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Modeling Estuarine Conditions

* Salt-balance submodel
* Estuarine species
* Shorebird bioaccumulation

* Alternatively, salinity can be included in
a linked-segment model; in that case
water exchange is the responsibility of
the user

The estuarine version of AQUATOX is intended to be an exploratory model for evaluating
the possible fate and effects of toxic chemicals and other pollutants in estuarine
ecosystems. It is not intended to represent detailed, spatially varying site-specific
conditions, but rather to be used in representing the potential behavior of chemicals under
average conditions. Therefore, it is best used as a screening-level model applicable to data-
poor evaluations in estuarine ecosystems. However, it can be calibrated for different
estuaries.

The AQUATOX Estuarine Submodel has the following Simplifying Assumptions:

* Estuary is a single segment that always has two well-mixed layers

* The estuary has freshwater inflow from upstream and saltwater inflow from the seaward
end (salt-wedge)

* Water flows at the seaward end are estimated using the salt-balance approach

* Effects of salinity on sorption are minor and are not modeled

* Hourly tidal fluxes are not modeled

* Daily average volume of the estuary is assumed to remain constant over time

* The surface area of the lower layer is the same as the upper layer

* Nutrient concentrations in inflowing seawater are assumed to be constant

* Possible salinity effects on microbial degradation, hydrolysis, and photolysis are ignored.
The estuarine version is described in detail in Chapter 10 of the Technical Documentation.



Estuarine Features

* Stratification —salt wedge
* Water Balance — salt balance approach
* Entrainment Process — lower to upper layers
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Estuaries are considered to be permanently stratified, though at times the extent of
turbulent diffusion will essentially mean that they are well mixed.

Salt balance approach: salt water inflow and outflow at the estuary mouth is a function
of salinity and residual flow.

Entrainment (i.e., water movement from the lower level to the upper level) transports
suspended and dissolved substances from one layer to the next.



Estuarine Features

* Salinity Effects
— Mortality/gamete loss
— Photosynthesis, respiration, ingestion
— Sinking
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*Salinity that is less than or greater than threshold values increases mortality and gamete
loss.

*Salinity beyond the range of tolerance for a particular process, including photosynthesis,
ingestion, and respiration, will reduce the process

*Sinking of phytoplankton and suspended detritus also is affected by salinity
*Volatilization is affected by salinity, and can be represented by a linear increase in the
Henry’s Law constant

*Reaeration is affected by salinity, especially through calculation of the saturation level



Estuarine version roughly calibrated for Galveston
Bay, Texas, to evaluate toxicants

Photo Courtesy NASA Johnson Space Center

Galveston Bay was simulated as a point model representing average conditions for this
large bay.



Galveston Bay, Texas, compartments
BditomFiBh Forage Fish Piscivores Birds
'sea catfish, ‘anchovy, drum, seagulls
Toxicant Toxicant Toxicant Toxicant
Zoobenthos Zoobenthos Herbivorous Predatory
polychaete, molluscs Zooplankton Zooplankton
crab Mutinia, oyster copepod, shrimp ctenophore
Toxicant Toxicant Toxicant Toxicant
Phosphate Ammonia Nitrate & Nitrite Carbon Dioxide Oxygen
Refractory Labile Refractory Labile
Diss. Detritus Diss. Detritus Susp. Detritus Susp. Detritus
Toxicant Toxicant Toxicant Toxicant
Refractory Labile Buried Refrac. Total Susp.
Sed. Detritus Sed. Detritus Sed. Detritus Solids
Toxicant Toxicant Toxicant (minus algae)

Many commercial species are represented, as well as other critical food web
components. Birds are a bioaccumulative endpoint (i.e. their biomass is not
simulated, only the tissue concentrations of the toxicant). The concentration of
chemical in their tissues is a function of given Biomagnification Factors (BMFs)
weighted by availability of preferred food.

The Bioaccumulation Factor (BAF) is a measurement of how much toxicant an
organism takes up through all routes of exposure compared to the concentration of

toxicant in the water column.



Can model biomass of commercial and other
species of fish

Galveston Bay TX (CONTROL) Run on 11-18-10 7:08 AM
(Lower Segment)

Anchoa (anchovy) (g/m2 dry)
Brevoortia (menhaden (g/m2 dry)
Micropogonias (croak (g/m2 dry)
Mugil (mullet) (g/m2 dry)
Sciaenops (red drum) (g/m2 dry)
Arius (catfish) (g/m2 dry)
Cynoscion (seatrout) (g/m2 dry)
Obs Anchovy (g/m2 dry)

Obs menhaden (g/m2 dry)

Obs croaker (g/m2 dry)

Obs mullet (g/m2 dry)

Obs red drum (g/m2 dry)

Obs catfish (g/m2 dry)

Obs seatrout (g/m2 dry)

1.0E+3

1.0E+2

1.0E+1

eeceoo00

1.0E-2

12/6/1999  12/512000  12/5/2001

The ecosystem model has only been roughly calibrated for this highly productive system.
The results have been compared to numerous data on the Bay, but only qualitatively. Data
shown are converted from densities and averaged over time for particular habitats and are
intended only as reality checks.



Can also model biomass of shrimp, oysters, and
other invertebrates

Galveston Bay TX (CONTROL) Run on 11-18-10 7:08 AM
(Lower Segment)

Penaeus (Shrimp) (mg/L dry)

80 ® Obs Shrimp (mg/L dry)
72 ——— Ostrea (oyster) (g/m2 dry)
[ @ Obs oyster (g/m2dry)
Fea Callinectes (Crab) (g/m2 dry)
i @ Obs crab (g/m2dry)
-56
48 g
)
40 ™
E =5
<
-32
24
-16
-8
T T T T T T T T T T -
12/6/1999 12/56/2000 12/5/2001

The ecosystem model has only been roughly calibrated for this highly productive system.
The results have been compared to numerous data on the Bay, but only qualitatively. Data
shown are converted from densities and averaged over time for particular habitats and are
intended only as reality checks.



Predicted rates for crabs
(as % of biomass)

(Upper Segment)

Galveston Bay TX (CONTROL) Run on 11-18-10 7:08 AM

Callinectes (Crab) Consum ption (Percent)

Percent

T e e e
12/6/1999 12/5/2000 12/5/2001

Callinectes (Crab) Defecation (Percent)
Callinectes (Crab) Respiration (Percent)
Callinectes (Crab) Excretion (Percent)
e C alline cte s (Crab) Fis hing (Percent)
Callinectes (Crab) Predation (Percent)
Callinectes (Crab) Mortality (Percent)

Loss rates for animals include constant fishing pressure.




