 17.2 0.172 83.8
WC26 2.0 1.7 29 0.515 0.2 13.4 15.2 0.191 71
WC25 1.8 3.1 26 0.318 0.22 13.1 13.4 0.192 74.7
WC24 3.3 4.5 27 0.404 0.264 13.7 12.7 0.272 70.9
WC23 2.0 3.8 32 0.424 0.266 14.4 16.2 0.17 75.6
WC22 1.9 6.9 31 0.400 0.251 13.5 15.1 0.141 69.1
WC21 1.7 4.8 47 0.340 0.359 18.4 19.9 0.16 63.4
WC20 1.5 2.4 30 0.268 0.242 13.1 14 0.181 67
WC19 1.5 1.8 27 0.287 0.255 13.2 13.3 0.28 73.1
WC18 1.1 2.1 30 0.294 0.239 15.5 18.4 0.158 77.1
WC17 6.7 25 52 0.314 0.363 22.4 25.1 0.142 74.2
WC16 2.8 20 40 0.396 0.279 16.6 19.9 0.17 76.4
WC15 1.8 2.5 36 0.317 0.262 16.8 20.3 0.294 87.9
WC14 1.5 5.2 25 0.310 0.153 11.8 14 0.176 59
WC13 0.92 2.2 31 0.246 0.238 15.2 18.9 0.155 79.6
WC12 1.6 2.4 28 0.360 0.229 13.9 16.5 0.295 77.3
WC11 0.52 0.75 25 0.276 0.209 13.1 16 0.155 84.6
WC10 1.2 1.4 24 0.272 0.211 11.9 13.3 0.141 72.1
WC9 1.3 1.7 26 0.318 0.223 12.9 15.1 0.164 85.3
WC8 1.0 7.0 34 0.360 0.362 14.5 15.2 0.142 80.5
WC6 2.1 1.9 27 0.323 0.229 13.9 16.4 0.237 81.6
WC7 0.95 1.8 27 0.365 0.195 13.7 16.3 0.157 82.1

Range: 0.089-16 0.0079-25 24-52 0.138-11 0.148-0.376 11.8-22.4 11.2-25.6 0.118-0.295 59-93.8

Mean: 3.51 3.92 32.7 0.912 0.247 15.62 16.80 0.182 76.37

95% CI: 2.35-4.57 2.52-5.32 30.8-34.6 0.338-1.486 0.231-0.263 14.97-16.27 15.88-17.72 0.169-0.195 74.31-78.43

   aSelected areas of the  LCP estuary are the Main Canal (MC), Eastern Creek (EC), and Western Creek Complex (WC). 
Surface sediment (0 - 15 cm in depth) from these areas was collected during the period of October 22 - 25, 2006.

   
b
Non-detected concentrations of COPC (primarily PAHs) were assigned a value of 1/2 of detection limit.  

Table 1.__ Continued

 - Yellow shaded cells represent values that exceed the Threshold Effect Concentrations (TEC) for each COPC  (Lead: 41 
mg/kg; Total PAHs: 0.8 mg/kg; Cadmium: 0.68 mg/kg; Copper: 18.7 mg/kg; Nickel: 15.9 mg/kg; Silver: 0.73 mg/kg; Zinc: 124 
mg/kg; Mercury: 1.4 mg/kg; Aroclor-1268: 3.2 mg/kg) From Table 4-3b and MacDonald (2006).

- Red shaded cells represent values that exceed the Probable Effect Concentrations (PEC) for each COPC  (Lead: 60 mg/kg; 
Total PAHs: 1.5 mg/kg; Cadmium: 4.21 mg/kg; Copper: 108 mg/kg; Nickel: 42.8 mg/kg; Zinc: 271 mg/kg; Mercury: 3.2 mg/kg; 
Aroclor-1268 12.8 mg/kg  From Table 4-3b and MacDonald (2006).

Chemical concentration in sediment (mg/kg, dry wt)

WESTERN CREEK COMPLEX



Table 2.__Physical and chemical data for surface sediment in selected areas of LCP estuary

    during 2005 (all measurements in dry weight)a,b 

Total organic Total

Silt and clay carbon Total mercury Aroclor 1268 Lead PAHs
Sampling location (%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

1 84.3 3.6 0.12 0.0005 21 0.08
2 11.4 0.50 0.93 4.8 6.2 0.20
3 98.7 5.5 3 20 35 1.31
4 63.5 4.0 1.3 3.0 20 1.00
5 97.2 4.7 2.6 5.2 28 1.22
6 95.5 5.2 2.4 16 31 1.01
7 54.4 2.7 0.64 0.83 20 0.48
8 69.3 0.32 0.11 0.012 18 0.01
9 9.9 0.48 0.98 3.2 7.9 0.15
10 6.8 0.27 0.30 0.83 3.4 0.10
11 96.4 5.4 2.9 28 34 1.29
12 12.2 2.3 0.54 1.4 4.9 0.34
13 98.5 5.1 4.2 3.2 34 0.93
14 97.6 2.8 2.0 4.2 32 0.94
15 92.9 3.8 2.5 4.1 31 0.80
16 75.1 3.1 2.2 4.3 28 1.48
17 93.7 4.4 2.3 3.7 32 0.99
18 92.1 2.5 4.6 9.8 31 0.88
19 92.1 5.1 2.2 2.6 34 1.59
20 4.0 0.090 0.19 0.15 3.2 0.08
21 1.7 0.096 0.13 0.095 2.0 0.09
22 66.2 3.3 6.8 3.8 34 1.67
23 36.2 2.2 1.4 2.8 17 0.73
24 4.3 0.64 1.8 0.15 3.9 0.23
25 8.3 0.40 2.8 0.14 6.4 0.33

Range: 1.7 - 98.7 0.090 - 5.5 0.11 - 6.8 0.0005 - 28 2.0 - 35 0.01 - 1.67

Mean: 58.49 2.74 1.96 4.89 20.7 0.716

95% CI: 42.41-74.57 1.95-3.53 1.30-2.62 2.08-7.70 15.6-25.8 0.496 - 0.936

1 11.0 0.46 0.020 0.0005 3.6 0.01
2 40.0 1.9 1.9 13 16 0.60
3 56.3 2.5 0.043 0.028 12 0.04
4 81.0 2.5 2.6 18 29 1.09
5 97.9 4.6 0.10 0.17 17 7.21
6 15.5 0.57 3.4 9.2 9.8 0.97
7 11.6 0.73 0.0071 0.0005 3.2 0.02
8 88.8 5.3 0.79 2.1 22 1.58
9 33.0 2.2 1.1 9.0 11 1.49
10 54.2 3.8 1.9 13 21 0.88
11 79.3 3.5 1.1 4.8 18 1.26
12 49.4 2.9 1.3 9.9 18 0.97
13 13.5 0.61 0.31 3.0 5.4 0.22
14 16.7 0.37 0.013 0.0005 3.5 0.02
15 23.8 0.77 0.078 0.17 5.5 0.07
16 18.5 0.51 0.68 5.0 4.6 0.31
17 11.5 0.33 0.32 2.5 3.6 0.21
18 18.5 0.46 0.15 0.41 26 3.25
19 95.0 0.60 0.66 2.2 24 0.91
20 16.5 1.0 0.27 1.3 6.5 0.41
21 14.3 0.42 0.17 0.64 4.7 0.22
22 28.1 0.82 0.015 0.0005 6.1 0.02
23 9.0 0.24 0.14 0.51 3.2 0.14
24 8.9 3.8 0.24 1.7 3.4 0.31
25 95.7 1.6 0.39 1.0 24 1.05

Range: 8.9 - 97.9 0.24 - 5.3 0.0017 - 3.4 0.0005 - 18 3.2 - 29 0.01 - 7.21

Mean: 39.52 1.70 0.71 3.91 12.0 0.930

95% CI: 26.34-52.70 1.07-2.33 0.34-1.08 1.81-6.01 8.5-15.5 0.311 - 1.549

GRAND MEAN: 49.00 2.22 1.34 4.40 16.4 0.823
    (both parts of creek)

PURVIS CREEK

North Purvis Creek

South Purvis Creek



Table 2.__ Continued

Total organic Total
Silt and clay carbon Total mercury Aroclor 1268 Lead PAHs

Sampling station (%) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Eastern domain
(inundated by Purvis Creek)

32 97.7 5.1 2.6 3.9 29 0.93
33 85.5 3.3 3.3 2.4 17 0.30
34 97.7 3.9 1.0 2.1 26 0.45
35 91.5 6.6 2.1 2.4 25 0.78
41 89.4 9.4 1.3 1.7 27 0.44
42 82.0 9.6 1.8 2.8 29 0.41
45 91.9 4.6 1.2 3.3 32 1.27
46 87.2 13 0.32 0.61 26 0.59
47 97.1 3.2 0.57 1.1 26 0.49
48 87.0 5.6 4.6 2.6 35 1.19
49 97.4 7.8 0.77 4.0 53 0.94
50 73.5 7.4 1.8 2.4 28 0.36

Range: 73.5 - 97.7 3.2 - 13 0.32 - 4.6 0.61 - 4.0 17 - 53 0.30 - 1.27

Mean: 89.83 6.62 1.78 2.44 29.4 0.679

95% CI: 85.13-94.53 4.74-8.50 0.99-2.57 1.80-3.08 23.9-34.9 0.467 - 0.891

Western domain
(inundated by Turtle River)

26 96.9 7.9 0.77 0.90 27 0.76
27 94.8 7.7 1.8 2.2 28 0.83
28 89.9 8.1 0.92 1.1 27 0.75
29 89.0 6.6 0.98 1.6 26 1.57
30 76.6 7.9 1.2 1.2 26 0.66
31 92.7 9.5 0.63 0.86 27 0.48
36 96.6 8.0 0.82 0.92 27 0.38
37 75.9 6.3 0.65 0.71 27 0.37
38 93.2 13 0.51 0.74 26 0.88
39 90.2 8.8 0.44 0.34 24 0.43
40 85.5 6.2 0.51 0.66 27 0.56
43 78.2 8.5 0.88 0.80 26 0.39
44 95.3 4.8 1.0 0.77 27 0.64

Range: 75.9 - 96.9 4.8 - 13 0.44 - 1.8 0.34 - 2.2 24 - 28 0.37 - 1.57

Mean: 88.83 7.95 0.85 0.98 26.5 0.669

95% CI: 84.28-93.38 6.76-9.14 0.63-1.07 0.69-1.27 25.9-27.1 0.473 - 0.865

GRAND MEAN: 89.33 7.28 1.32 1.71 28 0.674

   aSurface sediment (0 - 15 cm in depth) in each evaluated area was collected during the period 

of October 20 - 24, 2005. 

   bNon-detected concentrations of COPC (primarily PAHs) were assigned a value of 1/2  
of detection limit.

From Table 4-3b.

 - Yellow shaded cells represent values that exceed the Threshold Effect Concentrations (TEL) for each COPC  
(Lead: 41 mg/kg; Total PAHs: 0.8 mg/kg; Mercury 1.4; Aroclor 1268: 3.2 mg/kg)

 - Red shaded cells represent values that exceed the Probable Effect Concentrations (PEL) for each COPC  (Lead:
60 mg/kg; Total PAHs: 1.5 mg/kg; Mercury: 3.2 mg/kg; and Aroclor: 12 mg/kg).

    (both parts of domain)
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Figure 1._ Locations of sampling stations in Main Canal employed to derive   

                  apparent effects thresholds (AETs) for chemicals of potential concern (COPC) 
                  in surface sediment of estuary at LCP Site
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Figure 2._ Locations of sampling stations in Eastern Creek employed to derive   

                  apparent effects thresholds (AETs) for chemicals of potential concern (COPC) 
                  in surface sediment of estuary at LCP Site
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Figure 3_ Locations of sampling stations in Western Creek Complex employed to derive

                 apparent effects thresholds (AETs) for chemicals of potential concern (COPC) 
                  in surface sediment of estuary at LCP Site
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APPENDIX  J 
 

INDEPENDENT (OTHER) ECOLOGICAL INVESTIGATIONS  
OF ESTUARY AT LCP SITE 
       J.1 Reports 
       J.2 Scientific Papers 



Appendix J 

 

Independent (other) Ecological Investigations of Estuary at  

LCP Chemicals Superfund Site 

 

Many of the following reports and scientific papers address ecological conditions in the 

estuary at  the  LCP Chemical Superfund Site  (Site) before  remediation occurred  in  the 

Marsh  Grid  and  parts  of  the Main  Canal  and  Eastern  Creek  during  1998  and  1999. 

Consequently,  these  early  studies  typically  address  ecological  exposure  to  higher 

concentrations of chemicals of potential concern  (COPC) than characterized under  the 

present baseline. 

 

J.1   Reports 

The  first  three of  these  reports were prepared by  the U. S. Environmental Protection 

Agency (EPA) and address environmental conditions and ecological exposure at the Site 

during  1995  (Sprenger  et  al.,  1997).    The  last  report  (PTI  and  CDR  Environmental 

Specialists, 1998) addresses site conditions in 1996.  

 

J.1.1   Acute Sediment Toxicity 

Acute  toxicity  tests  (10‐day  tests)    were  conducted  with  brown  shrimp  (Penaeus 

vannamei),  amphipods  (Leptocheirus  plumulosus),  and  Japanese  medaka  (Oryzias 

latipes)  embryos  exposed  to  sediment  collected  during  May  and  July  1995  at  four 

locations near  the Main Canal and Eastern Creek of  the LCP Site.   Maximum  reported 

concentrations of mercury, Aroclor 1268, and  lead  in sediment were 230, 150, and 75 

milligrams per kilogram (mg/kg) (dry weight [dw]), respectively. Tests with control and 

reference sediments were also performed. 

 

Results  of  the  brown  shrimp  test  revealed  no  statistically  significant  differences  (P 

<0.05)  in survival of shrimp exposed to test sediments (including control and reference 

sediments).  Mean survival of shrimp exposed to sediment from the Site ranged from 97 

to 100 percent, as contrasted  to control and  reference  survival of 97 and 94 percent, 

respectively.    In addition, no behavioral differences were observed for shrimp exposed 

to any of the test sediments. 
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Results  of  the  amphipod  test  also  indicated  the  absence  of  statistically  significant 

differences (P <0.05) in survival and the absence of behavioral differences in organisms 

exposed to test sediments.  Mean survival of amphipods exposed to sediment from the 

Site ranged from 63 to 92 percent, as contrasted to control and reference survival of 90 

and 78 percent, respectively.  

 

The Japanese medaka embryo test documented slightly lower survival (89 to 90 percent) 

in  organisms  exposed  to  three  of  four  sediments  from  the  Site,  as  compared  to  100 

percent survival for the other site sediment, control sediment, and reference sediment. 

Hatching of embryos was delayed  in all test sediments except the control.   In addition, 

embryonic  lesions occurred at a higher  frequency  in site sediments  (2 to 8  lesions) vs. 

reference sediment (1 lesion) and control sediment (0 lesions). The authors (Sprenger et 

al., 1997) noted  that  the observed  lesions  are  “consistent” with  lesions  known  to be 

associated  with  dioxins,  furans,  polychlorinated  biphenyls  (PCBs),  and,  possibly, 

mercury. 

 

J.1.2 Chemical Body Burdens and Histopathology of Diamondback Terrapins  

Eight mature diamondback  terrapins  (M.  terrapin) were  collected  in  the marsh at  the 

Site during May and July 1995, when females were actively nesting.  Food items found in 

the  guts of  the  terrapins  consisted of  fiddler  crabs  and marsh periwinkles.   Although 

body  burdens  (concentrations)  of mercury  and  Aroclor  1268  were  evaluated  in  the 

carcasses, brains, livers, eggs, and hatchlings of the terrapins, emphasis was directed at 

the eggs and hatchlings of three female terrapins. 

 

These three female terrapins were characterized by the following mean concentrations 

of mercury and Aroclor 1268 in their eggs (expressed as dw):  

 

 Female 1 (BD1): 0.87 mg/kg mercury and 29.7 mg/kg Aroclor 1268;  

 Female 2 (DD4): 2.2 mg/kg mercury and 28.6 mg/kg Aroclor 1268; and  

 Female 3 (DD5): 4.6 mg/kg mercury and 480 mg/kg Aroclor 1268.  

 

Although  eggs  from  Female  2  did  not  hatch,  eggs  from  the  other  females  –  which 

contained higher concentrations  of mercury  (Female 3)  and  Aroclor  1268 (Females 1 
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and 3) – did hatch.  In this same study, histopathological examinations of terrapins did 

not indicate any degeneration or abnormality known to be associated with COPC.  

 

J.1.3  Chemical Body Burdens and Histopathology of Clapper Rails 

Seven clapper rails (R.  longirostris) averaging 276.6 grams (g) in wet weight (ww) were 

collected  from  the southern part of  the Site during  July 1995. Although body burdens 

(concentrations) of mercury and Aroclor 1268 were evaluated  in  the carcasses,  livers, 

breast muscle, and  feathers of  the birds, only mercury  in  livers was associated with a 

level reported to be harmful to birds. 

 

The mean mercury concentration in livers of the seven birds was 3.84 mg/kg (ww).  (The 

mean  concentration  of  Aroclor  1268  was  25.2  mg/kg  [dw]).    This  body  burden  of 

mercury  was  reported  to  be  orders‐of‐magnitude  lower  than  liver  concentrations 

referenced  in  the  scientific  literature  for  mortality  of  red‐winged  blackbirds  (126.5 

mg/kg)  and  grackles  (54.5  mg/kg).      However,  in  the  case  of  white‐tailed  eagles, 

mortality was cited in the scientific literature at mercury thresholds in livers that ranged 

from 4.6 to 91 mg/kg.  (All mercury levels in livers of birds are expressed in terms of wet 

weight.) 

 

In  this  same  study, histopathological examinations did not  indicate  specific  toxicity or 

specific uniform degeneration of  tissues of  clapper  rails.    In particular, myelin  sheath 

and axonal degeneration, characteristic of mercury toxicity, were not observed except in 

one  case, which was  reported  to be a possible artifact.   Also,  liver necrosis and  fatty 

change, typical of PCB toxicity, were not noted. 

 

J.1.4  Wading Bird Survey 

PTI and CDR Environmental Specialists (1998) conducted a wading bird study (consisting 

of 40 aerial flights) at the Site during the period of June through mid‐December 1996.  A 

parallel  study was also conducted at a  reference  site  (Hawkins Creek,  located west of 

Cumberland Island in Camden County, Georgia).  

 

Six  species  of wading  birds were  observed  at  both  sites.   Great  egrets  (Casmerodius 

albus), snowy egrets (Egretta thula), and wood storks were most commonly observed.  

Great  blue  herons  (Ardea  herodia)  were  consistently  present,  but  in  low  numbers.  
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White  ibis  (Eudocimous  albus)  and  little  blue  herons  (Egretta  caerulea)  were 

occasionally  observed  in  high  numbers,  but  their  presence  during  surveys  was 

infrequent.  

 

The three dominant wading bird species (great egrets, snowy egrets, and wood storks), 

and all  six  species combined, were present  in  significantly higher numbers during  low 

tides than high tides at both sites.   The birds used tidal creeks almost exclusively, with 

few observations recorded in the vegetated marsh.  Wood storks were typically found in 

the  smaller  intertidal  creeks,  the  confluence of  those  creeks with  larger‐order  creeks, 

and mud flat openings at the origins of first‐order creeks.  

Most  wading  birds  were  observed  at  the  extreme  northern  boundary  of  the  Site 

(including  tributaries  of  the  Turtle  River),  far  distant  from  the  areas  of  greatest 

concentrations of COPC.    

 

J.2   Scientific Papers 

The scientific papers reviewed  in this document pertain to the toxicological properties 

of Aroclor 1268, a generally uncommon PCB that is associated with the LCP Facility, and 

the toxicity of chemicals present at the Site (including COPC) to various types of aquatic 

biota.  

 

J.2.1  General Toxicological Properties of Aroclor 1268 

The dominant PCB at the Site  is Aroclor 1268, whose toxicological properties have not 

been as extensively investigated as other Aroclors (in particular, Aroclor 1254).  Aroclor 

1268  is  a  highly  chlorinated  (68  percent  chlorine),  superhydrophobic  PCB  that  is 

extremely  stable and  slow  to degrade.   Aroclor 1268  is one of only  two Aroclors  (the 

other being Aroclor 1270)  to exist  in  its unaltered  form as a  solid, as  contrasted  to a 

viscous liquid (Aroclor 1254), mobile oil (Aroclors 1221, 1232, 1242, and 1248), or sticky 

resin (Aroclors 1260 and 1262).  A general conclusion reached in the scientific literature 

is that ecological risk posed by mid‐weight chlorinated Aroclors (1242, 1248, and 1254) 

is  greater  than  the  risk  associated  with  extremely  low‐  or  high‐weight  chlorinated 

Aroclors (1221 and 1268). 
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The  following  embedded  table  (EPA,  Region  4;  2008)  reviews  dioxin‐like  toxicity  of 

Aroclor 1268 as compared to Aroclor 1254, an Aroclor on which PCB toxicity reference 

values (TRVs) presented in this document for fishes and mammals are based: 

 

 

Relative Potency (REP) of Aroclor 1268 vs. Aroclor 1254 

for Fishes, Birds, and Mammals Based on Dioxin‐Like Total Toxic Equivalents (TEQs)  

(EPA – Region 4, 2008; from  Burkhard and Lukasewycz, 2008) 

 

Aroclor 1254 

 

Aroclor 1268 

Relative Potency (REP) of 

Aroclor 1268 vs. Aroclor 

1254 

Fishes  Birds  Mammals  Fishes  Birds  Mammals  Fishes  Birds  Mammals 

4.18E‐07  2.00E‐05  7.87E‐06  3.14E‐07  2.5E‐06  4.89E‐07  0.75  0.125  0.06 

 

The  following table  (from Villeneuve et al., 2001) presents results of  in vitro bioassays 

conducted  with  Aroclors  1254  and  1268  in  comparison  to  the  dioxin  2,3,7,8‐

tetrachlorodibenzo‐p‐dioxin (TCDD). 

 

Relative Potency (REP) of Aroclor 1268 vs. Aroclor 1254 for Fishes and Mammals Based 

on Comparison to 2,3,7,8‐Tetrachlorodibenzo‐p‐Dioxin (TCDD) in  In Vitro Bioassays 

(from Villeneuve et al., 2001) 

 

In Vitro Bioassay 

 

Aroclor 1254 

 

Aroclor 1268 

Relative Potency (REP) of 

Aroclor 1268 vs. Aroclor 

1254 

Fishes 

Desert topminnow PLHC‐1 

hematoma cells 
<1.8 x 10‐4  <5.3 x 10‐6  ~0.029 

Mammals 

Rat H4IIE‐EROD hematoma cells  <2.8 x 10‐5  <8.3 x 10‐7  ~0.030 

Rat H4IIE‐luc hematoma cells  <4.6 x 10‐5  <1.4 x 10‐6  ~0.030 

Rat H4IIE‐wt hematoma cells  <3.8 x 10‐5  <1.1 x 10‐6  ~0.029 

 

Villeneuve et al.  (2001) reported that the efficacy  (magnitude of response) of the  two 

Aroclors was  insufficient  to  permit  quantitative  REP  estimates.   However,  qualitative 

estimates of REP of the two Aroclors for mammals appear similar to those generated by 
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Burkhard  and  Lukasewycz  (2008).    For  fishes  the  REP  suggested  by  Villeneuve  et  al. 

(2001)  for  Aroclor  1268  vs.  Aroclor  1254  is  about  5  percent  of  the  value  derived  by 

Burkhard and Lukasewycz (2008). 

 

The REP factors referenced above indicate that Aroclor 1268 is substantially less toxic to 

biota than Aroclor 1254. However, dioxin‐like toxicity is only a measure of the extent to 

which dioxin‐like congeners  (non‐ortho and mono‐ortho coplanar PCBs) bind with and 

disrupt  the  aryl  hydrocarbon  (Ah)  receptor  in  cells  of  organisms,  resulting  in 

toxicological  responses  that  include  dermal  toxicity,  immunotoxicity,  carcinogenicity, 

and adverse effects on endocrine, development, and reproduction functions.  

 

Modes of toxicity other than that affecting the Ah receptor  include effects on calcium 

(Ca2+) homeostasis and subsequent neurotoxic effects caused by congeners such as di‐

ortho  non‐coplanar  PCBs, which  have  the  potential  to  be  evaluated  by  a Neurotoxic 

Equivalent (NEQ) scheme being developed by Simon et al. (2007).  These authors noted 

that the congeners present in Aroclor 1268, in addition to possessing a low Ah receptor 

binding  affinity,  have  a  limited  ability  to  interfere with  Ca2+–  dependent  intracellular 

signaling pathways.   The authors also stated that reduced PCB toxicity to  fishes, birds, 

and mammals has been observed at the extremes of mean mixtures of chlorination (i.e., 

lowly and highly chlorinated Aroclors). They specifically concluded that Aroclor 1268  is 

approximately 22x less toxic than Aroclor 1254 in terms of NEQs.   

 

Several uncertainties  characterize  the degree  to which Aroclor 1268  is  less  toxic  than 

Aroclor 1254 to biota.  Chlorinated naphthalenes have been identified in PCBs (Ruzo et 

al.,  1976)  and  can  affect  the  Ah  receptor.   However,  the World Health Organization 

(WHO) has not established TEQ factors for these chemicals.   Also, the relative potency 

of the two Aroclors after weathering in the environment is uncertain.  In particular, the 

octa‐,  nona‐  and  deca‐PCB  congeners  in  Aroclor  1268  are  especially  resistant  to 

weathering.  Some of these congeners, in particular di‐ortho congeners, have relatively 

little affinity  for  the Ah  receptor, but may have non‐dioxin‐like  toxicity  (Sajwan et al. 

2008).   
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J.2.2  Toxicity Studies of Site Chemicals to Aquatic Biota Prior to Remediation of Parts 

  of the Estuary 

The following studies were conducted before remediation of parts of the estuary during 

1998 and 1999. Consequently, results of these studies could be considered to represent 

“worst  case” environmental  conditions  in  the estuary  that no  longer  characterize  the 

present baseline for the estuary.  

 

A.  Effects of Mercury and PCBs on Lower‐Trophic‐Level Biota 

This paper (Wall et al., 2001) addressed the health of cordgrass (Spartina alterniflora), 

microbes  (primarily  fungal  standing  crop),  and  grass  shrimp  (Palaemonetes  pugio) 

sampled in the LCP estuary during June 1997.  Sediment, cord grass, and microbes were 

collected along  two  transects  reflecting  low and high marsh elevations, as well as  low 

and  high  concentrations  of  chemicals.  Sediment  was  analyzed  for  total  mercury, 

methylmercury, and PCBs.   Primary production of cord grass was assessed by a variety 

of methods  including measurement  of  peroxidase  (POD)  activity,  and  fungal  biomass 

was determined by ergosterol analysis.   Grass shrimp were collected at  three stations 

along  a  tidal  creek  at  the  Site  and  evaluated  for  length,  female  weight,  brood  size 

(number of eggs), brood mass,  individual egg mass, and mean egg area.  In addition to 

samples of sediment and biota collected  from the site, samples were obtained  from a 

reference location at Cross River (CR). 

 

Results  of  this  study  caused  the  authors  to  conclude  that  “despite  high  levels  of 

contamination at the LCP Site [the] results provided only suggestive evidence for impacts 

on organisms at  lower  trophic  levels.” The authors additionally  reported  that “despite 

high contaminant levels, [there were] few biological differences between the LCP and CR 

Sites, with  the  exception  of a possible alteration  in  [grass  shrimp]  reproduction.”  The 

authors  suggested  that only “subtle”  indications of  toxicity were observed because of 

limited bioavailability of pollutants in sediment (due to low redox levels and high levels 

of sulfides and organic carbon). 

 

The authors’ reference to possible alteration in reproduction of grass shrimp is based on 

results of six measurements reported for shrimp, which are presented  in the following 

embedded table:  
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The  importance  of  fungi  to  the  health  of  estuaries  and  their  good  health  in  the  LCP 

estuary  were  also  addressed  by  Newall  et  al.  (2000),  who  noted  the  value  of 

ascomycetous  fungi  in  the  decomposition  of  shoots  of  smooth  cordgrass  (S.  

alterniflora), which subsequently are the base of important estuarine food webs. These 

fungi were reported as appearing as resistant to potentially toxic pollutants at the Site 

as the cordgrass  itself.   The authors speculated that unless fungal and plant resistance 

mechanisms have the potential to degrade any assimilated toxins, the toxins may have 

the potential to be transferred into estuarine food webs. 

