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SAI HUMAN EXPOSURE TO ATMOSPHERIC CONCENTRATIONS OF SELECTED CHEMI CALS

ERRATA SHEET

Values for the reaction rate constants found on page 73 of the SAI Report
"Human Exposure to Atmospheric Concentrations of Selected Chemicals" were used to
estimate population exposure for 21 of the 35 chemicals evaluated. The computer
program used to estimate population exposure requires reaction rate constants to
be calculated on a decay per second basis. However, the values presented on page
73 were specified in decay per minute units. In some cases, this error resulted
in an underestimation of exposure and dosage estimates by as much as a factor of
ten. Corrected factors for the affected chemicals follow:

Acetaldehyde 7.3 x 10" sec”!

Acrolein 1.6 x 10°% sec™!, 5.0 x 107% sec”!

A1yl Chloride 3.0 x 1072 sec™!, 1.5 x 1078 sec™!

Benzyl chloride 2.8 x 107 sec™!

Chlorobenzene 4.67 x 107 sec”

Chloroprene 7.6 x 107° sec ', 2.0 x 10°° sec”!
m-Cresol 1.68 x 1077 sec'], 1.0 x 1078 sec”!
p-Cresol 1.41 x 10°% sec'], 1.0 x 1078 sec™!
0-Cresol 1.1 x 107% sec™, 1.0 x 1078 sec”!
o-Dichlorobenzene 7.5 x 1078 sec'1, 5.0 x 107 sec™!

p-Dichlorobenzene 7.5 x 107° sec'], 5.0 x 1077 sec™!

Ethylene Oxide 1.4 x 107° sec™!

Formaldehyde 4.2 x 1072 sec”!

PCB 7.0 x 107° sec”!

Phenol 2.95 x 1072 sec™', 1.5 x 10°% sec”!
Propylene Oxide 1.4 x 10°° sec”™!

Toluene 2.8 x 107 sec”!

Trichloroethylene 2.8 x 1072 sec”!

m-Xylene 1.2 x 1074 sec']

p-Xylene 1.12 x 1074 gec-!

5 -1

o-Xylene 5.6 x 10" sec
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SECTION 1 ¢
EXECUTIVE SUMMARY

INTRODUCTION

Recent federal legislation has responded to the increased public
awareness of and concern about the public health danger of man-made chemi-
cals in the environment. These laws have, in turn, placed more responsi-
bility on the Environmental Protection Agency (EPA) to assess the need for
requlatory control over the sources of these chemicals. Assessment of the
need for additional control requires information about the chemicals,
their interaction with the environment, and their health impacts on the
human population. As part of a continuing effort by the EPA to fulfill
this information need, the Strategies and Air Standards Division of the
EPA's Office of Air Quality Planning and Standards has commissioned the
study of human exposures to atmospheric concentrations of selected chemi-
cals that is reported here.

Chemicals such as those analyzed in this program are subject to con-
trol through several different legal and regulatory mechanisms. However,
regardless of the regulatory approach that is utilized, issues pertaining
to the health effects of the chemicals indicate the need for development
of the following information:

Quantities of pollutants emitted
Population at risk
Chemical and physical properties of the chemicals

VOV VWV

Danger to public health.



Thus, in support of the primary goal of estimating human exposure to
the given chemicals, it was necessary to quantify emissions of the chemi-
cals and to estimate the chemical and physical properties of the sub-
stances.

This study of human exposure to certain chemicals is one element of a
health risk assessment. Health risk depends on:

> The effect on human health of exposure to a pollutant
> The patterns of pollutant concentration
> The human population exposed to the pollutant patterns.

Since this program does not address the development or use of a health
effects model, it is not known what pooulation factors (e.g., age, sex,
occupation, racial background), environmental factors (e.q., climate,
diet, chemical reactions), and exposure factors (e.qg., duration and dosage
of exposure, concentration threshold, concentration level) are impor-
tant. Accordingly, the methodologies developed for use in our study are
designed to accommodate the quantification of such effects in future
studies.

The results of this study are expressed in terms of both the human
population exposed to different concentration levels of each substance and
tt 2 dosage potential (here called dosage) for the exposed population. As
used in this proqram, exposure is the number of people whose breathing
space contains the given pollutant at a specified concentration. Dosage
is not the quantity absorbed by human bodies, but for this program merely
the potential dosage measured by a concentration multiplied by the number
of people exposed. Both exposure And dosage are presented in annual
terms.



THE STRUCTURE OF THE STUDY TEAM

The study of human exposure and dosage to atmospheric concentrations
of the selected chemicals involves three major aspects, which may be for-
mulated in terms of "what, where, and who" questions:

> What material is released to the atmosphere?
> Where does the material go?
> Who receives the material at the places i1t reaches?

Each of these three program elements was addressed by a specific study
group:

> Systems Applications, Incorporated (SAI)--SAI managed the
program and developed and carried out all transport and
dispersion analyses (where); defined and executed the
exposure/dosaqe computations (who); and undertook all.
auxiliary studies, such as the species monographs,
reactivity studies, etc.

> Hydroscience, Incorporated (HI)--HI performed all emis-
sions work (what), deterﬁininq the locations, processes,
emission characteristics, and emission rates of all
sources of the studied pollutants.

> Minimax Research Corporation (MRC)--MRC created the popu-
lation data file (who) and the computer program used to
interpolate population concentration data and calculate
exposure-dosage.

The Principal Investiqator of the program was Gerald Anderson of SAI,
and the SAI program associate manager was Chung Liu. Hoi-Ying Holman
(SAl) carried out the programming of the "matrix modeling." The associate
manager for emissions studies was Dwight Erickson of HI, and the associate
manager for exposure/dosage software was Or. Carlos Puig of MRC.



Until September, 1979, the project manager for the EPA's Strategies
and Standards Division (SASD) was Richard Johnson; after a reorganization
of SASD, project management was the responsibility of Dr. Mancy Pate.

STUDIED CHEMICALS

Early in the program study period, the EPA presented a 11st of 4l
chemicals to be assessed in this study. Subsequently, the foliowing six
chemicals were deleted from the 1ist under EPA instructions:

> Acetylene tetrachloride

> Bischloromethyl ether (BCME)

> Chlorcmethyl methyl ether (CMME)
> Methyl lodide

> 1-paphthylamine

> 2-nitropropane.