Predicted distribution of PFOS among major compartments
in Galveston Bay at end of year

Fish
9%
Invertebrates

Detritus

O Water, Dissolved
B Detritus
Olnvertebrates

OFish

Water, Dissolved
86%

The estuarine version was used to predict the fate and bioaccumulation of Perfluoroctane
sulfonate (PFOS) and other Perfluorooctanoic acids (PFOASs) in the nearshore

environment. Because of the volume of water, most of the mass is predicted to reside in
the dissolved phase.
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Distribution of PFOS among biotic
compartments at end of year

Mullet
13%

N\

Menhaden
51%

Shrimp
26%

O Polychaete
B Amphi pod
O Copepod
O Rotifer
B Mulinia
O oyster

B Snail

O Shrimp

B Crab

B Anchovy
O Menhaden
O Croaker
B Mullet

B Redfish
B catfish

B Sea Bass

Of the Perfluoroctane sulfonate (PFOS) in the biota at the end of the simulated year, half

was predicted to be in menhaden, which are harvested for fish meal.
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New Bedford Harbor MA observed data:
predicted PCB values in TX are comparable

Galveston Bay TX, PCB 1254 (CONTROL)

(Lower Segment) T1Polychaete Streblosp(ppb) (ug/kg wet)
1.0E+4 T1Callinectes (Crab)(ppb) (ug/kg wet)
T1Mugil (mullet)(ppb) (ug/kg wet)

e Obs PCBs Polychaete (ug/kg wet)

A Obs PCBs Mussel (uglkg wet)

T10strea (oyster)(ppb) (ug/kg wet)

v Obs PCBs Crab (ug/kg wet)

B3 Obs PCBs Flounder (ug/kg wet)

T1Arius (catfish)(ppb) (ug/kg wet)
T1Cynoscion (seatrout)(ppb) (ug/kg wet)

1.0E+3
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1.0E+0
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12/6/1998 12/5/2000 12/5/2001

In a partial validation, Polychlorinated biphenyl (PCB) concentrations in water and
sediments in New Bedford Harbor, MA, were imported into the Galveston Bay TX
simulation. The results were comparable between observed and predicted mean whole-
body concentrations.
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Validation: New Bedford Harbor MA, observed & predicted
PCB values are comparable

10

Whole-body PCB Concentrations (ug/g)
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Park et. al, 2008, Figure 7, data from Connolly, 1991

The ranges and means are shown for observed whole-body concentrations
(Connolly 1991).

Connolly, J. P. 1991. Application of a food chain model to polychlorinated biphenyl
contamination of the lobster and winter flounder food chains in New Bedford
Harbor. Environ. Sci. Technol. 25: 760-770.



Estuarine Model Data Requirements

Time Series of “Upper Layer” and “Lower
Layer” Salinities for Salt Wedge Model

Tidal Range Model Parameters

— “harmonic constants”, often available from NOAA
website

Estuary Site Width
Loadings of Freshwater Inflow

The website to load tide prediction parameters (harmonic constants) within the United
States is:

http://tidesandcurrents.noaa.gov/
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Aquatic-Feeding Vertebrates

* Originally developed as part of estuarine
model
* Inputs:

— Dietary preferences of the aquatic-dependent
vertebrates

— Biomagnification Factors (BMFs)
* Qutputs:

— Contaminant concentrations within aquatic-
dependent vertebrates

Aquatic-feeding vertebrates (previously just shorebirds) have been added as a
bioaccumulative endpoint—not as a dynamic variable but as a post-processed variable
reflecting dietary exposure to a contaminant.

This endpoint can be used for any animal that feeds primarily on aquatic organisms and for
which there are biomagnification data. These could include bald eagles, mink, and otters.

The Biomagpnification Factor (BMF) is the increase of a toxicant concentration in the
tissue of an organism compared to the tissue concentrations of its prey.

The BMF should not be confused with the BCF — the Bioconcentration Factor —

which is a measure of magnification based solely on exposure to the toxicant in
water.
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PCB Bioaccumulation in Shorebirds

Galveston Bay TX, PCB 1254 (PERTURBED) Run on 014-10 9:07 AM
(Upper Segment) ] ——— T1 Birds etc. (ug/kg wet) I

1800.0

1620.0% -

1440.0 ! 44 14-day tidal cycle ‘

1260.0¢ -

1080.0

900.0

ug/kg wet

720.0

540.0

360.0

180.0

0.0

T T T T T T T
2/27/1999 8/28/1999 2/26/2000 8/26/2000 2/24/2001 8/25/2001

Herring gulls and other shorebirds are included in AQUATOX as a bioaccumulative
endpoint—not as a dynamic variable but as a post-processed variable reflecting dietary
exposure to a contaminant. In fact, the endpoint can be used to simulate bioaccumulation
for any aquatic feeding organism, such as bald eagles, mink, and dolphins, provided that
the organism feeds exclusively on biotic compartments modeled within AQUATOX. The
user can specify a Biomagnification Factor (BMF) and the preferences for various food
sources so that alternate exposures can be computed. Dietary preferences are input as
fraction of total food consumed by the modeled species and are normalized to 100% when
the model is run.
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Modeling Toxicity of Chemicals

* Lethal and sublethal effects are represented
* Chronic and acute toxicity are both represented
» Effects based on total internal concentrations

* Uses the critical body residue approach (McCarty
1986, McCarty and Mackay 1993)
* Can also model external toxicity

— Useful if uptake and depuration are very fast (as with
herbicides)

Sublethal effects include reduction in photosynthesis, ingestion, and reproduction, and
increased egestion, drift, and sloughing of periphyton.

From Wikipedia, the free encyclopedia:

Chronic toxicity is a property of a substance that has toxic effects on a living organism,
when that organism is exposed to the substance continuously or repeatedly.

Acute Toxicity is a property of a substance that has toxic effects on a living organism, when
that organism is exposed to a lethal dose of a substance once. In other words, basically a
short-term version of chronic toxicity.

AQUATOX models time-varying toxicity—both chronic and acute.

McCarty, L.S., G.W. Ozburn, A.D. Smith, and D.G. Dixon. 1992. Toxicokinetic Modeling of
Mixtures of Organic Chemicals. Environmental Toxicology and Chemistry, 11:1037-1047.
Mackay, D., H. Puig, and L.S. McCarty. 1992. An Equation Describing the Time Course and
Variability in Uptake and Toxicity of Narcotic Chemicals to Fish. Environmental Toxicology
and Chemistry, 11:941-951.
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Steps Taken to Estimate Toxicity

* Enter LC;, and EC,values
— LC,, estimators are available for species

» Compute internal LC,

* Compute infinite LC., (time-independent)

* Compute t-varying internal lethal concentration
* Compute cumulative mortality

* Compute biomass lost per day by disaggregating
cumulative mortality

» Sublethal toxicity is related to lethal toxicity through
an application factor

* Option has been added to use external
concentration.

The modeling approach is complex; key elements are highlighted in red. The details are
covered in Chapter 9 of the Technical Documentation.

By entering both LC;yand ECs, values for a species the application factor can be computed.



