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Air Pollution 

An important component of environmental risk in the City of 
Chester is air pollution. Air pollutants are airborne 
contaminants that can be particulate (including smoke or dust 
particles and fine liquid mists) or gaseous in form. The primary 
route of exposure to these pollutants is through inhalation. 

•AIR QUALITY MONITORING 

Pursuant to federal regulations {(O CFR 58), the 
Pennsylvania Department of Environmental Resources (PADER) 
maintains a statewide network of air quality monitors in order to 
determine compliance with health-based National Ambient Air 
Quality Standards (NAAQS). NAAQS exist for the six criteria • 
pollutants: carbon monoxide (CO), lead, nitrogen dioxide (NOz) , 
ozone', particulate matter (expressed as particulate smaller 
than 10 micrometers in diameter, PM-10), and sulfur dioxide 
(SOz) . ,

In Chester, PADER samples the air for five of these 
pollutants (all except CO) at its monitoring station on 
Philadelphia Gas Works (PGW) property at Front , Norris Streets. 
Table 1 summarizes air quality with respect to the five 
pollutants monitored at the PGW site. 

Note that monitored concentrations for ozone exceed national ,standards. More than the other pollutants for which NAAQS exist, .'
ozone exceedances are caused by the release of other substances 
(especially volatile organic compounds, nitrogen oxides, and 
carbon monoxide) that cause the formation of ozone downwind, 
sometimes after travel distances of hundreds of miles. Tens of 
million of Americans, including most citizens of the northeast • 
corridor in a contiguous area that stretches from Virginia to 
Maine, live in areas that violate the ozone NhAQS. The Clean Air 
Act," as amended in 1990, has established a number of requirements 
for areas exceeding the ozone NAAQS in an effort to reduce 
emissions of ozone precursors and meet the NAAQS. See EPA's 
OZQne-- Good Up High. Bad Nearby (EPA-(Sl/F-93-010) and Smog: Its • 
Natqre and fffects (Inside EPA, October 1ge7)~ for more 
information. 

Although enforceable ambient standards exist for only six 
criteria pollutants, many other contaminants threaten human 
health. Because routine monitoring is limited to the criteria • 

'In this context, we are discussing ground-level 
(tropospheric) ozone, which can irritate and damage the lungs and 
other sensitive tissue. Ozone in the upper atmosphere (the 
stratosphere) helps shield the earth from certain Ultra-violet 
radiation emitted by the sun. This "good" ozone is formed .'naturally and independently from ground-level ozone pollution. 
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• pollutants and this monitoring may not be representative of the 
entire City o~ Chester, air quality modeling has been used to 
estimate potential inhalation risks to Chester residents. This 
modeling is described belo~. 

MODELING or POINT AND AREA SOURCES 

Air quality models are ~thematical representations of the 
way contaminants move in the atmosphere. Models are useful in 
characteri~ing air pollution in the City of Chester tor a number 
ot reasons. First, the number of monitors and the location ot 
suitable monitoring sites in the city are finite, While a model 
can accomplish estimates of air quality impacts at any location. 
Second, While ~t is impractical to monitor for every conceivable 
contaminant that may be in the air, ~odeling can be used to 
estimate concentrations of most non-reactive eontaminants for 
which an emission rate ean be estimated. Finally, monitoring ean 
only provide information regarding the pollutants being 
monitored, at the time and loeation the monitoring is performed. 
The information gathered during short-term monitoring studies is 
not always representative of typical conditions or long-term 
averages, nor can it generally be used to predict the 
effectiveness of control strategies. 

• 
In order to estimate ambient concentrations, air quality 

models require data that describes the ewissions, the 
meteorology, and the terrain of the area to be modeled. For the 
Chester Study, meteorological data collected at Philadelphia 
International Airport and terrain data from the United States 
Geological Survey were used. The emissions inventory was 
developed by using inventories of criteria air pollutants and 
ozone precursors, maintained by the states of Pennsylvania, New 
Jersey, and Oelaware (pursuant to Title I of the Clean Air), and 
limited air toxics inventories (Toxics Release Inventory) 
maintainad by EPA (pursuant to Title III of the Clean Air Act) to 
identify as many potential sources of air pollution as possible. 
Then, emissions of specific air contaminants were estimated using 
information found in a variety of references. All of the 
emission sources and methodS used to estimate the emission rates 
are found in the report Air Toxic ENiision Inyentory and 
Dispersion Modeling for Chester. Penn,ylvfni., prepared by 
Paeific Environm.nt~l Services (PES) under contract to EPA. 