Acetylene tetrachloride and l-naphthylamine were deleted from the
1ist because preliminary review of available information indicated that
neither chemical is any longer produced or used in the United States.
CMME 1s an intermediate created and consumed captively in the manufacture
of lon exchange resins. BCME 1is an impurity also created with CMME.
Available information indicated that BCME and CMME are totally consumed
when the reaction to form ion exchange resin 1s completed. The only
potential emissions source of either of these chemicals {is through an
emergency vent of the reactor at some time when one or both of the
chemicals is present. Methyl {fodide is an extremely small-volume
specialty chemical with an estimated annual production of 50,000 pounds.
Emissions from production and use as a reagent would be negligible. The
IMC Corporation plant, located at Sterlington, Lousiana, is the only
chemical plant that produces 2-nitropropane. This chemical is another
small-voiume specialty chemical. State air emissions files indicate that
no 2-nitropropane emissions results from its production.



Table 1 is a complete list of the remaining 35 chemicals. Emissions
data were estimated for all of them, with the exceptions of dimethylnitro-
samine and nitrosomorpholine. These two nitroso compounds are formed in
the atmosphere as the result of reaction between nitrous acid and amines
(Hanst et al., 1977), so emissions data for their corresponding precur-
sors, dimethylamine and morpholine, were estimated instead.

HEALTH RISK ANALYSIS

The human exposure analysis conducted in this study is part of a
health risk analysis for atmospheric pellutants. The latter is based on
the concept that adverse physiological changes may be produced in human
tissue that has contacted or absorbed some airborne material. The change
might depend--at least statistically--on some characteristic of the indi-
vidual (e.g., age, sex, occupation, racial background), on the complete
time pattern of the pollutant received (amount of dosage received over
exposed* time), and on any measure of that pattern. Pollutant patterns
can be measured in several ways:

> Total dosage.

> Dosage in a given time.

> Exposure at or above a given dose rate.

> Linear or nonlinear and continuous or noncontinuous func-
tions of any of the above measures.

Exposure is the occurrence of contact between human and pollutants.
Dose is the total amount of material received. In this report, the
concentration to which a person is exposed on an average annual basis
is a measure of the potential dose he may receive. This quantity,
sumed over all exposed persons, is referred to here as dosage.



TABLE 1. LIST OF CHEMICALS FOR HUMAN EXPOSURE/DOSAGE ESTIMATION

RNo. Chemical

1 Acetaldehyde

2 Acrolein

3 - Allyl chloride

4q Benzyl chloride

5 Beryllium

6 Carbon tetrachloride
7 Chlorobenzene (mono)
8 Chloroform

9 Chloroprene

10 m-Creso)

11 o-Cresol

12 p-Cresol

13 o-Dichlorobenzene

- 14 p-Dichlorobenzene

15 Dimethylnitrosamine
16 2,3,7,8-TCBD (dioxin)
17 Epichlorohydrin

18 Ethylene oxide

19 Formaldehyde

20 Hexachlorocyclopentadiene
21 Manganese

22 Methylene chloride
23 Nitrosomorpholine

24 Nickel

25 Nitrobenzene
26 PCBs
27 Phenol

28 Phosgene
29 Propylene oxide
30 Toluene
31 1,1,1-Trichloroethane
32 Trichloroethylene
33 m-Xylene

34 o-Xylene
35 p-Xylene



Determining the health risk of a person requires knowledge of the
coefficients of dependence on factors such as those listed above. Pro-
viding the inputs required for a health risk analysis, then, must include
identification of the following:

> A health effect as a function of characteristics of the
exposed person and of & pattern of exposure to an airborne
chemical.

> Emissions sources and emissions rates of the chemical.

> The dispersive environment of the source.

> The chemical and physical properties of the chemical in
the ambient air.

> The population distribution patterns, stratified by iden-
tifying characteristics, that are subject to the influence
of the sources.

Three qereral tasks are required to convert these inputs to a health
risk assessment:

> Estimation of concentration patterns of the pollutant in
time and space.

> Computation of the appropriate measure of the concentra-
tion patterns.

> Summation of the product of the concentration pattern
measure, the health effect coefficients, and the popula-
tion in each class over space and time.

The limitation of the focus of this study to human exposure rather
than health risk eliminates the necessity of having to identify a health
effect function., However, appropriate methods of exposure analysis depend
on the form of the health effect function. The function must be presumed
to depend on some function of the time history of concentration to which a
person is exposed. Even statistical bases for identifying health effects



functions are usually weak; therefore, the health effect functions used in
practice typically are based on the simplest possible measures of a con-
centration pattern. The two simplest measures are exposure and dosage.

Exposure is generally related to a given concentration level. This
type of model is applicable to reversible health effects. That 1s, below
the “standard" concentration, the body can repair damage rapidly enough to
suppress symptoms. As the standard is exceeded, the human body becomes
less capable of repairing damage at a satisfactory rate. Thus, damage
symptoms appear in more and more people. All of the so-called criteria
pollutants subject to National Ambient Air Quality Standards (NAAQS) are
presumed to produce reversible effects at NAAQS levels. The NAAQS them-
selves are exposure types of standards. Of course, sufficienf]y high
exposure to such pollutants can produce irreversible organ damage or
death.

Some pollutants can produce irreversible cell or genetic damage or
irreversible cancerous consequences at very low concentrations. Because
of the irreversibility of such effects, the total damage to the body can
depend on the accumulation of such events and thus on the pollutant dosage
that the body receives. If such damage 1s sustained at very low levels,
i1t may well be generally undetectable, yet its cumulative or randomly
critical nature may create an unacceptable health risk to the total popu-
lation. Some bodily damage may be reversible or inconsequential at low
levels of exposure or dosage but irreversible at higher levels. Such
behavior is referred to as "threshold" variation.

It is presumed that the effect of carcinogenic materials is to pro-
duce critical cell damage. Thus, carcinogenic health effects models
generally are dose (1.e., {ntegrated exposure) models, not exposure
models. The lack of firm statistical bases often leads to the adoption of
nonthreshold, linear models, even though thresholds and nonlinear effects
might be expected.



If Yinear (dose) models without thresholds are to be used for car-
cinogen (or other) risk assessment, estimation of exposure at specified
levels becomes irrelevant or, at least, nonintuitive., For example, a car-
cinogen risk analysis may be based on a linear, nonthreshold health
effects model. The total health risk would thus be proportional to the
long-term exposure summed for all affected people for the identified
period. Exposure of many people at low concentrations would be equivalent
to exposure of a few to high concentrations. The atmospheric dispersion
that reduces concentrations would also lead to exposure of more people;
therefore, ncrements to population risk would not necessarily diminish
with increasing dispersion time or distance. Limits to human risk would
ex1st only 1f the concentration or population patterns were bounded.