Disaggregation of Cumulative Mortality
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The biomass killed per day is computed by disaggregating the cumulative mortality. Think
of the biomass at any given time as consisting of two types: biomass that has already been
exposed to the toxicant previously, which is called Resistant because it represents the
fraction that was not killed; and new biomass that has formed through growth,
reproduction, and migration and has not been exposed to a given level of toxicant and
therefore is referred to as Nonresistant.



Option to Model with External Concentrations

Two-parameter Weibull distribution as in Christiensen and Nyholm (1984)
CumFracKilled =1—exp(—kz")

Two Required Parameters:
LC50 (or EC50)

“Slope Factor” = Slope at LC50 multiplied by LC50

100 |

20 L]

80
Q

70
©
=
I 60
2 5
= — \Weibull
o 40 —— Slope
= ¢ EC10
E 30 e EC50
=] m EC90
O 2

10 .

o -

0 50 100 ) 150 200
Concentration

Chemicals that are taken up very rapidly and those that have an external mode of toxicity,
such as affecting the gills directly, are best simulated with an external toxicity construct.
Rather than require the user to fit toxicological bioassay data to determine the parameters
for k and 7, these parameters are derived to fit the LC50 and the slope of the cumulative
mortality curve at the LC50 (in the manner of the RAMAS Ecotoxicology model, Spencer
and Ferson, 1997). (See section 9.3 in the Technical Documentation)

AQUATOX assumes that each chemical’s dose response curve has a distinct shape, relevant
to all organisms modeled. In this manner, a single parameter describing the shape of the
Weibull parameter can be entered in the chemical record rather than requiring the user to
derive slope parameters for each organism modeled. However, as shown in the slide
above, the slope of the curve at the LC50 is both a function of the shape of the Weibull
distribution and also the magnitude of the LC50 in question. For this reason, rather than
have a user enter “the slope at LC50” into the chemical record, AQUATOX asks that the user
enter a “slope factor” defined as “the slope at LC50 multiplied by LC50.” In the above
example, the user would enter a slope factor of 1.0 and then, given an LC50 of 1 or an LC50
of 100, the above curve would be generated.

When modeling toxicity based on external concentrations, organisms are assumed to come
to equilibrium with external concentrations (or the toxicity is assumed to be based on
external effects to the organism).
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Spreadsheet Demo

Materials for this short-course include two spreadsheets
useful in understanding the model’s toxicity components

AQUATOX_Internal_Toxicity_Model.xls

uuuuu

AQUATOX_External_Toxicity_Model.xls

Cumulative Mortality
o
2
g
8

—— Weibull 20.00%

Cumulative Effect
"
8
g

——Slope

8
FracPhoto
®

0 50 100 150 200 250 10.00%

20 a0 a0 50 60

o
3

These spreadsheets are simplifications of AQUATOX, in that they represent a constant
toxicant water concentration, rather than being subject to the various fate processes
normally simulated.

These Excel spreadsheets are located in the DATA directory of your short-course CD.
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Returning to the Enclosure in Duluth MN . . .

In the day two lectures we saw the simulated chemical fate and bioaccumulation of
chlorpyrifos in the mesocosm, now we’ll look at the simulated toxic effects.
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Animals all decline at varying rates following a single
initial dose of chlorpyrifos

CHLORPYRIFOS 6 ug/L (PERTURBED)
Run on 11-7-08 11:36 AM

Chironomid (g/m2 dry)
Green Sunfish, (g/m2 dry)

0.36
@ Shiner (g/m2 dry)
0.32 Green Sunfish2 (g/m2dry)
Daphnia (mg/L dry)
0.28F1-
0.24
>
5020
o
E o016
[

0.00

T = T T T Tt T T
6/27/1986 7/12/1986 7/27/1986 8/11/1986 8/26/1986 9/10/1986

Shiners are most tolerant to chlorpyrifos according to toxicity data. Chironomids and
Daphnia are most sensitive.
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Sunfish have lethal effects, shiners have sublethal
effects from chlorpyrifos

CHLORPYRIFOS 6 ug/L (PERTURBED)
Run on 11-7-08 12:06 PM

Green Sunfish2 Consum ption (Percent)

1.30E-02 Green Sunfish2 Defecation (Percent)
Green Sunfish2 Respiration (Percent)
1.20E-02 Green Sunfish2 Excretion (Percent)

1.10E-02 Green Sunfish2 Predation (Percent)
Green Sunfish2 T1 Poisoned (Percent)

1.00E:02 ] .
9.00E:03 GroonSunfiahz (griz dry) Sunfish with lethal effects

8.00E-03

-7.00E:03 %
2
6.00E03 O

Percent

5.00E-03

40060 CHLORPYRIFOS 6 ug/L (PERTURBED)

3.00E-03 Run on 11-7-08 12:06 PM e Shiner Consumption (Percent)
Shiner Defecation (Percent)

0.18
2.00E-03 Shiner Respiration (Percent)
9.0 \ ~——— Shiner Excretion (Percent)
- 1.00E-:03 ! 018 Shiner T1 Poisoned (Percent)
8.0 Shiner Predation (Percent)
‘ - ‘ | 347618 \ 514
6/27/1986  7/27/1986  B8/26/1986 7.0 \\ Shiner (gim2 dry)
\ 012
60 i
£ \ =
859 \\ FL19:5:
H = o o
Shiner with sublethal 2 \ 008 3
effects only 20 e i

6/2711986 7127/1986 82611985

Sunfish have a low tolerance to chlorpyrifos (LC50 = 2.4 ug/L), so bioaccumulation is
followed by significant mortality with gradual recovery.

Shiners are tolerant of chlorpyrifos (LC50 =203 ug/L) and exhibit no mortality with an initial
dose of 6 ug/L chlorpyrifos; they do exhibit sublethal toxicity in the form of decreased
consumption and assimilation; loss of forage is a predicted indirect effect. Predicted
recovery of sunfish eventually leads to high predation on shiners.
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Toxic effects of Chlorpyrifos in Duluth pond

CHLORPYRIFOS 6 ug/L (PERTURBED)
Run on 11-7-08 12:13 PM

Chironomid (g/m2 dry)

040 1000
] Obs. Chironomids (no./sample)
- fre00
800
700
=00 Predicted biomass and
[ 500 observed numbers of
L insect larvae in a Duluth,
i Minnesota, pond dosed
=il with 6 ug/L chlorpyrifos
200
100
. i
0.00 L

; T 3 T T T T T T r ;
6/27/1986 7/2711986 8/26/1986

In a validation study 6 ug/L initial dose of chlorpyrifos in a pond resulted in a decline in
predicted insect biomass, which compared favorably to decline in observed numbers of
insects.