 

Measurement Endpoints for Grass Shrimp in LCP Estuary 

and Reference Location (Wall et al., 2001) 

LCP Estuary 
Reference 

(CR) Location 

Grass Shrimp 

Measurement 

Sediment 

concentration (mg/kg, 

dw; mean and 

standard deviation) ‐‐ 

Hg:18.4 ± 21.9 sd ; 

PCBs: 46.0 ± 52.7 

Sediment concentration  

(mg/kg, dw; mean and 

standard deviation) ‐‐ 

(Hg:0.49 ± 0.08; PCBs: 0.32 

± 0.07) 

Statistical 

Significance  

(P Value) 

Length (mm)  35.2  32.7  0.0003 

Female mass (g)  0.087  0.065  0.0001 

Brood size (# eggs)  302.7  289.0  >0.05 

Brood mass (mg)  16.3  16.3  >0.05 

Individual egg mass (mg)  0.054  0.056  >0.05 

Mean egg area (mm2)  0.37  0.34  >0.05 

Note: Four of  the differences between the two areas are not statistically significant and both of the 

remaining differences (length of shrimp and female mass) appear to be advantageous to shrimp from 

the LCP Site 

 

B.  Effects of Mercury and PCBs on the Benthic Invertebrate Community 

This paper  (Horne et al., 1999) addressed the effects of total mercury, PCBs  (primarily 

Aroclor  1268),  and  other  COPC  on  the  benthic  invertebrate  community  of  the  LCP 

estuary.  Sediment and benthos sampling was performed in May 1995 at four locations 

at  the Site and at an off‐site  reference  location  (Troup Creek). The  four  site  locations 

consisted of  a  station  adjacent  to  the  LCP Outfall  (Station 4),  a  station  in  a  tributary 

draining  the  outfall  lagoon  area  (Station  3;  in  or  by  the  LCP  Ditch),  a  station 
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approximately 50 meters (m) west of the outfall lagoon area (Station 2; also, in or by the 

LCP Ditch), and a station about 330 m west of the  lagoon area (Station 1;  in or by the 

Eastern Creek).   Sediment was collected with either a  trowel or a 10‐centimeter  (cm) 

hand bucket auger (the  latter device employed when sampling under water).   Benthos 

(macrofauna) were collected with a 3‐cm‐diameter core sampler  inserted  into about 5 

cm of sediment, with 10 replicate samples taken at each of the five locations (including 

the reference location) within a 1‐m
2
 area. 

 

Sediment obtained from the above‐referenced  locations,  in addition to being analyzed 

for  total  mercury  and  Aroclor  1268,  was  evaluated  for  toxicity  to  amphipods  (L. 

plumulosus)  in 14‐day exposures during which survival, sediment avoidance, and other 

behavioral  abnormalities were monitored.    Finally,  fiddler  crabs  (Uca.  spp.)  collected 

from  the  reference  location  and  Stations  1,  2,  and  3,  as  well  as marsh  periwinkles 

(Littorina  sp.) obtained  from  the  reference  location and Station 2, were evaluated  for 

body burdens of total mercury and Aroclor 1268. 

 

Mean  body  burdens  of  total mercury  and  Aroclor  1268  in  fiddler  crabs  and marsh 

periwinkles indigenous to the Site were always greater than body burdens of reference 

organisms.   Maximum mean concentration of mercury  in  fiddler crabs was 2.6 mg/kg 

dw, while highest mean level of Aroclor 1268 was 43 mg/kg dw. 

 

The sediment toxicity tests were reported as  indicating no acute toxicity to amphipods 

across sampling stations. Specifically, mean survival of amphipods exposed to reference 

sediment was 78 percent; while survival at site stations was 92 percent (Station 1), 83 

percent (Station 2), 68 percent (Station 3), and 63 percent (Station 4). These differences 

were not  statistically  significant  at P  =  0.05;  and  there was no  statistically  significant 

correlation (r values) between survival of organisms and concentrations of contaminants 

in  sediment  (P  =  0.05).  In  addition,  behavioral  abnormalities  of  amphipods were  not 

observed for any station.    

 

In  the major  study of  the benthic  invertebrate  community,  the authors  reported  that 

“density  estimates  of  individual  species  between  sampling  locations  showed  no 

consistent  patterns  in  response  to  pollutants  [in  sediment].”  However,  they  also 

reported contamination‐related shifts in percentage representation of macrobenthos at 
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higher  taxonomic  levels –  i.e.,  in  annelid  and nematode  species –  as  indicated  in  the 

following embedded table (abstracted from Figure 2 in Horne et al., 1999). 

 

The  authors  interpreted  the  above‐presented  data  as  reflecting  dominance  by 

oligochaetes  and  nematodes  in  uncontaminated  areas,  shifting  to  dominance  by 

polychaetes in moderately to highly contaminated areas. The authors also reported the 

following  statistically  significant  associations:  1)  mercury  concentration  in  sediment 

negatively related to oligochaete  (P < 0.05) and nematode (P < 0.001) abundance, but 

positively related to polychaete abundance (P < 0.001); 2) Aroclor 1268 concentration in 

sediment negatively related to nematode abundance (P < 0.001), but positively related 

to  polychaete  abundance  (P  <  0.001);  and  3)  total  organic  carbon  (TOC)  content  of 

sediment negatively related to nematode abundance (P < 0.001), but positively related 

to oligochaete abundance (P < 0.005). 

 

Taxonomic Characteristics of Macrobenthos in LCP Estuary  
and Reference Location (Horne et al., 1999)  

Stations in LCP Estuary  
(chemicals in sediment; dw) 

 
 
 
 
 
 

 
 
Macrobenthos 

Taxonomic 
Group 

 
 
 
 

Reference 
Location – 
Troup Creek 
(total Hg: 0.1 

mg/kg; 
A1268: 0.1 
mg/kg; TOC: 
3.6%; all dw) 

 
 

Station 1 ‐‐ 
Eastern 
Creek 

(total Hg: 34 
mg/kg; 

A1268: 2.3 
mg/kg; TOC: 

4.2%) 

Station 2 ‐‐ 
LCP Ditch; 50 

m from 
outfall 
lagoon 

(total Hg: 15 
mg/kg; 

A1268: 56 
mg/kg; TOC: 

1.3%) 

 
Station 3 ‐‐ 
LCP Ditch; 
near outfall 
lagoon 

(total Hg: 90 
mg/kg; 

A1268: 70 
mg/kg; TOC: 

1.7%) 

 
 
 

Station 4 ‐‐ 
LCP Outfall 
(total Hg: 
170 mg/kg; 
A1268: 150 
mg/kg; TOC: 

0.78%) 
 

Oligochaete  45.50%  25.98%  12.19%  36.05%  18.72% 

Polychaete  32.90%  22.29%  85.15%  56.15%  77.14% 

Nematode  12.34%  51.07%  1.57%  5.98%  3.42% 

Insect  5.14%  0.37%  0.24%  ‐‐‐‐‐  0.18% 

Crustacea  2.57%  0.30%  0.85%  1.63%  0.54% 

Gastropod  1.54%  ‐‐‐‐‐  ‐‐‐‐‐  0.18%  ‐‐‐‐‐ 

Note: A1268 refers to Aroclor 1268. TOC refers to total organic carbon. 

 

In  addition  to  reported  contamination‐related  shifts  in  percentage  representation  of 

macrobenthos  at higher  taxonomic  levels,  the percentage of benthos  surface  feeders 

was  positively  associated with mercury  and Aroclor  1268  concentrations  in  sediment 
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(P < 0.001  in  both  cases), while  the  percentage  of  subsurface  feeders was    positively 

related  to TOC  content of  sediment  (P < 0.01). Percentage of  surface and  subsurface 

feeders  in  sediment  at  the  various  stations  are  provided  in  the  following  embedded 

table. 

 

In conclusion, the authors stated “Based on the results of this study, it can be concluded 

that  shifts  in  community  composition and  trophic  structure are observed  in  the  study 

marsh,  and  that  these  shifts  appear  to  increase  with  increasing  PCB  and  mercury 

loading.” 

 

Feeding Habits of Macrobenthos in LCP Estuary 

and Reference Location (Horne et al., 1999) 

Stations in LCP Estuary 

Feeding Habits of 

Macrobenthos 

Reference 

Location – 

Troup Creek 

Station 1 

Eastern 

Creek 

Station 2 

LCP Ditch; 50 

m from outfall 

lagoon 

Station 3 LCP 

Ditch; near 

outfall 

lagoon 

Station 4 ‐

‐ LCP 

Outfall 

Subsurface Feeder  56.30%  63.25%  16.75%  51.92%  22.60% 

Surface Feeder  42.90%  36.14%  83.13%  48.08%  77.21% 

 

C.  Toxicity of Sediment and Pore Water 

This  paper  (Winger  et  al.,  1993)  addressed  the  toxicity  of  sediment  and  pore water 

collected from the LCP estuary during 1990.  Twelve (12) sampling stations were initially 

evaluated  in  the  study.    Sediment  and  pore  water  obtained  from  two  (2)  of  these 

stations  (Stations 6  and 7;  located within 10 m of each other near  the mouth of  the 

drainage canal from the Site) were judged from reconnaissance toxicity screening to be 

highly toxic.  Sediment and pore water from these two (2) stations were then evaluated 

for acute (10‐day) toxicity to amphipods (Hyallella azteca); and pore water was assessed 

for toxicity to photoluminescent bacteria (Photobacterium phosphoreum). 

 

Amphipods were reported to have experienced no mortality when exposed to sediment, 

but a significantly  lower feeding rate (leaf consumption) at P < 0.05, as compared to a 

“control reference.”  Differences in feeding rates were illustrated in a figure from which 

exact differences could not be determined, but rates appear to have ranged from about 
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0.7  to 0.8 milligrams  (mg)/animal/day  for  site  sediment  to 1.1 mg/animal/day  for  the 

“control reference.” 

 

Amphipods  exposed  to  pore water  from  site  sediment  experienced mortality  ranging 

from about 50 to 75 percent, as contrasted to approximately 5 percent for the “control 

reference,”  a  difference  that was  statistically  significant  (P  <  0.05).  In  addition,  leaf 

feeding  rates  were  significantly  lower  (P  <  0.05)  for  site  sediment  (~0.4  –  0.6 

mg/animal/day), as compared  to  the “control  reference”  (0.9 mg/animal/day).    In  the 

case of the bacterial tests with pore water of sediment  from Stations 6 and 7, median 

effective concentrations (EC50s) ranged from slightly greater than 0 percent to about 15 

percent  of  pore  water  sample.  No  control  (or  reference)  tests  were  performed; 

however,  EC50  values  associated with  pore waters  evaluated  in  the  reconnaissance 

screening ranged as high as 100 percent.  

 

Chemical concentrations  in evaluated sediment (Stations 6 and 7) were: total mercury: 

17.8  –  24.7 mg/kg  (dw),  PCBs:  67  –  95 mg/kg,  lead:  45.0  –  63.0 mg/kg,  and  total 

Polycyclic  Aromatic  Hydrocarbons  (PAHs):  1.4  –  3.0  mg/kg.  Cadmium,  chromium, 

copper, nickel and zinc were present at concentrations of 0.4‐0.5, 87‐118, 14‐18, 13‐17, 

and  63‐78.6 mg/kg,  respectively.  The  authors  attributed  toxicity of  sediment  to PCBs 

and,  possibly,  methylmercury,  because  acid‐volatile  sulfide  (AVS)  concentrations  in 

sediment (21 – 45 µmol/g) exceeded comparable levels of total metals, rendering them 

biologically unavailable. 

 

D.  Bioaccumulation of Aroclor 1268 (First Paper) 

This  paper  (Kannan  et  al.,  1998)  addressed  bioaccumulation  of  congeners  of  Aroclor 

1268  by  blue  crabs  (Callinectes  sapidus),  fishes,  terrapins  (M.  terrapin),  and  birds 

collected  from the LCP estuary during 1995  (terrapins and birds) and 1997  (blue crabs 

and fishes).   Fishes evaluated were silver perch (Bairdiella chrysoura), spotted seatrout 

(Cynoscion  nebulosus),  and  striped  mullet  (Mugil  cephalus).    Birds  assessed  were 

mottled  ducks  (Anas  fulvigula),  boat‐tailed  grackles  (Quiscalus  major),  red‐winged 

blackbirds (A.  phoeniceus), and clapper rails (R.  longirostrus). 
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Mean,  lipid‐normalized  concentrations  of  total  PCBs  in  biota  (presented  in  order  of 

increasing  concentrations,  ww)    followed  by  coefficients  of  determination  (r2)  for 

relative proportion of major PCB congeners in Aroclor 1268 vs. biota were:  

 

 Clapper rail (liver): 9.4 micrograms per gram (µg/g) (r2 = 0.86),  

 Diamondback terrapin (liver): 13 µg/g (r2 = 0.98),  

 Spotted seatrout (muscle): 56.4 µg/g (r2 = 0.89), 

 Boat‐tailed grackle (liver): 75.5 µg/g (r2 = 0.95), 

 Mottled duck breast (muscle): 135 µg/g (r2 = 0.91), 

 Blue crab (hepatopancreas): 197 µg/g (r2 = 0.68),  

 Silver perch (muscle): 203 µg/g (r2 = 0.80), 

 Striped mullet (muscle): 283 µg/g (r2 = 0.95), and 

 Red‐winged blackbird (carcass): 387 µg/g (r2 = 0.87).  

 

The authors reported that bioaccumulation was less than would be predicted based on 

the  octanol‐water  partition  coefficient  (KOW)  relationship,  supporting  the  hypothesis 

that  these  congeners  have  restricted membrane  permeability.  They  also  noted  that 

concentrations of non‐ortho  coplanar  congeners  in  the hepatopancreas of blue  crabs 

were  7  to  8  orders‐of‐magnitude  less  than  total  PCB  concentrations.    The  authors 

concluded  that,  despite  notable  concentrations  of  total  PCBs  in  biota,  the  toxic 

equivalents  (TEQs)  for  dioxin‐like  non‐  and mono‐ortho  coplanar  PCBs  in  biota were 

minimal.  

 

E.  Bioaccumulation of Aroclor 1268 (Second Paper) 

This paper (Maruya and Lee, 1998) addressed bioaccumulation of congeners of Aroclor 

1268  in  three  trophic  levels of  the  local  food web – grass  shrimp  (P.   pugio),  spotted 

seatrout (C.  nebulosus), and striped mullet (M. cephalus) – collected from Purvis Creek 

during 1996.  

 

Mean, lipid‐normalized concentrations of total PCBs in biota were (in order of increasing 

concentrations, ww) – grass shrimp  (whole body): 17 µg/g; spotted seatrout  (muscle): 

41 µg/g; and striped mullet (whole body): 160 µg/g.  
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Mean biota‐sediment accumulation factors (BSAFs) for all PCBs were 0.28, 0.81, and 3.1 

for  grass  shrimp,  spotted  seatrout,  and  striped  mullet,  respectively.  BSAFs  were 

negatively  correlated  (P  ≤  0.05) with  KOW  for  all  three  species.    This  correlation was 

believed  to  be  characteristic  of  extremely  hydrophobic  PCBs,  such  as  Aroclor  1268, 

which  have  been  demonstrated  to  exhibit  declining  bioavailability  with  increasing 

hydrophobicity for Cl7 – Cl10 homologs. 

 

Mean trophic transfer factors (TTFlipid) decreased with  increased trophic  level, being 12 

for the shrimp – mullet coupling, 2.9 for the shrimp – seatrout coupling, and 0.26 for the 

mullet – seatrout combination.  Individual TTFlipid were two to three times higher for Cl7 

and  Cl8  homologs  that  were  substituted  at  all  four  ortho  positions,  suggesting  a 

difference in PCB retention by biota based on chlorine substitution patterns. 

 

F.  Food/Foraging Habits and Mercury Concentrations in Wood Storks 

This paper  (Gariboldi et al., 2001) documented mercury concentrations  in wood  stork 

nestlings  (Mycteria americana)  from one colony  in South Carolina and  four colonies  in 

Georgia  during  the  years  of  1997,  1998,  and  1999.  The  colony  in  South  Carolina 

(Buckfield Colony) is located in eastern South Carolina and is surrounded (< 5 kilometers 

[km]) by a variety of freshwater and saltwater foraging wetlands.  The colonies in  

 

Georgia  included  two  inland  colonies  (Chew Mill Pond Colony  in east‐central Georgia 

and Blackwater Colony  in south central Georgia),  in which  foraging of parent storks  is 

restricted  to  freshwater  sites.   The  remaining Georgia colonies are coastal colonies  in 

which both freshwater and brackish/marine habitats are available for foraging.   One of 

these colonies  is the Harris Neck Colony, which  is  located on the Harris Neck National 

Wildlife Refuge in a low industrial area in McIntosh County.  The other coastal colony is 

the  St.  Simons  colony,  which  is  located  near  the  industrialized  city  of  Brunswick, 

Georgia. 

 

The  embedded  table  on  the  following  page  presents  concentrations  of  mercury  in 

tissues of wood stork nestlings from the various colonies during 1997 to 1999: 



 

Mean Mercury Concentrations in Tissues of Wood Stork Nestlings 

(Gariboldi et al., 2001) 

Mercury Concentrations 

Year 
Colony  

(region) 
Blood  

(µg/g ww) 

Down 

(µg/g dw) 

Feathers  

(µg/g dw) 

Blackwater (inland)  0.35  3.87  3.53 

Chew Mill (inland)  0.47  4.64  5.67 

Harris Neck (coastal)  0.13  2.05  1.51 
1997 

Buckfield (coastal)  0.53  3.49  4.59 

Chew Mill (inland)  0.51  5.13  5.25 

Harris Neck (coastal)  0.29  3.61  3.54 1998 

St. Simons (coastal)  0.46  4.92  5.64 

Blackwater (inland)  0.34  3.68  4.37 

Chew Mill (inland)  0.47  4.40  4.46 1999 

Harris Neck (coastal)  0.10  1.16  1.23 

 

The next embedded table documents reproductive success in several of the wood stork 

colonies during 1997 to 1999: 

 

Reproductive Success of Wood Storks (Gariboldi et al., 2001) 

  Chew Mill (inland)  Harris Neck (coastal)  St. Simons (coastal) 

 

Year 

No. 

nests 

monitor‐

ed 

Mean no.  

of 

fledglings/ 

nest 

Stand. 

dev. 

No. 

nests 

monitor‐

ed 

Mean no. 

of 

fledglings/

nest 

Stand. 

dev. 

No. 

nests 

monitor‐

ed 

Mean no. 

of 

fledglings/

nest 

Stand. 

dev. 

1997  24  1.4  0.8  166  0.7  0.8  37  1.1  1.0 

1998  26  1.4  1.1  110  2.3  1.1  39  2.7  0.6 

1999  26  1.5  1.1  55  1.0  1.0  ‐‐‐‐  ‐‐‐‐  ‐‐‐‐ 

Note:  The  freshwater wetlands  of  the wood  stork  colony  at  St.  Simons  “dried”  in  1999  and  the  colony was  not 

inhabited by wood storks. 

 

The authors of  this paper noted  that prey  in  freshwater systems  typically have higher 

body  burdens  of mercury  than  prey  in marine  systems, which  explains  the  generally 

greater  concentrations of mercury  (sometimes almost all methylmercury) observed  in 

nestlings  from  inland colonies.   They speculated  that  the “somewhat” higher  levels of 
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mercury found at the St. Simons’ colony  in 1998 could be related to mercury pollution 

associated with the LCP Site and utilization of freshwater wetlands as foraging habitats.  

The authors also noted that wood storks typically forage within 10 to 15 km (6.2 – 9.3 

miles)  of  their  colony.    (The  St.  Simons’  colony  is  located  in  the  northern  part  of  St. 

Simons Island in a freshwater impoundment containing four islands and is at least 20 km 

[12.4 miles]  from  the  Site.)    The  authors  commented  that,  at  the  colonies  that  they 

evaluated,  forage  items were  a more  important  source of mercury  to nestling  storks 

than maternal transfer.   Finally, the authors emphasized that the reproductive success 

data (the greatest success for all evaluated colonies during all evaluated years occurred 

at the St. Simons colony in 1998) suggest that the benefits of a greater prey base (from 

freshwater wetlands utilized in wet years) may outweigh the potential adverse effects of 

increased mercury exposure. 

 

J.2.2.2  Studies  Conducted  after  Remediation  of  Estuary.    The  following  two  studies 

address  the  effects  of  mercury  and  Aroclor  1268  on  mummichogs  (Fundulus 

heteroclitus) and effects of  the  same COPC on mineral  chemistry of bones of  clapper 

rails  (R.  longirostris).   The  former study was a  laboratory‐based toxicity study  in which 

mummichogs obtained from an uncontaminated  location were fed contaminated food.  

Consequently, results of this study (body burdens of mercury and Aroclor 1268  in fish) 

are relevant to body burdens of fish both before and after remediation at the Site.  The 

latter  study was  a  field‐based  study  conducted  in  2000  and pertains primarily  to  the 

post‐remediation ecological baseline. 

 

A.  Reproductive  and  Transgenerational  Effects  of  Methylmercury  and 

  Aroclor 1268 on Mummichogs 

This  paper  (Matta  et  al.,  2001)  addressed  the  toxicological  effects  of  mercury 

(methylmercury) and Aroclor 1268  in contaminated  food  fed to adult mummichogs  (F. 

heteroclitus) on those  fish  (the F0 generation) and succeeding F1 and F2 generations of 

fish.    A  total  of  13  possible  toxicological  responses  of  fish  were measured  for  fish 

exposed to methylmercury and  for  fish exposed to Aroclor 1268 –  for F0  fish: survival, 

weight, fecundity, and fertilization success; for F1 fish: hatching success,  larval survival, 

weight, sex ratio, abnormal gonads, fecundity, and fertilization success; and for F2 fish: 

hatching  success  and  larval  survival.   Of  these 26  toxicological measurements, only 5 
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measurements were characterized by a  statistically  significant difference  (P = 0.05) as 

compared to control fish. 

Aroclor 1268 in food was generally highly bioavailable and high whole body burdens (up 

to  15 mg/kg) were  accumulated  in  F0  fish.   However,  the  only  statistically  significant 

difference  between  treatment  and  control  fish was  an  increase  in  growth  of  the  F1 

generation beginning at whole body burdens  in parent  (F0)  fish between 0.34 and 1.3 

mg/kg  (which  equates  to  a  maximum  acceptable  toxicant  concentration  [MATC]  or 

geometric mean of 0.66 mg/kg). 

 

Exposure  of  fish  to  methylmercury  (up  to  body  burdens  of  12  mg/kg)  caused  the 

following statistically significant effects between treatment and control fish:  

 

 Increased mortality  of male  F0  fish  at methylmercury  body  burdens  between 

0.20  and  0.47 mg/kg  (MATC  =  0.30 mg/kg),  possibly  occurring  as  a  result  of 

behavioral alterations, 

 Increased  weight  of  F1  fish  at  egg  concentration  of  <  0.02  mg/kg,  which 

corresponds to a body burden for parent (F0) fish between 0.20 and 0.47 mg/kg 

(MATC = 0.31 mg/kg), 

 Altered sex ratios of F1 fish (fewer females at moderate body burdens and fewer 

males  at  highest  body  burdens)  at  egg  concentration  of  0.01  mg/kg,  which 

corresponds to a body burden  for parent  (F0)  fish between 0.44 and 1.1 mg/kg 

(MATC = 0.70 mg/kg), and  

 Reduced  fertilization  success of  F1  fish at egg  concentration of 0.63 mg/kg, or 

body burden of parent (F0) fish between 1.0 to 12 mg/kg (MATC = 3.5 mg/kg).  

 

No  statistically  significant  toxicological  effects  attributable  to mercury  occurred  in  F2 

fish. 

 

The authors of this paper did not specify whether concentrations of methylmercury and 

Aroclor 1268  in eggs and whole bodies of fish are expressed  in terms of dry weight or 

wet weight; however, wet‐weight measurements are more likely.  If this is the case, the 

lowest MATCs  for methylmercury  and Aroclor  1268  in  bodies  of  parent  (F0)  fish  are, 

respectively,  0.30  and  0.66 mg/kg wet weight.    If  it  is  additionally  assumed  that  the 

solids content of mummichogs is 25 percent, these wet‐weight MATC values convert to 
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1.2 mg/kg (dry weigh) methylmercury and 2.6 mg/kg (dw) Aroclor 1268.  Reference to a 

later table presented in this document (Table 14) indicates that the highest mean body 

burden of total mercury measured in mummichogs from the LCP estuary over the 2000‐

2006  time period was only 0.94 mg/kg  (dw).    In  the case of Aroclor 1268, mean body 

burdens of mummichogs exceeded the MATC value of 2.6 mg/kg (dw) in the Main Canal 

(4.14 mg/kg)  and  Eastern  Creek  (5.53 mg/kg).    However,  it  is  doubtful  if  increased 

growth of mummichogs  (the only  toxicological effect documented  for Aroclor 1268  in 

this paper) is a serious and reproducible toxicological phenomenon.   

 

B.  Effects on Mineral Chemistry of Clapper Rail Bones from In Ova   Exposure  to 

  Mercury and PCBs 

This  paper  (Rodriguez‐Navarro  et  al.,  2006)  addressed mineral  chemistry  of  bones  of 

clapper  rail  hatchlings  (R.  longirostris)  that  developed  from  eggs  collected  from  the 

marsh at  the  LCP Site and at a  reference  location on Blythe  Island during 2000.   This 

study  was  a  logical  “follow  up”  of  a  previous  study  that  identified  reduced  shell 

thickness  and  anomalous microstructure  of  egg  shells  of  clapper  rails  from  the  LCP 

marsh (Rodriguez‐Navarro et al., 2002).   The authors of that study speculated that the 

effects  on  egg  shells  may  be  related  to  concentrations  of  specific  metals  (e.  g., 

magnesium, copper, zinc, lead, and mercury). 

 

In the latest study, exposure to contaminants in the LCP marsh did not affect the length 

or weight of  leg bones of clapper rails.   However, bone maturation was accelerated as 

evidenced  by  a  higher  calcium/phosphorous  ratio  and  lower  carbonate  and  acid‐

phosphate  content.  The  authors  noted  the  difficulty  in  determining  the  specific 

toxicant(s)  that  caused  these  effects,  although  they  specifically  referenced 

organochlorides other than PCBs (e. g., dioxins) and heavy metals including mercury. 