Since the mode) does not exclude background concentrations from global
transport, bounding of the concentration patterns by either chemical decay
or scavenging by such phenomena as precipitation and respiration would be
necessary for legitimate analysis by a linear, nonthreshold model.
However, arbitrary boundary limits (e.q., 20 km for specific point
sources) were set for this purpose.

In spite of this arqument, a linear health effects model was assumed
in this study. It is not practical to determine the time history of expo-
sure for a single person or for all the population as a whole in this
study, so the annual average exposure levels were estimated. Population
exposure was defined 1n this study as the number of people exposed to
annual average concentrations of ambient chemical no less than certain
exposure levels, 0Dosage was defined as the product of population and con-
centration (at no less than certain levels) to which they would be

exposed. Therefore, both exposure and dosaqe are functions of exposure
level.

A time factor has been built into both exposure and dosage. Since
the health risk is proportional to the long-term exposed concentration
under the linear assumption, annual population exposure should be a good



estimate of the number of people with a given level of health risk, and
dosage should be a geod indication of risk involved at a given level of
ambient concentration.

SOURCES AND EMISSIONS

The Yist of chemicals presented in Table 1 contains materials of
quite disparate character. Distinctive characteristics include the fol-
lowing:

> Phase--Solids, liquids, and gases (at ambient conditions)
are represented.

> Chemical Reactivity--Some are nonreactive; some decay by
atmospheric chemical processes; and some are created by
such processes.

> Ubiquity--Some are widely distributed; others are found in
isolated locations, fsolated times, or both.

> Mode of emission--In general, when a pollutant is exposed
to the atmosphere some fraction is lost to the atmos-
phere. Since each material is handled differently, it
enters the air by a different mode. Some identified modes
are
- Evaporation from open surface.
- Emission through a stack.
- Emission through a vent (a vent is not designed to ele-

vate the emitted material; a stack is).

- Leaks in plumbing or storage containers.
- MWind-blown dust.

> Emission rate--Rates range from minute to massive.

> Proximity to people--Materials are emitted from sites of
varying remoteness.

10



Because of the number of characteristics that must be addressed,
three different methods were used for estimating concentration patterns,
one method for each of three categorias of sources. The three source
categories are

> Major, specific point sources<-These consist of indivi-
dually {identified sources, usually a manufacturing
plant. Such sources have known locations and modes and
rates of emission. Each accounts for a significant frac-
tion of the national emissions of some species.

> Other point sources--Sources that are too numerous, small,
or of uncertain location, and yet produce isolated pat-
terns of significant concentration, are not treated speci-
fically. Rather, a prototype of such sources is defined,
and the results of prototype analysis are multiplied by
estimated numbers of sources that the prototype repre-
sents. Degreasers are an example of sources that were
treated by prototype.

> Area Source--Sources that are so numerous and emit so 1it-
tle that patterns of concentration are analyzed only “en
masse." Such sources include both stationary (e.g., home
chimneys) and mobile (e.g., automobiles) types. Emission
rates per unit area are estimated; emission modes are not
addressed.

Emission rates, modes, locations, and times were described for each
species studied. The emission work was done by Hydroscience, Incorporated
(HI), of Knoxville, Tennessee. Emissions characterization involved review
of trade literature, files of the various states, EPA reports and data,
and site visits and correspondence with staff of specific sources.

The results of this program include the completion of emissions sum-
maries that identify source locations and estimate the total nationwide

11



emissions of the 35 chemicals. These summaries are included in the
attached species reports. Further description of the emission estimation
process is given in Section 2. Rankings of the studied chemicals and
their sources by emission rate are given at the end of this section on
pages 21 to 32.

DISPERSION MODEL ING

The estimation of human exposure/dosage to atmospheric concentrations
of the studied chemicals involved three computational tasks:

> Estimation of annual average concentration patterns of
each chemtcal on the region about each source.

> Estimation of the population pattern over the area of each
computed concentration pattern..

> Computation of sums of products of the concentration and
population patterns to provide exposure/dosage estimates.

Concentration Patterns

The targe number of chemicals and sources that were modeled in this
program would consume large computer resources if conventional modeling
systems had been used. To keep computer costs within reasonable bounds
while ensuring that the computing effort would meet program needs, we
developed a combined "reactive prototype" and "matrix" modeling system.

The estimation of concentration patterns was done with a different
approach for each of the three source types described above.

> Specific point sources

> Prototype point sources
> Area sources.

12



Each of these types of sources reguires a different modeling
approach. In addition, the concentrations of some of the selected chemi-
cals depend on reactions in large-scale plumes of photoreactive materials
from urban regions or industrial complexes. Although SAl has developed
and used many types of photochemical simulation models, application of
such models to the number and variety of sources studied in the present
program would require large labor and funding resources; hence, these
models were not recommended for this program.

MAJOR (SPECIFIC) POINT SOURCES

Major sources of most of the selected chemicals are specifically
1dentified chemical manufacturing plants. Concentration patterns due to

unit emissions from such sources depend most strongly on several factors:

> Source elevation above terrain
> Wind vectors (speed and direction)
> Dispersive effects (i1ntensity of atmospheric turbulence).

Long-term average concentrations depend on the time histories of the
meteorological parameters. A useful simplification that greatly reduces
computational requirements is the computation of long-term average concen-
trations by taking climatological weighted sums of concentrations computed
for a set of discrete states of the atmosphere. This approach is used in
the EPA's climatological dispersion models, AQDM and CDM; for each state
of the atmosphere, these models compute Gaussian dispersion patterns. The
annual average concentration pattern 1s then computed as a weighted summa-
tion of the patterns for each atmospheric state. AQDM and CDM are
designed for application to urban regional problems with large inventories
of sources. The EPA's point source models, PTMAX, PTDIS, PTMTP, and CRS,
also use a Gaussian kernel, but are designed for estimating short-term
(one-hour to one-day) average concentrations. The approach used to
develop long-term average concentrations in the EPA's benzene exposure

13



study (Mara and Lee, 1978) was to compute one-hour results and to infer
annual averages by using assumed time-averaging period scaling factors.

In the present study, the computations were carried out taking into
account the following source-specific factors:

> Climatological data from nearest or otherwise most appro-
priate recording station.

> Individual treatment of releases from each identified
process or vent within a plant.

> Release height, speed, and buoyancy.