% Difference Graph shows differences in
species response to toxicant

CHLORPYRIFOS 6 ug/L (Difference)

—@- Diatoms
400.0 —e— Blue-greens
—&— Daphnia
B 10 ] e —v— Stigeoclonium,
@- Chara
30004 —e— Chironomid
—A— Green Sunfish,
250.0 —%— Shiner
w O Green Sunfish2
(@]
S 2000 -
o Shiner
4 150.0 /.-—1
o
=
2 100.0
ES
500 b=k
0.0
-50.0 Chironomid
-100.0

6/27/1986  7M2/1986  7/27/1986  8/11/1986  8/26/1986  9/10/1986

An initial 6 ug/L chlorpyrifos in the pond has an immediate impact on the
invertebrates and sunfish. Removal of predation causes an explosive increase in
diatoms; shiners recover, partly in response to chironomid recovery half way
through the simulation period.

26



Steinhaus Indices show ecosystem impacts
predicted by the model

Steinhaus Similarity Indices in Pond

1.2
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Coefficients of similarity are used to determine whether the composition of two
communities is similar. The Steinhaus coefficient or similarity index (S) is based on
the species abundances (in this case indicated by the species specific daily biomass)
common to two communities, where a;, is abundance of species k in sample I.

The Steinhaus coefficient may be calculated from the Graph Menu; the values will
export to EXCEL. You can then graph the Steinhaus values over time.



Farm Pond MO, Esfenvalerate

* Loadings from PRZM for adjacent cornfield

* Worst case scenario for runoff of pesticide
predicted by PRZM

FARM POND MO (PERTURBED)

Run on 10-8-09 3:54 PM — T1 H20 (ug/L)

T e = T [T e T L e
6/15/1994 8/14/1994 10/13/1994 12/12/11984 2/10/1995 4/11/1995

The assumptions in setting up this hypothetical case is that it is a typical farm pond located
adjacent to and receiving runoff from a corn field in Missouri. The Pesticide Root Zone
Model (PRZM) was run to obtain loadings for AQUATOX using the worst-case scenario out
of 20 years (rain with runoff immediately after pesticide applications).

From http://extoxnet.orst.edu/pips/esfenval.htm: ” Esfenvalerate is a synthetic pyrethroid
insecticide which is used on a wide range of pests such as moths, flies, beetles, and other
insects. It is used on vegetable crops, tree fruit, and nut crops.”

Esfenvalerate is listed as very highly toxic to aquatic animals., and this was reflected in the
toxicity data used in the model.
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Farm Pond, Esfenvalerate
Chemical Uptake in animals

FARM POND MO (PERTURBED)
Run on 10-8-09 3:54 PM T1Chironomid(ppb) (ug/kg wet)

A4900F — — — T1Daphnia(ppb) (ug/kg wet)
T1Copepod(ppb) (ugkg wet)
T1Sphaerid(ppb) (ug/kg wet)
T1Mayfly (Baetis)(ppb) (ug/kg wet)
3020 F s T1Rotifer, Keratella(ppb) (ug/kg wet)
T1Gastropod(ppb) (ug/kg wet)
T1Shiner(ppb) (ug/kg wet)
T1Largemouth Bass, YOY(ppb) (ug/kg wet)
T1Largemouth Bass, Lg(ppb) (ug/kg wet)

1 - L2 .' T 1 T
5/16/1994  8/14/1994 11/12/1994 2/10/1995

Juvenile bass are predicted to bioaccumulate esfenvalerate quickly because of
bioenergetics (i.e they respire and consume more food per body weight); adult bass are
predicted to bioaccumulate more slowly but to retain the pesticide due to lower clearance
rate.



Farm Pond, Esfenvalerate
Difference Graph

FARM POND MO (Difference)

——— Daphnia

——— Rotifer, Keratella
Mayfly (Baetis)
Gastropod

——— Shiner

Largemouth Bass, YOY
Largemouth Bass, Lg
—— Chironomid

% DIFFERENCE

e P P e L e e e e e
6/15/1994  8/14/1994 10/13/1994 12/12/1994 2/10/1995 4/11/1995

A difference graph shows the rapid decline and almost total extinction of all smaller
animals except snails, which are tolerant and benefit from reduced competition for
periphyton. Adult bass decline slowly because of slower bioaccumulation.



Coralville Reservoir lowa
long-term contamination with dieldrin
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Coralville is a shallow, run-of-the river reservoir built in 1958 for flood control. It captures
large quantities of agricultural runoff. Most dangerous is dieldrin, a chlorinated
hydrocarbon insecticide, which is also a degradation product of the pesticide aldrin. It was
widely used from 1950 to 1974 and was banned for most uses in 1985.



Dieldrin bioaccumulates & declines over 20 years
with fish mortality, but tolerant buffalofish, Tubifex prosper

CORALVILLE LAKE, |A (PERTURBED)
Run on 11-1-07 1:16 PM TAChironomid(ppb) (uglkg wet)
1100 T1Tubifex tubife(ppb) (ug/kg wet)
T1Daphnia(ppb) (ug/kg wet)
. . . P36
990 Dieldrin, dissolved T1Predatory Zoop(ppb) (ug/kg wet)
o T1Bluegill(ppb) (uglkg wet)
550 3: T1Shad(ppb) (uglkg wet)
T1Buffalofish22(ppb) (ug/kg wet)
78 -0.028 TiLargemouth Ba2(ppb) (ug/kg wet)
T1Walleye(ppb) (uglkg wet)
o0 0.024
@ —e— T1 H20 (ug/L)
= -0.020 §
2 550 SR
= = 5
9 . e Buffalofish
- & Tubifex
t CORALVILLE LAKE, IA (Difference)
22014 (Epilimnion Segment) — Tubifex tubife
| 400.0 — Bluegill
10§ — Shad
2 J80.0 Buffalofish22
Largemouth Baz
T T
121131974 1211211975 S8 Halkve
250.0

% DIFFERENCE
g
:

100.0|
50.0|
L 0.0}
; e <
Shad, bluegill, walleye, m)\\\ Walleye start
bass die off { w00l— ‘ to recover
12/1311969 12131971 1211211973 1211211975 121111977

Buffalofish are tolerant of dieldrin and prospered—so much so that there was a
commercial fishery on Coralville until it was realized that the levels of dieldrin in the tissue
was quite high! The model predicted the eventual recovery of bass; and, in fact, Coralville is
known for the best bass fishing in lowa!