Figure 1 summarizes the emissions inventories in te~s of 
emissions of volatile organic compounds (VOCal and particulate 
(FM) from point and area sources. Point sources are emissions 
trom staek~ and vents that are handled as diserete sources in the 
modeling. Area sources are emissions such as consumer solvent 
use that occur reasonably unifo~ly over some geographical area. 
Point, area, and mobile source inventories are discu~sed in 

• 
detail in the report bit toxic Emission lnventory and pispersion 
Hodeling for Ch,st,r, Pennsylyania, 



, 
Once emission r~tes were estimated for the 700-odd 

pollutants that were identified, the model was run once for e~ch .,pollutant to generate estimates of annual average concentrations 
at locations throughout the City of Chester. Shorter-term 
averages were estimated for same of the criteria pollutants. The 
results of this modeling are found in the report hir Toxic 
Emission Inventory and pispersion Modeling for Chester. 

, 
MODELING OF MOBILE SOURCES 

While emissions from mobile sources were included with the 
area source inventory, a special modeling study was made of 
emissions from vehicular traffic on Second Street, between 
Thurlow and Montgomery Streets. Pennsylvania Department of • 
Transportation traffic counts and estimates from the Delaware 
County Resource Recovery Facility solid waste permit application 
were used, along with the MOBILE and PART5 emissions of VOCs and 
particulate, respectively. Then, the CAL3QHC model, which is 
specifically designed to accomplish estimates of short-term , 
average pollutant concentrations from roadway emissions, and the 
ISC model were used to estimate ambient concentrations of VOC and 
particulate. speciation profiles were applied to the particulate 
and VOC concentrations to produce contaminant-specific 
concentration estimates. the methodology and results 
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0f this 
modeling are documented in Appendix J of the report Air Toxic 
Emission Inventory and Dispersion Modeling for Chester. 
Pennsylvania. ,.'
UNCERTAINTY ,

While the air quality analysis provides a reasonable 
estimate of airborne the contaminant levels in Chester, there are 
a variety of sources of uncertainty associated with the study, 
most notably: 

• Incompleteness of the emissions inventory; , 
• Unrepresentative and/or inaccurate the toxic profiles; 

• Errors in the source emission estimates; 

• Errors/omissions in the emissions source Characteristics , 
ZThe modeling of ozone, which requires emissions and 

meteorological data representing many thousands of square miles, 
was beyond the scope of this study. Because ozone is formed and 
transported over large distances, ground-level concentrations 
tend not to vary sUbstantially from location to location. For 
the purpose of the current study, the monitored ozone .'concentrations will suffice to characterize current conditions. 
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• (e.g., stacx exit velocity, building heights); 

• Uncertainties in the dispersion model algorithms; and 

• Representativeness of the meteorological data . 

The problem of the incompleteness of the source inventory is 
troubling as it is impossible to account for non-reported 
emissions in a rigorous, representative ~.y. 

The problem of unrepresentative or inaccurate toxic profiles
results, in part, from the use of very broad source categories. 
For many of the voe sources, especially those related to solvent 
use and chemical and petrochemical manufacture, the existing 
inventories are not specific in describing the industrial 
activities that are producing eaissions. (For example, ~che.ical 
manutacturing-- average ft and ftorganic solvent use-- general" ~ere 

not unco~on). 

•
 
Reliance on the SPECIATE database for many ot the profiles
 

of VOC emissions is also an important source of uncertainty.
 
SPECIATE vas developed for use in ozone modeling and,
 
consequently, has drawbacks tor use in the Chester e.issions
 
inventory .
 

First, because ozone is a secondary pollutant (formed by the 
photo-oxidation of VOCs and other precursor emissions), the ozone 
domains are quite large and concentration gradients are 
correspondingly small. Correctly estimating the constituent 
chemical species o[ vee emissions [rom any single emission point 
(even a large one) is such less i.portant than the correctness of 
large geographical portions of the inventory as a vhole. For 
these types of inventories, the speciation of source categories 
only needs to be accurate on pverAge for a fAirly broad region. 
(In statistical terms, the estimate of the average that is 
i~portant, but the deviation of any given source trom the average 
is inconsequential.) In contrast, the modeling tor Chester, did 
vas quite lOCAl, and if a large emission points source's profile 
deviates greatly from the estimate from the SPECIATE database, 
then estimates of local pollutant concentrations will be 
effected. 