> Effects of wakes from nearby structures.

> Diurnal variations of emissions.

> Seasonal variations of emissions.

> Urban or rural character of area.

> Atmospheric chemical reaction after release of emissions.

GENERAL POINT SOURCES REPRESENTED BY PROTOTYPE

Some point sources are not treated individually because of their num-
ber and emissions strength; such sources are too numerous, their emissions
are too small to warrant individual modeling, or both. Unlike area
sources, these sources are separated widely enough that their pattérns of
poliution impact do not generally overlap. In lieu of the individual
modeling of each such source, a prototype source is defined to
represent each such source; dispersion and exposure/dosage patterns are
computed for the prototype; and results are multiplied by the number of
sources the prototype represents.

Such sources were modeled using the matrix model for unit emissions
rates rather than emissions rates for actual, specifically identified
sources. When appropriate, prototype sources were analyzed for each
region of the country using meteorological data representative of that
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region. The nineé geographic regions in the United States (see Figure 1)
are used here, and a model source would be defined for each generic source
cateqgory in each of the nine regions.

AREA SOURCES

Area sources of either a selected chemical or a precursor present a
common problem for modeling. In particular, the rich and complex patterns
of hydrocarbon emissions from general urban and industrial sources either
include or might produce through atmospheric photochemical reactions some
of the species on the analysis list. The treatment of such species in
photochemical airshed modeling is difficult (Anderson et al., 1977; Tesche
and Burton, 1978). The effort required for any one such exercise is sub-
stantial, and the effort required for a4 comprehensive analysis of all
urban regions relevant to this program would be prohibitive.

We have treated reactive effects through Jjudicious scaling of non-
reactive results by factors developed by photochemical "prototype" defini-
tions. Nonreactive modeling of area sources was carried out by use of a
box model (Hanna, 1973). This type of mode) can be used to treat general,
undifferentiated source densities in an urban region. Box model results
for each wind speed and stability, weighted by climatological probabili-
ties, were used to compute long-term averages.

Basic box models cannot portray effects of nonuniform source pat-
terns. If, for particular chemical species or particular source classes,
the dependence of emissions on population density or other identifiable
parameters is apparent and significant, we have used modifications to the
box model approach. As an example, it might be assumed in modeling
products of combustion of the lighter fuel o0il distillates that source
distribution patterns are proportional to population density patterns,
becduse most of such fuel is burned in residential furnaces in cold-
weather cities.

15
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Where possible, we have addressed dispersion modeling requirements by
using models that

> Are specific to source type

> Are specific to site

> Address relevant physical and chemical phenomena
> Address relevant time and space scales

> Are based on EPA-recommended algorithms

> Are computationally efficient.

More extensive descriptions of the dispersion modeling methods used
are presented in Section 3.

POPULATION MODELING

Population modeling was also done using different methods for each of
the three types of sources:

> Major, specific point sources
> Prototype point sources
> Area sources.

For major point sources, site-specific population patterns were
extracted from U.S. Census Bureau files using data at the Enumeration
District/Block Group (ED/BG) level. These data provide the finest resolu-
tion of population patterns avaflable. The data were scaled from 1970 to a
base year of 1978. Interpolations of population and concentration pat-
terns were used to develop patterns of exposure/dosage that were then
summed to produce source-specific exposure/dosage totals.

The same dispersion procedures were used for modeling of other point

sources, but, since only prototype sources were addressed, population data
were required only for prototypical conditions in each geographic
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region. Prototypical population was represented by the average population
density in the urbanized areas of each region.

For area sources, only city-average population density and area were
used for each city so modeled.

Extensive descriptions of these techniques are presented in
Section 3. Further description of the population data bases is given in
Section 2.

RESULTS

Twenty-nine reports are presented as attachments to this report.
Each report summarizes, for a single species, the following:

> Emissions sources, including number, identification, and
location of sources of each type.

> Emission and rate modes.

> A table of physical and chemical data.

> Tables of concentration, exposure, and dosage for each
source and source type, and total exposure and dosage.

The emissions study identified and provided computations of the con-
centration, exposure, and dosage patterns for the following:

> There were 311 major chemical manufacturing or consuming
plants covered in this study. Because some major chemical
plants were involved in more than one chemical, specific
point source modeling was applied for 538 plants. Since
there may be more than one source type in a plant, dis-
persion-dosage modeling was conducted for a total of 1819
individual point sources in this study.
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> There were 62 source categories involved in the prototype
modeling, each with nine regfons. Hencte, the prototype
point source modeling was conducted for a total of 558
prototype sources.

> Gaussian dispersion model computations weré made for all
“Urbanized Areas" (248) for each of the 77 area source
categories, for a total of 19,096 runs.

> Gaussian dispersion model computations were made for all
other cities (243) with a population over 25,000 for each
of the 77 area source categories, for a total of 18,711
runs.

> Box model computations were made for 150 c¢itie$ with popu-
lations between 2,500 and 25,000 for each of the 77 area
source categories, for a total of 11,550 runs.

In total, emission estimates and dispersion, population, and
exposure/dosage computations were made for 51,734 cases.

In Table 2 the 35 chemicals are ranked by their 1978 nationwide emis-
sfons. Table 3 1ists the 20 sites that emitted the greatest quantitites
of the 35 chemicals in 1978. A detailed breakdown of emissions from these
20 chemical plants is also given. Figure 2 displays sources that emit
more than 10,000 pounds per year of these chemicals; a complete 1list of
specific point sources of these 35 chemicals is included in Attachment A.

Sim{lar rankings of the 35 chemicals by their dosage potential to the
national total population are presented in Table 4, and the 20 sites pro-
ducing the greatest dosage potential of all studied chemicals combined are
presented in Table 5.