Probability of decline in biomass (end of 1t year) can
be estimated based on uncertainty

Biomass Risk Graph
11/9/2008 9:13:08 AM

—a— Bluegill

100.07 — —— \ —eo— Buffalofish22
86 —a— Largemouth Bas
o 60% probability —¥—Walleye
80.0 that walleye will
£ decline 61% or more Bluegill more
g sensitive
£ 60.0{e- S S B A ﬁ
£
[T
g 50.0-)1- |
= Buffalofish tolerant
40.0-|s
30.0 o e 7
200-leis : : : \v

— T T T T—1 T
20 30 40 50 60 70 80
Percent Decline at Simulation End

AQUATOX can estimate probability of decline, which is a powerful tool for risk assessment.
In this example, using a distribution of loadings of dieldrin, we see that bluegill are the
most sensitive to dieldrin and buffalofish are the least sensitive. Walleye are of
intermediate sensitivity, as suggested by their recovery shown in the previous slide.
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Toxicant Parameters and Loadings are Subject to
Uncertainty Analysis

AQUATOX— Uncertainty Setup

All Distributions
@ Distributions by Parameter
=~ Distributions by State Variable
=] Dissolved org. tox 1: [Dieldrin]

= Chemical Parameters
T1: Molecular Weight
T1: Dissasociation Constant (pKa)
T1: Solubility (ppm)
T1: Henry's Law Const. (atm. m*3/mol)
T1: Vapor Pressure (mm Hg)
T1: Octanol-Water Partition Coeff (Log Kow
T1: Sed/Detr-Water Partition Coeff (mg/L)
T1: Activation Energy for Temp (cal/mol)
T1: Anaerobic Microbial Degrdn. (L/d)
T1: Aerobic Microbial Degrdn. (L/d)
T1: Uncatalyzed Hydrolysis (L/d)
T1: Acid Catalyzed Hydrolysis (L/d)
T1: Base Catalyzed Hydrolysis (L/d)
T1: Photolysis Rate (L/d)
T1: Oxidation Rate Const (L/mol day)
T1: Weibull Shape Parameter
T1: Initial Condition {ug/L)
T1: Const Load (ug/l)
T1: Multiply Loading by s
T1: Mult. Direct Precip. Load by
T1: Mult. Point Source Load by
T1: Mult. Non-Point Source Load by

# - Toxicity Parameters

@ Ammonia as N

ot uon mormatin
T1.: Multiply Loading by

Distribution Parameters:

Moan [1

Std. Deviation | 0.4

For this parameter, in an Uncertainty Run:
& Use a Distribution
" Use a Point Estimate

iston]|| () @ (5] 50 | Bzoootor| jeer | @hibont ] oo -t | oot | Bacuaros | @4 BMOBOMATBE 7w

By running uncertainty analysis with a normal distribution of multiplicative loadings of
dieldrin we can easily see the probabilistic response to dieldrin. Let’s reexamine this tool

and its application to toxic response.
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Chemical Toxicity Screen

Chemical Toxicity Parameters -- Chlorpyrifos

. 2k < . arecord, Drift Threshoid only
Ll RE T EL I Add Animal Toxicity Record Export Giid to Excel [to print] . reatan fostbeniies

| |Aninainme____[LC50 (ug/L)|LCSD exp ive 1) K2 i ate const (1/6)]K1 Uplake const (Lkg I[BEF ILkgl [Biotnsin.rate 1/ ECSD gronth /L) o
6 Regression on Blueol S | o7
96 EPA Dukth 88, p. 124 ! | 017
96 Regression on Bluegll 5 | 1.2439
36 Regression on Blueod ! [ -]
6 Holcombe et al, 1982 ! | 203
24 EPA'97, p. 42 (Dukth) | 0m
24 Regression on Daphnia | 05798
96| Mayer & Eletsieck, 1362 g | 1
24 Regression on Daphnia 536 4 | 05776
48 EPA'97, p. 42 (Dukath)

K1 Uplake Const (L/kg d)| BCF L/kg] | Biotmsim rate (1 4
- { =

<

Estimate plant LC50s using ECS0 to LCS0 ratio

Estimate animal EC50s using LCS0 to ECSO0 ratio

This screen is where all of the important chemical toxicity parameters are located. To get
to this screen go to Chemical Underlying Data and select the “Toxicity Data” button.

There are multiple options for entering uptake rate constant (k1), the elimination rate
constant (k2) and the Bioconcentration Factor (BCF) or allowing the model to calculate
these parameters (BCF=k1/k2).

Additionally, elimination rates may be estimated using the octanol water partition
coefficient (Kow).

Fish and invertebrate regressions (i.e. estimating toxicity from one species to another) are
available for many organisms using the ICE database (see next slide).

As explained previously, by entering both LC;,and EC,, values for a species the application
factor can be computed. The user has the option of applying that same ratio to the rest of

the species in the animal or plant toxicity screen using the buttons Estimate animal LC50s...
and Estimate plant EC50s....



Interspecies Correlation Estimates (ICE Version
3.1, January 2010)

Developed by EPA ORD

Estimates the acute toxicity of a chemical to
a species with no test data

1440 regression models derived
— 180 species and 1258 chemicals

Regressions on species, families, genus

Goodness of fit information for regressions

Predictive toxicological models are integral to ecological risk assessment because
data for most species are limited. Web-based Interspecies Correlation Estimation
(Web-ICE) models are least square regressions that predict acute toxicity (LC50/LD50)
of a chemical to a species, genus, or family based on estimates of relative sensitivity
between the taxon of interest and that of a surrogate species. Web-ICE 3.0 includes a
total 1440 models for aquatic taxa and 852 models for wildlife taxa. For aquatic
species within the same family, Web-ICE models predict within 5-fold and 10- fold of
the actual value with 91 and 96% certainty, respectively. For two species within the
same order, aquatic models predict within 5-fold and 10-fold of the actual value with
86 and 96% certainty, respectively. Overall for wildlife species, Web-ICE predicts
toxicity within 5-fold of the actual value with 85% certainty and within 10-fold of the
actual value with 95% certainty. Models predict within 5-fold and 10-fold of the actual
value with 90 and 97% certainty for wildlife surrogate and predicted taxa within the
same order. For both aquatic and wildlife taxa, model certainty increases with
decreasing taxonomic distance. Web-ICE 3.0 improves on earlier versions with the
inclusion of an endangered species module, improved functionality of the SSD
module, and more rigorous standardization of toxicity data.

Raimondo, S., D.N. Vivian, and M.G. Barron. 2010. Web-based Interspecies
Correlation Estimation (Web-ICE) for Acute Toxicity: User Manual. Version 3.1.
EPA/600/R-10/004. Office of Research and Development, U. S. Environmental
Protection Agency. Gulf Breeze, FL.
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Release 3: Additional Toxicity Features

toxicity regressions

Toxicity C:

[ Interspecies Toxicity Correlation Interface

‘Step 1: Choose a datsbase

Step 4 Evaluate / examine model

ICE Acuatic: Species Common Hames

Step 5 Apply Model to AQUATOX Tosicly Perameters

The Selected

Surogate:
Channel catshilctahrus punctatus)

Predicted
Biovm tiou[S skno trutts)
Sample Size

%

Inteicept (a)
05162606726

Regression Coefficient {slope b]
06172346138

Average Value of Predicted Taza
2095636

Enor Mean Square (EMS)
103186928

Standard Eror of Slope [SEB)

Correlation Coefficient
06628534852

Probability [P1) that slope <> 0
0.0051

* Integration with ICE: a large EPA database of

oS ps oo e 0

LLog (base 10) Acute EC/LC50, Predicted

1 2 3 .
Log (base 10) Acute ECALC50, Surrogate

Click. on the tegression ine for mare information.