 

________________________________________________________________________ 
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
5NOAAG polygon

Location Sample ID Year Matrix Parameter res05
5-NOAA-G 04294-FC-NOAA5-1 2004 Fiddler Crab Mercury 0.33000
5-NOAA-G 04294-FC-NOAA5-2 2004 Fiddler Crab Mercury 0.45000
5-NOAA-G 04294-FC-NOAA5-3 2004 Fiddler Crab Mercury 0.30000
5-NOAA-G 04296-FC-NOAA5-4 2004 Fiddler Crab Mercury 0.47000
5-NOAA-G 04296-FC-NOAA5-5 2004 Fiddler Crab Mercury 0.34000
5-NOAA-G 04296-FC-NOAA5-6 2004 Fiddler Crab Mercury 0.35000
5-NOAA-G 04296-FC-NOAA5-7 2004 Fiddler Crab Mercury 0.48000
M-102 04301-FC-M102-1 2004 Fiddler Crab Mercury 0.34000
M-102 04301-FC-M102-2 2004 Fiddler Crab Mercury 0.36000
M-102 04301-FC-M102-3 2004 Fiddler Crab Mercury 0.47000
M-102 04301-FC-M102-4 2004 Fiddler Crab Mercury 0.32000
M-102 04301-FC-M102-5 2004 Fiddler Crab Mercury 0.40000

M-102 04301-FC-M102-6 2004 Fiddler Crab Mercury 0.33000

M-102 04301-FC-M102-7 2004 Fiddler Crab Mercury 0.26000
5-NOAA-G 05298-FC-NOAA-5-R1 2005 Fiddler crab Mercury 0.22654
5-NOAA-G 05298-FC-NOAA-5-R2 2005 Fiddler crab Mercury 0.19608

5-NOAA-G 05298-FC-NOAA-5-R3 2005 Fiddler crab Mercury 0.32787

5-NOAA-G 05298-FC-NOAA-5-R4 2005 Fiddler crab Mercury 0.27027
5-NOAA-G 05298-FC-NOAA-5-R5 2005 Fiddler crab Mercury 0.22727
5-NOAA-G 05298-FC-NOAA-5-R6 2005 Fiddler crab Mercury 0.27972
5-NOAA-G 05298-FC-NOAA-5-R7 2005 Fiddler crab Mercury 0.21472
M-102 05299-FC-M-102-R1 2005 Fiddler crab Mercury 0.18293
M-102 05299-FC-M-102-R2 2005 Fiddler crab Mercury 0.15152

M-102 05299-FC-M-102-R3 2005 Fiddler crab Mercury 0.14925

M-102 05299-FC-M-102-R4 2005 Fiddler crab Mercury 0.17857
M-102 05299-FC-M-102-R5 2005 Fiddler crab Mercury 0.15291
M-102 05299-FC-M-102-R6 2005 Fiddler crab Mercury 0.18237
M-102 05299-FC-M-102-R7 2005 Fiddler crab Mercury 0.19355
5-NOAA-G 06291-NOAA-5-G-FC-R1 2006 Fiddler Crab Mercury 0.33815
5-NOAA-G 06291-NOAA-5-G-FC-R2 2006 Fiddler Crab Mercury 0.27485
5-NOAA-G 06291-NOAA-5-G-FC-R3 2006 Fiddler Crab Mercury 0.27994
5-NOAA-G 06291-NOAA-5-G-FC-R4 2006 Fiddler Crab Mercury 0.32733
5-NOAA-G 06291-NOAA-5-G-FC-R5 2006 Fiddler Crab Mercury 0.30291
5-NOAA-G 06291-NOAA-5-G-FC-R6 2006 Fiddler Crab Mercury 0.36691
5-NOAA-G 06291-NOAA-5-G-FC-R7 2006 Fiddler Crab Mercury 0.41844
5-NOAA-G 07289-NOAA-5-FC-R1 2007 Fiddler Crab Mercury 0.15587
5-NOAA-G 07289-NOAA-5-FC-R2 2007 Fiddler Crab Mercury 0.18698
5-NOAA-G 07289-NOAA-5-FC-R3 2007 Fiddler Crab Mercury 0.34627

Average 0.29293
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
5NOAAG polygon

Location Year Matrix Parameter res05
5-NOAA-G 2004 sediment Mercury 0.9800
5-NOAA-G 2005 sediment Mercury 1.9400
5-NOAA-G 2006 sediment Mercury 1.9000
5-NOAA-G 2007 sediment Mercury 0.3560
C-4 2000 sediment Mercury 2.7200
C-4 2002 sediment Mercury 4.2000
C-4 2003 sediment Mercury 4.0000
C-4 2004 sediment Mercury 1.7000
C-5 2000 sediment Mercury 11.5000
C-5 2002 sediment Mercury 11.0000
C-5 2003 sediment Mercury 10.0000
C-5 2004 sediment Mercury 2.1000

C-5 2005 sediment Mercury 1.1000

C-5 2006 sediment Mercury 7.0300
C-5 2007 sediment Mercury 2.6700
M-102 2004 sediment Mercury 0.4000

M-102 2005 sediment Mercury 0.7360

M-26 2000 sediment Mercury 1.6600
SD-01 2003 sediment Mercury 3.9000
SD-02 2003 sediment Mercury 1.7000
SD-03 2003 sediment Mercury 5.3000
SD-04 2003 sediment Mercury 1.7000
SD-05 2003 sediment Mercury 3.2000

SD-06 2003 sediment Mercury 5.5000

SD3M-2 2004 sediment Mercury 0.7100
SDMC-AET-1 2006 sediment Mercury 3.4100
SDMC-AET-10 2006 sediment Mercury 1.2900
SDMC-AET-2 2006 sediment Mercury 2.5700
SDMC-AET-3 2006 sediment Mercury 1.7400
SDMC-AET-4 2006 sediment Mercury 2.7800
SDMC-AET-5 2006 sediment Mercury 2.1400
SDMC-AET-6 2006 sediment Mercury 0.7720
SDMC-AET-7 2006 sediment Mercury 3.6100
SDMC-AET-8 2006 sediment Mercury 3.0000
SDMC-AET-9 2006 sediment Mercury 2.6400

Average 3.1987
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
5NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
5-NOAA-G 04294-FC-NOAA5-1 2004 Fiddler Crab Aroclor-1268 3.00000
5-NOAA-G 04294-FC-NOAA5-2 2004 Fiddler Crab Aroclor-1268 7.41935
5-NOAA-G 04294-FC-NOAA5-3 2004 Fiddler Crab Aroclor-1268 17.00000
5-NOAA-G 04296-FC-NOAA5-4 2004 Fiddler Crab Aroclor-1268 1.81250
5-NOAA-G 04296-FC-NOAA5-5 2004 Fiddler Crab Aroclor-1268 4.82759
5-NOAA-G 04296-FC-NOAA5-6 2004 Fiddler Crab Aroclor-1268 1.33333
5-NOAA-G 04296-FC-NOAA5-7 2004 Fiddler Crab Aroclor-1268 1.21212
M-102 04301-FC-M102-1 2004 Fiddler Crab Aroclor-1268 0.17241 U
M-102 04301-FC-M102-2 2004 Fiddler Crab Aroclor-1268 0.29310 U
M-102 04301-FC-M102-3 2004 Fiddler Crab Aroclor-1268 0.20000 U
M-102 04301-FC-M102-4 2004 Fiddler Crab Aroclor-1268 0.24138 U
M-102 04301-FC-M102-5 2004 Fiddler Crab Aroclor-1268 0.20690 U

M-102 04301-FC-M102-6 2004 Fiddler Crab Aroclor-1268 0.25000 U

M-102 04301-FC-M102-7 2004 Fiddler Crab Aroclor-1268 0.32258 U
5-NOAA-G 05298-FC-NOAA-5-R1 2005 Fiddler crab Aroclor-1268 0.90615
5-NOAA-G 05298-FC-NOAA-5-R2 2005 Fiddler crab Aroclor-1268 0.58824

5-NOAA-G 05298-FC-NOAA-5-R3 2005 Fiddler crab Aroclor-1268 1.04918

5-NOAA-G 05298-FC-NOAA-5-R4 2005 Fiddler crab Aroclor-1268 1.72297
5-NOAA-G 05298-FC-NOAA-5-R5 2005 Fiddler crab Aroclor-1268 0.97403
5-NOAA-G 05298-FC-NOAA-5-R6 2005 Fiddler crab Aroclor-1268 1.67832
5-NOAA-G 05298-FC-NOAA-5-R7 2005 Fiddler crab Aroclor-1268 3.37423
M-102 05299-FC-M-102-R1 2005 Fiddler crab Aroclor-1268 0.57927
M-102 05299-FC-M-102-R2 2005 Fiddler crab Aroclor-1268 0.39394 J

M-102 05299-FC-M-102-R3 2005 Fiddler crab Aroclor-1268 0.56716

M-102 05299-FC-M-102-R4 2005 Fiddler crab Aroclor-1268 0.59524
M-102 05299-FC-M-102-R5 2005 Fiddler crab Aroclor-1268 0.33639
M-102 05299-FC-M-102-R6 2005 Fiddler crab Aroclor-1268 0.66869
M-102 05299-FC-M-102-R7 2005 Fiddler crab Aroclor-1268 0.45161
5-NOAA-G 06291-NOAA-5-G-FC-R1 2006 Fiddler Crab Aroclor-1268 0.75145
5-NOAA-G 06291-NOAA-5-G-FC-R2 2006 Fiddler Crab Aroclor-1268 1.04790
5-NOAA-G 06291-NOAA-5-G-FC-R3 2006 Fiddler Crab Aroclor-1268 0.76696
5-NOAA-G 06291-NOAA-5-G-FC-R4 2006 Fiddler Crab Aroclor-1268 0.81081
5-NOAA-G 06291-NOAA-5-G-FC-R5 2006 Fiddler Crab Aroclor-1268 0.71197
5-NOAA-G 06291-NOAA-5-G-FC-R6 2006 Fiddler Crab Aroclor-1268 0.75540
5-NOAA-G 06291-NOAA-5-G-FC-R7 2006 Fiddler Crab Aroclor-1268 1.24113
5-NOAA-G 07289-NOAA-5-FC-R1 2007 Fiddler Crab Aroclor-1268 0.54441
5-NOAA-G 07289-NOAA-5-FC-R2 2007 Fiddler Crab Aroclor-1268 0.44321
5-NOAA-G 07289-NOAA-5-FC-R3 2007 Fiddler Crab Aroclor-1268 0.50746

Average 1.57256

Page 3 of 37



Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
5NOAAG polygon

Location Year Matrix Parameter res05
C-4 2002 sediment Mercury 21.0000
C-5 2002 sediment Mercury 19.0000
C-4 2003 sediment Mercury 9.9000
C-5 2003 sediment Mercury 24.0000
SD-01 2003 sediment Mercury 6.4000
SD-02 2003 sediment Mercury 6.6000
SD-03 2003 sediment Mercury 6.2000
SD-04 2003 sediment Mercury 3.0000
SD-05 2003 sediment Mercury 5.1000
SD-06 2003 sediment Mercury 1.3000
C-4 2004 sediment Mercury 4.0000
C-5 2004 sediment Mercury 12.0000

5-NOAA-G 2004 sediment Mercury 4.7000

SD3M-2 2004 sediment Mercury 0.9500
M-102 2004 sediment Mercury 1.1000
M-102 2005 sediment Mercury 1.9000

5-NOAA-G 2005 sediment Mercury 18.0000

C-5 2005 sediment Mercury 4.2000
C-5 2006 sediment Mercury 31.0000
5-NOAA-G 2006 sediment Mercury 18.0000
SDMC-AET-1 2006 sediment Mercury 20.0000
SDMC-AET-10 2006 sediment Mercury 4.1000
SDMC-AET-2 2006 sediment Mercury 15.0000

SDMC-AET-3 2006 sediment Mercury 8.2000

SDMC-AET-4 2006 sediment Mercury 20.0000
SDMC-AET-5 2006 sediment Mercury 8.3000
SDMC-AET-6 2006 sediment Mercury 1.8000
SDMC-AET-7 2006 sediment Mercury 21.0000
SDMC-AET-8 2006 sediment Mercury 11.0000
SDMC-AET-9 2006 sediment Mercury 11.0000
C-5 2007 sediment Mercury 10.0000
5-NOAA-G 2007 sediment Mercury 0.6200
C-4 2000 sediment Mercury 2.4000
C-5 2000 sediment Mercury 3.7000
M-26 2000 sediment Mercury 1.9000

Average 9.6391
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
6NOAAG polygon

Location Sample ID Year Matrix Parameter res05
6-NOAA-G 04293-FC-NOAA6-1 2004 Fiddler Crab Mercury 0.22000
6-NOAA-G 04293-FC-NOAA6-2 2004 Fiddler Crab Mercury 0.30000
6-NOAA-G 04293-FC-NOAA6-3 2004 Fiddler Crab Mercury 0.30000
6-NOAA-G 04293-FC-NOAA6-4 2004 Fiddler Crab Mercury 0.28000
6-NOAA-G 04293-FC-NOAA6-5 2004 Fiddler Crab Mercury 0.22000
6-NOAA-G 04293-FC-NOAA6-6 2004 Fiddler Crab Mercury 0.23000
6-NOAA-G 04293-FC-NOAA6-7 2004 Fiddler Crab Mercury 0.31000
6-NOAA-G 05298-FC-NOAA-6-R1 2005 Fiddler crab Mercury 0.17606
6-NOAA-G 05298-FC-NOAA-6-R2 2005 Fiddler crab Mercury 0.17668
6-NOAA-G 05298-FC-NOAA-6-R3 2005 Fiddler crab Mercury 0.19608

Average 0.24088

Raw Data Mercury in Sediment
6NOAAG polygon

Location Sample ID Year Matrix Parameter res05
SD2M-16 04288-SD2M-16 2004 sediment Mercury 0.63000

SD2M-5 04288-SD2M-5 2004 sediment Mercury 0.27000
SD2M-3 04289-SD2M-3 2004 sediment Mercury 0.83000
6-NOAA-G 04294-NOAA6 2004 sediment Mercury 0.84000
6-NOAA-G 05292-NOAA-6-G 2005 sediment Mercury 0.70700
6-NOAA-G 06292-NOAA-6-G 2006 SEDIMENT Mercury 0.41200
6-NOAA-G 07289-NOAA-6 2007 sediment Mercury 0.85300

Average 0.64886
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
6NOAAG polygon

Location Sample ID Year Matrix Parameter res05
6-NOAA-G 04293-FC-NOAA6-1 2004 Fiddler Crab Aroclor-1268 0.2500
6-NOAA-G 04293-FC-NOAA6-2 2004 Fiddler Crab Aroclor-1268 0.3036
6-NOAA-G 04293-FC-NOAA6-3 2004 Fiddler Crab Aroclor-1268 0.2593
6-NOAA-G 04293-FC-NOAA6-4 2004 Fiddler Crab Aroclor-1268 0.1897
6-NOAA-G 04293-FC-NOAA6-5 2004 Fiddler Crab Aroclor-1268 0.3036
6-NOAA-G 04293-FC-NOAA6-6 2004 Fiddler Crab Aroclor-1268 0.2931
6-NOAA-G 04293-FC-NOAA6-7 2004 Fiddler Crab Aroclor-1268 0.2593
6-NOAA-G 05298-FC-NOAA-6-R1 2005 Fiddler crab Aroclor-1268 0.3873
6-NOAA-G 05298-FC-NOAA-6-R2 2005 Fiddler crab Aroclor-1268 0.5654
6-NOAA-G 05298-FC-NOAA-6-R3 2005 Fiddler crab Aroclor-1268 0.7843

Average 0.3595

Raw Data Aroclor 1268 in Sediment
6NOAAG polygon

Location Sample ID Year Matrix Parameter res05
SD2M-16 04288-SD2M-16 2004 Sediment Aroclor-1268 2.5000

SD2M-5 04288-SD2M-5 2004 Sediment Aroclor-1268 0.6800
SD2M-3 04289-SD2M-3 2004 Sediment Aroclor-1268 0.9100
6-NOAA-G 04294-NOAA6 2004 Sediment Aroclor-1268 0.8600
6-NOAA-G 05292-NOAA-6-G 2005 Sediment Aroclor-1268 1.2000
6-NOAA-G 06292-NOAA-6-G 2006 Sediment Aroclor-1268 0.6500
6-NOAA-G 07289-NOAA-6 2007 Sediment Aroclor-1268 1.2000

Average 1.1429
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
7NOAAG polygon

Location Sample ID Year Matrix Parameter res05
7-NOAA-G 04293-FC-NOAA7-1 2004 Fiddler Crab Mercury 0.71000
7-NOAA-G 04293-FC-NOAA7-2 2004 Fiddler Crab Mercury 0.52000
7-NOAA-G 04293-FC-NOAA7-3 2004 Fiddler Crab Mercury 0.74000
7-NOAA-G 04293-FC-NOAA7-4 2004 Fiddler Crab Mercury 0.85000
7-NOAA-G 04293-FC-NOAA7-5 2004 Fiddler Crab Mercury 0.58000
7-NOAA-G 04293-FC-NOAA7-6 2004 Fiddler Crab Mercury 0.73000
7-NOAA-G 04293-FC-NOAA7-7 2004 Fiddler Crab Mercury 0.82000
7-NOAA-G 05298-FC-NOAA-7-R1 2005 Fiddler crab Mercury 0.21605
7-NOAA-G 05298-FC-NOAA-7-R2 2005 Fiddler crab Mercury 0.16129
7-NOAA-G 05298-FC-NOAA-7-R3 2005 Fiddler crab Mercury 0.21341
7-NOAA-G 05298-FC-NOAA-7-R4 2005 Fiddler crab Mercury 0.23952
7-NOAA-G 05298-FC-NOAA-7-R5 2005 Fiddler crab Mercury 0.21807

7-NOAA-G 05298-FC-NOAA-7-R6 2005 Fiddler crab Mercury 0.22293

7-NOAA-G 05298-FC-NOAA-7-R7 2005 Fiddler crab Mercury 0.15873
8-NOAA-G 04294-FC-NOAA8-1 2004 Fiddler Crab Mercury 0.19000
8-NOAA-G 04294-FC-NOAA8-2 2004 Fiddler Crab Mercury 0.20000

8-NOAA-G 04294-FC-NOAA8-3 2004 Fiddler Crab Mercury 0.24000

8-NOAA-G 04294-FC-NOAA8-4 2004 Fiddler Crab Mercury 0.19000
8-NOAA-G 04294-FC-NOAA8-5 2004 Fiddler Crab Mercury 0.17000
8-NOAA-G 04294-FC-NOAA8-6 2004 Fiddler Crab Mercury 0.15000
8-NOAA-G 04294-FC-NOAA8-7 2004 Fiddler Crab Mercury 0.15000
8-NOAA-G 05298-FC-NOAA-8-R1 2005 Fiddler crab Mercury 0.09804
8-NOAA-G 05298-FC-NOAA-8-R2 2005 Fiddler crab Mercury 0.12821

8-NOAA-G 05298-FC-NOAA-8-R3 2005 Fiddler crab Mercury 0.09772

8-NOAA-G 05298-FC-NOAA-8-R4 2005 Fiddler crab Mercury 0.12862
8-NOAA-G 05298-FC-NOAA-8-R5 2005 Fiddler crab Mercury 0.09585
8-NOAA-G 05298-FC-NOAA-8-R6 2005 Fiddler crab Mercury 0.13652
8-NOAA-G 05298-FC-NOAA-8-R7 2005 Fiddler crab Mercury 0.13559
8-NOAA-G 06292-NOAA-8-G-FC-R1 2006 Fiddler Crab Mercury 0.20881
8-NOAA-G 06292-NOAA-8-G-FC-R2 2006 Fiddler Crab Mercury 0.25510
8-NOAA-G 06292-NOAA-8-G-FC-R3 2006 Fiddler Crab Mercury 0.26384
8-NOAA-G 06292-NOAA-8-G-FC-R4 2006 Fiddler Crab Mercury 0.28212
8-NOAA-G 06292-NOAA-8-G-FC-R5 2006 Fiddler Crab Mercury 0.28814
8-NOAA-G 06292-NOAA-8-G-FC-R6 2006 Fiddler Crab Mercury 0.25488
8-NOAA-G 07289-NOAA-8-FC-R1 2007 Fiddler Crab Mercury 0.13503
8-NOAA-G 07289-NOAA-8-FC-R2 2007 Fiddler Crab Mercury 0.12287
8-NOAA-G 07289-NOAA-8-FC-R3 2007 Fiddler Crab Mercury 0.17713

Average 0.28320
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
7NOAAG polygon

Location Sample ID Year Matrix Parameter res05
7-NOAA-G 04294-NOAA7 2004 sediment Mercury 0.8200
7-NOAA-G 05292-NOAA-7-G 2005 sediment Mercury 0.6750
7-NOAA-G 06292-NOAA-7-G 2006 sediment Mercury 0.5670
7-NOAA-G 07289-NOAA-7 2007 sediment Mercury 0.7080
8-NOAA-G 04294-NOAA8 2004 sediment Mercury 0.8600
8-NOAA-G 05292-NOAA-8-G 2005 sediment Mercury 0.8660
8-NOAA-G 06292-NOAA-8-G 2006 sediment Mercury 0.7430
8-NOAA-G 07289-NOAA-8 2007 sediment Mercury 1.0200
C-12 C-12(S) 2000 sediment Mercury 5.3400
C-12 05292-C-12 2005 sediment Mercury 1.0300
C-13 C-13(S) 2000 sediment Mercury 7.0000
C-13 02236-C-13 2002 sediment Mercury 1.5000

C-13 03287-C-13 2003 sediment Mercury 0.4800

C-13 04294-C-13 2004 sediment Mercury 1.7000
C-13 05292-C-13 2005 sediment Mercury 1.4300
C-14 C-14(S) 2000 sediment Mercury 5.3600

C-14 05293-C-14 2005 sediment Mercury 1.8000

M-27 M-27(S) 2000 sediment Mercury 3.3000
M-27 02236-M-27 2002 sediment Mercury 2.1000
M-27 03288-M-27 2003 sediment Mercury 0.6400
M-27 04296-M-27 2004 sediment Mercury 0.7600
SD2C-10 04286-SD2C-10 2004 sediment Mercury 7.6000
SD2C-11 04287-SD2C-11 2004 sediment Mercury 3.6000

SD2C-12 04287-SD2C-12 2004 sediment Mercury 5.7000

SD2C-19 04287-SD2C-19 2004 sediment Mercury 0.6200
SD2C-6 04286-SD2C-6 2004 sediment Mercury 2.1000
SD2C-7 04286-SD2C-7 2004 sediment Mercury 0.5800
SD2C-9 04286-SD2C-9 2004 sediment Mercury 1.0000
SD2M-1 04288-SD2M-1 2004 sediment Mercury 0.3900
SD2M-12 04288-SD2M-12 2004 sediment Mercury 0.3800
SD2M-2 04288-SD2M-2 2004 sediment Mercury 0.3600
SDWC-AET-10 06297-SDWC-AET-10 2006 sediment Mercury 1.2200
SDWC-AET-11 06297-SDWC-AET-11 2006 sediment Mercury 0.5180
SDWC-AET-12 06297-SDWC-AET-12 2006 sediment Mercury 1.5900
SDWC-AET-13 06297-SDWC-AET-13 2006 sediment Mercury 0.9210
SDWC-AET-14 06297-SDWC-AET-14 2006 sediment Mercury 1.5000
SDWC-AET-15 06297-SDWC-AET-15 2006 sediment Mercury 1.8500
SDWC-AET-16 06297-SDWC-AET-16 2006 sediment Mercury 2.7600
SDWC-AET-17 06297-SDWC-AET-17 2006 sediment Mercury 6.7200
SDWC-AET-18 06297-SDWC-AET-18 2006 sediment Mercury 1.1400
SDWC-AET-19 06297-SDWC-AET-19 2006 sediment Mercury 1.4900
SDWC-AET-20 06297-SDWC-AET-20 2006 sediment Mercury 1.5300
SDWC-AET-21 06297-SDWC-AET-21 2006 sediment Mercury 1.7100
SDWC-AET-7 06297-SDWC-AET-7 2006 sediment Mercury 0.9540
SDWC-AET-8 06297-SDWC-AET-8 2006 sediment Mercury 1.0200
SDWC-AET-9 06297-SDWC-AET-9 2006 sediment Mercury 1.2900

Average 1.8966
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
7NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
7-NOAA-G 04293-FC-NOAA7-1 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-2 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-3 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-4 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-5 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-6 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-7 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 05298-FC-NOAA-7-R1 2005 Fiddler crab Aroclor-1268 0.98765
7-NOAA-G 05298-FC-NOAA-7-R2 2005 Fiddler crab Aroclor-1268 0.83871
7-NOAA-G 05298-FC-NOAA-7-R3 2005 Fiddler crab Aroclor-1268 0.85366
7-NOAA-G 05298-FC-NOAA-7-R4 2005 Fiddler crab Aroclor-1268 0.89820
7-NOAA-G 05298-FC-NOAA-7-R5 2005 Fiddler crab Aroclor-1268 0.90343

7-NOAA-G 05298-FC-NOAA-7-R6 2005 Fiddler crab Aroclor-1268 0.92357

7-NOAA-G 05298-FC-NOAA-7-R7 2005 Fiddler crab Aroclor-1268 0.73016
8-NOAA-G 04294-FC-NOAA8-1 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-2 2004 Fiddler Crab Aroclor-1268 0.32258 U

8-NOAA-G 04294-FC-NOAA8-3 2004 Fiddler Crab Aroclor-1268 0.33333 U

8-NOAA-G 04294-FC-NOAA8-4 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-5 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 04294-FC-NOAA8-6 2004 Fiddler Crab Aroclor-1268 0.31250 U
8-NOAA-G 04294-FC-NOAA8-7 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 05298-FC-NOAA-8-R1 2005 Fiddler crab Aroclor-1268 1.20915
8-NOAA-G 05298-FC-NOAA-8-R2 2005 Fiddler crab Aroclor-1268 1.12180

8-NOAA-G 05298-FC-NOAA-8-R3 2005 Fiddler crab Aroclor-1268 1.30293

8-NOAA-G 05298-FC-NOAA-8-R4 2005 Fiddler crab Aroclor-1268 1.06109
8-NOAA-G 05298-FC-NOAA-8-R5 2005 Fiddler crab Aroclor-1268 1.21406
8-NOAA-G 05298-FC-NOAA-8-R6 2005 Fiddler crab Aroclor-1268 1.29693
8-NOAA-G 05298-FC-NOAA-8-R7 2005 Fiddler crab Aroclor-1268 1.38983
8-NOAA-G 06292-NOAA-8-G-FC-R1 2006 Fiddler Crab Aroclor-1268 0.32881
8-NOAA-G 06292-NOAA-8-G-FC-R2 2006 Fiddler Crab Aroclor-1268 0.24522
8-NOAA-G 06292-NOAA-8-G-FC-R3 2006 Fiddler Crab Aroclor-1268 0.42345
8-NOAA-G 06292-NOAA-8-G-FC-R4 2006 Fiddler Crab Aroclor-1268 0.62044
8-NOAA-G 06292-NOAA-8-G-FC-R5 2006 Fiddler Crab Aroclor-1268 0.63241
8-NOAA-G 06292-NOAA-8-G-FC-R6 2006 Fiddler Crab Aroclor-1268 0.48780
8-NOAA-G 07289-NOAA-8-FC-R1 2007 Fiddler Crab Aroclor-1268 0.41916
8-NOAA-G 07289-NOAA-8-FC-R2 2007 Fiddler Crab Aroclor-1268 0.51829
8-NOAA-G 07289-NOAA-8-FC-R3 2007 Fiddler Crab Aroclor-1268 0.54878

Average 0.60658
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
7NOAAG polygon

Location Year Sample ID Matrix Parameter res05 R Mod
7-NOAA-G 2004 04294-NOAA7 sediment Aroclor-1268 0.8400
7-NOAA-G 2005 05292-NOAA-7-G sediment Aroclor-1268 1.0000
7-NOAA-G 2006 06292-NOAA-7-G SEDIMENT Aroclor-1268 1.2000 D
7-NOAA-G 2007 07289-NOAA-7 sediment Aroclor-1268 1.2000 D
8-NOAA-G 2004 04294-NOAA8 sediment Aroclor-1268 0.5000
8-NOAA-G 2005 05292-NOAA-8-G sediment Aroclor-1268 0.6100
8-NOAA-G 2006 06292-NOAA-8-G SEDIMENT Aroclor-1268 0.4000
8-NOAA-G 2007 07289-NOAA-8 sediment Aroclor-1268 0.5100
C-12 2000 C-12(S) sediment Aroclor-1268 0.4800
C-12 2005 05292-C-12 sediment Aroclor-1268 4.8000
C-13 2000 C-13(S) sediment Aroclor-1268 0.7500
C-13 2002 02236-C-13 sediment Aroclor-1268 2.1000

C-13 2003 03287-C-13 sediment Aroclor-1268 1.3000

C-13 2004 04294-C-13 sediment Aroclor-1268 2.4000
C-13 2005 05292-C-13 sediment Aroclor-1268 1.3000
C-14 2000 C-14(S) sediment Aroclor-1268 0.3000

C-14 2005 05293-C-14 sediment Aroclor-1268 7.3000

M-27 2000 M-27(S) sediment Aroclor-1268 0.4700
M-27 2002 02236-M-27 sediment Aroclor-1268 2.6000
M-27 2003 03288-M-27 sediment Aroclor-1268 0.8700
M-27 2004 04296-M-27 sediment Aroclor-1268 1.3000
SD2C-10 2004 04286-SD2C-10 sediment Aroclor-1268 8.0000
SD2C-11 2004 04287-SD2C-11 sediment Aroclor-1268 1.3000

SD2C-12 2004 04287-SD2C-12 sediment Aroclor-1268 14.0000

SD2C-19 2004 04287-SD2C-19 sediment Aroclor-1268 1.4000
SD2C-6 2004 04286-SD2C-6 sediment Aroclor-1268 5.2000
SD2C-7 2004 04286-SD2C-7 sediment Aroclor-1268 1.1000
SD2C-9 2004 04286-SD2C-9 sediment Aroclor-1268 3.5000
SD2M-1 2004 04288-SD2M-1 sediment Aroclor-1268 0.5400
SD2M-12 2004 04288-SD2M-12 sediment Aroclor-1268 0.4200
SD2M-2 2004 04288-SD2M-2 sediment Aroclor-1268 0.3800
SDWC-AET-10 2006 06297-SDWC-AET-10 SEDIMENT Aroclor-1268 1.4000 D
SDWC-AET-11 2006 06297-SDWC-AET-11 SEDIMENT Aroclor-1268 0.7500 D
SDWC-AET-12 2006 06297-SDWC-AET-12 SEDIMENT Aroclor-1268 2.4000 D
SDWC-AET-13 2006 06297-SDWC-AET-13 SEDIMENT Aroclor-1268 2.2000 D
SDWC-AET-14 2006 06297-SDWC-AET-14 SEDIMENT Aroclor-1268 5.2000 D
SDWC-AET-15 2006 06297-SDWC-AET-15 SEDIMENT Aroclor-1268 2.5000 D
SDWC-AET-16 2006 06297-SDWC-AET-16 SEDIMENT Aroclor-1268 20.0000 D
SDWC-AET-17 2006 06297-SDWC-AET-17 SEDIMENT Aroclor-1268 25.0000 D
SDWC-AET-18 2006 06297-SDWC-AET-18 SEDIMENT Aroclor-1268 2.1000 D
SDWC-AET-19 2006 06297-SDWC-AET-19 SEDIMENT Aroclor-1268 1.8000 D
SDWC-AET-20 2006 06297-SDWC-AET-20 SEDIMENT Aroclor-1268 2.4000 D
SDWC-AET-21 2006 06297-SDWC-AET-21 SEDIMENT Aroclor-1268 4.8000 D
SDWC-AET-7 2006 06297-SDWC-AET-7 SEDIMENT Aroclor-1268 1.8000 D
SDWC-AET-8 2006 06297-SDWC-AET-8 SEDIMENT Aroclor-1268 7.0000 D
SDWC-AET-9 2006 06297-SDWC-AET-9 SEDIMENT Aroclor-1268 1.7000 D