An extensive review of the uncertainties associated with these esti-
mates 15 presented 1n Section 4.
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TABLE 2. RANK ORDER LISTING OF STUDIED CHEMICALS BY TOTAL EMISSIONS

Chemical Abstract Total Emi'ssions"r

Rank Chemical Service Registry No. {1b/yr)
1 Toluene 108-88-3 2,235,842,590
2 1,1,1-Trichloroethane 71-55-6 538,730,000
3 m-Xylene 108-38-3 453,533,940
4 Methylene chloride 75-09-2 407,700,000
5 0-Xylene 45-47-6 268,497,360
6 Trichloroethylene 79-01-6 240,709,000
7 p-Xylene 106-42-3 239,270,414
8 Chlorobenzene 108-90-7 175,376,130
9 Carbon tetrachloride 56-23-5 65,030,000
10 p-Dichlorobenzene 95.50-1 49,900,950
11 Manganese 7439-96-5 35,000,000
12 Formaldehyde 50-00-0 33,000,000
13 Chloroform 67-66-3 24,040,000
14 Nickel 7440-02-0 22,573,640
15 o-Dichlorobenzene 95-50-1 15,269,450
16 Nitrobenzene 98-95-2 13,040,000
17 m-Cresol? 108-39-4 10,960,000
18 Morpholine 110-91-8 10,028,000
19 p-Cresol 106-44-5 9,124,941
20 Phenol 108-95-2 6,924,360
21 Acetaldehyde 75-07-0 4,853,950
22 0-Cresol 95-48-7 4,504,150
23 Chloroprene 126-99-8 3,523,092
24 Ethylene oxide 75-21-8 1,991,000
25 Propylene ox1ide 75-56-9 1,346,160
26 Allyl chloride 107-05-1 1,110,000
27 Epichlorohydrin 106-89-8 479,000
28 Beryllium 744-04-17 357,035
29 Phosgene 75-44-5 253,176
30 Dimethylamined 124-40-3 215,400
3l Acrolein 107-02-8 102,920
32 Benzyl chloride 100-44-7 100,271
33 Hexachlorocyclopentadiene 77-47-4 59,500
34 PCBs 11097-69-1; 30,020
11096-82-5
35 2,3,7,8 TCDD-(dioxin) 828-00-2 84

* Actual emissions estimated as of 1978. See attached species reports.
\ Emitted precursor to atmospheric formation of nitrosomorpholine.
§ Emitted precursor to atmospheric formation of dimethylnitrosoamine.

Source: Species emissions summaries by Hydroscience, Incorporated, Knoxville,
Tennessee included in attached species reports.
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TABLE 3.  RANK ORDER LISTING OF THE TOP TWENTY SITES BY TOTAL EMISSIONS

WITH INDIVIDUAL CHEMICAL CONTRIBUTION

Individual
Emissions Total
Contribution Emissians
Rank Company/Location Chemical (1b/yr) (1b/yr)

1. Dow/Freeport, TX Propylene oxide 577,700
Phenol 826,720
o-Dichlorobenzene 1,118,010
1,1,1-Trichloroethane 226,200
Mixed xylenes 30,400
Allyl chloride 539,120
Epichlorohydrin 170,740
Phosgene 18,450
Toluene 300,560
Ethylene oxide 176,000
Methylene chloride 185,880
Chloroform 30,230
Carbon tetrachloride 14,280
Trichloroethylene 184,400

4,438,760

2. Amoco/Decatur, AL p-Xylene 3,896,400
3. Celanese/Bishop, TX Formaldehyde 292,800
Acetaldehyde 3,294,800

3,587,600
4. Du Pont/Laplace, LA Chloroprene 2,541,678
Toluene 679,294

3,220,972

5. Hercules/Hopewell, VA Nitrobenzene 2,263,125

6. FMC/S. Charleston, WV Carbon tetrachloride 2,184,000
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TABLE 3 (Continued)

Individual
Emissions Total

Contribution Emissions

Rank Company/Location Chemical (1b/yr) (1b/yr)
7. Dow/Plaguemine, LA Nitrobenzene 567,375
Methylene chloride 331,410
Chloroform 78,690
Carbon tetrachloride 140,950
Ethylene oxide 192,GC00
Pronylene oxide 174,160
1,1,1-Trichloroethane 633,400

2,122,985
8. Shell/Deer Park, TX Phenol 804,440
Mixed xyleres 59,230
o-Xylene 367,200
p-Xylene 125,600
Al1yl chloride 259,490
Epichlorohydrin 89,030
Toluene 190,800

1,976,440
9. BASF Wyandotte/Geismar, LA  Phosqgene £,190
Ethylene oxide 121,000
o-Dichlorobenzene 1,113,010
Formaldehyde 270,000
Propylene oxide 5,080
Toluene 70,400

1,593,480
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TABLE 3 (Continued)

Individual
Emissions Total
Contribution  Emissions
Rank Company/Location Chemical (1b/yr) (1b/yr)

10. Mobay/Baytown, TX Phosgene 35,548
Toluene 90,080
o-Dichlorobenzene 1,453,416
Propylene oxide 5,820

1,585,724
11. Tennessee Eastman/ Acetaldehyde 1,416,810
Kingsport, TN p-Xylene 57,270

1,474,080
12. Celanese/Clear Lake, TX Acetaldehyde 1,231,360
| Acrolein 5,965
Ethylene oxide 185,300

1,472,625

13. Stauffer/Lemoyne, AL Carbon tetrachloride 1,456,000

14. Amoco/Texas City, TX ixed xylenes 140,520 °

m-Xylere 176,000
p-Xylene 1,034,630
Toluene 19,760

1,370,910
15. Mobay/New Martinsville, WV  Phenol 23,400
Phosgene 35,086
o-Dichlorobenzene 1,113,010
Propylene oxide 4,660
Toluene 70,400

1,256,556
23



TABLE 3 (Concluded)

Individual
Emissions Total
Contribution Emissions
Rank Company/Location Chemical (1b/yr) (1b/yr)
16. 0lin/Lake Charles, LA Phosgene 17,082
o-Dichlorobenzene 1,118,010
Pronylene oxide 1,840
Toluene 70,200
1,207,332
17. Amoco/Cooper River, SC p-Xylere 1,199,520
18. Du Pont/Deepwater, NJ Nitrobenzene 1,275
Phosgene 18,934
Chlorobenzene 63,650
Carbon tetrachlorice 75,720
Chloroform 142,300
Toluene r2,620
o-Dichlorobenzene oc,610
1,144,329
19. Hercules/Louisiana, MO Formaldehyde 299,500
Acetaldehyde 120,600
1,030,100
20. Allied/Moundsville, WV Phosgene 14,214
Methyl chloride 89,440
Chloroform 2,640
Carbon tetrachloride 820
o-Dichlorobenzene 894,410L
Toluene 56,320

1,077,844

Source: Species emissions summaries by Hydroscience, Incorporated, Knoxville,

Tennessee; included in attached species reports.
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ENIIV1IBNI 1,000,000 LDB/TR
ENI331aNd 300,000 LB/YR
EMISSIEANS 100.000 LB/YR
EMISSIBNS » S0.000 LB/YR
ERISSIONG > 10.000 LB/YR

Source: Species emission reports were made by Hydroscience, Incorporated, Knoxville, Tennessee, and
are included in the attached species reports.
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TABLE 4.