Charnel calishlctakuus punclatus)
Is tepresented by the AQUATOX.
toxicity record:

Biown ou(Salmo )
Iz represented by the AQUATOX
toxicity tecord:

[Catich

[Trout |

Based on Catfish with LS50 of 7600 ug/L
Trout LCSO will be set to 816.293 ug/lL.

Execute Model

http://www.epa.gov/ceampubl/fchain/webice/index.htm

This site is not compatible with all browsers (currently does not work with Google Chrome,

for example)
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Lab 7: Risk Assessment of Insecticide in Ohio
Stream

Objective: analyze direct and indirect ecotoxicological
effects with model

* Assessment of chlorpyrifos in a generic stream
— small stream in corn belt
— drain tiles

* Open Ohio Stream.aps,

* Add chlorpyrifos, save as Ohio Stream chlor.aps

* Run, plot, analyze control/perturbed/ %difference
* Compare constant exposure vs. single dose

We will use a constant level of 0.4 ug/L chlorpyrifos in a generic small stream for purposes
of risk assessment. This concentration is based on the worst-case value chosen by US EPA
for risk assessment of chlorpyrifos. We will start the simulation on May 1, the start of the
growing season.

The second simulation will compare a constant dose against a single, initial dose of the
same magnitude.
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Lab 8: PCBs in Lake Hartwell, SC

FISH CONSUMPTION ADVISORY— LAKE
5.C. GEPARTMENT OF HEALTH AND.
ENVIRONMENTAL CONTROL (SCDHEC)

« ALL FISH TAKEN FROM THE SENECA RIVER ARM
OF LAKE HARTWELL NORTH OF SC HIGHWAY 24
AND 12 MILE CREEK SHOULD BE RELEASED AND
NOT EATEN.

* ALL FISH LARGER THAN THREE (3) POUNDS.
TAKEN FROM THE

LD BE RELEASED AND NOT'

We will use Lab8_Lake_Hartwell_PCBs.aps in the Data directory.
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Modeling Inorganic Sediments
(sand, silt, and clay)

¢ Stream simulations only
* Scour, deposition and transport of sediments
* River reach assumed short and well mixed

* Daily average flow regime determines shear
stresses

* Feedback to biota through light limitation,
sequestration of chemicals, and now direct
sediment effects

Inorganic sediments are important to the functioning of natural and perturbed ecosystems
for several reasons. When suspended, they increase light extinction and decrease
photosynthesis. When sedimented, they can temporarily or permanently remove toxicants
from the active ecosystem through deep burial. Scour can adversely affect periphyton and
zoobenthos. All these processes are represented to a certain degree in AQUATOX,
particularly with the addition of explicit suspended and bedded sediment effects discussed
in Day 2.

In addition, rapid sedimentation also can adversely affect periphyton and some
zoobenthos; and the ratio of inorganic to organic sediments can be used as an indicator of
aerobic or anaerobic conditions in the bottom sediments. These are not simulated in the
model at this time.

The sediment transport component of AQUATOX simulates scour, deposition and transport
of sediments and calculates the concentration of sediments in the water column and
sediment bed within a river reach. For running waters, the sediment is divided into three
categories according to the particle size: 1) sand, with particle sizes between 0.062 to 2.0
millimeters (mm), 2) silt (0.004 to 0.062 mm), and 3) clay (0.00024 to 0.004 mm). Wash
load (primarily clay and silt) is deposited or eroded within the channel reach depending on
the daily flow regime. Sand transport is also computed within the channel reach. At
present, inorganic sediments in standing water are computed based on total suspended
solids loadings.
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Output variables resulting from the inclusion of sand/silt/clay include suspended sand, silt
and clay, bed sheer, and bed depth.

Sand/silt/clay modeling is discussed in more detail in Section 6.1 of the Technical
Documentation.
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Bed Shear Stress (Tau) Closely Related to Water
Velocity

— Run Velocity (cm/s)
—— Tau: Bed Shear (kg/m2)

Tau is calculated as a function of channel slope and channel depth and width (hydraulic
radius). This shear stress indicates whether deposition or erosion is taking place for silt and
clay.



Critical Shear Stress for Erosion and
Deposition Key Parameters

e Tay Erosion

(bed is stable)

= Tau Deposition:  srweypfurasmemmnsrm ey

Critical Shear Stress for Site (kg/m?)

Net Deposition Net Erosion

These two parameters are specified for silt and clay and can be found in the Stream section
of the Site underlying data. This section of model is identical to the Hydrologic
Simulation Program Fortran (HSPF) model. These parameters can be highly site specific

and are usually used as calibration parameters when calibrating the HSPF inorganic
sediment model.

The river reach is assumed to be short and well mixed so that concentration does not vary
longitudinally. Flow routing is not performed within the river reach. The daily average flow
regime determines the amount of scour, deposition and transport of sediment. Scour,
deposition and transport quantities are also limited by the amount of solids available in the
bed sediments and the water column.

When the inorganic sediments model is included in a stream simulation, particulate
detritus moves to and from the bed to and from the water column along with the
deposition and resuspension of the Cohesives compartment.
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Sediment Model Parameters

Also important are channel slope and sediment depth that occur up higher on the “stream”
screen. (Within Site Underlying Data)

The fall velocity affects the rate of deposition for silt and clay.
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Sand Model

* No additional parameters / calibration
required

* Potential concentration of sand in the water
column is calculated as a function of water
velocity and slope

* Uses Engelund and Hansen (1967) sediment
transport relationships as presented by
Brownlie (1981).

Scour, deposition and transport of sand are simulated using the Engelund and Hansen
(1967) sediment transport relationships as presented by Brownlie (1981). This relationship
was selected because of its simplicity and accuracy. Brownlie (1981) shows that this
relationship gives good results when compared to 13 others using a field and laboratory
data set of about 7,000 records.



Sediment Bed Depth May be Plotted

1.54

1.53

1.52

1.51

1.5

1.49

1.48

Sediment Bed Depth (meters)

1.47

1.46

1.45
1/1/1994 2/20/1994  4/11/1994  5/31/1994 7/20/1994 9/8/1994 10/28/1994

The sediment bed is assumed to be uniformly mixed and is composed of the three
inorganic sediments, sedimented detritus, and toxins in sedimented detritus. Initial
condition fractions of sand silt and clay in the sediment bed must be supplied by the user
under the sand, silt, and clay state variable screens.