Average 3.2417
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05
9-NOAA-G 04294-FC-NOAA9-1 2004 Fiddler Crab Mercury 0.19000
9-NOAA-G 04294-FC-NOAA9-2 2004 Fiddler Crab Mercury 0.17000
9-NOAA-G 04294-FC-NOAA9-3 2004 Fiddler Crab Mercury 0.18000
9-NOAA-G 04294-FC-NOAA9-4 2004 Fiddler Crab Mercury 0.22000
9-NOAA-G 04294-FC-NOAA9-5 2004 Fiddler Crab Mercury 0.30000
9-NOAA-G 04294-FC-NOAA9-6 2004 Fiddler Crab Mercury 0.16000
9-NOAA-G 04294-FC-NOAA9-7 2004 Fiddler Crab Mercury 0.27000
9-NOAA-G 05298-FC-NOAA-9-R1 2005 Fiddler crab Mercury 0.19934
9-NOAA-G 05298-FC-NOAA-9-R2 2005 Fiddler crab Mercury 0.16502
9-NOAA-G 05298-FC-NOAA-9-R3 2005 Fiddler crab Mercury 0.13158
9-NOAA-G 05298-FC-NOAA-9-R4 2005 Fiddler crab Mercury 0.16447
9-NOAA-G 05298-FC-NOAA-9-R5 2005 Fiddler crab Mercury 0.17668

9-NOAA-G 05298-FC-NOAA-9-R6 2005 Fiddler crab Mercury 0.12698

9-NOAA-G 05298-FC-NOAA-9-R7 2005 Fiddler crab Mercury 0.17606
6-NOAA-G 04293-FC-NOAA6-1 2004 Fiddler Crab Mercury 0.22000
6-NOAA-G 04293-FC-NOAA6-2 2004 Fiddler Crab Mercury 0.30000

6-NOAA-G 04293-FC-NOAA6-3 2004 Fiddler Crab Mercury 0.30000

6-NOAA-G 04293-FC-NOAA6-4 2004 Fiddler Crab Mercury 0.28000
6-NOAA-G 04293-FC-NOAA6-5 2004 Fiddler Crab Mercury 0.22000
6-NOAA-G 04293-FC-NOAA6-6 2004 Fiddler Crab Mercury 0.23000
6-NOAA-G 04293-FC-NOAA6-7 2004 Fiddler Crab Mercury 0.31000
6-NOAA-G 05298-FC-NOAA-6-R1 2005 Fiddler crab Mercury 0.17606
6-NOAA-G 05298-FC-NOAA-6-R2 2005 Fiddler crab Mercury 0.17668

6-NOAA-G 05298-FC-NOAA-6-R3 2005 Fiddler crab Mercury 0.19608

7-NOAA-G 04293-FC-NOAA7-1 2004 Fiddler Crab Mercury 0.71000
7-NOAA-G 04293-FC-NOAA7-2 2004 Fiddler Crab Mercury 0.52000
7-NOAA-G 04293-FC-NOAA7-3 2004 Fiddler Crab Mercury 0.74000
7-NOAA-G 04293-FC-NOAA7-4 2004 Fiddler Crab Mercury 0.85000
7-NOAA-G 04293-FC-NOAA7-5 2004 Fiddler Crab Mercury 0.58000
7-NOAA-G 04293-FC-NOAA7-6 2004 Fiddler Crab Mercury 0.73000
7-NOAA-G 04293-FC-NOAA7-7 2004 Fiddler Crab Mercury 0.82000
7-NOAA-G 05298-FC-NOAA-7-R1 2005 Fiddler crab Mercury 0.21605
7-NOAA-G 05298-FC-NOAA-7-R2 2005 Fiddler crab Mercury 0.16129
7-NOAA-G 05298-FC-NOAA-7-R3 2005 Fiddler crab Mercury 0.21341

Continued on next page
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab (Cont'd.)
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05
7-NOAA-G 05298-FC-NOAA-7-R4 2005 Fiddler crab Mercury 0.23952
7-NOAA-G 05298-FC-NOAA-7-R5 2005 Fiddler crab Mercury 0.21807
7-NOAA-G 05298-FC-NOAA-7-R6 2005 Fiddler crab Mercury 0.22293
7-NOAA-G 05298-FC-NOAA-7-R7 2005 Fiddler crab Mercury 0.15873
8-NOAA-G 04294-FC-NOAA8-1 2004 Fiddler Crab Mercury 0.19000
8-NOAA-G 04294-FC-NOAA8-2 2004 Fiddler Crab Mercury 0.20000
8-NOAA-G 04294-FC-NOAA8-3 2004 Fiddler Crab Mercury 0.24000
8-NOAA-G 04294-FC-NOAA8-4 2004 Fiddler Crab Mercury 0.19000
8-NOAA-G 04294-FC-NOAA8-5 2004 Fiddler Crab Mercury 0.17000
8-NOAA-G 04294-FC-NOAA8-6 2004 Fiddler Crab Mercury 0.15000
8-NOAA-G 04294-FC-NOAA8-7 2004 Fiddler Crab Mercury 0.15000
8-NOAA-G 05298-FC-NOAA-8-R1 2005 Fiddler crab Mercury 0.09804

8-NOAA-G 05298-FC-NOAA-8-R2 2005 Fiddler crab Mercury 0.12821

8-NOAA-G 05298-FC-NOAA-8-R3 2005 Fiddler crab Mercury 0.09772
8-NOAA-G 05298-FC-NOAA-8-R4 2005 Fiddler crab Mercury 0.12862
8-NOAA-G 05298-FC-NOAA-8-R5 2005 Fiddler crab Mercury 0.09585

8-NOAA-G 05298-FC-NOAA-8-R6 2005 Fiddler crab Mercury 0.13652

8-NOAA-G 05298-FC-NOAA-8-R7 2005 Fiddler crab Mercury 0.13559
8-NOAA-G 06292-NOAA-8-G-FC-R1 2006 Fiddler Crab Mercury 0.20881
8-NOAA-G 06292-NOAA-8-G-FC-R2 2006 Fiddler Crab Mercury 0.25510
8-NOAA-G 06292-NOAA-8-G-FC-R3 2006 Fiddler Crab Mercury 0.26384
8-NOAA-G 06292-NOAA-8-G-FC-R4 2006 Fiddler Crab Mercury 0.28212
8-NOAA-G 06292-NOAA-8-G-FC-R5 2006 Fiddler Crab Mercury 0.28814

8-NOAA-G 06292-NOAA-8-G-FC-R6 2006 Fiddler Crab Mercury 0.25488

8-NOAA-G 07289-NOAA-8-FC-R1 2007 Fiddler Crab Mercury 0.13503
8-NOAA-G 07289-NOAA-8-FC-R2 2007 Fiddler Crab Mercury 0.12287
8-NOAA-G 07289-NOAA-8-FC-R3 2007 Fiddler Crab Mercury 0.17713

Average 0.25438
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05
6-NOAA-G 04294-NOAA6 2004 sediment Mercury 0.8400
6-NOAA-G 05292-NOAA-6-G 2005 sediment Mercury 0.7070
6-NOAA-G 06292-NOAA-6-G 2006 sediment Mercury 0.4120
6-NOAA-G 07289-NOAA-6 2007 sediment Mercury 0.8530
7-NOAA-G 04294-NOAA7 2004 sediment Mercury 0.8200
7-NOAA-G 05292-NOAA-7-G 2005 sediment Mercury 0.6750
7-NOAA-G 06292-NOAA-7-G 2006 sediment Mercury 0.5670
7-NOAA-G 07289-NOAA-7 2007 sediment Mercury 0.7080
8-NOAA-G 04294-NOAA8 2004 sediment Mercury 0.8600
8-NOAA-G 05292-NOAA-8-G 2005 sediment Mercury 0.8660
8-NOAA-G 06292-NOAA-8-G 2006 sediment Mercury 0.7430
8-NOAA-G 07289-NOAA-8 2007 sediment Mercury 1.0200

9-NOAA-G 04294-NOAA9 2004 sediment Mercury 0.5600

9-NOAA-G 05291-NOAA-9-G 2005 sediment Mercury 0.9350
9-NOAA-G 06290-NOAA-9-G 2006 sediment Mercury 0.4030
9-NOAA-G 07289-NOAA-9 2007 sediment Mercury 0.8620

C-12 C-12(S) 2000 sediment Mercury 5.3400

C-12 05292-C-12 2005 sediment Mercury 1.0300
C-13 C-13(S) 2000 sediment Mercury 7.0000
C-13 02236-C-13 2002 sediment Mercury 1.5000
C-13 03287-C-13 2003 sediment Mercury 0.4800
C-13 04294-C-13 2004 sediment Mercury 1.7000
C-13 05292-C-13 2005 sediment Mercury 1.4300

C-15 C-15(S) 2000 sediment Mercury 3.3600

C-15 02236-C-15 2002 sediment Mercury 1.3000
C-15 03287-C-15 2003 sediment Mercury 2.4000
C-15 03288-C-15 2003 sediment Mercury 2.8000
C-15 04294-C-15 2004 sediment Mercury 1.2000
C-15 05297-C-15 2005 sediment Mercury 2.1100
C-15 06290-C-15 2006 sediment Mercury 0.4560
C-15 07289-C-15 2007 sediment Mercury 1.8200
M-27 M-27(S) 2000 sediment Mercury 3.3000
M-27 02236-M-27 2002 sediment Mercury 2.1000
M-27 03288-M-27 2003 sediment Mercury 0.6400
M-27 04296-M-27 2004 sediment Mercury 0.7600
SD2C-6 04286-SD2C-6 2004 sediment Mercury 2.1000
SD2C-7 04286-SD2C-7 2004 sediment Mercury 0.5800
SD2C-8 04286-SD2C-8 2004 sediment Mercury 0.3800
SD2M-16 04288-SD2M-16 2004 sediment Mercury 0.6300
SD2M-2 04288-SD2M-2 2004 sediment Mercury 0.3600
SD2M-3 04289-SD2M-3 2004 sediment Mercury 0.8300
SD2M-5 04288-SD2M-5 2004 sediment Mercury 0.2700
SDWC-AET-10 06297-SDWC-AET-10 2006 sediment Mercury 1.2200
SDWC-AET-6 06297-SDWC-AET-6 2006 sediment Mercury 2.1000
SDWC-AET-7 06297-SDWC-AET-7 2006 sediment Mercury 0.9540
SDWC-AET-8 06297-SDWC-AET-8 2006 sediment Mercury 1.0200
SDWC-AET-9 06297-SDWC-AET-9 2006 sediment Mercury 1.2900

Average 1.3679
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
9-NOAA-G 04294-FC-NOAA9-1 2004 Fiddler Crab Aroclor-1268 1.62069
9-NOAA-G 04294-FC-NOAA9-2 2004 Fiddler Crab Aroclor-1268 1.17857
9-NOAA-G 04294-FC-NOAA9-3 2004 Fiddler Crab Aroclor-1268 1.60000
9-NOAA-G 04294-FC-NOAA9-4 2004 Fiddler Crab Aroclor-1268 1.79310
9-NOAA-G 04294-FC-NOAA9-5 2004 Fiddler Crab Aroclor-1268 0.96429
9-NOAA-G 04294-FC-NOAA9-6 2004 Fiddler Crab Aroclor-1268 0.73333
9-NOAA-G 04294-FC-NOAA9-7 2004 Fiddler Crab Aroclor-1268 0.83333
9-NOAA-G 05298-FC-NOAA-9-R1 2005 Fiddler crab Aroclor-1268 0.99668
9-NOAA-G 05298-FC-NOAA-9-R2 2005 Fiddler crab Aroclor-1268 1.28713
9-NOAA-G 05298-FC-NOAA-9-R3 2005 Fiddler crab Aroclor-1268 0.52632
9-NOAA-G 05298-FC-NOAA-9-R4 2005 Fiddler crab Aroclor-1268 0.88816
9-NOAA-G 05298-FC-NOAA-9-R5 2005 Fiddler crab Aroclor-1268 0.81272

9-NOAA-G 05298-FC-NOAA-9-R6 2005 Fiddler crab Aroclor-1268 1.49206

9-NOAA-G 05298-FC-NOAA-9-R7 2005 Fiddler crab Aroclor-1268 1.05634
6-NOAA-G 04293-FC-NOAA6-1 2004 Fiddler Crab Aroclor-1268 0.25000 U
6-NOAA-G 04293-FC-NOAA6-2 2004 Fiddler Crab Aroclor-1268 0.30357 U

6-NOAA-G 04293-FC-NOAA6-3 2004 Fiddler Crab Aroclor-1268 0.25926 U

6-NOAA-G 04293-FC-NOAA6-4 2004 Fiddler Crab Aroclor-1268 0.18966 U
6-NOAA-G 04293-FC-NOAA6-5 2004 Fiddler Crab Aroclor-1268 0.30357 U
6-NOAA-G 04293-FC-NOAA6-6 2004 Fiddler Crab Aroclor-1268 0.29310 U
6-NOAA-G 04293-FC-NOAA6-7 2004 Fiddler Crab Aroclor-1268 0.25926 U
6-NOAA-G 05298-FC-NOAA-6-R1 2005 Fiddler crab Aroclor-1268 0.38732
6-NOAA-G 05298-FC-NOAA-6-R2 2005 Fiddler crab Aroclor-1268 0.56537 J

6-NOAA-G 05298-FC-NOAA-6-R3 2005 Fiddler crab Aroclor-1268 0.78431

7-NOAA-G 04293-FC-NOAA7-1 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-2 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-3 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-4 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-5 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-6 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-7 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 05298-FC-NOAA-7-R1 2005 Fiddler crab Aroclor-1268 0.98765
7-NOAA-G 05298-FC-NOAA-7-R2 2005 Fiddler crab Aroclor-1268 0.83871
7-NOAA-G 05298-FC-NOAA-7-R3 2005 Fiddler crab Aroclor-1268 0.85366
7-NOAA-G 05298-FC-NOAA-7-R4 2005 Fiddler crab Aroclor-1268 0.89820
7-NOAA-G 05298-FC-NOAA-7-R5 2005 Fiddler crab Aroclor-1268 0.90343
7-NOAA-G 05298-FC-NOAA-7-R6 2005 Fiddler crab Aroclor-1268 0.92357
7-NOAA-G 05298-FC-NOAA-7-R7 2005 Fiddler crab Aroclor-1268 0.73016
8-NOAA-G 04294-FC-NOAA8-1 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-2 2004 Fiddler Crab Aroclor-1268 0.32258 U

continued on next page
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab (Cont'd.)
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
8-NOAA-G 04294-FC-NOAA8-3 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-4 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-5 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 04294-FC-NOAA8-6 2004 Fiddler Crab Aroclor-1268 0.31250 U
8-NOAA-G 04294-FC-NOAA8-7 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 05298-FC-NOAA-8-R1 2005 Fiddler crab Aroclor-1268 1.20915
8-NOAA-G 05298-FC-NOAA-8-R2 2005 Fiddler crab Aroclor-1268 1.12180
8-NOAA-G 05298-FC-NOAA-8-R3 2005 Fiddler crab Aroclor-1268 1.30293
8-NOAA-G 05298-FC-NOAA-8-R4 2005 Fiddler crab Aroclor-1268 1.06109
8-NOAA-G 05298-FC-NOAA-8-R5 2005 Fiddler crab Aroclor-1268 1.21406
8-NOAA-G 05298-FC-NOAA-8-R6 2005 Fiddler crab Aroclor-1268 1.29693
8-NOAA-G 05298-FC-NOAA-8-R7 2005 Fiddler crab Aroclor-1268 1.38983

8-NOAA-G 06292-NOAA-8-G-FC-R1 2006 Fiddler Crab Aroclor-1268 0.32881

8-NOAA-G 06292-NOAA-8-G-FC-R2 2006 Fiddler Crab Aroclor-1268 0.24522
8-NOAA-G 06292-NOAA-8-G-FC-R3 2006 Fiddler Crab Aroclor-1268 0.42345
8-NOAA-G 06292-NOAA-8-G-FC-R4 2006 Fiddler Crab Aroclor-1268 0.62044

8-NOAA-G 06292-NOAA-8-G-FC-R5 2006 Fiddler Crab Aroclor-1268 0.63241

8-NOAA-G 06292-NOAA-8-G-FC-R6 2006 Fiddler Crab Aroclor-1268 0.48780
8-NOAA-G 07289-NOAA-8-FC-R1 2007 Fiddler Crab Aroclor-1268 0.41916
8-NOAA-G 07289-NOAA-8-FC-R2 2007 Fiddler Crab Aroclor-1268 0.51829
8-NOAA-G 07289-NOAA-8-FC-R3 2007 Fiddler Crab Aroclor-1268 0.54878

Average 0.68560
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
6-NOAA-G 04294-NOAA6 2004 sediment Aroclor-1268 0.8600
6-NOAA-G 05292-NOAA-6-G 2005 sediment Aroclor-1268 1.2000
6-NOAA-G 06292-NOAA-6-G 2006 sediment Aroclor-1268 0.6500
6-NOAA-G 07289-NOAA-6 2007 sediment Aroclor-1268 1.2000 D
7-NOAA-G 04294-NOAA7 2004 sediment Aroclor-1268 0.8400
7-NOAA-G 05292-NOAA-7-G 2005 sediment Aroclor-1268 1.0000
7-NOAA-G 06292-NOAA-7-G 2006 sediment Aroclor-1268 1.2000 D
7-NOAA-G 07289-NOAA-7 2007 sediment Aroclor-1268 1.2000 D
8-NOAA-G 04294-NOAA8 2004 sediment Aroclor-1268 0.5000
8-NOAA-G 05292-NOAA-8-G 2005 sediment Aroclor-1268 0.6100
8-NOAA-G 06292-NOAA-8-G 2006 sediment Aroclor-1268 0.4000
8-NOAA-G 07289-NOAA-8 2007 sediment Aroclor-1268 0.5100

9-NOAA-G 04294-NOAA9 2004 sediment Aroclor-1268 1.3000

9-NOAA-G 05291-NOAA-9-G 2005 sediment Aroclor-1268 3.3000
9-NOAA-G 06290-NOAA-9-G 2006 sediment Aroclor-1268 0.6200
9-NOAA-G 07289-NOAA-9 2007 sediment Aroclor-1268 2.7000 D

C-12 C-12(S) 2000 sediment Aroclor-1268 0.4800

C-12 05292-C-12 2005 sediment Aroclor-1268 4.8000
C-13 C-13(S) 2000 sediment Aroclor-1268 0.7500
C-13 02236-C-13 2002 sediment Aroclor-1268 2.1000
C-13 03287-C-13 2003 sediment Aroclor-1268 1.3000
C-13 04294-C-13 2004 sediment Aroclor-1268 2.4000
C-13 05292-C-13 2005 sediment Aroclor-1268 1.3000

C-15 C-15(S) 2000 sediment Aroclor-1268 0.0990 J

C-15 02236-C-15 2002 sediment Aroclor-1268 2.8000
C-15 03287-C-15 2003 sediment Aroclor-1268 2.8000
C-15 03288-C-15 2003 sediment Aroclor-1268 0.7900
C-15 04294-C-15 2004 sediment Aroclor-1268 2.8000
C-15 05297-C-15 2005 sediment Aroclor-1268 6.8000
C-15 06290-C-15 2006 sediment Aroclor-1268 1.0000 D
C-15 07289-C-15 2007 sediment Aroclor-1268 2.5000 D
M-27 M-27(S) 2000 sediment Aroclor-1268 0.4700
M-27 02236-M-27 2002 sediment Aroclor-1268 2.6000
M-27 03288-M-27 2003 sediment Aroclor-1268 0.8700
M-27 04296-M-27 2004 sediment Aroclor-1268 1.3000
SD2C-6 04286-SD2C-6 2004 sediment Aroclor-1268 5.2000
SD2C-7 04286-SD2C-7 2004 sediment Aroclor-1268 1.1000
SD2C-8 04286-SD2C-8 2004 sediment Aroclor-1268 0.5700
SD2M-16 04288-SD2M-16 2004 sediment Aroclor-1268 2.5000
SD2M-2 04288-SD2M-2 2004 sediment Aroclor-1268 0.3800
SD2M-3 04289-SD2M-3 2004 sediment Aroclor-1268 0.9100
SD2M-5 04288-SD2M-5 2004 sediment Aroclor-1268 0.6800
SDWC-AET-10 06297-SDWC-AET-10 2006 sediment Aroclor-1268 1.4000 D
SDWC-AET-6 06297-SDWC-AET-6 2006 sediment Aroclor-1268 1.9000 D
SDWC-AET-7 06297-SDWC-AET-7 2006 sediment Aroclor-1268 1.8000 D
SDWC-AET-8 06297-SDWC-AET-8 2006 sediment Aroclor-1268 7.0000 D
SDWC-AET-9 06297-SDWC-AET-9 2006 sediment Aroclor-1268 1.7000 D

Average 1.7274
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
9-NOAA-G 04294-FC-NOAA9-1 2004 Fiddler Crab Aroclor-1268 1.62069
9-NOAA-G 04294-FC-NOAA9-2 2004 Fiddler Crab Aroclor-1268 1.17857
9-NOAA-G 04294-FC-NOAA9-3 2004 Fiddler Crab Aroclor-1268 1.60000
9-NOAA-G 04294-FC-NOAA9-4 2004 Fiddler Crab Aroclor-1268 1.79310
9-NOAA-G 04294-FC-NOAA9-5 2004 Fiddler Crab Aroclor-1268 0.96429
9-NOAA-G 04294-FC-NOAA9-6 2004 Fiddler Crab Aroclor-1268 0.73333
9-NOAA-G 04294-FC-NOAA9-7 2004 Fiddler Crab Aroclor-1268 0.83333
9-NOAA-G 05298-FC-NOAA-9-R1 2005 Fiddler crab Aroclor-1268 0.99668
9-NOAA-G 05298-FC-NOAA-9-R2 2005 Fiddler crab Aroclor-1268 1.28713
9-NOAA-G 05298-FC-NOAA-9-R3 2005 Fiddler crab Aroclor-1268 0.52632
9-NOAA-G 05298-FC-NOAA-9-R4 2005 Fiddler crab Aroclor-1268 0.88816
9-NOAA-G 05298-FC-NOAA-9-R5 2005 Fiddler crab Aroclor-1268 0.81272

9-NOAA-G 05298-FC-NOAA-9-R6 2005 Fiddler crab Aroclor-1268 1.49206

9-NOAA-G 05298-FC-NOAA-9-R7 2005 Fiddler crab Aroclor-1268 1.05634
6-NOAA-G 04293-FC-NOAA6-1 2004 Fiddler Crab Aroclor-1268 0.25000 U
6-NOAA-G 04293-FC-NOAA6-2 2004 Fiddler Crab Aroclor-1268 0.30357 U

6-NOAA-G 04293-FC-NOAA6-3 2004 Fiddler Crab Aroclor-1268 0.25926 U

6-NOAA-G 04293-FC-NOAA6-4 2004 Fiddler Crab Aroclor-1268 0.18966 U
6-NOAA-G 04293-FC-NOAA6-5 2004 Fiddler Crab Aroclor-1268 0.30357 U
6-NOAA-G 04293-FC-NOAA6-6 2004 Fiddler Crab Aroclor-1268 0.29310 U
6-NOAA-G 04293-FC-NOAA6-7 2004 Fiddler Crab Aroclor-1268 0.25926 U
6-NOAA-G 05298-FC-NOAA-6-R1 2005 Fiddler crab Aroclor-1268 0.38732
6-NOAA-G 05298-FC-NOAA-6-R2 2005 Fiddler crab Aroclor-1268 0.56537 J

6-NOAA-G 05298-FC-NOAA-6-R3 2005 Fiddler crab Aroclor-1268 0.78431

7-NOAA-G 04293-FC-NOAA7-1 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-2 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-3 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 04293-FC-NOAA7-4 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-5 2004 Fiddler Crab Aroclor-1268 0.17857 U
7-NOAA-G 04293-FC-NOAA7-6 2004 Fiddler Crab Aroclor-1268 0.16667 U
7-NOAA-G 04293-FC-NOAA7-7 2004 Fiddler Crab Aroclor-1268 0.17241 U
7-NOAA-G 05298-FC-NOAA-7-R1 2005 Fiddler crab Aroclor-1268 0.98765
7-NOAA-G 05298-FC-NOAA-7-R2 2005 Fiddler crab Aroclor-1268 0.83871
7-NOAA-G 05298-FC-NOAA-7-R3 2005 Fiddler crab Aroclor-1268 0.85366
7-NOAA-G 05298-FC-NOAA-7-R4 2005 Fiddler crab Aroclor-1268 0.89820
7-NOAA-G 05298-FC-NOAA-7-R5 2005 Fiddler crab Aroclor-1268 0.90343
7-NOAA-G 05298-FC-NOAA-7-R6 2005 Fiddler crab Aroclor-1268 0.92357
7-NOAA-G 05298-FC-NOAA-7-R7 2005 Fiddler crab Aroclor-1268 0.73016
8-NOAA-G 04294-FC-NOAA8-1 2004 Fiddler Crab Aroclor-1268 0.33333 U

Continued on next page
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab (Cont'd.)
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
8-NOAA-G 04294-FC-NOAA8-2 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 04294-FC-NOAA8-3 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-4 2004 Fiddler Crab Aroclor-1268 0.33333 U
8-NOAA-G 04294-FC-NOAA8-5 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 04294-FC-NOAA8-6 2004 Fiddler Crab Aroclor-1268 0.31250 U
8-NOAA-G 04294-FC-NOAA8-7 2004 Fiddler Crab Aroclor-1268 0.32258 U
8-NOAA-G 05298-FC-NOAA-8-R1 2005 Fiddler crab Aroclor-1268 1.20915
8-NOAA-G 05298-FC-NOAA-8-R2 2005 Fiddler crab Aroclor-1268 1.12180
8-NOAA-G 05298-FC-NOAA-8-R3 2005 Fiddler crab Aroclor-1268 1.30293
8-NOAA-G 05298-FC-NOAA-8-R4 2005 Fiddler crab Aroclor-1268 1.06109
8-NOAA-G 05298-FC-NOAA-8-R5 2005 Fiddler crab Aroclor-1268 1.21406
8-NOAA-G 05298-FC-NOAA-8-R6 2005 Fiddler crab Aroclor-1268 1.29693

8-NOAA-G 05298-FC-NOAA-8-R7 2005 Fiddler crab Aroclor-1268 1.38983

8-NOAA-G 06292-NOAA-8-G-FC-R1 2006 Fiddler Crab Aroclor-1268 0.32881
8-NOAA-G 06292-NOAA-8-G-FC-R2 2006 Fiddler Crab Aroclor-1268 0.24522
8-NOAA-G 06292-NOAA-8-G-FC-R3 2006 Fiddler Crab Aroclor-1268 0.42345

8-NOAA-G 06292-NOAA-8-G-FC-R4 2006 Fiddler Crab Aroclor-1268 0.62044

8-NOAA-G 06292-NOAA-8-G-FC-R5 2006 Fiddler Crab Aroclor-1268 0.63241
8-NOAA-G 06292-NOAA-8-G-FC-R6 2006 Fiddler Crab Aroclor-1268 0.48780
8-NOAA-G 07289-NOAA-8-FC-R1 2007 Fiddler Crab Aroclor-1268 0.41916
8-NOAA-G 07289-NOAA-8-FC-R2 2007 Fiddler Crab Aroclor-1268 0.51829
8-NOAA-G 07289-NOAA-8-FC-R3 2007 Fiddler Crab Aroclor-1268 0.54878

Average 0.68560
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
9NOAAG polygon

Location Sample ID Year Matrix Parameter res05 R Mod
6-NOAA-G 04294-NOAA6 2004 sediment Aroclor-1268 0.8600
6-NOAA-G 05292-NOAA-6-G 2005 sediment Aroclor-1268 1.2000
6-NOAA-G 06292-NOAA-6-G 2006 SEDIMENT Aroclor-1268 0.6500
6-NOAA-G 07289-NOAA-6 2007 sediment Aroclor-1268 1.2000 D
7-NOAA-G 04294-NOAA7 2004 sediment Aroclor-1268 0.8400
7-NOAA-G 05292-NOAA-7-G 2005 sediment Aroclor-1268 1.0000
7-NOAA-G 06292-NOAA-7-G 2006 SEDIMENT Aroclor-1268 1.2000 D
7-NOAA-G 07289-NOAA-7 2007 sediment Aroclor-1268 1.2000 D
8-NOAA-G 04294-NOAA8 2004 sediment Aroclor-1268 0.5000
8-NOAA-G 05292-NOAA-8-G 2005 sediment Aroclor-1268 0.6100
8-NOAA-G 06292-NOAA-8-G 2006 SEDIMENT Aroclor-1268 0.4000
8-NOAA-G 07289-NOAA-8 2007 sediment Aroclor-1268 0.5100

9-NOAA-G 04294-NOAA9 2004 sediment Aroclor-1268 1.3000

9-NOAA-G 05291-NOAA-9-G 2005 sediment Aroclor-1268 3.3000
9-NOAA-G 06290-NOAA-9-G 2006 SEDIMENT Aroclor-1268 0.6200
9-NOAA-G 07289-NOAA-9 2007 sediment Aroclor-1268 2.7000 D

C-12 C-12(S) 2000 sediment Aroclor-1268 0.4800

C-12 05292-C-12 2005 sediment Aroclor-1268 4.8000
C-13 C-13(S) 2000 sediment Aroclor-1268 0.7500
C-13 02236-C-13 2002 sediment Aroclor-1268 2.1000
C-13 03287-C-13 2003 sediment Aroclor-1268 1.3000
C-13 04294-C-13 2004 sediment Aroclor-1268 2.4000
C-13 05292-C-13 2005 sediment Aroclor-1268 1.3000