STUDIED CHEMICALS RANKED BY ESTIMATED

TOTAL U.S. DOSAGE*

Total Dosage

Ranking Chemical [(Jg/m3) persons ]
1 Toluene 1,748,971,000
2 Methylene chloride 410,800,000
3 m-Xylene 348,852,000
4 1,1,1-Trichloroethane 338,000,000
5 o-Xylene 216,759,000
6 p-Xylene 174,532,800
7 Chlorobenzene (mono) 73,059,100
8 Carbon tetrachloride 68,806,200
9 p-Dichlorobenzene 51,430,000

10 Trichloroethylene 34,523,000
11 Manganese 30,420,000
12 Chloroform 24,729,508
13 Nickel 16,669,800
14 Formaldehyde 16,197,800
15 m-Cresol 11,012,000
16 p-Cresol 9,185,000
17 o-Dichlorobenzene 7.238,000
18 o-Cresol 4,485,000
19 Nitrobenzene 2,774,000
20 Phenol 1,028,300
21 Acetaldehyde 469,000
22 Beryllium 219,600
23 Chloroprene 188,000
24 Epichlorohydrin 177,400
25 Propylene oxide 107,930
26 Ethylene oxide 78,200
27 Phosgene 26,300
28 Benzyl chloride 19,180
29 Hexachloropentadiene 19,100
30 Allyl chloride 9,770
31 PCBs 9,130
32 Acrolein 7,380
33 Nitrosomorpholine 6,900
34 Dimethylnitrosamine 620
35 2,3,7,8-TCDD (dioxin) 76

* Potential dosage: Exposed persons times annual average
atmospheric concentration to which they are exposed.

Source: Systems Applications, Incorporated,

computations.
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TABLE 5.

TOP TWENTY MAJOR POINT SOURCES RANKED BY TOTAL DOSAGE* TO EXPOSED POPULATIONS
FROM ALL STUDIED CHEMICALS EMITTED FROM EACH SOURCE

Individual

Chemical Dosage Total Dosage

Rank1ing Company Location Chemical [iJg/m3) persons] [jtg/m3)7 persaons]

1 FMC South Charleston, WV Carbon tetrachloride 2,310,000
2 ARCO Houston, TX Toluene 12,500
m-Xylene 9,870
- o-Xylene 371,000
p-Xylene 302,000

695,370

3 Amacao Decatur, AL p-Xylene 558,000
4 Allied Moundsville, WV Carbon tetrachloride 725
Chlaraform 18,900
o-Dichlorobenzene 382,000
Methylene chloride 10,600
Phaosgene - 6,190
Taluene 8,290

486,700

gl

. (’.N-l' )

s arAeT

— gy W



TABLE 5 (Continued)

Individual
Chegigal Dosage Tota] Dosage
Ranking Company Location Chemical (- 'm") - persons] [(wg/m’) - persons]
5 Amoco Copper River, SC p-Xylene 381,000
6 Monsanto Sauget, IL Benzyl! chloride 1,580
Chlorobenzene 282,000
o-Dichlorobenzene 15,200
p-Dichlorobenzene 24,400
2,3,7,8-TCDD 1.6
Toluene 960
324,142
7 Yulcan Wichita, KA Carbon tetrachloride 36,400
Chioroform 44,700
2,3,7,8-TCDD 0.73
Methylene chloride 161,000

242,100
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TABLE 5 (Continued)

Individual
Chemical Dosage Total Dosage
Ranking Company Location Chemical [(ug/m3) - persons] [(ug/m3) - persons]
8 Dow Freeport, TX Allyl chloride 4,950
Carbon tetrachloride 1,780
Chloroform 3,830
o-Dichlorobenzene 67,400
Epichlorohydrin 19,100
Ethylene oxide 6,310
Methylene chloride 21,100
Phenol 8,320
Phosgene 1,110
Propylene oxide 22,700
Toluene 11,200
1,1,1-Trichloroethane 71,600
Trichloroethylene 1,550
m-Xylene 180
o-Xylene 100
p-Xylene 84

241,320

9 Du Pont Parkersburg, WY Formaldehyde 199,000
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TABLE 5 (Continued)

Individual
Rankf Ch@aigal Dosege Tota) Cosege
ing Company Location Chemical ((ug/m’) - persons] [(ug/w’) - perscns]

10 Unfon Carbide South Charleston, WY o-Dichlorobenzene 145,000

Phosgene 4,460

Propylene oxide, 3,050

Toluene 5,560

158,07C

11 Hercules Hopewell, VA Nitrobenzene 158,000
12 Shell Dear Park, TX Allyl chloride 2,610

Epichlorohydrin 40,300

Phenol 1,570

Toluene 7,520

m-Xylene 647

o-Xylene 45,200

p-Xylene 15,700

143,550

13 Du Pont Deepwater, NJ Carbon tetrachloride 25,000

Chlorcbenzene 13,900

Chloroform 33,300

o-Dichlorobenzene 48,800

Nitrobenzene 330

Phosgene 3,500

Toluene 6,740

131,570



TABLE 5 (Continuved)

3

Individual
Chemical Dosage Total ODosage
Rank{ng Company Location Chemical [(ug/w’} - persans] [(ug/w’) - persons]
14 Mobay Baytown, TX o-Dichlorobenzene 116;000
Phasgene 2,080
Propylene oxide 123
Toluene 4,520
122,270
15 Dow Plaquemine, LA Carbon tetrachloride 14,900
Chioroform 8,440
Ethylene oxide 10,500
Methylene chloride 34,800
Nitrobenzene 13,200
Propylene oxide 4,430
1,1,1-Trichloroethane 30,300
116,570
16 Du Pont Laplace, LA Chloroprene 90,200
Toluene 25,400
115,600
17 Union Carbide Institute, WV Nitrobenzene 109,000
Propylene oxide 4,130

113,130
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TABLE 5 (Concluded)

Individual
Cheﬂigal Dosage Tota] Dosage
Ranking Company Location Chemical [(ug/e’) - persons] [(ug/e”) - persong]
18 0lin Lake Charles, LA o-Dichlorobenzene 104,000
Phosgene 1,320
Propylene oxide 57
Toluene 4,240
109,620
19 Celanese Bishop, TX Acetaldehyde 4,910
Formaldehyde 99,100
104,010
20 Perstorp Toledo, OH Acetaldehyde 12,10
T Formaldehyde 75,700
87,800

* Potential dosage: Exposed persons times annual average atomospheric concentration to which they are exposed.