Suspended Sand, Silt, Clay may be Plotted

River Test Reach (CONTROL) 11/10/2003 10:11:27 AM
(Epilimnion Segment)

100.0 Susp sand (mg/L)
| 65.0 — Susp silt (mg/L)
90.0- ' — Susp clay (mg/L)
' -60.0
80.0 ‘ — Run Velocity (cm/s)
|-55.0
70.0
i | 50.0
60.0
1 |-45.0
< I o
D 500 5
g \ 400 &
40.0 A' I
il
i “ \ \
] |
20.0 \\ \ \\ 1 5.0
10.0-} | |
|- 20.0
0.0 : - 15.0

; f — —
1/9/1994  3/10/1994 5/9/1994  7/8/1994  9/6/1994 11/5/1894  1/4/1995

As was the case with the TSS inputs that we saw earlier, getting an appropriate accounting
for inflows of sand / silt / and clay is vital for calculating appropriate concentrations in the
water column.



AQUATOX Multi-Layer Sediment Model

* Based on IPX version 2.7.4

* Developed as part of a Superfund project; now
part of Release 3

* Can model up to ten distinct sediment layers on
top of non-reactive hardpan.

* Each sediment layer assumed to be perfectly
mixed.

* “Pez-dispenser” action avoids common
numerical problems.

e For those who don’t immediately recognize what “Pez” is, it’s a candy composed of
little tablets. When you take the top tablet from the Pez dispenser the other tablets all
move up.

e We cannot allow the layers to be defined by depth from the top and keep the active
layer a constant thickness because this, combined with the assumption of perfect
mixing in each layer, results in advection of chemicals in inappropriate ways.

Velleux, M., S. Westenbroek, J. Ruppel, M. Settles, and D. Endicott. 2000. A User's Guide to
IPX, The In-Place Pollutant Export Water Quality Modeling Framework, Version 2.7.4.
Pages 179. US Environmental Protection Agency, Grosse lle, MI.

The multi-layer sediment model is discussed in more detail in Section 6.2 of the Technical
Documentation.
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AQUATOX Multi-Layer Sediment Model
based on the IPX module (Velleux et al. 2000)

Susp. Inorg. ater Col. m? DOM in Water
Solids mg/L,, ol. mg/L,.

] i i i

Inoreanic Pore Water DOM in Pore
Solids g/m? m3/m? Water mg/L,,,

} }

InO.r[;ﬁ"'“c Pore Water DOM in Pore Buried Detr g/m?
Solids g/m? mé/m?2 Water mg/L,,,

} }

Inorganic Pore Water DOM in Pore Buried Detr g/m?
Solids g/m? m3/m? Water mg/L,,,

Susp. Detr mg/L

uwn|o) Ja1em

Sed Detr mg/L

—
Q

~<
(1]
-
=

T 19heq

u Jaheq

e From left to right each sediment layer is composed of inorganic solids, water, dissolved
organic matter, and organic solids. Each category can have toxicant sorbed to it, or in
the case of water, dissolved within it.

¢ Inthis case the top layer (Layer 1) is the active layer and interacts with the water
column through scour, deposition and diffusion. This layer changes height and if it gets
too big it is split into two layers; if it gets too small it is joined with the layer below it.

e Lower layers only interact through pore-water diffusion.

Velleux, M., S. Westenbroek, J. Ruppel, M. Settles, and D. Endicott. 2000. A User's Guide to
IPX, The In-Place Pollutant Export Water Quality Modeling Framework, Version 2.7.4.
US Environmental Protection Agency, Grosse lle, MI.
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Representation of Inorganic Sediments:

Cohesives: particle size smaller than 63 mg
(clay)
Non-Cohesives: particle size from 63 to 250 mg
(silt)
Non-Cohesives2: particle size greater than 250
mg
(sand)
Chemical sorption to inorganic sediments may be
modeled. (Multi-Layer sediment model only)
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Composition of each Bed Layer

Inorganic Sediments (and sorbed toxicants)

Sedimented or Buried Detritus (and sorbed
toxicants)

Pore Waters (and dissolved toxicants)
DOM in Pore Waters (and sorbed toxicants)

There are additional data requirements for this complex sediment model, but note that the
simple “HSPF-like” sand-silt-clay model may also be run.
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Sediment Model Data Requirements

* Densities of inorganic and organic sediments

* Sediment layer thicknesses

* |nitial concentrations of each element and toxic
exposure

* Each layer’s porosity and density is calculated
given densities and initial conditions

* Erosion/Deposition Velocities for inorganic
sediments; alternatively erosion/deposition
velocities may be internally calculated using HSPF-
based model

Densities of inorganic and organic sediments are not assumed to change between layers.
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Demonstration: Stoichiometry and Mass Balance of
Nutrients in Blue Earth River

» Additional output variables allow the user
to track fate of nutrients

— Nutrient Mass by Category
— Nutrient Loadings by Category
— Nutrient Loss by Category

— Mass balance test =
Total Mass + Loss — Load
(Should stay constant)

If you'd like to follow along within AQUATOX, load BlueEarth54 Results.aps that should still
have results intact. We will now look at some of these results through the output screen.
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Nutrient Mass Balance Results Grouped

™ Change Graph Variables

Xi

==X

" Show All Results
& Filter By Substring: |kg I~ Exclude Substring

Selected Set of Results:

N Load as Detiitus (kg)
N Load as Biota (kg)

N Root Uptake (kg)

N Fixation (kg)

N Exposure (kg)

N Net Layer Sink (kg)
N Net TurbDiff (kq)

N Net Layer Migr. [kg)
N Total Net Layer (kg)
P Tot. Mass (kg)

P Mass Dissolved (kg)
P Mass Detritus (kg)

P Mass Animals (kg)

P Mass Plants (kg)

P Tot. Loss [kg)

P Tot. Washout (kg)

P Wash, Dissolved (kg)
P Wash. Animals (kg)
P Wash, Detritus (kg)
P Wash, Plants (kg)

P Loss Emergel (kg)

P Burial (kg)

P Tot. Load (kg)

P Load, Dissolved (kg)
P Load as Detritus (kg)
P Load as Biota (kg)

P Root Uptake (kg)
Dr PRy

3 E

El|=1 EE]

Results on Y1 Axis (kg):

[PMB Test

Results on Y2 Axis (kg):

[NwBTest ]

Y1 Axis Scale

¢ Use Automatic Scaling
" Use Below Values

min o
Max 6

Use One Y Axis

Y2 Axis Scale

(= Use Automatic Scaling
" Use Below Values

wn o
T

Copy Setup From Control Make this Graph the Default

Using the change variables button and filtering on “kg”, the nutrient mass balance results
are all grouped together. Units are all in terms of kilograms of nitrate and kilograms of
phosphate. As a demonstration, | will select the nitrogen mass balance test and phosphate
mass balance test for interest. Select Automatic Scaling if it’s not already selected.