C-15 C-15(S) 2000 sediment Aroclor-1268 0.0990 J

C-15 02236-C-15 2002 sediment Aroclor-1268 2.8000
C-15 03287-C-15 2003 sediment Aroclor-1268 2.8000
C-15 03288-C-15 2003 sediment Aroclor-1268 0.7900
C-15 04294-C-15 2004 sediment Aroclor-1268 2.8000
C-15 05297-C-15 2005 sediment Aroclor-1268 6.8000
C-15 06290-C-15 2006 SEDIMENT Aroclor-1268 1.0000 D
C-15 07289-C-15 2007 sediment Aroclor-1268 2.5000 D
M-27 M-27(S) 2000 sediment Aroclor-1268 0.4700
M-27 02236-M-27 2002 sediment Aroclor-1268 2.6000
M-27 03288-M-27 2003 sediment Aroclor-1268 0.8700
M-27 04296-M-27 2004 sediment Aroclor-1268 1.3000
SD2C-6 04286-SD2C-6 2004 sediment Aroclor-1268 5.2000
SD2C-7 04286-SD2C-7 2004 sediment Aroclor-1268 1.1000
SD2C-8 04286-SD2C-8 2004 sediment Aroclor-1268 0.5700
SD2M-16 04288-SD2M-16 2004 sediment Aroclor-1268 2.5000
SD2M-2 04288-SD2M-2 2004 sediment Aroclor-1268 0.3800
SD2M-3 04289-SD2M-3 2004 sediment Aroclor-1268 0.9100
SD2M-5 04288-SD2M-5 2004 sediment Aroclor-1268 0.6800
SDWC-AET-10 06297-SDWC-AET-10 2006 SEDIMENT Aroclor-1268 1.4000 D
SDWC-AET-6 06297-SDWC-AET-6 2006 SEDIMENT Aroclor-1268 1.9000 D
SDWC-AET-7 06297-SDWC-AET-7 2006 SEDIMENT Aroclor-1268 1.8000 D
SDWC-AET-8 06297-SDWC-AET-8 2006 SEDIMENT Aroclor-1268 7.0000 D
SDWC-AET-9 06297-SDWC-AET-9 2006 SEDIMENT Aroclor-1268 1.7000 D

Average 1.7274
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
M-25 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-25 03323-FC-M25-R1 2003 Fiddler Crab Aroclor-1268 1.40000
M-25 03323-FC-M25-R2 2003 Fiddler Crab Aroclor-1268 2.20000
M-25 03323-FC-M25-R3 2003 Fiddler Crab Aroclor-1268 1.10000
M-25 03323-FC-M25-R4 2003 Fiddler Crab Aroclor-1268 1.90000
M-25 03323-FC-M25-R5 2003 Fiddler Crab Aroclor-1268 2.10000
M-25 03323-FC-M25-R6 2003 Fiddler Crab Aroclor-1268 1.80000
M-25 03323-FC-M25-R7 2003 Fiddler Crab Aroclor-1268 2.30000
M-25 04293-FC-M25-1 2004 Fiddler Crab Aroclor-1268 1.53333
M-25 04293-FC-M25-2 2004 Fiddler Crab Aroclor-1268 1.33333
M-25 04293-FC-M25-3 2004 Fiddler Crab Aroclor-1268 1.62500
M-25 04293-FC-M25-4 2004 Fiddler Crab Aroclor-1268 2.29630
M-25 04295-FC-M25-5 2004 Fiddler Crab Aroclor-1268 1.12903

M-25 04295-FC-M25-6 2004 Fiddler Crab Aroclor-1268 1.51613

M-25 04295-FC-M25-7 2004 Fiddler Crab Aroclor-1268 2.06452
M-25 05295-M-25-FC-R1 2005 Fiddler crab Aroclor-1268 4.26829
M-25 05295-M-25-FC-R2 2005 Fiddler crab Aroclor-1268 3.30330

M-25 05295-M-25-FC-R3 2005 Fiddler crab Aroclor-1268 2.81250

M-25 05295-M-25-FC-R4 2005 Fiddler crab Aroclor-1268 4.45104
M-25 05295-M-25-FC-R5 2005 Fiddler crab Aroclor-1268 4.12088
M-25 05295-M-25-FC-R6 2005 Fiddler crab Aroclor-1268 4.57143
M-25 05295-M-25-FC-R7 2005 Fiddler crab Aroclor-1268 4.26829
M-25 06291-M-25-FC-R1 2006 Fiddler Crab Aroclor-1268 2.41042
M-25 06291-M-25-FC-R2 2006 Fiddler Crab Aroclor-1268 4.37500 D

M-25 06291-M-25-FC-R3 2006 Fiddler Crab Aroclor-1268 4.34783 D

M-25 06291-M-25-FC-R4 2006 Fiddler Crab Aroclor-1268 5.50459 D
M-25 06291-M-25-FC-R5 2006 Fiddler Crab Aroclor-1268 4.83384 D
M-25 06291-M-25-FC-R6 2006 Fiddler Crab Aroclor-1268 5.28053 D
M-25 06291-M-25-FC-R7 2006 Fiddler Crab Aroclor-1268 7.39437 D
M-25 07290-M-25-FC-R1 2007 Fiddler Crab Aroclor-1268 1.58055
M-25 07290-M-25-FC-R2 2007 Fiddler Crab Aroclor-1268 2.18354
M-25 07290-M-25-FC-R3 2007 Fiddler Crab Aroclor-1268 2.35119
M-25 25-FC R1 2002 Fiddler Crab Aroclor-1268 2.60000
M-25 25-FC R2 2002 Fiddler Crab Aroclor-1268 2.90000
M-25 25-FC R3 2002 Fiddler Crab Aroclor-1268 2.80000
M-25 25-FC R4 2002 Fiddler Crab Aroclor-1268 3.10000
M-25 M-25(M)_10/10/2000_Fiddler Crab-R1 2000 Fiddler Crab Aroclor-1268 2.10000
M-25 M-25(M)_10/10/2000_Fiddler Crab-R2 2000 Fiddler Crab Aroclor-1268 2.20000
M-25 M-25(M)_10/10/2000_Fiddler Crab-R3 2000 Fiddler Crab Aroclor-1268 1.80000
M-25 M-25(M)_10/10/2000_Fiddler Crab-R4 2000 Fiddler Crab Aroclor-1268 2.00000

Average 2.86808
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
M-25 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-25 M-25(S) 2000 sediment Aroclor-1268 0.6600
M-25 02234-M-25 2002 sediment Aroclor-1268 39.0000
M-25 03287-M-25 2003 sediment Aroclor-1268 3.3000
M-25 04295-M-25 2004 sediment Aroclor-1268 1.7000
M-25 05291-M-25 2005 sediment Aroclor-1268 88.0000
M-25 06291-M-25 2006 sediment Aroclor-1268 1.2000 D
M-25 07290-M-25 2007 sediment Aroclor-1268 1.1000 D
SD-19 03293-SD-19 2003 sediment Aroclor-1268 0.2800
SD-20 03293-SD-20 2003 sediment Aroclor-1268 0.2600
SD-21 03293-SD-21 2003 sediment Aroclor-1268 1.4000
SDMC-AET-47 06295-SDMC-AET-47 2006 sediment Aroclor-1268 54.0000 D
SDMC-AET-48 06295-SDMC-AET-48 2006 sediment Aroclor-1268 1.0000 D

SDMC-AET-49 06295-SDMC-AET-49 2006 sediment Aroclor-1268 1.5000 D

SDMC-AET-50 06295-SDMC-AET-50 2006 sediment Aroclor-1268 1.5000 D
Average 13.9214
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
M-100 polygon

Location Sample ID Year Matrix Parameter res05
M-103 0290-M-103-FC-R1 2006 Fiddler Crab Mercury 0.15615
M-103 0290-M-103-FC-R2 2006 Fiddler Crab Mercury 0.19302
M-103 0290-M-103-FC-R3 2006 Fiddler Crab Mercury 0.16084
M-103 0290-M-103-FC-R4 2006 Fiddler Crab Mercury 0.33506
M-103 0290-M-103-FC-R5 2006 Fiddler Crab Mercury 0.21201
M-100 04299-FC-M100-1 2004 Fiddler Crab Mercury 0.22000
M-100 04299-FC-M100-2 2004 Fiddler Crab Mercury 0.23000
M-100 04299-FC-M100-3 2004 Fiddler Crab Mercury 0.20000
M-100 04299-FC-M100-4 2004 Fiddler Crab Mercury 0.19000
M-100 04299-FC-M100-5 2004 Fiddler Crab Mercury 0.24000
M-100 04299-FC-M100-6 2004 Fiddler Crab Mercury 0.23000
M-100 04299-FC-M100-7 2004 Fiddler Crab Mercury 0.29000

M-103 04301-FC-M103-1 2004 Fiddler Crab Mercury 0.23000

M-103 04301-FC-M103-2 2004 Fiddler Crab Mercury 0.41000
M-103 04301-FC-M103-3 2004 Fiddler Crab Mercury 0.20000
M-103 04301-FC-M103-4 2004 Fiddler Crab Mercury 0.24000

M-103 04301-FC-M103-5 2004 Fiddler Crab Mercury 0.19000

M-103 04301-FC-M103-6 2004 Fiddler Crab Mercury 0.35000
M-103 04301-FC-M103-7 2004 Fiddler Crab Mercury 0.24000
M-100 05299-FC-M-100-R1 2005 Fiddler crab Mercury 0.25316
M-100 05299-FC-M-100-R2 2005 Fiddler crab Mercury 0.18519
M-100 05299-FC-M-100-R3 2005 Fiddler crab Mercury 0.21084
M-100 05299-FC-M-100-R4 2005 Fiddler crab Mercury 0.24691

M-100 05299-FC-M-100-R5 2005 Fiddler crab Mercury 0.21605

M-100 05299-FC-M-100-R6 2005 Fiddler crab Mercury 0.25641
M-100 05299-FC-M-100-R7 2005 Fiddler crab Mercury 0.26667
M-103 05299-FC-M-103-R1 2005 Fiddler crab Mercury 0.20588
M-103 05299-FC-M-103-R2 2005 Fiddler crab Mercury 0.21875
M-103 05299-FC-M-103-R3 2005 Fiddler crab Mercury 0.19802
M-103 05299-FC-M-103-R4 2005 Fiddler crab Mercury 0.21084
M-100 06290-M-100-FC-R1 2006 Fiddler Crab Mercury 0.29590
M-100 06290-M-100-FC-R2 2006 Fiddler Crab Mercury 0.45768
M-100 06290-M-100-FC-R3 2006 Fiddler Crab Mercury 0.35216
M-100 06290-M-100-FC-R4 2006 Fiddler Crab Mercury 0.33584
M-100 06290-M-100-FC-R5 2006 Fiddler Crab Mercury 0.44444

Average 0.25348
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
M-100 polygon

Location Sample ID Year Matrix Parameter res05
C-14 C-14(S) 2000 sediment Mercury 5.3600
C-14 05293-C-14 2005 sediment Mercury 1.8000
C-36 C-36(S) 2000 sediment Mercury 0.9320
C-36 05297-C-36 2005 sediment Mercury 1.9200
C-36 06290-C-36 2006 sediment Mercury 1.0900
M-100 04299-M-100 2004 sediment Mercury 1.0000
M-100 05292-M-100 2005 sediment Mercury 6.8200
M-100 06290-M-100 2006 sediment Mercury 1.4900
M-103 04301-M-103 2004 sediment Mercury 0.6500
M-103 05291-M-103 2005 sediment Mercury 0.1320
M-103 06290-M-103 2006 sediment Mercury 1.0700
M-44 M-44(S) 2000 sediment Mercury 1.5100

M-44 05292-M-44 2005 sediment Mercury 1.2000

SD3M-12 04297-SD3M-12 2004 sediment Mercury 3.8000
SD3M-15 04297-SD3M-15 2004 sediment Mercury 1.7000
SD3M-21 04295-SD3M-21 2004 sediment Mercury 0.5800

SD-UPC-C10 05295-SD-UPC-C10 2005 sediment Mercury 0.3000

SD-UPC-C11 05295-SD-UPC-C11 2005 sediment Mercury 2.9300
SD-UPC-C12 05295-SD-UPC-C12 2005 sediment Mercury 0.5430
SD-UPC-C13 05297-SD-UPC-C13 2005 sediment Mercury 4.2500
SD-UPC-C8 05295-SD-UPC-C8 2005 sediment Mercury 0.1090
SD-UPC-C9 05295-SD-UPC-C9 2005 sediment Mercury 0.9820

Average 1.8258
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
M-100 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-103 0290-M-103-FC-R1 2006 Fiddler Crab Aroclor-1268 0.73090
M-103 0290-M-103-FC-R2 2006 Fiddler Crab Aroclor-1268 0.76190
M-103 0290-M-103-FC-R3 2006 Fiddler Crab Aroclor-1268 0.80906
M-103 0290-M-103-FC-R4 2006 Fiddler Crab Aroclor-1268 1.27490
M-103 0290-M-103-FC-R5 2006 Fiddler Crab Aroclor-1268 1.09541
M-100 04299-FC-M100-1 2004 Fiddler Crab Aroclor-1268 0.32258 U
M-100 04299-FC-M100-2 2004 Fiddler Crab Aroclor-1268 0.28333 U
M-100 04299-FC-M100-3 2004 Fiddler Crab Aroclor-1268 0.33333 U
M-100 04299-FC-M100-4 2004 Fiddler Crab Aroclor-1268 0.31250 U
M-100 04299-FC-M100-5 2004 Fiddler Crab Aroclor-1268 0.33333 U
M-100 04299-FC-M100-6 2004 Fiddler Crab Aroclor-1268 0.33333 U
M-100 04299-FC-M100-7 2004 Fiddler Crab Aroclor-1268 0.28333 U

M-103 04301-FC-M103-1 2004 Fiddler Crab Aroclor-1268 0.31250 U

M-103 04301-FC-M103-2 2004 Fiddler Crab Aroclor-1268 0.37037 U
M-103 04301-FC-M103-3 2004 Fiddler Crab Aroclor-1268 0.66667
M-103 04301-FC-M103-4 2004 Fiddler Crab Aroclor-1268 0.91429

M-103 04301-FC-M103-5 2004 Fiddler Crab Aroclor-1268 0.61538

M-103 04301-FC-M103-6 2004 Fiddler Crab Aroclor-1268 1.29167
M-103 04301-FC-M103-7 2004 Fiddler Crab Aroclor-1268 1.03333
M-100 05299-FC-M-100-R1 2005 Fiddler crab Aroclor-1268 1.36076
M-100 05299-FC-M-100-R2 2005 Fiddler crab Aroclor-1268 1.79012
M-100 05299-FC-M-100-R3 2005 Fiddler crab Aroclor-1268 1.65663
M-100 05299-FC-M-100-R4 2005 Fiddler crab Aroclor-1268 1.85185

M-100 05299-FC-M-100-R5 2005 Fiddler crab Aroclor-1268 1.94444

M-100 05299-FC-M-100-R6 2005 Fiddler crab Aroclor-1268 2.69231
M-100 05299-FC-M-100-R7 2005 Fiddler crab Aroclor-1268 2.93333
M-103 05299-FC-M-103-R1 2005 Fiddler crab Aroclor-1268 0.91176
M-103 05299-FC-M-103-R2 2005 Fiddler crab Aroclor-1268 0.75000
M-103 05299-FC-M-103-R3 2005 Fiddler crab Aroclor-1268 1.18812
M-103 05299-FC-M-103-R4 2005 Fiddler crab Aroclor-1268 1.65663
M-100 06290-M-100-FC-R1 2006 Fiddler Crab Aroclor-1268 0.63091
M-100 06290-M-100-FC-R2 2006 Fiddler Crab Aroclor-1268 0.84639
M-100 06290-M-100-FC-R3 2006 Fiddler Crab Aroclor-1268 0.96346
M-100 06290-M-100-FC-R4 2006 Fiddler Crab Aroclor-1268 1.29693
M-100 06290-M-100-FC-R5 2006 Fiddler Crab Aroclor-1268 1.95402

Average 1.04302
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
M-100 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
C-14 C-14(S) 2000 sediment Aroclor-1268 0.3000
C-14 05293-C-14 2005 sediment Aroclor-1268 7.3000
C-36 C-36(S) 2000 sediment Aroclor-1268 0.5900
C-36 05297-C-36 2005 sediment Aroclor-1268 3.7000
C-36 06290-C-36 2006 sediment Aroclor-1268 1.4000 D
M-100 04299-M-100 2004 sediment Aroclor-1268 1.2000
M-100 05292-M-100 2005 sediment Aroclor-1268 8.4000
M-100 06290-M-100 2006 sediment Aroclor-1268 1.4000 D
M-103 04301-M-103 2004 sediment Aroclor-1268 1.0000
M-103 05291-M-103 2005 sediment Aroclor-1268 0.1500
M-103 06290-M-103 2006 sediment Aroclor-1268 0.5900
M-44 M-44(S) 2000 sediment Aroclor-1268 0.5700

M-44 05292-M-44 2005 sediment Aroclor-1268 1.9000

SD3M-12 04297-SD3M-12 2004 sediment Aroclor-1268 2.4000
SD3M-15 04297-SD3M-15 2004 sediment Aroclor-1268 3.9000
SD3M-21 04295-SD3M-21 2004 sediment Aroclor-1268 0.6400

SD-UPC-C10 05295-SD-UPC-C10 2005 sediment Aroclor-1268 0.8300

SD-UPC-C11 05295-SD-UPC-C11 2005 sediment Aroclor-1268 28.0000
SD-UPC-C12 05295-SD-UPC-C12 2005 sediment Aroclor-1268 1.4000
SD-UPC-C13 05297-SD-UPC-C13 2005 sediment Aroclor-1268 3.2000
SD-UPC-C8 05295-SD-UPC-C8 2005 sediment Aroclor-1268 0.0120 J
SD-UPC-C9 05295-SD-UPC-C9 2005 sediment Aroclor-1268 3.2000

Average 3.2765
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
M-104 polygon

Location Sample ID Year Matrix Parameter res05
M-101 04299-FC-M101-1 2004 Fiddler Crab Mercury 0.34000
M-101 04299-FC-M101-2 2004 Fiddler Crab Mercury 0.49000
M-101 04299-FC-M101-3 2004 Fiddler Crab Mercury 0.36000
M-101 04299-FC-M101-4 2004 Fiddler Crab Mercury 0.41000
M-101 04299-FC-M101-5 2004 Fiddler Crab Mercury 0.46000
M-101 04299-FC-M101-6 2004 Fiddler Crab Mercury 0.40000
M-101 04299-FC-M101-7 2004 Fiddler Crab Mercury 0.41000
M-104 04301-FC-M104-1 2004 Fiddler Crab Mercury 0.27000
M-104 04301-FC-M104-2 2004 Fiddler Crab Mercury 0.29000
M-104 04301-FC-M104-3 2004 Fiddler Crab Mercury 0.30000
M-104 04301-FC-M104-4 2004 Fiddler Crab Mercury 0.25000
M-104 04301-FC-M104-5 2004 Fiddler Crab Mercury 0.39000

M-104 04301-FC-M104-6 2004 Fiddler Crab Mercury 0.39000

M-104 04301-FC-M104-7 2004 Fiddler Crab Mercury 0.26000
M-101 05299-FC-M-101-R1 2005 Fiddler crab Mercury 0.15723
M-101 05299-FC-M-101-R2 2005 Fiddler crab Mercury 0.15337

M-101 05299-FC-M-101-R3 2005 Fiddler crab Mercury 0.19108

M-101 05299-FC-M-101-R4 2005 Fiddler crab Mercury 0.18987
M-101 05299-FC-M-101-R5 2005 Fiddler crab Mercury 0.16393
M-101 05299-FC-M-101-R6 2005 Fiddler crab Mercury 0.18519
M-101 05299-FC-M-101-R7 2005 Fiddler crab Mercury 0.20761
M-104 05299-FC-M-104-R1 2005 Fiddler crab Mercury 0.12500
M-104 05299-FC-M-104-R2 2005 Fiddler crab Mercury 0.13029

M-104 05299-FC-M-104-R3 2005 Fiddler crab Mercury 0.09524

M-104 05299-FC-M-104-R4 2005 Fiddler crab Mercury 0.09967
M-104 05299-FC-M-104-R5 2005 Fiddler crab Mercury 0.11194
M-104 05299-FC-M-104-R6 2005 Fiddler crab Mercury 0.10724
M-104 05299-FC-M-104-R7 2005 Fiddler crab Mercury 0.12658
M-104 06290-M-104-FC-R1 2006 Fiddler Crab Mercury 0.31684
M-104 06290-M-104-FC-R2 2006 Fiddler Crab Mercury 0.21797
M-104 06290-M-104-FC-R3 2006 Fiddler Crab Mercury 0.31503
M-104 06290-M-104-FC-R4 2006 Fiddler Crab Mercury 0.26792
M-104 06290-M-104-FC-R5 2006 Fiddler Crab Mercury 0.26190
M-104 06290-M-104-FC-R6 2006 Fiddler Crab Mercury 0.29595
M-104 06290-M-104-FC-R7 2006 Fiddler Crab Mercury 0.36103

Average 0.26003
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
M-104 polygon

Location Sample ID Year Matrix Parameter res05
A-C 02235-A-C 2002 sediment Mercury 2.6000
A-C 03288-A-C 2003 sediment Mercury 3.4000
A-C 04295-A-C 2004 sediment Mercury 0.7900
A-M 02235-A-M 2002 sediment Mercury 0.6100
A-M 03288-A-M 2003 sediment Mercury 2.1000
A-M 04295-A-M 2004 sediment Mercury 1.1000
C-101 04299-C-101 2004 sediment Mercury 0.5300
C-32 C-32(S) 2000 sediment Mercury 1.2900
C-32 05292-C-32 2005 sediment Mercury 0.4760
M-101 04299-M-101 2004 sediment Mercury 0.5500
M-101 05291-M-101 2005 sediment Mercury 4.7200
M-104 04301-M-104 2004 sediment Mercury 0.6900

M-104 05291-M-104 2005 sediment Mercury 1.6500

M-104 06290-M-104 2006 SEDIMENT Mercury 0.5970
M-39 M-39(S) 2000 sediment Mercury 0.6070
M-46 M-46(S) 2000 sediment Mercury 0.6880

M-46 02236-M-46 2002 sediment Mercury 0.6100

M-46 03287-M-46 2003 sediment Mercury 0.5900
M-46 04295-M-46 2004 sediment Mercury 0.3800
SD3M-14 04296-SD3M-14 2004 sediment Mercury 0.7800
SD3M-16 04295-SD3M-16 2004 sediment Mercury 0.5700
SD3M-22 04296-SD3M-22 2004 sediment Mercury 0.7500
SD3M-25 04296-SD3M-25 2004 sediment Mercury 0.8800

SD-UPC-C2 05295-SD-UPC-C2 2005 sediment Mercury 0.9270

SD-UPC-C3 05295-SD-UPC-C3 2005 sediment Mercury 2.9600
SD-UPC-C4 05295-SD-UPC-C4 2005 sediment Mercury 1.2800
SD-UPC-C5 05295-SD-UPC-C5 2005 sediment Mercury 2.6200

Average 1.2869
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
M-104 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-101 04299-FC-M101-1 2004 Fiddler Crab Aroclor-1268 0.33333 U
M-101 04299-FC-M101-2 2004 Fiddler Crab Aroclor-1268 0.17241 U
M-101 04299-FC-M101-3 2004 Fiddler Crab Aroclor-1268 0.18519 U
M-101 04299-FC-M101-4 2004 Fiddler Crab Aroclor-1268 0.17241 U
M-101 04299-FC-M101-5 2004 Fiddler Crab Aroclor-1268 0.17857 U
M-101 04299-FC-M101-6 2004 Fiddler Crab Aroclor-1268 0.16667 U
M-101 04299-FC-M101-7 2004 Fiddler Crab Aroclor-1268 0.37037 U
M-104 04301-FC-M104-1 2004 Fiddler Crab Aroclor-1268 0.17241 U
M-104 04301-FC-M104-2 2004 Fiddler Crab Aroclor-1268 0.16129 U
M-104 04301-FC-M104-3 2004 Fiddler Crab Aroclor-1268 0.17857 U
M-104 04301-FC-M104-4 2004 Fiddler Crab Aroclor-1268 0.18519 U
M-104 04301-FC-M104-5 2004 Fiddler Crab Aroclor-1268 0.18519 U

M-104 04301-FC-M104-6 2004 Fiddler Crab Aroclor-1268 0.22727 U

M-104 04301-FC-M104-7 2004 Fiddler Crab Aroclor-1268 0.34483 U
M-101 05299-FC-M-101-R1 2005 Fiddler crab Aroclor-1268 0.34591
M-101 05299-FC-M-101-R2 2005 Fiddler crab Aroclor-1268 0.49080 J

M-101 05299-FC-M-101-R3 2005 Fiddler crab Aroclor-1268 0.28025

M-101 05299-FC-M-101-R4 2005 Fiddler crab Aroclor-1268 0.34810
M-101 05299-FC-M-101-R5 2005 Fiddler crab Aroclor-1268 0.45902
M-101 05299-FC-M-101-R6 2005 Fiddler crab Aroclor-1268 0.46296
M-101 05299-FC-M-101-R7 2005 Fiddler crab Aroclor-1268 0.76125
M-104 05299-FC-M-104-R1 2005 Fiddler crab Aroclor-1268 0.87500
M-104 05299-FC-M-104-R2 2005 Fiddler crab Aroclor-1268 0.61889

M-104 05299-FC-M-104-R3 2005 Fiddler crab Aroclor-1268 1.07937

M-104 05299-FC-M-104-R4 2005 Fiddler crab Aroclor-1268 0.36545
M-104 05299-FC-M-104-R5 2005 Fiddler crab Aroclor-1268 1.19403
M-104 05299-FC-M-104-R6 2005 Fiddler crab Aroclor-1268 0.67024
M-104 05299-FC-M-104-R7 2005 Fiddler crab Aroclor-1268 0.47468
M-104 06290-M-104-FC-R1 2006 Fiddler Crab Aroclor-1268 0.25253
M-104 06290-M-104-FC-R2 2006 Fiddler Crab Aroclor-1268 0.24837
M-104 06290-M-104-FC-R3 2006 Fiddler Crab Aroclor-1268 0.49020
M-104 06290-M-104-FC-R4 2006 Fiddler Crab Aroclor-1268 0.29693
M-104 06290-M-104-FC-R5 2006 Fiddler Crab Aroclor-1268 0.53968
M-104 06290-M-104-FC-R6 2006 Fiddler Crab Aroclor-1268 0.64189
M-104 06290-M-104-FC-R7 2006 Fiddler Crab Aroclor-1268 0.84559

Average 0.42214
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
M-104 polygon

Location Sample ID Year Matrix Parameter res05
A-C 02235-A-C 2002 sediment Aroclor-1268 4.1000
A-C 03288-A-C 2003 sediment Aroclor-1268 0.7300
A-C 04295-A-C 2004 sediment Aroclor-1268 1.3000
A-M 02235-A-M 2002 sediment Aroclor-1268 0.6100
A-M 03288-A-M 2003 sediment Aroclor-1268 0.8400
A-M 04295-A-M 2004 sediment Aroclor-1268 1.1000
C-101 04299-C-101 2004 sediment Aroclor-1268 0.9700
C-32 C-32(S) 2000 sediment Aroclor-1268 0.6300
C-32 05292-C-32 2005 sediment Aroclor-1268 0.9500
M-101 04299-M-101 2004 sediment Aroclor-1268 2.0000
M-101 05291-M-101 2005 sediment Aroclor-1268 8.6000
M-104 04301-M-104 2004 sediment Aroclor-1268 1.4000

M-104 05291-M-104 2005 sediment Aroclor-1268 1.7000

M-104 06290-M-104 2006 sediment Aroclor-1268 0.7400
M-39 M-39(S) 2000 sediment Aroclor-1268 0.2700
M-46 M-46(S) 2000 sediment Aroclor-1268 0.1700

M-46 02236-M-46 2002 sediment Aroclor-1268 0.7000

M-46 03287-M-46 2003 sediment Aroclor-1268 0.6600
M-46 04295-M-46 2004 sediment Aroclor-1268 0.6600
SD3M-14 04296-SD3M-14 2004 sediment Aroclor-1268 0.5400
SD3M-16 04295-SD3M-16 2004 sediment Aroclor-1268 0.8000
SD3M-22 04296-SD3M-22 2004 sediment Aroclor-1268 0.8500
SD3M-25 04296-SD3M-25 2004 sediment Aroclor-1268 0.5800

SD-UPC-C2 05295-SD-UPC-C2 2005 sediment Aroclor-1268 4.8000

SD-UPC-C3 05295-SD-UPC-C3 2005 sediment Aroclor-1268 20.0000
SD-UPC-C4 05295-SD-UPC-C4 2005 sediment Aroclor-1268 3.0000
SD-UPC-C5 05295-SD-UPC-C5 2005 sediment Aroclor-1268 5.2000