Soyrce: Systems Applications, Incorporated computations.




CAVEATS

The program goals can be technically met at different levels of rigor
and detail. The rigor and detail possible in applying program results to
health risk analyses depend not only on the quality of this program's
results, but also on the validity of the health effects function used and
its consistency with the results of this program and with practical con-
straints of an economic, social, or political nature.

The program team has sought to produce results that are as broad and
flexible in scope and as rigorous and detailed as possible given con-
straints such as those identified below.

> Dispersed sources such as vehicle emissions and small
industrial and commercial users have been linked to popu-
lation, heating (degree-days) or other surrogates wherever
possible. Thus, only coefficients of emissions per unit
surrogate as a function of time (where appropriate) were
developed for this source class.

> Site-specific exposure and dosage calculations were termi-
nated at 20 kilometers. To avoid double counting of expo-
sures at low ;oncentrations, generic source exposure tabu-
lations were terminated at distances corresponding to
estimated typical source separations (dosages were not so
terminated).

> Reactive production or decay rates of studied chemicals
were developed only for prototype species. Reactive
effects for each species were estimated using rates
related to rates for the most appropriate reactive proto-
typical species. No attempt was made to model chemical
reactions downwind of each source, and reactive effects
were addressed by assuming constant rates.
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Diurnal shifts of population from residential to employ-
ment areas were not computed. Nationally comprehensive,
disaggregated employment data are not available for this
purpose. The methodology developed would, however, pro-
vide for this computation when specific site applications
in future programs warrant assembly of a data base.
Certain existing data that would support more detailed
city specific fuel usage estimates were not collected
because of resource limitations. For example, it 1s known
that distillate fuel usage for space heating 1s not dis-
tributed solely by heating dégree-day patterns; such use
also depends on patterns of availability of alternative
fuels or on the local cost of electricity, or both.
Diurnal emissions patterns were not estimated. This is
valid for continuously operated industrial sources, but it
is not valid for most area or generic point sources or
some specific point sources. For example, 1t is clear
that some gas stations, dry cleaners, and businesses using
degreasers close at night.

Because diurnal emissions patterns were seldom estimated,
correlations between meteorology and emissions parameters
were not addressed. That is, night shutdowns were not
correlated with slow, stable winds, nor with possibly pre-
ferred directions.

The issue of the effect of world-wide exposures at vanish-
ingly small concentrations was not addressed in the analy-
sis (this 1ssue is discussed, however, in Section 3).

The issue of preferred spatial distributions of area or
generic point sources was not resolved (e.g., four gas
stations at a single intersection is a common deviation
from a uniform density of stations).

The atmospheric production of some species studied (e.g.,
formaldehyde) from other anthropogenic precursors (e.g.,
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gasoline fumes) was not addressed. Such a study would
require photochemical modeling of the entire country, The
capability of modeling individual hydrocarbon species on
such a scale is not now available.

> Natural sources of the selected species (e.g., the metals)
were not considered.

> Computation of poliutant dispersion by building wakes does

" not address details of building shape.

RECOMMENDATIONS

We recommend that several features of the analysis and of the com-
puter programs be addressed or improved in the course of their future
use. Specifically, we recommend the following:

> (Certain options (e.q., urban/rural choice of dispersion
parameters) were suppressed in the final computer programs
because implementing data were not available. We recom-
mend some additional programming to permit more flexi-
bility in the use of proaram options.

> An effort be made to determine and address space heating
fuel use patterns.

> Available data on background concentrations of species of
interest be reviewed for possible consideration in
validating or supplementing dispersion studies, or both.

> Atmospheric production and associated ambient concentra-
tion estimates be made for species for which this is
important.

> We recommend that detailed dispersion-exposure estimation
modeling techniques be developed and applied for a small
set of chemical-emitting specific sources. This would
incorporate detailed plant emission characteristics, a
complete decay/removal packaqe, and population exposure
charatteristics.
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We recommend that a detailed urban areawide concentration-
dosage modeling approach be developed. A typical metro-
politan area may be selected as an example to determine
the concentration-dosage patterns for certain chemicals of
concern.

We recommend that population distribution patterns and
diurnal variations be examined for urbanized areas. This
1s of prime importance to the estimation of exposure--
dosage of chemicals emitted from area sources.

We recommend that the method of estimating the exposure-
dosage be related to the current methods of estimating
health effects of chemical exposure; that is, the implica-
tion of any choice of health effects model should be
explicitly recognized in carrying out exposure/dosage
estimations. This should provide basic information for
focusing the modeling efforts on the critical threshold
levels and time and dosage patterns of chemical exposure.
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SECTION 2

DATA BASES

Four major types of data are essential for assessing exposures to and
dosages of atmospheric chemicals:

> Emissions inventories of chemicals

> Atmospheric reactivities of chemicals
> Meteorological data

> Population distributions.

The acquisition, processing, and preparation of these data bases are
delineated in this section.

EMISSIONS DATA

The development of emissions inventories for the 35 chemicals was
conducted by Hydroscience, Incorporated (HI), under subcontract to SAI.
HI has an extensive background in determining emission levels and control-
1ing the release of pollutants from various manufacturing processes. HI
s the prime contractor to the Emission Standards and Engineering Division
(ESED), Office of Air Quality Planning and Standards, Environmental
Protection Agency, for the project entitled Emissions Control Options for
the Synthetic Organic Chemicals Manufacturing Industry, Contract No. 68-
02-2577. The term of the contract is March 1977 to March 1980. The cur-
rent estimated total cost is approximately $2.9 million. The primary
objective is to gather sufficient information to allow ESED to fulfill its
responsibility to establish new source performance standards and asso-
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ciated guideline documents for the synthetic organic chemical manu-
facturing industry. HI acquired the data necessary to identify emissions
of chemicals that would provide a basis for dispersion model studies for
human exposure assessment. Emissions were identified for each chemical
for both production sites and user locations, and emissions characteris-
tics such as quantity, rate, composition, and stack parameters were
defined.

It was apparent that individual chemical emissions assessments could
best be completed in a combined summary, especially in cases of common
producer and user locations or where products are co-produced at the same
location. Chemicals such as o-, m-, and p-cresols were summarized in one
report. A total of 25 emissions summaries that cover the 35 chemicals
were completed. A1l 25 summaries are included in Attachment A. The
methodology used to identify chemical emissions is discussed here together
with summarized emissions results and uncertainties involved in developing
the emissions inventories.