Also, in the development of the SPECIATE database, emphasis 
vaS placed on reactivity vith respect to the potential ozone 
formation-- toxicity was a secondary concern at best. There may 
be instances were chemical is in a SPECIATE profile is used to 
represent a class of compounds of similar reactivity. While the 
compounds may have similar reactivity, they may not have similar 

• 
tOXicities . 

Uncertainty is discussed in more detail in Section 5 of Air 
toxic Emission Inventory And Dispersion Mod@ling (or Cbester, 
Peonsylvpnia. 
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Table I e, 

Pollutant NMQS 
(j.1g!m3 unless inditated) 

1993 Monitored 
Concentration 

0 .. l-tlf(a) 12D ppb )23 ppb 

PM-lo, annual(b) 50 27 

60 

0.04 

24 

69 

121 

PM-)o, 24.hr(a) 150 

Ph, cal. quancr(e) 15 

SO" annual(e) 80 

so" 24-hour(d) ,OJ 

so" 3-hour(d) llOO 

NO" annual(e) 100 19 

nOi monitored 

nOl monitored 

CO,8-hour(d) 10 

CO, l.hour{d) 40 

,
 

,
 

,
 

.'
 
DaU! ShO"l1 arc from 1993, the mOil reeent rear for ,.:lrich complete data an: available. 

, 
<a> Standard is attained when the c~cled number of exccedanccs per year is leu 

than or equal 10 l. (Reponed monitored concentration is the second-high.) 
(b) SHlOdard is 3naincd when the expected annual arithmetic mean is less than or 

equal 10 SO. I 
(e) Never to be exceeded. (Reponed monhored concentration is the average of one 

quan!:! of available data from 1994.) 
(d) Not 10 be exceeded more than once per year. (Reponed monitored concenlfation 

i5 the sttond-high.) 

e'
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Figure 1: Modeling Emissions Inventory 
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Figure 1 dleplll¥6 the major emission sources [rom i;i~polnt ilnd area source modefing 
inventorieS. (Mobile source!! a["e l!xcluded.) It ahoutd be noted that. as II mgdeling 
inventory, thlo jrwentory is biased toward larCJer SOI.Jl:ces (especiilJ Iy BOllrc:ea outside 
of Cheater) beclluae only those sour-ces which were believe.d to have the potentilll La 
significantly impact Chester were included. For example, a 1,000 ton/ye<'lr Bource in 
wilmington would be included in the inventory while II 10 ton/year source may not . 
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CHESTER RISK PROJECT
 
FIGURE 4-4 - RISK TRADE-OFFS
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CHESTER RISK PROJECT 
FIGURE 4-5 • COMPARISON OF RISK LEVELS FOR FINISHED WATER SUPPLIES 
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CHESTER RISK PROJECT 
FIGURE 4-6 - COMPARISON OF RISK LEVELS FOR FINISHED WATER SUPPLIES 
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CHESTER RISK PROJECT 
FIGURE 4-7· COMPARISON OF RISK LEVELS FDA fiNISHED WATER SUPPLIES 

LIFETIME CANCEf~ RISK ESTIMATES FOR THMS BASED ON AVERAGE LEVELS DETECTED IN 19!rJ 
l.OOE-03. 
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RISK L£VEL FOIl TUMS AT me Mel OF 100 P'Pll-INTAKE DOSE EOUALS OENCtlMARK DOSE 
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CHESTER RISK PROJECT 
FIGURE 4-8· COMPARISON OF RISK LEVELS FOR FINISHED WATER SUPPLIES
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CHESTER RISK PROJECT 
fiGURE 4·9· COMPARISON OF RISK LEVELS FOR FINISHED WATER SUPPLIES 

I.ODE-OS, ANNUAL CANCER RISK ESTIMATES BASED ON AVERAGE CONTAMINANT LEVELS 
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CHESTER RISK PROJECT
 
FIGURE 4·10· COMPARISON OF RISK lEVELS FOR FINISHED WATER SUPPLIES 
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Figure 4-16 
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Residual Mass: EPA Region III 
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