Average 2.3667
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
M-108 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-108 04300-FC-M108-1 2004 Fiddler Crab Mercury 0.48000
M-108 04300-FC-M108-2 2004 Fiddler Crab Mercury 0.36000
M-108 04300-FC-M108-3 2004 Fiddler Crab Mercury 0.37000
M-108 04300-FC-M108-4 2004 Fiddler Crab Mercury 0.26000
M-108 04300-FC-M108-5 2004 Fiddler Crab Mercury 0.32000
M-108 04300-FC-M108-6 2004 Fiddler Crab Mercury 0.28000
M-108 04300-FC-M108-7 2004 Fiddler Crab Mercury 0.36000
M-108 05300-FC-M-108-R1 2005 Fiddler crab Mercury 0.05917
M-108 05300-FC-M-108-R2 2005 Fiddler crab Mercury 0.06154
M-108 05300-FC-M-108-R3 2005 Fiddler crab Mercury 0.08876
M-108 05300-FC-M-108-R4 2005 Fiddler crab Mercury 0.08523
M-108 05300-FC-M-108-R5 2005 Fiddler crab Mercury 0.14493

M-108 05300-FC-M-108-R6 2005 Fiddler crab Mercury 0.14706

M-108 05300-FC-M-108-R7 2005 Fiddler crab Mercury 0.11834
M-108 06292-M-108-FC-R1 2006 Fiddler Crab Mercury 0.21806
M-108 06292-M-108-FC-R2 2006 Fiddler Crab Mercury 0.24396

M-108 06292-M-108-FC-R3 2006 Fiddler Crab Mercury 0.22508

M-108 06292-M-108-FC-R4 2006 Fiddler Crab Mercury 0.19610
M-108 06292-M-108-FC-R5 2006 Fiddler Crab Mercury 0.24803
M-108 06292-M-108-FC-R6 2006 Fiddler Crab Mercury 0.22915
M-108 06292-M-108-FC-R7 2006 Fiddler Crab Mercury 0.22098

Average 0.22459

Raw Data Mercury in Sediment
M-108 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
C-104 04299-C-104 2004 sediment Mercury 0.5100
C-104 05299-C-104 2005 sediment Mercury 1.9000
C-104 06289-C-104 2006 sediment Mercury 0.2760
M-108 04300-M-108 2004 sediment Mercury 0.0100 U
M-108 05299-M-108 2005 sediment Mercury 0.3700
M-108 06289-M-108 2006 sediment Mercury 0.4570
SD5M-12 04294-SD5M-12 2004 sediment Mercury 0.3300
SD5M-27 04294-SD5M-27 2004 sediment Mercury 0.2200
SD5M-5 04295-SD5M-5 2004 sediment Mercury 0.3000

Average 0.4859
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
M-108 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
M-108 04300-FC-M108-1 2004 Fiddler Crab Aroclor-1268 0.16129 U
M-108 04300-FC-M108-2 2004 Fiddler Crab Aroclor-1268 0.16667 U
M-108 04300-FC-M108-3 2004 Fiddler Crab Aroclor-1268 0.16129 U
M-108 04300-FC-M108-4 2004 Fiddler Crab Aroclor-1268 0.15625 U
M-108 04300-FC-M108-5 2004 Fiddler Crab Aroclor-1268 0.15152 U
M-108 04300-FC-M108-6 2004 Fiddler Crab Aroclor-1268 0.15625 U
M-108 04300-FC-M108-7 2004 Fiddler Crab Aroclor-1268 0.16129 U
M-108 05300-FC-M-108-R1 2005 Fiddler crab Aroclor-1268 0.26923
M-108 05300-FC-M-108-R2 2005 Fiddler crab Aroclor-1268 0.22462
M-108 05300-FC-M-108-R3 2005 Fiddler crab Aroclor-1268 0.24260
M-108 05300-FC-M-108-R4 2005 Fiddler crab Aroclor-1268 0.31250
M-108 05300-FC-M-108-R5 2005 Fiddler crab Aroclor-1268 0.22899

M-108 05300-FC-M-108-R6 2005 Fiddler crab Aroclor-1268 0.32353

M-108 05300-FC-M-108-R7 2005 Fiddler crab Aroclor-1268 0.32544
M-108 06292-M-108-FC-R1 2006 Fiddler Crab Aroclor-1268 0.11037
M-108 06292-M-108-FC-R2 2006 Fiddler Crab Aroclor-1268 0.10403

M-108 06292-M-108-FC-R3 2006 Fiddler Crab Aroclor-1268 0.12871

M-108 06292-M-108-FC-R4 2006 Fiddler Crab Aroclor-1268 0.14286
M-108 06292-M-108-FC-R5 2006 Fiddler Crab Aroclor-1268 0.12500
M-108 06292-M-108-FC-R6 2006 Fiddler Crab Aroclor-1268 0.13220
M-108 06292-M-108-FC-R7 2006 Fiddler Crab Aroclor-1268 0.18182

Average 0.18888

Raw Data Aroclor 1268 in Sediment
M-108 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
C-104 04299-C-104 2004 sediment Aroclor-1268 0.6700
C-104 05299-C-104 2005 sediment Aroclor-1268 0.0440 J
C-104 06289-C-104 2006 sediment Aroclor-1268 0.2100
M-108 04300-M-108 2004 sediment Aroclor-1268 0.0275 U
M-108 05299-M-108 2005 sediment Aroclor-1268 0.4100
M-108 06289-M-108 2006 sediment Aroclor-1268 0.1500
SD5M-12 04294-SD5M-12 2004 sediment Aroclor-1268 0.1200
SD5M-27 04294-SD5M-27 2004 sediment Aroclor-1268 0.4200
SD5M-5 04295-SD5M-5 2004 sediment Aroclor-1268 0.2500

Average 0.2557
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
M-204 polygon

Location Sample ID Year Matrix Parameter res05
M-204 05301-FC-M-204-R1 2005 Fiddler Crab Mercury 0.25237
M-204 05301-FC-M-204-R2 2005 Fiddler Crab Mercury 0.28391
M-204 05301-FC-M-204-R3 2005 Fiddler Crab Mercury 0.24922
M-204 05301-FC-M-204-R4 2005 Fiddler Crab Mercury 0.27607
M-204 05301-FC-M-204-R5 2005 Fiddler Crab Mercury 0.30211
M-204 05301-FC-M-204-R6 2005 Fiddler Crab Mercury 0.26946
M-204 05301-FC-M-204-R7 2005 Fiddler Crab Mercury 0.30100
M-204 06290-M-204-FC-R1 2006 Fiddler Crab Mercury 0.39726
M-204 06290-M-204-FC-R2 2006 Fiddler Crab Mercury 0.31212
M-204 06290-M-204-FC-R3 2006 Fiddler Crab Mercury 0.30382
M-204 06290-M-204-FC-R4 2006 Fiddler Crab Mercury 0.27716
M-204 06290-M-204-FC-R5 2006 Fiddler Crab Mercury 0.41993

M-204 06290-M-204-FC-R6 2006 Fiddler Crab Mercury 0.38361

M-204 06290-M-204-FC-R7 2006 Fiddler Crab Mercury 0.45645
Average 0.32032

Raw Data Mercury in Sediment
M-204 polygon

Location Sample ID Year Matrix Parameter res05
C-200 05304-C-200 2005 sediment Mercury 4.4300
C-34 C-34(S) 2000 sediment Mercury 1.5500
C-34 05292-C-34 2005 sediment Mercury 2.4500

C-34 06290-C-34 2006 sediment Mercury 8.3700

C-34 07289-C-34 2007 sediment Mercury 7.7200
FS-AREA1 05302-FS-AREA1 2005 sediment Mercury 0.6860
FS-AREA1 06289-FS-AREA-1 2006 sediment Mercury 1.0700
FS-AREA1 07290-FS-AREA-1 2007 sediment Mercury 1.1000
M-204 05301-M-204 2005 sediment Mercury 1.3900
M-204 06290-M-204 2006 sediment Mercury 0.9330
M-41 M-41(S) 2000 sediment Mercury 3.1700
M-41 05292-M-41 2005 sediment Mercury 2.8600
M-41 06290-M-41 2006 sediment Mercury 1.7600

Average 2.8838
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
M-204 polgon

Location Sample ID Year Matrix Parameter res05 R Mod
M-204 05301-FC-M-204-R1 2005 Fiddler Crab Aroclor-1268 0.69401
M-204 05301-FC-M-204-R2 2005 Fiddler Crab Aroclor-1268 0.72555
M-204 05301-FC-M-204-R3 2005 Fiddler Crab Aroclor-1268 0.77882
M-204 05301-FC-M-204-R4 2005 Fiddler Crab Aroclor-1268 0.67485
M-204 05301-FC-M-204-R5 2005 Fiddler Crab Aroclor-1268 0.78550
M-204 05301-FC-M-204-R6 2005 Fiddler Crab Aroclor-1268 0.77844
M-204 05301-FC-M-204-R7 2005 Fiddler Crab Aroclor-1268 0.96990
M-204 06290-M-204-FC-R1 2006 Fiddler Crab Aroclor-1268 0.33219
M-204 06290-M-204-FC-R2 2006 Fiddler Crab Aroclor-1268 0.37037
M-204 06290-M-204-FC-R3 2006 Fiddler Crab Aroclor-1268 0.57325
M-204 06290-M-204-FC-R4 2006 Fiddler Crab Aroclor-1268 0.27336
M-204 06290-M-204-FC-R5 2006 Fiddler Crab Aroclor-1268 0.60498

M-204 06290-M-204-FC-R6 2006 Fiddler Crab Aroclor-1268 0.59016

M-204 06290-M-204-FC-R7 2006 Fiddler Crab Aroclor-1268 1.35889
Average 0.67930

Raw Data Aroclor 1268 in Sediment
M-204 polygon

Location Sample ID Year Matrix Parameter res05 R Mod
C-200 05304-C-200 2005 sediment Aroclor-1268 8.2000
C-34 C-34(S) 2000 sediment Aroclor-1268 0.0590 J
C-34 05292-C-34 2005 sediment Aroclor-1268 2.7000

C-34 06290-C-34 2006 sediment Aroclor-1268 9.0000 D

C-34 07289-C-34 2007 sediment Aroclor-1268 6.5000 D
FS-AREA1 05302-FS-AREA1 2005 sediment Aroclor-1268 1.3000
FS-AREA1 06289-FS-AREA-1 2006 sediment Aroclor-1268 0.9200
FS-AREA1 07290-FS-AREA-1 2007 sediment Aroclor-1268 0.6300
M-204 05301-M-204 2005 sediment Aroclor-1268 2.7000
M-204 06290-M-204 2006 sediment Aroclor-1268 0.8100
M-41 M-41(S) 2000 sediment Aroclor-1268 0.5200
M-41 05292-M-41 2005 sediment Aroclor-1268 2.8000
M-41 06290-M-41 2006 sediment Aroclor-1268 1.5000 D

Average 2.8953
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Fiddler Crab
TC polygon

Location Sample ID Year Matrix Parameter res05 R Mod
TC-M 03289-FC-M-TC-1 2003 Fiddler Crab Mercury 0.0430
TC-M 03289-FC-M-TC-5 2003 Fiddler Crab Mercury 0.0250
TC-M 03290-FC-M-TC-2 2003 Fiddler Crab Mercury 0.0320
TC-M 03290-FC-M-TC-3 2003 Fiddler Crab Mercury 0.0350
TC-M 03290-FC-M-TC-4 2003 Fiddler Crab Mercury 0.0330
TC-M 04295-FC-TC-1 2004 Fiddler Crab Mercury 0.0330
TC-M 04295-FC-TC-2 2004 Fiddler Crab Mercury 0.0330
TC-M 04295-FC-TC-3 2004 Fiddler Crab Mercury 0.0240
TC-M 04295-FC-TC-4 2004 Fiddler Crab Mercury 0.0250
TC-M 04295-FC-TC-5 2004 Fiddler Crab Mercury 0.0270
TC-M 04295-FC-TC-6 2004 Fiddler Crab Mercury 0.0380
TC-M 04295-FC-TC-7 2004 Fiddler Crab Mercury 0.0220

TC-C 05300-FC-TC-R1 2005 Fiddler crab Mercury 0.0619

TC-C 05300-FC-TC-R2 2005 Fiddler crab Mercury 0.0299
TC-C 05300-FC-TC-R3 2005 Fiddler crab Mercury 0.0296
TC-C 05300-FC-TC-R4 2005 Fiddler crab Mercury 0.0294

TC-C 05300-FC-TC-R5 2005 Fiddler crab Mercury 0.0560

TC-C 05300-FC-TC-R6 2005 Fiddler crab Mercury 0.0595
TC-C 05300-FC-TC-R7 2005 Fiddler crab Mercury 0.0683
TC-M 06292-TC-M-FC-R1 2006 Fiddler Crab Mercury 0.0851
TC-M 06292-TC-M-FC-R2 2006 Fiddler Crab Mercury 0.0893
TC-M 06292-TC-M-FC-R3 2006 Fiddler Crab Mercury 0.0930
TC-M 06292-TC-M-FC-R4 2006 Fiddler Crab Mercury 0.0980

TC-M 06292-TC-M-FC-R5 2006 Fiddler Crab Mercury 0.1281

TC-M 06292-TC-M-FC-R6 2006 Fiddler Crab Mercury 0.0925
TC-M 06292-TC-M-FC-R7 2006 Fiddler Crab Mercury 0.1151
TC-M 07291-TC-M-FC-R1 2007 Fiddler Crab Mercury 0.0562
TC-M 07291-TC-M-FC-R2 2007 Fiddler Crab Mercury 0.0783
TC-M 07291-TC-M-FC-R3 2007 Fiddler Crab Mercury 0.0386
TC-C TC-FC R1 2002 Fiddler Crab Mercury 0.0100 U
TC-C TC-FC R2 2002 Fiddler Crab Mercury 0.0270
TC-C TC-FC R3 2002 Fiddler Crab Mercury 0.0320
TC-C TC-FC R4 2002 Fiddler Crab Mercury 0.0300
TC-C TC-FC R5 2002 Fiddler Crab Mercury 0.0350

Average 0.0504
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Mercury in Sediment
TC polygon

Location Sample ID Year Matrix Parameter res05 R Mod
TC-C 02235-TC-C 2002 sediment Mercury 0.0380
TC-C 03289-TC-C 2003 sediment Mercury 0.0440
TC-C 04295-TC-C 2004 sediment Mercury 0.0260
TC-C 05300-TC-C 2005 sediment Mercury 0.0921
TC-C 06291-TC-C 2006 sediment Mercury 0.0742
TC-C 07291-TC-C 2007 sediment Mercury 0.1180
TC-C(S) TC-C(S)_10/13/2000_sediment 2000 sediment Mercury 0.0520 B*
TC-M 02235-TC-M 2002 sediment Mercury 0.0940
TC-M 03289-TC-M 2003 sediment Mercury 0.0760
TC-M 04295-TC-M 2004 sediment Mercury 0.0480
TC-M 05300-TC-M 2005 sediment Mercury 0.1970
TC-M 06291-TC-M 2006 sediment Mercury 0.0889

TC-M 07291-TC-M 2007 sediment Mercury 0.0814

TC-M(S) TC-M(S) 2000 sediment Mercury 0.1200 *
Average 0.0821
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Fiddler Crab
TC polygon

Location Sample ID Year Matrix Parameter res05 R Mod
TC-M 03289-FC-M-TC-1 2003 Fiddler Crab Aroclor-1268 0.34500 U
TC-M 03289-FC-M-TC-5 2003 Fiddler Crab Aroclor-1268 1.20000
TC-M 03290-FC-M-TC-2 2003 Fiddler Crab Aroclor-1268 0.30500 U
TC-M 03290-FC-M-TC-3 2003 Fiddler Crab Aroclor-1268 1.80000
TC-M 03290-FC-M-TC-4 2003 Fiddler Crab Aroclor-1268 1.30000
TC-M 04295-FC-TC-1 2004 Fiddler Crab Aroclor-1268 0.19355 U
TC-M 04295-FC-TC-2 2004 Fiddler Crab Aroclor-1268 0.28333 U
TC-M 04295-FC-TC-3 2004 Fiddler Crab Aroclor-1268 0.20000 U
TC-M 04295-FC-TC-4 2004 Fiddler Crab Aroclor-1268 0.22581 U
TC-M 04295-FC-TC-5 2004 Fiddler Crab Aroclor-1268 0.33333 U
TC-M 04295-FC-TC-6 2004 Fiddler Crab Aroclor-1268 0.29310 U
TC-M 04295-FC-TC-7 2004 Fiddler Crab Aroclor-1268 0.33333 U

TC-C 05300-FC-TC-R1 2005 Fiddler crab Aroclor-1268 0.01703 U

TC-C 05300-FC-TC-R2 2005 Fiddler crab Aroclor-1268 0.04940 U
TC-C 05300-FC-TC-R3 2005 Fiddler crab Aroclor-1268 0.02515 U
TC-C 05300-FC-TC-R4 2005 Fiddler crab Aroclor-1268 0.02500 U

TC-C 05300-FC-TC-R5 2005 Fiddler crab Aroclor-1268 0.01681 U

TC-C 05300-FC-TC-R6 2005 Fiddler crab Aroclor-1268 0.02530 U
TC-C 05300-FC-TC-R7 2005 Fiddler crab Aroclor-1268 0.01655 U
TC-M 06292-TC-M-FC-R1 2006 Fiddler Crab Aroclor-1268 0.02006 J
TC-M 06292-TC-M-FC-R2 2006 Fiddler Crab Aroclor-1268 0.02240 J
TC-M 06292-TC-M-FC-R3 2006 Fiddler Crab Aroclor-1268 0.01706 J
TC-M 06292-TC-M-FC-R4 2006 Fiddler Crab Aroclor-1268 0.01871 J

TC-M 06292-TC-M-FC-R5 2006 Fiddler Crab Aroclor-1268 0.01376 J

TC-M 06292-TC-M-FC-R6 2006 Fiddler Crab Aroclor-1268 0.01993 J
TC-M 06292-TC-M-FC-R7 2006 Fiddler Crab Aroclor-1268 0.01164 JP
TC-M 07291-TC-M-FC-R1 2007 Fiddler Crab Aroclor-1268 0.00302 U
TC-M 07291-TC-M-FC-R2 2007 Fiddler Crab Aroclor-1268 0.00302 U
TC-M 07291-TC-M-FC-R3 2007 Fiddler Crab Aroclor-1268 0.01297 J
TC-C TC-FC R1 2002 Fiddler Crab Aroclor-1268 0.02500 U
TC-C TC-FC R2 2002 Fiddler Crab Aroclor-1268 0.02500 U
TC-C TC-FC R3 2002 Fiddler Crab Aroclor-1268 0.50000
TC-C TC-FC R4 2002 Fiddler Crab Aroclor-1268 0.02500 U
TC-C TC-FC R5 2002 Fiddler Crab Aroclor-1268 0.17000

Average 0.23163
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Appendix K-1.__Raw Data in Mercury / Aroclor 1268 in Fiddler Crab and Sediment (2004 - 2007)

Raw Data Aroclor 1268 in Sediment
TC polygon

Location Sample ID Year Matrix Parameter res05 R Mod
TC-C 02235-TC-C 2002 sediment Aroclor-1268 0.0250 U
TC-C 03289-TC-C 2003 sediment Aroclor-1268 0.1000 U
TC-C 04295-TC-C 2004 sediment Aroclor-1268 0.0320 U
TC-C 05300-TC-C 2005 sediment Aroclor-1268 0.0150 U
TC-C 06291-TC-C 2006 sediment Aroclor-1268 0.0260
TC-C 07291-TC-C 2007 sediment Aroclor-1268 0.0650 J,D
TC-C(S) TC-C(S)_10/13/2000_sediment 2000 sediment Aroclor-1268 0.0445 U
TC-M 02235-TC-M 2002 sediment Aroclor-1268 0.0250 U
TC-M 03289-TC-M 2003 sediment Aroclor-1268 0.1650 U
TC-M 04295-TC-M 2004 sediment Aroclor-1268 0.0335 U
TC-M 05300-TC-M 2005 sediment Aroclor-1268 0.0900 J
TC-M 06291-TC-M 2006 sediment Aroclor-1268 0.0290

TC-M 07291-TC-M 2007 sediment Aroclor-1268 0.0290

TC-M(S) TC-M(S) 2000 sediment Aroclor-1268 0.0315 U
Average 0.0508
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Appendix K-2 
Mummichog Data for Each Polygon 

Appendix K-2a:   Mummichog Tissue Data for Each Polygon 
Appendix K-2b:   Mummichog Sediment Data for Each Polygon 

 
 



Appendix 2a.__Mummichog Tissue Data for Each Polygon

All data averages are listed in Bold

Mercury Aroclor 1268 Lead %Lipid Mercury Aroclor 1268 Lead %Lipid
0.54000 5.70000 0.59000 12.30000 0.45000 3.50000 0.36000 14.70000

0.54000 9.10000 0.54999 12.70000 0.49000 4.30000 0.42999 12.70000

0.90999 2.78261 0.37000 0.56000 2.90000 0.43999 24.50000

0.21097 3.03798 0.54852 0.61999 5.65217 0.12500

0.53941 3.56847 0.37551 0.75999 1.90909 0.24999

0.21367 2.43590 0.37393 0.87999 3.00000 0.26999

0.31396 3.37838 0.29279 0.39682 4.76191 0.37500

0.26508 2.54310 0.68534 0.36585 6.09756 0.37601

0.22478 5.55556 0.23504 0.55147 8.45588 0.37500

0.50205 4.52675 0.21810 0.59523 5.95238 1.21429

0.48192 6.02410 0.26907 0.52083 2.41667 0.18333

0.50607 4.85830 0.36842 0.57851 2.39669 0.16528

0.69999 4.00000 0.50000 1.28854 4.34783 0.31620

0.75000 3.90000 0.50000 0.66917 8.64662 0.21428

0.47999 3.90000 1.00000 0.75697 6.37450 0.25099

2.10000 3.10000 0.50000 1.00000 2.30000 2.40000

0.57987 4.27570 0.46104 12.50000 0.62000 18.00000 1.30000

1.70000 2.10000 2.30000

9.10000 12.00000 1.80000

0.77999 2.60000 1.10000

0.70999 0.94999 0.85000

Mercury Aroclor 1268 Lead %Lipid 0.83999 1.20000 1.00000

0.70999 6.80000 0.31000 10.00000 1.10152 4.99370 0.73161 17.30000
0.69000 11.00000 0.37999 20.40000

0.73000 6.10000 0.51999

1.40000 2.91304 0.25999

1.50000 3.31818 0.12499

1.10000 4.16667 0.12499 Mercury Aroclor 1268 Lead %Lipid
0.65573 6.96721 0.37499 0.18999 0.99999 1.10000 12.30000

0.63197 5.94796 0.48760 0.20000 1.40000 0.61999 9.80000

0.49808 8.04598 0.22727 0.12999 1.50000 0.65000 12.40000

0.94214 20.24794 0.31250 0.40999 1.66667 0.12499

0.63636 5.37190 0.19921 0.30999 1.43478 0.12500

0.91666 5.83333 0.27667 0.35999 1.54545 0.12499

0.33984 12.50000 0.24150 0.19762 0.83003 0.37549

1.30040 9.09091 1.80000 0.16949 3.26271 0.37500

0.72075 12.83019 1.50000 0.21367 0.81196 0.64102

1.50000 8.10000 1.10000 0.37999 2.10000 2.20000

1.40000 8.00000 1.00000 0.56000 3.30000 1.90000

0.77999 7.70000 1.05000 0.34000 3.00000 1.20000

0.43000 1.40000 1.40000 0.27000 0.37000 1.05000

0.49000 3.00000 0.37000 1.10000 1.00000

0.37999 1.50000 0.34000 0.98000 2.40000

0.84533 7.18254 0.61525 15.20000 0.29605 1.62011 0.92577 11.50000

C-6

C-5

C-13

C-9
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Appendix 2a.__Mummichog Tissue Data for Each Polygon

All data averages are listed in Bold

Mercury Aroclor 1268 Lead %Lipid Mercury Aroclor 1268 Lead %Lipid
0.36585 6.50407 0.37499 9.50000 0.41999 2.13636 0.29999 7.90000

0.53278 3.27869 0.68067 11.90000 0.36999 2.25000 0.12499 7.10000

0.45081 2.90984 1.08299 10.80000 0.37000 2.72000 0.12500 8.20000

0.39621 2.26891 1.45106 10.40000 0.24999 3.50000 0.37500

0.33402 1.45228 0.79600 0.25423 5.50848 0.37500

0.31319 2.59574 0.42187 0.25641 3.37607 0.37393

0.42400 2.28000 0.43089 0.29399 3.13305 0.27038

0.69531 3.90625 1.30000 0.23776 2.27468 0.36480

0.45121 3.29268 1.50000 0.25291 2.08333 0.37500

0.50999 1.60000 1.50000 0.30059 2.99800 0.29823 7.73333
0.50999 8.25000 1.00000

0.30999 1.10000 0.85999

0.25999 1.52000 0.85999

0.54999 2.47826 1.48760

0.24999 1.50000 0.50420 Mercury Aroclor 1268 Lead %Lipid
0.41322 3.59504 2.03659 0.25000 1.17391 0.29999 8.80000

0.50420 1.80672 2.11618 0.20000 1.04348 0.12500 7.80000

0.18008 1.86992 2.08871 0.15999 0.56818 0.39999 7.10000

0.13817 1.57676 0.68595 0.25641 1.75214 0.37393

0.12499 1.41129 0.96943 0.17094 1.58120 0.37606

0.37809 2.80992 0.83673 0.22222 0.71111 0.44444

0.29694 3.10044 2.10000 0.20993 1.13834 0.33657 7.90000
0.29591 2.28571 1.80000

0.50999 0.43000 2.10000

0.40000 4.10000 70.00000

0.10000 2.10000 6.50000

0.33000 1.10000 1.50000 Mercury Aroclor 1268 Lead %Lipid
0.36000 0.69999 0.49382 0.16000 0.95833 0.27999 7.40000

0.41999 0.57999 0.71548 0.17000 0.66666 0.12499 9.00000

0.37613 3.00411 0.50826 0.17999 0.65384 0.12499 2.30000

0.29707 2.92887 0.76587 0.12692 1.11111 0.21367 14.00000

0.32479 2.31405 0.71146 0.09629 0.86419 0.37448 11.40000

0.33412 2.50000 0.74693 0.10585 1.00418 0.37656 10.30000

0.50592 2.84585 0.09918 0.69672 0.13934

0.26285 1.95918 0.09576 0.59322 0.19491

0.36874 2.51299 3.36138 10.65000 0.11295 0.56680 0.40890

0.31999 0.60000 0.12500

0.21999 0.66666 0.12499

0.28999 0.65217 0.12500

0.12295 0.94262 0.16393

Mercury Aroclor 1268 Lead %Lipid 0.12448 1.95021 0.16597

0.16000 0.97000 0.46000 8.00000 0.12765 0.89361 0.17021

0.14999 1.10000 0.37000 7.00000 0.11302 0.63025 0.28991

0.14999 1.20000 0.55999 9.10000 0.11694 0.50847 0.47457

0.26000 1.33333 0.12499 0.14915 0.42372 0.22033

0.30999 1.50000 0.26000 0.15173 0.79904 0.22765 9.06667
0.22999 1.13636 0.28999

0.25531 0.68085 0.37499

0.17543 1.18421 0.37499

0.17543 0.74561 1.10000

0.18000 0.21000

0.20461 1.00604 0.43499 8.03333

C-102

C-100

C-103

C-39

C-45
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Appendix 2a.__Mummichog Tissue Data for Each Polygon

All data averages are listed in Bold

Mercury Aroclor 1268 Lead %Lipid Mercury Aroclor 1268 Lead %Lipid
0.43650 4.36508 0.37500 11.70000 0.04699 0.43500 0.49000 5.80000

0.32653 1.59184 0.37551 9.40000 0.09999 0.47499 0.48999 7.80000

0.32128 2.97189 0.37550 10.10000 0.08300 0.43500 0.62999

0.36290 6.45161 0.37499 12.00000 0.18000 0.20833 0.12499

0.48387 5.24194 0.37499 12.60000 0.14999 0.29166 0.12499

0.36734 7.75510 0.37551 17.00000 0.11999 0.21739 0.12500

0.38307 4.72958 0.37525 12.13333 0.09216 0.05529 0.25106

0.13636 0.01659 0.12396

0.16736 0.01652 0.19246

0.04255 0.06382 0.19087

0.05826 0.05371 0.16326

Mercury Aroclor 1268 Lead %Lipid 0.06652 0.04016 0.19999

0.12999 1.10000 0.57999 6.60000 0.12489 0.04564 5.90000

0.10999 1.40000 0.43999 8.30000 0.08979 0.08979 1.15000

0.12999 1.10000 0.47999 0.08255 0.07659 1.30000

0.17999 0.63636 0.38999 0.03400 0.20500 1.60000

0.17000 0.85000 0.81000 0.04399 0.22500 1.20000

0.10999 0.47619 0.26999 0.04500 0.22500 1.80000

0.20161 1.20968 0.24193 0.10000 0.02500 0.50000

0.12875 1.03004 0.17167 0.14000 0.02500

0.24896 1.70125 0.37551 0.10999 0.02500

0.10299 0.89743 0.44017 0.11999 0.02500

0.07442 0.77625 0.48401 0.09697 0.14889 0.87140 6.80000
0.10886 0.59071 0.22362

0.27000 2.40000 2.10000

0.15120 1.08984 0.53899 7.45000

Mercury Aroclor 1268 Lead %Lipid
0.17316 1.42857 0.37445 6.20000

0.12820 1.41026 0.37393 7.20000

0.17167 1.41631 0.37553 6.70000

0.11794 0.89743 0.51709

0.13417 0.80168 0.73417

0.09346 0.73469 0.59999

0.13643 1.11482 0.49586 6.70000

T-C

D-C

C-C

C-204
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Appendix K-2b.__Mummichog Sediment Data for Each Polgon