Mass is Balancing

Blue Earth River MN (CONTROL)

Run on 03-30-11 2:01 PM —— NMB Test (kg)
-15.1690749
4910584880 b e A | — P MBTest (kg)

- 15.1690748

49.9584888
-15.1690747

49.9584887
490584886 -15.1690746
49.9584885 - 15.1690745
= 49.9584884 e S| 15.1690744 1@
499584883 - 15.1690743
49.9584882 -15.1690742
49.9584881 ] . - e LR Axes reflect a

very narrow
range

49.9584880 |- 15.1690740

49.9584879

20271999 8/2811998  2/26/2000  8/26/2000

There are very small changes in mass because of machine error (also called machine
epsilon http://en.wikipedia.org/wiki/Machine epsilon).

If you export these mass balance results they are accurate to 4e-8 kg or 40ug of nitrate
over the two year simulation.

This machine error is not the same as the error produced by the differential equations
solver for which you can set the relative error within the setup screen.

Occasionally when there are no nutrients left in the system the mass will not balance
perfectly. This is a result of interactions within the food-chain that require uptake of
nutrients from water to balance mass.
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Where are the Nutrients within the System?

Blue Earth River MN (CONTROL)
Run on 03-30-11 2:01 PM

2900.0 -74

N Mass Dissolved (kg)

N Mass Susp. Detritus (kg)
26100 e | S ——— ——— NMass Animals (kg)
[ ——— NMass Plants (kg)

2320.0 -59
St Tl | IO | B | SRR 52

1740.0 -44

2 1450.017 w37 &

1160.0 30
870.0 22

580.0

290.0

0.0§

T T T " T
2/2711999 8/28/1999 2/26/2000 8/26/2000

To examine where the nutrient mass is within the system at any given time, go to the
Change Variables screen again and select N Mass Dissolved for Y axis 1 and N Mass Susp.
Detritus, Animals, and Plants for Y axis 2.

(Filter “N Mass”)

Note the different units on the Y axes. There is a significant inflow of nitrogen into the
system during May and lasting through July . Within Biota you can see that there are algal
blooms that trap some of this nitrogen. Detritus matches dissolved inflow closely as the
detritus category includes dissolved organic matter flows into the system. Finally, the
nitrogen within animals remains fairly consistent throughout the simulation.



Contrast Blue Earth with the Crow Wing River

Crow Wing R. 72.3 MN (CONTROL)
Run on 03-30-11 1:58 PM

N Mass Dissolved (kg)

——— NMass Susp. Detritus (kg)
NMass Animals (kg)
——— NMass Plants (kg)

s r L et r —
2/27/1999 8/28/1999 2/26/2000 8/26/2000

To look at a different system, load in CrowWing72 Results.aps and select N Mass Dissolved
for Y axis 1 and N Mass Susp. Detritus, Animals, and Plants for Y axis 2.

This time there is far less nitrogen washing through the system and far less nitrogen in the
water column. Roughly two orders of magnitude less. N sequestered in detritus is also
significantly lower.

Note, it’s important to compare two sites of the same size when making such a comparison
as the units are in a total mass basis.

As an additional demonstration, we will also examine inflow loadings of nutrients with the
graphic interface.
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Nitrogen Loadings, Blue Earth River

Blue Earth River MN (CONTROL)

Run on 03-30-11 2:01 PM ——— NTot. Load (kg)
11,000,000 -64000 ——— NLoad, Dissolved (kg)
9.900,000} 57600 —— NLoad as Detritus (kg)
o i — NLoad as Biota (kg)

8,800,000 = |-51200

7,700,000 - 44800

6,600,000 38400

2 5,500,000} -f32000 7

4,400,000 25800

3,300,000 - 19200

2,200,000 - 12800

1,100,000 - -JF8400

= B e A
2/27/1999 8/28/1999 2/26/2000 8/26/2000

Most of the nitrogen loading in Blue Earth River is dissolved, although that is tracked
closely by detrital loadings (note difference in scale), much of which is also dissolved.
Loadings are calculated as cumulative; 1999 was a wet year so that there was a much larger
cumulative loading.
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Phosphorus Loadings, Blue Earth River

Blue Earth River MN (CONTROL)

Run on 03-30-11 2:01 PM ——— P Tot. Load (kg)
290000.0 -10000 —— P Load, Dissolved (kg)
261000.0 | 9000 —— P Load as Detritus (kg)
E ——— P Load as Biota (kg)
232000.0 " 8000
203000.0 -7000
174000.0 -6000
2 145000.0} |- 5000 &

116000.0} -4000

87000.0 -3000

58000.0 .72000

29000.0 - 1000

0.0L

= L sz o
2/27/1999 8/28/1999 2/26/2000 8/26/2000

Most of the phosphorus loading in Blue Earth River is dissolved, although that is tracked
closely by detrital loadings (note difference in scale), much of which is also dissolved.
Loadings are calculated as cumulative; 1999 was a wet year so that there was a much larger
cumulative loading.



Other Release 3 Notes

* Additional Output Categories
— oxygen duration below a given threshold
— minimum and maximum O,
— minimum and maximum un-ionized ammonia

* Chemical Mass Balance Testing

— Tracks loadings of and fate of chemicals similar to nutrient mass
balance covered earlier

* Trapezoidal Integration of Results

e Scientific Names in Databases

* Comprehensive Sensitivity Analysis

ool - - - - -
1S9 THE1HS NI4100 TSI UTNAN0 TA200 1112001

¢ Current version available at EPA AQUATOX website.

Significant testing initially ensured that the functionality of Release 2.2 and Release 3.0
(single-segment mode) were initially identical.

However, as we have continued to refine Release 3.0 and Release 3.1, we have not
upgraded Release 2.2.

For example, low oxygen and ammonia toxicity effects may make a Release 3.0 simulation
behave differently if those effects are not turned off in Release 3.0.
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Summary, Wrap-up

What we’ve tried to cover in this course:
* What AQUATOX can do
e Astart on how to do it

* |In what situations you would want to use it
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Value added of AQUATOX

* Process-based approach yields better
understanding of ecosystem

— feedback loops, indirect effects, trophic cascades
— Relative importance of multiple stressors
* Leads to better management decisions
— Compare different management options
— Avoid unintended consequences
— What stressor to control first
* Get more bang from monitoring buck
— Fill in gaps between sampling periods
— Identify monitoring needs
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Challenges

* [t's not an easy model to master!
— Complex model reflects the complex ecosystem
— Some processes omitted or imperfectly understood
* Calibration and parameterization are probably
hardest tasks
— Technical note(s), data sources on web site
* High data requirements
— Many inputs and parameters
— Continue to expand data libraries and utilities
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Please Keep in Touch!

Applications help drive enhancements, example studies
and data libraries

* Growing user community builds robustness and
confidence

Continued model and user support

— One-on-one technical support is available

— AQUATOX listserver

Visit the AQUATOX web site

— http://water.epa.gov/scitech/datait/models/aquatox
— Citations of articles using or reviewing AQUATOX

— Data sources

Listserver URL: http://water.epa.gov/scitech/datait/models/aquatox/listserv.cfm
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