Data averages are listed in Bold

Mercury Aroclor 1268 Lead TOC Mercury Aroclor 1268 Lead TOC
11.00000 19.00000 21.00000 4.4 48.000 19.00 20.00 2.70
10.00000 24.00000 24.00000 3.2 80.000 19.00 47.00 3.70
2.10000 12.00000 28.00000 4 11.000 41.00 27.00 5.20
1.10000 4.20000 25.80000 3.72 86.600 69.00 42.10 4.58
7.03000 31.00000 40.90000 4.72000 8.750 25.00 31.90 6.56
2.67000 10.00000 20.40000 4.92000 9.890 26.00 34.70 6.46

11.50000 3.70000 36.00000 6.5 8.510 17.00 27.40 5.15
4.20000 21.00000 24.00000 2.1 4.300 2.90 29.00 6.80
4.00000 9.90000 26.00000 3.4 7.560 7.00 30.00 6.30
1.70000 4.00000 29.00000 4.6 14.400 20.00 36.00 5.40
0.00005 2.40000 27.00000 4.7 109.000 0.05 45.00 6.70
2.72000 0.00050 0.00250 6.9 80.800 15.00 27.00 5.50
0.00001 0.36000 2.90000 4 7.140 3.40 28.00 5.00
0.03799 0.18000 4.80000 2.9 9.700 4.70 33.00 8.50
0.02999 0.08600 2.20000 3.3 11.500 20.00 34.00 5.30
0.02400 0.07900 1.10000 3.8 29.000 2.20 25.00 3.70
0.03200 1.90000 22.00000 2.8 13.000 65.00 20.00 6.30
1.66000 6.40000 26.60000 3.9 32.000 25.00 42.00 4.90
3.90000 6.60000 21.30000 2.8 3.200 5.20 29.00 5.40
1.70000 6.20000 30.50000 3.8 62.900 2.20 46.00 5.70
5.30000 3.00000 29.10000 3 46.000 92.00 27.00 3.80
1.70000 5.10000 40.90000 2.5 22.000 24.00 26.00 3.30
3.20000 1.30000 27.20000 3.8 3.000 10.00 46.00 3.30
5.50000 3.30000 24.80000 4 3.100 0.33 47.00 4.20
11.00000 1.10000 12.80000 4.4 5.680 16.00 29.50 3.44
3.40000 0.99000 13.70000 4.91 2.360 4.60 30.00 4.42
2.30000 1.30000 14.00000 3.80000 4.500 3.50 29.00 5.00
5.30000 9.80000 29.40000 3.79000 30.000 78.00 48.60 4.30
20.00000 10.00000 25.10000 9.600 1.60 39.90 3.90
7.90000 20.00000 42.30000 140.000 410.00 16.50 4.60
3.41000 4.10000 21.90000 17.000 57.00 13.90 4.10
1.29000 15.00000 22.90000 24.000 45.00 33.60 4.10

28.20000 13.00000 25.20000 17.000 33.00 23.30 4.60
3.60000 32.00000 23.80000 0.420 2.10 27.90 2.40
12.60000 39.00000 22.50000 31.000 71.00 20.60 5.70
8.97000 26.00000 21.90000 5.300 3.40 26.70 3.30
3.14000 19.00000 29.00000 0.069 0.33 25.40 2.80
3.01000 14.00000 25.40000 20.600 90.00 37.30
8.39000 30.00000 43.60000 25.600 120.00 27.10
4.63000 33.00000 11.80000 1.460 1.90 26.90

23.80000 15.00000 0.044 0.01 9.13
2.57000 8.20000 11.300 3.70 26.90
1.74000 20.00000 74.000 16.00 12.60
2.78000 8.30000 19.000 17.00 15.90
2.14000 1.80000 6.230 15.00 25.10
0.77200 21.00000 6.810 28.00 48.20
3.61000 11.00000 6.530 19.00 44.80
3.00000 11.00000 145.000 240.00 32.60
2.64000 4.70000 17.300 38.00 38.80
0.98000 18.00000 11.200 28.00 42.90
1.94000 18.00000 2.440 9.50
1.90000 0.62000 12.600 43.00
0.35600 0.277 0.15
4.83910 11.18491 23.02006 3.95214 0.257 0.27

4.490 4.00
41.600 380.00

109.000 420.00
75.700 150.00
61.400 59.00
12.700 26.00

27.73028 49.15063 31.06460 4.786756757

C-5 C-6
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Appendix K-2b.__Mummichog Sediment Data for Each Polgon

Data averages are listed in Bold

Mercury Aroclor 1268 Lead TOC Mercury Aroclor 1268 Lead TOC
13.000 460.000 28.0 3.40 1.50000 2.1000 31.0 4.90
15.000 0.600 46.0 3.60 0.47999 1.3000 23.0 3.60
4.200 16.000 29.0 4.40 1.70000 2.4000 26.0 4.60
2.710 5.400 20.2 2.46 1.43000 1.3000 22.7 4.18
3.020 17.000 32.5 5.06 7.00000 0.7500 27.0 5.10
1.100 3.500 201.0 4.73 1.03000 4.8000 32.2 4.71
1.130 0.220 43.0 2.60 5.34000 0.4800 26.0 5.50
6.100 23.000 18.0 2.70 1.80000 7.3000 31.7 2.22
8.000 3.500 21.0 1.40 5.36000 0.3000 27.0 5.00
8.500 19.000 19.0 3.70 1.30000 2.8000 32.0 4.30
4.390 20.000 22.0 1.80 2.40000 2.8000 23.0 3.20
8.500 39.000 12.0 1.30 2.80000 0.7900 28.0 3.50
2.000 3.300 24.0 3.90 1.20000 2.8000 28.0 4.20
1.200 1.700 14.0 1.30 2.11000 6.8000 25.3 4.48
6.600 88.000 69.9 7.86 0.45600 1.0000 25.8 4.22
0.782 1.200 21.3 3.48 1.82000 2.5000 22.0 4.76
0.806 1.100 21.1 2.53 3.36000 0.0990 23.0 4.50
0.759 0.660 16.0 2.00 2.10000 2.6000 34.0 4.80
2.600 9.500 13.0 2.00 0.63999 0.8700 22.0 3.70
2.200 0.790 31.0 3.70 0.75999 1.3000 27.0 4.80
2.500 4.100 32.0 3.90 3.30000 0.4700 26.0 4.70
6.600 15.000 28.0 5.80 0.83999 0.8600 29.0 5.20
1.130 9.400 31.2 3.74 0.70700 1.2000 26.1 6.44
0.659 3.800 24.7 5.58 0.41200 0.6500 27.5 6.33
1.320 1.000 26.0 5.30 0.85300 1.2000 20.7 5.74
5.200 12.000 25.0 3.60 0.81999 0.8400 25.0 6.40

14.000 6.300 28.0 3.60 0.67500 1.0000 24.4 7.16
5.400 21.000 28.0 2.90 0.56700 1.2000 26.0 6.65
2.280 1.400 28.0 7.30 0.70800 1.2000 19.3 7.27

22.200 300.000 36.4 5.67 0.86000 0.5000 22.0 9.50
1.150 8.600 28.3 5.82 0.86599 0.6100 27.0 12.00
2.460 2.400 24.0 6.60 0.74300 0.4000 27.4 7.99
7.400 9.600 30.7 3.40 1.02000 0.5100 20.2 10.80

12.000 1.800 33.9 3.60 0.56000 1.3000 28.0 3.40
20.000 1.300 27.8 3.90 0.93500 3.3000 29.3 4.20
55.000 2.000 8.7 3.50 0.40300 0.6200 17.8 3.23
3.700 0.280 17.7 4.60 0.86200 2.7000 25.8 3.75
4.200 1.100 27.7 4.10 2.10000 5.2000 29.0 4.80
2.200 0.940 30.8 2.90 0.57999 1.1000 18.0 4.20
3.600 2.200 25.8 4.10 0.37999 0.5700 16.0 4.10
8.970 17.000 56.7 6.90 1.00000 3.5000 24.0 4.30
3.140 12.000 36.2 4.43 0.36000 0.2600 12.0 5.90
3.010 12.000 11.0 7.13 0.50999 0.2600 11.0 8.60
8.390 15.000 27.0 8.50 0.37999 0.4200 14.0 5.60
4.630 20.000 25.4 0.40000 0.7000 19.0 5.20

23.800 110.000 29.5 0.38999 0.5400 16.0 6.70
17.800 11.000 25.6 0.37999 0.4200 14.0 5.60
2.990 16.000 31.9 0.62999 2.5000 21.0 5.10

10.200 17.000 36.2 0.36000 0.3800 15.0 6.00
4.660 130.000 51.8 0.82999 0.9100 16.0 7.00
9.450 14.000 33.8 0.27000 0.6800 15.0 5.40

12.400 12.000 23.3 0.28999 0.0465 13.0
1.470 13.000 38.3 1.22000 1.4000 24.3

39.600 11.000 20.6 0.51800 0.7500 25.3
5.570 36.000 26.7 1.59000 2.4000 27.7
5.790 330.000 37.3 0.92100 2.2000 31.2

11.400 120.000 27.1 1.50000 5.2000 25.3
7.950 11.000 26.9 1.85000 2.5000 35.6
8.280 30.000 9.1 2.76000 20.0000 40.3
6.740 39.000 26.9 6.72000 25.0000 51.6
5.300 44.000 12.6 1.14000 2.1000 29.6
4.260 15.000 15.9 1.49000 1.8000 27.1
5.340 28.000 25.1 2.10000 1.9000 27.0
8.940 240.000 28.0 0.95400 1.8000 27.1
21.700 38.000 567.0 1.02000 7.0000 34.2
13.400 28.000 31.6 1.29000 1.7000 25.9
1.240 9.500 765.0 1.41894 2.37705 24.9 5.40254902
6.170 43.000
29.200 0.150
35.100 0.270
29.000 4.000
2.900 1.500
0.852 1.000
2.600 1.500
1.500 1.100

8.39117 33.98280 49.12313 4.108863636

C-9 C-13
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Appendix K-2b.__Mummichog Sediment Data for Each Polgon

Data averages are listed in Bold

Mercury Aroclor 1268 Lead TOC Mercury Aroclor 1268 Lead TOC
3.22000 3.50000 118.0 8.25 0.23999 1.90000 18.00000 4.40
3.43000 3.00000 220.0 1.35 0.62000 0.69999 17.00000 3.00
2.48000 0.54000 184.0 6.77 0.30000 0.95999 13.00000 4.30
2.46000 1.10000 94.7 5.00 0.24500 0.61000 20.30000 3.33
2.01000 1.20000 79.9 6.71 0.56600 0.79000 26.40000 4.92
4.60000 1.50000 1100.0 9.10 0.14600 0.06100 15.00000 4.60
2.20000 0.58000 27.0 5.70 1.51000 0.57000 27.00000 5.70
2.10000 0.51000 30.0 6.70 0.54000 0.87000 22.00000 5.60
1.52000 0.32000 49.0 6.70 0.98600 0.76000 24.90000 7.95
0.77800 0.15000 46.0 5.60 0.40000 0.69999 19.00000 0.00
0.04810 0.01800 14.0 5.00 0.34000 0.21999 15.00000 6.40
0.61000 0.18000 24.0 5.00 0.46999 0.33000 15.00000 5.60
2.36000 0.40000 57.0 6.00 1.19000 0.33000 32.10000 4.65
1.56000 0.35000 39.0 5.70 0.57400 1.10000 26.10000 3.24
6.36000 0.54000 97.0 7.00 0.40000 0.07000 12.00000 8.40
0.10000 0.14000 16.0 0.91 1.88000 13.00000 21.40000 3.75
0.34000 0.31999 50.0 0.94 1.09000 4.80000 18.50000 3.51
0.04399 0.03050 8.9 0.48 1.89000 13.00000 15.80000 1.94
0.24300 0.01300 419.0 4.33 0.04289 0.02800 11.50000 2.53
0.09719 0.05900 27.8 1.63 2.60000 18.00000 29.20000 2.46
0.27100 0.02300 1590.0 11.60 0.10199 0.17000 16.90000 4.61
0.07869 0.01500 17.0 0.90 3.35000 9.20000 9.80000 0.57
2.45000 2.70000 48.7 4.26 0.00711 0.00750 3.22000 0.73
8.37000 9.00000 160.0 4.55 0.78700 2.10000 22.40000 5.33
7.72000 6.50000 102.0 3.84 1.09000 9.00000 11.00000 2.16
1.55000 0.05900 63.0 3.80 0.85464 3.17106 18.50080 3.987316
4.91000 2.00000 99.8 9.34
1.77000 0.82000 58.2 6.86
5.31000 2.70000 71.0 8.93
2.90000 0.32000 56.0 8.20
3.58000 1.20000 58.0 5.71 Mercury Aroclor 1268 Lead TOC
1.89000 0.62000 25.0 6.10 3.30000 3.60000 23.00000 4.70
0.11800 0.04300 14.0 0.66 4.31000 5.60000 33.00000 2.99
2.86000 2.80000 48.4 6.74 2.51000 3.30000 33.40000 5.25
1.76000 1.50000 40.8 6.76 1.20000 1.90000 28.20000 4.89
3.17000 0.52000 91.0 6.10 1.51000 0.57000 27.00000 5.70
1.18000 1.60000 79.6 0.01 1.00000 1.20000 17.00000 6.30
0.38999 0.44999 12.0 9.30 6.82000 8.40000 36.20000 8.06
0.18999 0.18000 16.0 3.10 1.49000 1.40000 26.00000 7.84
0.68999 0.40000 17.0 6.70 3.80000 2.40000 29.00000 5.20
0.54000 0.82999 18.0 6.10 1.70000 3.90000 33.00000 5.50
0.80000 0.85000 15.0 8.00 1.60000 3.00000 32.00000 5.30
0.92000 1.60000 10.0 7.00 0.57999 0.63999 16.00000 6.20
0.68599 1.30000 32.0 3.48 0.77999 1.90000 30.00000 5.60
1.07000 0.92000 44.2 2.43 3.29000 2.40000 17.00000 0.00
1.10000 0.63000 44.3 1.88 0.30000 0.83000 3.44000 0.27
2.17000 2.30000 387.0 5.86 2.93000 28.00000 33.60000 5.41
1.07000 0.85000 275.0 7.69 0.54299 1.40000 4.87000 0.23
0.93200 1.20000 143.0 5.23 4.25000 3.20000 33.60000 5.08
0.75999 0.52000 1190.0 3.85 1.99000 4.20000 32.30000 2.78
3.57000 2.00000 177.0 7.71 2.47000 4.10000 31.00000 3.85
3.53000 1.40000 106.0 7.39 2.18000 4.30000 27.70000 3.07
2.01665 1.19809 150.19808 5.364383846 2.28000 3.70000 31.70000 4.38

0.10899 0.01200 18.10000 0.32
0.98199 3.20000 7.89000 0.48
2.16350 3.88133 25.20833 4.1418625

C-100

C-45C-39
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Appendix K-2b.__Mummichog Sediment Data for Each Polgon

Data averages are listed in Bold

Mercury Aroclor 1268 Lead TOC Mercury Aroclor 1268 Lead TOC
0.73000 0.72000 15.00000 4.70 0.41999 0.21000 14.00000 4.10
1.47000 3.10000 29.90000 4.06 0.15000 0.14000 13.00000 3.60
0.61300 0.45000 25.60000 4.29 0.62999 0.70999 29.00000 4.60
0.15999 0.18000 3.90000 8.50 0.58799 1.20000 24.40000 6.23
1.99000 0.56000 24.20000 5.44 0.52200 0.60000 26.80000 5.92
0.37200 0.19000 26.80000 5.48 0.79000 1.50000 11.00000 6.00
0.99000 1.60000 20.00000 4.70 0.62000 0.79000 28.00000 4.40
0.41999 0.05500 12.00000 6.80 0.33000 0.54000 25.00000 5.70
1.82000 2.20000 27.50000 7.66 0.54000 0.87000 22.00000 5.60
0.91699 1.10000 26.60000 8.12 0.98600 0.76000 24.90000 7.95
0.97500 1.60000 26.40000 6.57 0.37000 0.06500 13.00000 8.00
0.83999 1.90000 23.00000 6.70 0.95499 0.77000 27.00000 4.77
0.63200 0.86000 27.30000 9.52 1.19000 0.33000 32.10000 4.65
2.56000 3.90000 29.40000 5.13 0.32100 0.61000 26.00000 12.60
0.66000 0.28000 15.00000 6.20 0.60085 0.64964 22.58571 6.008571429
1.00993 1.24633 22.17333 6.258

Mercury Aroclor 1268 Lead TOC
Mercury Aroclor 1268 Lead TOC 0.55000 1.20000 18.00000 5.00
0.15999 0.18000 3.90000 8.50 0.56000 0.87000 22.00000 3.20
1.99000 0.56000 24.20000 5.44 0.68000 0.87999 27.00000 4.30
0.37200 0.19000 26.80000 5.48 1.87000 3.90000 35.50000 5.68
0.50999 0.67000 23.00000 4.60 1.22000 0.64000 23.30000 5.21
1.90000 0.04400 25.70000 3.68 0.02999 0.73000 13.00000 4.90
0.27600 0.21000 17.30000 3.47 1.00000 0.81999 24.00000 3.80
0.01000 0.02750 2.60000 0.34 0.30000 0.37999 24.00000 5.00
0.37000 0.41000 21.60000 6.03 0.37000 0.06500 13.00000 8.00
0.45700 0.15000 19.60000 6.90 0.25000 0.05500 12.00000 7.20
0.07999 0.06500 13.00000 5.30 0.50999 0.30000 28.00000 5.30
0.18000 0.23999 14.00000 7.30 0.82499 0.92000 27.30000 8.00
0.23000 0.10999 10.00000 5.40 0.65100 0.71000 27.30000 6.28
0.20000 0.14000 18.00000 5.10 0.50599 0.74000 25.70000 12.80
0.04399 0.04000 10.00000 4.80 0.43900 0.34000 24.20000 8.83
0.05200 0.03400 6.20000 1.80 0.50599 0.66000 26.60000 6.21
0.20000 0.18000 18.00000 5.40 1.80000 2.80000 28.80000 9.64
0.23000 0.18000 12.00000 7.70 0.88300 0.80000 26.00000 8.54
0.21999 0.18999 20.00000 7.50 0.95499 0.77000 27.00000 4.77
0.12999 0.10000 7.70000 14.00 0.40000 2.40000 12.00000 8.40
0.40058 0.19581 15.45263 5.723157895 1.81000 0.06000 28.40000 7.37

0.18999 0.07000 16.00000 7.30
0.74113 0.91409 23.14091 6.624090909

Mercury Aroclor 1268 Lead TOC
2.20000 4.90000 31.60000 0.00
2.45000 2.70000 48.70000 4.26
8.37000 9.00000 160.00000 4.55 Mercury Aroclor 1268 Lead TOC
7.72000 6.50000 102.00000 3.84 0.03799 0.02500 14.00000 2.60
1.55000 0.05900 63.00000 3.80 0.04399 0.10000 9.40000 1.30
4.43000 8.20000 154.00000 0.02 0.02600 0.03200 8.00000 1.80
2.86000 2.80000 48.40000 6.74 0.09210 0.01500 16.60000 2.88
1.76000 1.50000 40.80000 6.76 0.07419 0.02600 17.40000 3.00
3.17000 0.52000 91.00000 6.10 0.11800 0.06500 17.70000 3.60
1.39000 2.70000 27.90000 4.30 0.05200 0.04450 12.00000 0.00
0.93300 0.81000 26.40000 7.78 0.09399 0.02500 24.00000 4.10
0.68599 1.30000 32.00000 3.48 0.07599 0.16500 21.00000 4.20
1.07000 0.92000 44.20000 2.43 0.04800 0.03350 13.00000 4.00
1.10000 0.63000 44.30000 1.88 0.19699 0.09000 22.90000 6.03
2.83493 3.03850 65.30714 3.995611429 0.08890 0.02900 27.10000 5.04

0.08140 0.02900 19.90000 4.72
0.11999 0.03150 24.00000 0.00
0.08211 0.05075 17.64286 3.090971429

C-102

T-C

D-C

C-C

C-103

Page 4 of 4



Appendix K-3 
Bioaccumulation Factors for Blue Crab Data 

Appendix K-3a:  Blue Crab Wholebody Mercury Data 
Appendix K-3b:  Blue Crab Wholebody A-1268 Data 

 
 



Appendix K-3a.__Blue Crab Wholebody Murcury

Yearly Averages are listed in Bold

2000 2002 2003 2004 2005 2006
UPC UPC UPC UPC-F+C UPC UPC 1.50 2.09
1.50 1.80 1.80 0.31 1.37 0.38 2.50 1.23
2.50 1.90 0.93 3.00 1.61 0.24 1.90 1.60
1.90 1.70 3.10 2.54 1.04 0.38 1.20 0.96
1.20 0.98 1.20 2.83 1.45 0.25 1.50 1.30
1.50 0.80 1.40 6.10 2.03 0.28 1.20 2.00
1.20 0.07 1.90 1.15 0.72 0.30 2.20 2.20
2.20 0.07 0.86 0.98 1.78 0.35 1.80 2.20
1.71 1.05 1.60 2.42 1.43 0.31 1.90 1.80

1.70 0.64
0.98 0.97

2007 2000 2002 2003 2004 2005 0.80 1.30
PC LPC LPC LPC LPC-F+C LPC 0.07 0.78
1.69 1.60 0.64 2.50 1.38 0.48 0.07 0.99
1.88 0.96 0.97 0.74 4.10 0.91 1.80 1.40
1.17 1.30 1.30 3.60 1.59 1.39 0.93 0.74
3.00 2.00 0.78 0.59 3.50 1.28 3.10 2.50
0.71 2.20 0.99 0.84 6.30 1.17 1.20 0.74
2.09 2.20 1.40 1.30 4.20 0.85 1.40 3.60
1.23 1.80 0.74 0.76 2.98 1.14 1.90 0.59
1.68 1.72 0.97 1.48 3.44 1.03 0.86 0.84

0.31 1.30
3.00 0.76

2006 2000 2002 2003 2004 2005 2.54 1.38
LPC TC-C TC-C TC-C TC-C TC-C 2.83 4.10
0.15 0.18 0.05 0.05 0.37 0.19 6.10 1.59
0.22 0.03 0.06 0.08 0.27 0.14 1.15 3.50
0.44 0.07 0.19 0.01 0.45 0.16 0.98 6.30
0.60 0.08 0.22 0.04 0.49 0.09 1.37 4.20
0.11 0.04 0.33 0.27 0.26 0.21 1.61 2.98
0.33 0.05 0.08 0.01 0.33 0.26 1.04 0.48
0.61 0.03 0.07 0.06 0.14 1.45 0.91

0.17 2.03 1.39
0.35 0.07 0.14 0.07 0.36 0.17 0.72 1.28

1.78 1.17
0.38 0.85

2000 2005 2006 2007 0.24 1.14
CR-C CR-C TC-C TC-C 0.38 0.15
0.10 0.12 0.18 0.13 0.25 0.22
0.05 0.28 0.12 0.15 0.28 0.44
0.08 0.12 0.11 0.17 0.30 0.60
0.05 0.19 0.09 0.05 0.35 0.11
0.07 0.18 0.33 0.11 1.69 0.33
0.16 0.17 0.07 0.18 1.88 0.61
0.04 0.12 0.15 0.25 1.17
0.09 0.18 0.15 0.15 3.00 1.48 AVG

0.71 91 Count

All Tissue Data
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Appendix K-3b.__Blue Crab Wholebody A-1268 Data

Yearly Averages are listed in Bold

2000 2002 2003 2004 2005 2006 2007
UPC UPC UPC UPC-F+C UPC UPC PC 0.90 1.57
0.90 1.50 1.70 1.97 0.37 1.69 0.58 0.48 1.00
0.48 2.50 2.20 1.06 0.44 0.56 0.71 0.54 0.56
0.54 2.30 2.10 7.41 0.42 0.77 0.75 0.81 0.80
0.81 1.50 1.90 2.48 0.59 0.56 1.92 1.30 1.20
1.30 2.10 4.70 2.19 0.71 0.21 1.57 0.84 0.76
0.84 1.90 3.70 0.38 0.29 4.15 1.00 0.50 0.98
0.50 1.80 3.00 1.71 0.89 0.55 0.56 1.50 0.56
0.77 1.94 2.76 2.46 0.53 1.21 1.01 2.50 0.25

2.30 0.32
1.50 2.30

2000 2002 2003 2004 2005 2006 2.10 1.90
LPC LPC LPC LPC-F+C LPC LPC 1.90 2.40
0.80 2.30 2.60 1.12 0.62 0.54 1.80 1.40
1.20 1.90 7.90 3.27 0.12 0.40 1.70 2.80
0.76 2.40 5.00 3.57 0.25 0.60 2.20 3.60
0.98 1.40 4.00 1.71 1.27 0.36 2.10 2.30
0.56 2.80 1.70 1.71 0.19 0.25 1.90 2.60
0.25 3.60 2.20 5.11 0.15 1.52 4.70 7.90
0.32 2.30 1.80 1.83 0.47 0.50 3.70 5.00
0.70 2.39 3.60 2.62 0.44 0.60 3.00 4.00

1.97 1.70
1.06 2.20

2000 2002 2003 2004 2005 2006 7.41 1.80
TC-C TC-C TC-C TC-C TC-C TC-C 2.48 1.12
0.165 0.025 0.225 0.19 0.016 0.010 2.19 3.27
0.140 0.025 0.140 0.17 0.026 0.010 0.38 3.57
0.140 0.025 0.165 0.20 0.010 0.026 1.71 1.71
0.120 0.025 0.225 0.21 0.010 0.010 0.37 1.71
0.165 0.025 0.130 0.31 0.010 0.040 0.44 5.11
0.145 0.025 2.000 0.16 0.010 0.004 0.42 1.83
0.200 0.025 0.130 0.010 0.010 0.59 0.62

0.010 0.71 0.12
0.15 0.03 0.43 0.21 0.01 0.02 0.29 0.25

0.89 1.27
1.69 0.19

2007 2000 2005 0.56 0.15
TC-C CR-C CR-C 0.77 0.47

0.00264 0.145 0.017 0.56 0.54
0.00673 0.275 0.016 0.21 0.40
0.00318 0.130 0.016 4.15 0.60
0.00355 0.205 0.017 0.55 0.36
0.00277 0.190 0.017 0.58 0.25
0.00311 0.330 0.017 0.71 1.52
0.03039 0.205 0.017 0.75 0.50

0.01 0.21 0.02 1.92 1.62 AVG
91 Count

All Tissue Data
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Appendix K-4 
Bioaccumulation Factors for Finfishes 

Black Drum, Red Drum, Silver Perch, Spotted Seatrout, Striped Mullet 
 
 



Appendix K-4:__Bioaccumulation Factors for Finfishes Black Drum, Red Drum, Silver Perch, Spotted Seatrout, 
Striped Mullet

 
A-1268 Mercury A-1268 Mercury

03287-BD-PC-1 PC 10/17/2003 4.900 0.530 05295-BD-TC-R1 TC-C 10/22/2005 0.102 0.042
03287-BD-PC-4 PC 10/17/2003 4.200 0.670 05295-BD-TC-R2 TC-C 10/22/2005 0.115 0.088
03288-BD-PC-2 PC 10/17/2003 1.100 0.590 05295-BD-TC-R3 TC-C 10/22/2005 0.204 0.087
03288-BD-PC-3 PC 10/17/2003 3.600 0.530 05295-BD-TC-R4 TC-C 10/22/2005 0.072 0.123
03288-BD-PC-5 PC 10/17/2003 4.000 0.750 05295-BD-TC-R5 TC-C 10/22/2005 0.060 0.138
03288-BD-PC-6 PC 10/17/2003 1.800 0.420 05295-BD-TC-R6 TC-C 10/22/2005 0.100 0.087
03288-BD-PC-7 PC 10/17/2003 2.200 0.900 05295-BD-TC-R7 TC-C 10/22/2005 0.093 0.089
03288-BD-PC-8 PC 10/17/2003 1.200 0.510 05295-BD-TC-R8 TC-C 10/22/2005 0.100 0.125

2.88 0.61 0.106 0.097
 

04293-BD-PC-1-C+F PC 10/19/2004 3.677 2.280 06291-TC-BD-R1 TC-C 10/18/2006 0.127 0.091
04293-BD-PC-2-C+F PC 10/19/2004 1.788 1.420 06291-TC-BD-R2 TC-C 10/18/2006 0.146 0.177
04293-BD-PC-3-C+F PC 10/19/2004 1.836 0.820 06291-TC-BD-R3 TC-C 10/18/2006 0.106 0.147
04293-BD-PC-4-C+F PC 10/19/2004 6.091 1.810 06291-TC-BD-R4 TC-C 10/18/2006 0.085 0.146
04293-BD-PC-5-C+F PC 10/19/2004 2.550 1.420 06291-TC-BD-R5 TC-C 10/18/2006 0.098 0.056
04299-BD-PC-6-C+F PC 10/25/2004 8.509 1.420 06291-TC-BD-R6 TC-C 10/18/2006 0.070 0.087
04299-BD-PC-7-C+F PC 10/25/2004 6.361 1.490 06291-TC-BD-R7 TC-C 10/18/2006 0.012 0.101
04299-BD-PC-8-C+F PC 10/25/2004 11.757 3.280 06291-TC-BD-R8 TC-C 10/18/2006 0.069 0.109

5.32 1.74 0.089 0.114

05292-BD-PC-R1 PC 10/19/2005 12.698 0.913
05292-BD-PC-R2 PC 10/19/2005 10.266 0.875 05298-BD-CR-R1 CR-C 10/25/2005 0.016 0.034
05292-BD-PC-R3 PC 10/19/2005 6.400 0.880 05298-BD-CR-R2 CR-C 10/25/2005 0.017 0.036
05292-BD-PC-R4 PC 10/19/2005 5.702 1.535 05298-BD-CR-R3 CR-C 10/25/2005 0.017 0.034
05292-BD-PC-R5 PC 10/19/2005 6.224 0.705 05298-BD-CR-R4 CR-C 10/25/2005 0.016 0.067
05292-BD-PC-R6 PC 10/19/2005 6.773 0.717 05298-BD-CR-R5 CR-C 10/25/2005 0.016 0.070
05292-BD-PC-R7 PC 10/19/2005 7.874 0.669 05298-BD-CR-R6 CR-C 10/25/2005 0.017 0.036
05292-BD-PC-R8 PC 10/19/2005 6.198 0.620 05298-BD-CR-R7 CR-C 10/25/2005 0.017 0.040

7.77 0.86 05298-BD-CR-R8 CR-C 10/25/2005 0.016 0.038
0.017 0.045

06290-PC-BD-R1 PC 10/17/2006 5.200 0.736
06290-PC-BD-R2 PC 10/17/2006 5.118 0.421
06290-PC-BD-R3 PC 10/17/2006 2.130 0.570
06290-PC-BD-R4 PC 10/17/2006 5.603 0.448
06290-PC-BD-R5 PC 10/17/2006 5.929 0.542
06290-PC-BD-R6 PC 10/17/2006 3.878 0.622
06290-PC-BD-R7 PC 10/17/2006 9.170 0.568
06290-PC-BD-R8 PC 10/17/2006 1.447 0.374

4.81 0.54

07269-PC-BD-R2 PC 9/26/2007 9.353 1.241
07276-PC-BD-R1 PC 10/3/2007 6.691 0.807
07291-PC-BD-R3 PC 10/18/2007 2.033 0.606
07291-PC-BD-R4 PC 10/18/2007 4.851 0.937
07291-PC-BD-R5 PC 10/18/2007 2.421 0.618
07291-PC-BD-R6 PC 10/18/2007 10.359 1.159
07291-PC-BD-R7 PC 10/18/2007 5.243 0.906
07291-PC-BD-R8 PC 10/18/2007 1.679 0.706

5.33 0.87

PC-BD-R1 PC 8/29/2002 2.600 0.440
PC-BD-R2 PC 8/30/2002 12.000 0.580
PC-BD-R3 PC 8/30/2002 7.600 0.350
PC-BD-R4 PC 8/30/2002 9.900 0.350
PC-BD-R5 PC 8/30/2002 2.500 0.390
PC-BD-R6 PC 8/30/2002 18.000 0.560
PC-BD-R7 PC 9/9/2002 2.800 0.310
PC-BD-R8 PC 9/9/2002 3.100 0.320

7.31 0.41

Purvis Purvis Creek 10/10/2000 5.500 1.100
Purvis Purvis Creek 10/10/2000 2.800 0.750

4.150 0.925

Maximum Lead Conc 2.2

DateSample ID LocationDate

Black Drum

LocationSample ID
mg/kg/dw mg/kg/dw

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean
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Appendix K-4:__Bioaccumulation Factors for Finfishes Black Drum, Red Drum, Silver Perch, Spotted Seatrout, 
Striped Mullet

Red Drum

A-1268 Mercury A-1268 Mercury

03287-RD-PC-3 PC 10/17/2003 1.000 0.640 05297-RD-TC-R1 TC-C 10/24/2005 0.105 0.544
03287-RD-PC-4 PC 10/17/2003 1.100 0.590 05297-RD-TC-R2 TC-C 10/24/2005 0.172 0.234
03287-RD-PC-5 PC 10/17/2003 1.100 0.300 05297-RD-TC-R3 TC-C 10/24/2005 0.061 0.866
03288-RD-PC-1 PC 10/17/2003 0.970 1.300 05297-RD-TC-R4 TC-C 10/24/2005 0.191 0.239
03288-RD-PC-2 PC 10/17/2003 1.000 0.380 05297-RD-TC-R5 TC-C 10/24/2005 0.082 0.661
03288-RD-PC-6 PC 10/17/2003 1.000 1.200 0.122 0.509
03288-RD-PC-7 PC 10/17/2003 0.980 0.300
03288-RD-PC-8 PC 10/17/2003 0.980 0.680 07296-TC-RD-R1 TC-C 10/23/2007 0.049 0.155

1.016 0.674 07296-TC-RD-R2 TC-C 10/23/2007 0.062 0.116
07296-TC-RD-R3 TC-C 10/23/2007 0.053 0.207

04293-RD-PC-1-C+F PC 10/19/2004 0.372 0.890 07296-TC-RD-R4 TC-C 10/23/2007 0.067 0.104
04293-RD-PC-2-C+F PC 10/19/2004 1.717 3.500 07296-TC-RD-R5 TC-C 10/23/2007 0.058 0.124
04293-RD-PC-3-C+F PC 10/19/2004 1.300 2.210 07296-TC-RD-R6 TC-C 10/23/2007 0.037 0.101
04293-RD-PC-4-C+F PC 10/19/2004 2.443 2.600 07296-TC-RD-R7 TC-C 10/23/2007 0.255 0.420
04293-RD-PC-5-C+F PC 10/19/2004 1.232 2.600 07296-TC-RD-R8 TC-C 10/23/2007 0.073 0.081
04293-RD-PC-6-C+F PC 10/19/2004 1.656 1.880 0.082 0.163
04293-RD-PC-7-C+F PC 10/19/2004 0.913 1.840
04293-RD-PC-8-C+F PC 10/19/2004 2.767 2.400 05298-RD-CR-R1 CR-C 10/25/2005 0.016 0.182

1.550 2.240

05292-RD-PC-R1 PC 10/19/2005 1.000 0.704
05292-RD-PC-R2 PC 10/19/2005 0.360 0.252
05293-RD-PC-R3 PC 10/20/2005 0.162 0.332
05293-RD-PC-R4 PC 10/20/2005 1.046 1.799
05304-RD-PC-R5 PC 10/31/2005 0.220 0.386
05304-RD-PC-R6 PC 10/31/2005 0.307 0.272
05304-RD-PC-R7 PC 10/31/2005 1.364 0.871
05304-RD-PC-R8 PC 10/31/2005 1.075 0.358

0.692 0.622

06290-PC-RD-R1 PC 10/17/2006 8.759 2.029
06290-PC-RD-R2 PC 10/17/2006 0.337 0.184
06290-PC-RD-R3 PC 10/17/2006 1.439 0.864

3.512 1.026

07276-PC-RD-R1 PC 10/3/2007 5.654 2.661
07276-PC-RD-R2 PC 10/3/2007 1.692 1.612
07276-PC-RD-R3 PC 10/3/2007 1.089 1.152
07291-PC-RD-R4 PC 10/18/2007 1.585 1.321

2.505 1.686

PC-RD-R1 PC 8/30/2002 0.180 0.220
PC-RD-R2 PC 9/16/2002 0.800 0.970
PC-RD-R3 PC 9/16/2002 0.720 0.890
PC-RD-R4 PC 9/17/2002 0.390 0.810
PC-RD-R5 PC 9/17/2002 1.700 0.920
PC-RD-R6 PC 9/17/2002 2.300 0.930
PC-RD-R7 PC 9/18/2002 1.800 1.200
PC-RD-R8 PC 9/19/2002 1.300 0.560

1.149 0.812

Maximum Lead Conc 0.24

mg/kg/dw
Date Sample ID Location DateSample ID Location

mg/kg/dw

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean
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Appendix K-4:__Bioaccumulation Factors for Finfishes Black Drum, Red Drum, Silver Perch, Spotted Seatrout, 
Striped Mullet

Silver Perch

A-1268 Mercury A-1268 Mercury

03287-SP-PC-1 PC 10/17/2003 3.9 1.4 Purvis Creek_Silver Perch-R1 Purvis Creek 10/10/2000 3.60 NA
03287-SP-PC-2 PC 10/17/2003 3.0 1.8 Purvis Creek_Silver Perch-R2 Purvis Creek 10/10/2000 3.20 2.40
03287-SP-PC-3 PC 10/17/2003 2.8 1.0 Purvis Creek_Silver Perch-R3 Purvis Creek 10/10/2000 0.70 3.20
03287-SP-PC-4 PC 10/17/2003 5.9 1.2 Purvis Creek_Silver Perch-R4 Purvis Creek 10/10/2000 5.30 3.20
03287-SP-PC-5 PC 10/17/2003 2.8 1.4 Purvis Creek_Silver Perch-R5 Purvis Creek 10/10/2000 0.35 0.54
03287-SP-PC-6 PC 10/17/2003 4.1 1.5 Purvis Creek_Silver Perch-R6 Purvis Creek 10/10/2000 6.30 2.90
03287-SP-PC-7 PC 10/17/2003 4.3 2.4 Purvis Creek_Silver Perch-R7 Purvis Creek 10/10/2000 3.70 2.40
03287-SP-PC-8 PC 10/17/2003 3.8 2.2 Purvis Creek_Silver Perch-R8 Purvis Creek 10/10/2000 0.09 0.18

3.83 1.61 2.91 2.12

04293-SP-PC-1-C+F PC 10/19/2004 6.405 4.10 05295-SP-TC-R1 TC-C 10/22/2005 0.078 0.261
04293-SP-PC-2-C+F PC 10/19/2004 0.864 1.90 05295-SP-TC-R2 TC-C 10/22/2005 0.130 0.377
04293-SP-PC-3-C+F PC 10/19/2004 9.667 3.00 05295-SP-TC-R3 TC-C 10/22/2005 0.105 0.304
04293-SP-PC-4-C+F PC 10/19/2004 4.941 4.70 05295-SP-TC-R4 TC-C 10/22/2005 0.163 0.355
04293-SP-PC-5-C+F PC 10/19/2004 16.588 2.08 05295-SP-TC-R5 TC-C 10/22/2005 NA 0.331
04293-SP-PC-6-C+F PC 10/19/2004 6.717 2.13 05297-SP-TC-R6 TC-C 10/24/2005 0.174 0.249
04293-SP-PC-7-C+F PC 10/19/2004 10.926 2.22 05297-SP-TC-R7 TC-C 10/24/2005 0.199 0.295
04293-SP-PC-8-C+F PC 10/19/2004 1.037 0.62 05297-SP-TC-R8 TC-C 10/24/2005 0.211 0.394

7.14 2.59 0.152 0.321

05292-SP-PC-R1 PC 10/19/2005 2.551 0.986 06291-TC-SP-R1 TC-C 10/18/2006 0.251 0.601
05292-SP-PC-R2 PC 10/19/2005 3.274 0.676 06291-TC-SP-R2 TC-C 10/18/2006 0.100 0.159
05292-SP-PC-R3 PC 10/19/2005 3.007 0.654 06291-TC-SP-R3 TC-C 10/18/2006 0.101 0.228
05292-SP-PC-R4 PC 10/19/2005 3.185 0.796 06291-TC-SP-R4 TC-C 10/18/2006 0.192 0.345
05292-SP-PC-R5 PC 10/19/2005 1.826 1.079 06291-TC-SP-R5 TC-C 10/18/2006 0.129 0.312
05292-SP-PC-R6 PC 10/19/2005 4.068 0.983 06291-TC-SP-R6 TC-C 10/18/2006 0.107 0.178
05292-SP-PC-R7 PC 10/19/2005 1.073 0.657 06291-TC-SP-R7 TC-C 10/18/2006 0.116 0.142
05292-SP-PC-R8 PC 10/19/2005 3.537 0.804 06291-TC-SP-R8 TC-C 10/18/2006 0.182 0.422

2.81 0.83 0.147 0.298

06289-PC-SP-R1 PC 10/16/2006 3.846 1.369 07296-TC-SP-R1 TC-C 10/23/2007 0.084 0.339
06289-PC-SP-R2 PC 10/16/2006 1.522 0.493 07296-TC-SP-R2 TC-C 10/23/2007 0.131 0.185
06289-PC-SP-R3 PC 10/16/2006 0.603 0.521 07296-TC-SP-R3 TC-C 10/23/2007 0.109 0.385
06289-PC-SP-R4 PC 10/16/2006 8.865 4.007 07296-TC-SP-R4 TC-C 10/23/2007 0.236 0.498
06289-PC-SP-R5 PC 10/16/2006 1.179 0.923 07296-TC-SP-R5 TC-C 10/23/2007 0.067 0.279
06289-PC-SP-R6 PC 10/16/2006 4.833 1.420 07296-TC-SP-R6 TC-C 10/23/2007 0.118 0.412
06289-PC-SP-R7 PC 10/16/2006 4.641 2.308 07296-TC-SP-R7 TC-C 10/23/2007 0.174 0.322
06289-PC-SP-R8 PC 10/16/2006 3.745 0.929 07296-TC-SP-R8 TC-C 10/23/2007 0.080 0.581

3.65 1.50 0.125 0.375

07291-PC-SP-R1 PC 10/18/2007 1.234 0.630 TC-C_10/10/2000_Silver Perch-R1 TC-C 10/10/2000 0.205 0.110
07291-PC-SP-R2 PC 10/18/2007 1.270 1.210 TC-C_10/10/2000_Silver Perch-R2 TC-C 10/10/2000 0.066 0.130
07291-PC-SP-R3 PC 10/18/2007 1.318 1.981 TC-C_10/10/2000_Silver Perch-R3 TC-C 10/10/2000 0.450 0.150
07291-PC-SP-R4 PC 10/18/2007 3.438 1.259 TC-C_10/10/2000_Silver Perch-R4 TC-C 10/10/2000 0.260 0.200
07291-PC-SP-R5 PC 10/18/2007 1.606 1.781 TC-C_10/10/2000_Silver Perch-R5 TC-C 10/10/2000 0.190 0.180
07291-PC-SP-R6 PC 10/18/2007 6.090 1.881 TC-C_10/10/2000_Silver Perch-R6 TC-C 10/10/2000 0.650 0.150
07291-PC-SP-R7 PC 10/18/2007 1.242 0.904 TC-C_10/10/2000_Silver Perch-R7 TC-C 10/10/2000 0.380 0.150
07291-PC-SP-R8 PC 10/18/2007 10.323 2.490 TC-C_10/10/2000_Silver Perch-R8 TC-C 10/10/2000 0.430 0.140

3.31 1.52 0.329 0.151

PC-SP-R1 PC 8/29/2002 17.0 0.77 05298-SP-CR-R1 CR-C 10/25/2005 0.046 0.131
PC-SP-R2 PC 8/29/2002 20.0 0.50 05298-SP-CR-R2 CR-C 10/25/2005 0.016 0.172
PC-SP-R3 PC 8/29/2002 10.0 0.76 05298-SP-CR-R3 CR-C 10/25/2005 0.016 0.126
PC-SP-R4 PC 8/29/2002 22.0 1.20 05298-SP-CR-R4 CR-C 10/25/2005 0.017 0.187
PC-SP-R5 PC 8/29/2002 22.0 0.90 05298-SP-CR-R5 CR-C 10/25/2005 0.016 0.168
PC-SP-R6 PC 8/29/2002 18.0 1.80 05298-SP-CR-R6 CR-C 10/25/2005 0.016 0.192
PC-SP-R7 PC 8/29/2002 14.0 1.90 05298-SP-CR-R7 CR-C 10/25/2005 0.051 0.181
PC-SP-R8 PC 8/29/2002 5.3 1.10 05298-SP-CR-R8 CR-C 10/25/2005 0.016 0.132

16.04 1.12 0.024 0.161

Maximum Lead Conc 2.0

Mean

DateSample ID Location Sample ID Location
mg/kg/dw

Date
mg/kg/dw

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean Mean

Mean
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Appendix K-4:__Bioaccumulation Factors for Finfishes Black Drum, Red Drum, Silver Perch, Spotted Seatrout, 
Striped Mullet

Spotted Seatrout

A-1268 Mercury A-1268 Mercury

03287-SS-PC-1 PC 10/17/2003 2.3 1.5 PC-SS-R1 PC 8/29/2002 2.5 0.40
03287-SS-PC-2 PC 10/17/2003 7.1 1.7 PC-SS-R2 PC 8/29/2002 16.0 0.82
03287-SS-PC-3 PC 10/17/2003 2.6 1.4 PC-SS-R3 PC 8/29/2002 3.7 1.40
03287-SS-PC-4 PC 10/17/2003 1.5 1.5 PC-SS-R4 PC 8/29/2002 10.0 1.00
03287-SS-PC-5 PC 10/17/2003 1.4 1.3 PC-SS-R5 PC 8/29/2002 4.5 1.50
03287-SS-PC-6 PC 10/17/2003 5.2 1.6 PC-SS-R6 PC 8/29/2002 3.7 1.10
03287-SS-PC-7 PC 10/17/2003 4.8 1.2 PC-SS-R7 PC 8/29/2002 2.5 0.38
03287-SS-PC-8 PC 10/17/2003 4.4 1.2 PC-SS-R8 PC 8/29/2002 3.6 0.61

3.66 1.43 5.81 0.90

04299-SS-PC-1-C+F PC 10/25/2004 8.696 4.50 Purvis Creek_10/10/2000_ Purvis 10/10/2000 0.99 0.64
04299-SS-PC-2-C+F PC 10/25/2004 8.973 4.10 Spotted Seatrout-R1
04299-SS-PC-3-C+F PC 10/25/2004 3.193 4.60
04299-SS-PC-4-C+F PC 10/25/2004 5.560 3.60 05295-SS-TC-R1 TC-C 10/22/2005 0.183 0.342
04299-SS-PC-5-C+F PC 10/25/2004 11.370 4.70 05295-SS-TC-R2 TC-C 10/22/2005 0.206 0.257
04299-SS-PC-6-C+F PC 10/25/2004 9.076 3.75 05295-SS-TC-R3 TC-C 10/22/2005 0.123 0.287
04299-SS-PC-7-C+F PC 10/25/2004 5.095 5.30 05295-SS-TC-R4 TC-C 10/22/2005 0.118 0.447
04299-SS-PC-8-C+F PC 10/25/2004 5.263 1.62 05297-SS-TC-R5 TC-C 10/24/2005 0.130 0.344

7.15 4.02 05297-SS-TC-R6 TC-C 10/24/2005 0.171 0.266
05297-SS-TC-R7 TC-C 10/24/2005 0.118 0.332

05292-SS-PC-R1 PC 10/19/2005 4.323 3.755 05297-SS-TC-R8 TC-C 10/24/2005 0.472 0.512
05292-SS-PC-R2 PC 10/19/2005 19.377 2.664 0.190 0.348
05292-SS-PC-R3 PC 10/19/2005 4.528 2.981
05292-SS-PC-R4 PC 10/19/2005 6.410 3.889 06291-TC-SS-R1 TC-C 10/18/2006 0.018 0.194
05292-SS-PC-R5 PC 10/19/2005 5.814 1.705 06291-TC-SS-R2 TC-C 10/18/2006 0.061 0.330
05292-SS-PC-R6 PC 10/19/2005 1.027 2.586 06291-TC-SS-R3 TC-C 10/18/2006 0.122 0.476
05292-SS-PC-R7 PC 10/19/2005 4.651 2.016 06291-TC-SS-R4 TC-C 10/18/2006 0.107 0.257
05292-SS-PC-R8 PC 10/19/2005 6.303 3.025 06291-TC-SS-R5 TC-C 10/18/2006 0.318 0.272

6.55 2.83 06291-TC-SS-R6 TC-C 10/18/2006 0.250 0.307
06291-TC-SS-R7 TC-C 10/18/2006 0.270 0.238

06289-PC-SS-R1 PC 10/16/2006 0.788 0.639 06291-TC-SS-R8 TC-C 10/18/2006 0.287 0.373
06289-PC-SS-R2 PC 10/16/2006 1.551 2.008 0.179 0.306
06289-PC-SS-R3 PC 10/16/2006 8.796 3.509
06289-PC-SS-R4 PC 10/16/2006 2.716 2.099 07296-TC-SS-R1 TC-C 10/23/2007 0.118 0.249
06289-PC-SS-R5 PC 10/16/2006 3.274 2.601 07296-TC-SS-R2 TC-C 10/23/2007 0.072 0.352
06289-PC-SS-R6 PC 10/16/2006 0.909 0.900 07296-TC-SS-R3 TC-C 10/23/2007 0.074 0.344
06290-PC-SS-R7 PC 10/17/2006 3.172 0.978 07296-TC-SS-R4 TC-C 10/23/2007 0.040 0.478
06290-PC-SS-R8 PC 10/17/2006 1.617 0.911 07296-TC-SS-R5 TC-C 10/23/2007 0.091 0.530

2.85 1.71 0.079 0.391

07276-PC-SS-R1 PC 10/3/2007 1.229 4.364 05298-SS-CR-R1 CR-C 10/25/2005 0.016 0.079
07276-PC-SS-R2 PC 10/3/2007 10.843 2.631 05298-SS-CR-R2 CR-C 10/25/2005 0.016 0.078
07276-PC-SS-R3 PC 10/3/2007 1.130 1.400 05298-SS-CR-R3 CR-C 10/25/2005 0.017 0.083
07276-PC-SS-R4 PC 10/3/2007 3.025 2.050 05298-SS-CR-R4 CR-C 10/25/2005 0.017 0.082
07276-PC-SS-R5 PC 10/3/2007 1.892 4.595 05298-SS-CR-R5 CR-C 10/25/2005 0.017 0.122
07276-PC-SS-R6 PC 10/3/2007 5.747 2.061 05298-SS-CR-R6 CR-C 10/25/2005 0.016 0.153
07276-PC-SS-R7 PC 10/3/2007 5.702 3.798 05298-SS-CR-R7 CR-C 10/25/2005 0.017 0.156
07276-PC-SS-R8 PC 10/3/2007 2.407 2.681 05298-SS-CR-R8 CR-C 10/25/2005 0.016 0.110

4.00 2.95 0.016 0.108

Maximum Lead Conc 1.6

mg/kg/dw mg/kg/dw
Sample ID Location Date Sample ID Location Date

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean
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Appendix K-4:__Bioaccumulation Factors for Finfishes Black Drum, Red Drum, Silver Perch, Spotted Seatrout, 
Striped Mullet

Striped Mullet

A-1268 Mercury A-1268 Mercury

04299-SM-PC-1-C+F PC 10/25/2004 17.554 0.190 05297-SM-TC-R1 TC-C 10/24/2005 0.010 0.167
04299-SM-PC-2-C+F PC 10/25/2004 12.960 0.170 05297-SM-TC-R2 TC-C 10/24/2005 0.010 0.113
04299-SM-PC-3-C+F PC 10/25/2004 12.222 0.240 05297-SM-TC-R3 TC-C 10/24/2005 0.053 0.033
04299-SM-PC-4-C+F PC 10/25/2004 14.896 0.150 05297-SM-TC-R4 TC-C 10/24/2005 0.010 0.082
04299-SM-PC-5-C+F PC 10/25/2004 9.714 0.170 05297-SM-TC-R5 TC-C 10/24/2005 0.202 0.042
04299-SM-PC-6-C+F PC 10/25/2004 21.417 0.140 05297-SM-TC-R6 TC-C 10/24/2005 0.061 0.047
04299-SM-PC-7-C+F PC 10/25/2004 12.262 0.310 0.058 0.081
04299-SM-PC-8-C+F PC 10/25/2004 47.046 0.300

18.51 0.21 06291-TC-SM-R1 TC-C 10/18/2006 0.351 0.024
06291-TC-SM-R2 TC-C 10/18/2006 0.443 0.024

05292-SM-PC-R1 PC 10/19/2005 1.473 0.140 06291-TC-SM-R3 TC-C 10/18/2006 0.311 0.024
05292-SM-PC-R2 PC 10/19/2005 10.682 0.170 06291-TC-SM-R4 TC-C 10/18/2006 0.267 0.026
05292-SM-PC-R3 PC 10/19/2005 19.436 0.200 06292-TC-SM-R5 TC-C 10/19/2006 0.205 0.030
05292-SM-PC-R4 PC 10/19/2005 8.667 0.130 0.315 0.026
05292-SM-PC-R5 PC 10/19/2005 1.172 0.320
05292-SM-PC-R6 PC 10/19/2005 15.878 0.260 07296-TC-SM-R1 TC-C 10/23/2007 0.130 0.013
05292-SM-PC-R7 PC 10/19/2005 19.156 0.840 07296-TC-SM-R2 TC-C 10/23/2007 0.302 0.025
05292-SM-PC-R8 PC 10/19/2005 20.000 0.310 0.216 0.019

12.06 0.30
05298-SM-CR-R1 CR-C 10/25/2005 0.017 0.017

06290-PC-SM-R1 PC 10/17/2006 0.036 0.125 05298-SM-CR-R2 CR-C 10/25/2005 0.016 0.033
06290-PC-SM-R2 PC 10/17/2006 10.289 0.208 05298-SM-CR-R3 CR-C 10/25/2005 0.017 0.019
06290-PC-SM-R3 PC 10/17/2006 8.824 0.282 05298-SM-CR-R4 CR-C 10/25/2005 0.016 0.015
06290-PC-SM-R4 PC 10/17/2006 6.769 0.200 0.016 0.021
06290-PC-SM-R5 PC 10/17/2006 15.339 0.207
06290-PC-SM-R6 PC 10/17/2006 16.529 0.236
06290-PC-SM-R7 PC 10/17/2006 15.169 0.195
06290-PC-SM-R8 PC 10/17/2006 1.588 0.242

9.32 0.21

07291-PC-SM-R1 PC 10/18/2007 4.473 0.128
07291-PC-SM-R2 PC 10/18/2007 9.821 0.104
07297-PC-SM-R3 PC 10/24/2007 23.054 0.245

12.45 0.16

Maximum Lead Conc 3.2

mg/kg/dw
Date

mg/kg/dw
Sample ID Location Sample ID Location Date

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean
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Appendix K-5 
Bioaccumulation Factors for Cordgrass Data 

 
 



Appendix K-5.__Cordgrass Data for Bioaccumulation Factors

Sediment Cordgrass Sediment Cordgrass
Mercury Mercury A-1268 A-1268

M-201 10/25/2005 0.594 0.009 0.61 0.017

3-NOAA-G 10/25/2005 0.852 0.041 1.00 0.070

5-NOAA-G 10/25/2005 1.94 0.044 18.00 0.245

6-NOAA-G 10/25/2005 0.707 0.024 1.20 0.059

8-NOAA-G 10/25/2005 0.866 0.021 0.61 0.049

9-NOAA-G 10/25/2005 0.935 0.022 3.30 0.047

7-NOAA-G 10/25/2005 0.675 0.028 1.00 0.017

M-25 10/26/2005 6.600 0.101 88.00 0.221

M-AB 10/26/2005 29.300 0.453 8.40 0.614

M-100 10/26/2005 6.820 0.040 8.40 0.071

M-101 10/26/2005 4.720 0.054 8.60 0.073

M-102 10/26/2005 0.736 0.041 1.90 0.075

M-103 10/26/2005 0.132 0.050 0.15 0.100

M-104 10/26/2005 1.650 0.024 1.70 0.063

M-106 10/26/2005 0.342 0.030 0.34 0.016

M-202 10/27/2005 0.586 0.009 0.48 0.017

M-105 10/27/2005 0.986 0.014 0.76 0.016

M-107 10/27/2005 0.425 0.027 0.51 0.051

M-108 10/27/2005 0.370 0.013 0.41 0.016

M-28 10/27/2005 0.964 0.018 2.00 0.016

M-37 10/27/2005 4.910 0.047 2.00 0.091

TC-M 10/27/2005 0.197 0.007 0.09 0.016

M-203 10/28/2005 0.202 0.008 0.24 0.017

CR-M 10/28/2005 0.031 0.004 0.03 0.016

M-204 10/28/2005 1.390 0.029 2.70 0.058

M-200 10/31/2005 1.180 0.027 1.60 0.025

M-19 10/10/2000 0.213 0.037 0.14 0.143

M-22 10/10/2000 16.800 0.121 2.00 0.223

M-25 10/10/2000 0.759 0.158 0.66 0.117

M-26 10/10/2000 1.660 0.031 1.90 0.209

M-27 10/10/2000 3.300 0.018 0.47 0.167

M-28 10/10/2000 0.534 0.022 0.31 0.145

M-40 10/10/2000 0.118 0.044 0.04 0.109

M-42 10/10/2000 0.681 0.032 0.24 0.124

M-46 10/10/2000 0.688 0.028 0.17 0.137

4.57 0.099 Mean
0.022 BAF

DateStation
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