Source Identification

In this study we identified three distinct categories of sources;
each source category presents different data-gathering problems.

Specific Point Sources--

Specific point sources are defined as known locations identifiable by
geographic coordinates for which the emissions of a specific chemical can
be estimated and assigned. Specific point source locations were deter-

mined from a variety of published sources:

> 1978 Directory of Chemical Producers and Chemical
Economics Handbook, published by Stanford Research
Institute.
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> "Chemical Marketing Reporter."

> U.S. Government publications, such as the U.S. Tariff Com-
missfon's "1977 Synthetic Organic Chemical Production and
Sales."”

> Reference guides, such as the "1977 Kline Guide to the
Chemical Industry."

> QOther sources, such as trade associations, trade Jjournals
and pertodicals, and technical journals and periodicals.

Once the point source locations (including company name, city, and
state) were determined, geographic coordinates were assigned. Most of the
geographic coordinate information was obtained via personal communication
with various state air agencies or, in some cases, from EPA regional
offices. Information also was obtained from emissions inventory files; in
some cases, Hl determined coordinates by using United States Geological
Survey maps. Some of the geographic coordinates obtained were in
Universal Transverse Mercator units (UTMs), which were converted by use of
a computer program to geodetic coordinates (latitude/longitude) by SAI.

After the locations were identified, the total quantity of the spec-
1fic chemical produced or used at each of the sites was estimated. Total
chemical production and use guantities were obtained from published
sources. Three methods were used to determine individual site production
and use quantities. When possible, total capacity and individual plant
capacity figures were obtained. Total production and industry use was
then distributed over each site based on the ratio of the site capacity to
the total industry capacity. This was done because the total industry
capacity 1s a much more accurate estimate than 1s the individual site
capacity. In a second method, used in a few cases, average site capac-
1ties were estimated because only ranges of site capacities were known.
In such cases, production and use quantities were then distributed by
ratioing the average site capacity to the total industry capacity. Using
the third method in cases for which individual site capacity figures were
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not available, the total quantity of production or use was distributed
evenly over all sites in the industry or apportioned on the basis of num-
ber of employees at each site.

Prototype Point Sources--

Prototypes were defined and analyzed for some point sources because
the sources are too numerous or unknown to allow identification of
specific locations with geographic coordinates. Prototype model sources
were defined for different regions and were modeled in the same fashion as
specific point sources. The results were then scaled to represent all
sources of the same nature. Examples of this type of source are power
plants, refineries, and gas stations. Prototype point sources were ysed
to analyze some specific chemical uses and most incidental sources of the
chemicals assessed in this program.

To enable a regional analysis of exposure from sources analyzed by
prototype, the prototype model source had to be defined and the number of
sources in each of the geographic regions had to be determined. Total
usage was then distributed over each of the regions by assuming an average
quantity per site or by apportioning the use based on the number of
employees in each region involved in the use of that specific chemical.
Incidental source locations were distributed in the same manner.

Area Sources--

Area sources are those sources of chemical use or incidental emis-
sions that could not be described as either a specific point source or as
a generic point source because the use is too widespread or unknown. Such
sources included home, business, and transportation uses of specific chem-
icals such as p-dichlorobenzene for moth control or toluene as a solvent
in paints or as a constituent of gasoline.
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Emission Estimations

Emissions Factors--

Emissions factors were developed to estimate the emissions from the
production, consumption, and incidental formation of the various chemicals
assessed. The emissions factor is expressed as the total pounds of a
specific chemical lost to the atmosphere per pound of the chemical pro-
duced or used. Multiplication of the emissions factor by the quantity of
the chemical produced or used at an individual site or in a specific geo-
graphic region during a specific time period yields the estimated chemical
emissions, in pounds, for that location.

The total emissions resulting from the production or chemical inter-
mediate use of a specific chemical are a summation of process, storage,
and fugitive emissions losses:

> Process emissions are discrete losses that occur at
process vents from reactors, columns, and other types of
plant equipment.

> Storage emissions include losses from the raw material
feed, in-process and final product storage tanks, as well
as from loading and handling losses.

> Fugitive emissions are losses that result from plant
equipment leaks, visual openings, evaporation from waste
products, and other nondiscrete sources.

For most chemicals emitted from chemical production and intermediate con-
sumption facilities, emissions factors were estimated spearately for pro-
cess vent, storage emissions, and fugitive emissions. However, in some
cases, only a total emissions factor could be determined, and further
breakdown was not possible given the lack of emissions data at those
specific sites.
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Emission factors were not used to determine losses of chemicals used

in solvent applications. Emissions resulting from solvent applications

were estimated by assuming that all the solvent used, or all but a small

waste fraction of the solvent used, is eventually released to the atmos-

phere.

For the purpose of this report, emissions from the export of spe-

cific chemicals were assumed to be negligible. To develop specific

chemical emissions factors, data from four different types of information

sources were used:

>

Level A--Plant Site Visits: These data were obtained by
Hydroscience while performing tasks for EPA contract No.
68-02-2577, “Emission Control Options for the Synthetic
Organic Chemical Manufacturing Industry.” Under this con-
tract Hl assessed approximately for uncontrolled,
controlled, and best estimates of current volatile organic
compound (VOC) emissions resulting from chemical produc-
tion facilities. Data were obtained by actual site visits
to selected producers. Emissions estimates were developed
for model plants based on the data obtained by visiting
two or more producers of each chemical assessed. The
emissions factors derived from this information reflect
some degree of control and include only the estimated
losses of the specific chemical in question. Other
associated VOC losses were not included in the emissions
sumaries. This level of information was considered the
best because it includes the most recent data available,
and it incorporates some level of existing control in the
emissions estimates.

Level B - State Air Emission Inventory Questionnaires
(EIQs): The air EIQs for most manufacturing sites are on
file at various state air agencies throughout the United
States. Hydroscience has obtained air files from Texas,
Louisiana, I11inois, New Jersey, and others states, on
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approximately 200 chemical and petrochemical manufacturing
sites. These files were used to develop emissions factors
for a number of the chemical-emitting processes. Emis-
sions data on most of the questionnaires {nclude total
quantities per year of various kinds of YOC emissions from
process and storage vents as well as fugitive estimates.
The total emissions of a specific chemical were tabulated
from process, storage, and fugitive sources for one or
more producers and divided by the total production
expressed as a percentage of a plant's rated capacity.

The quality of the emissions data usually varies
considerably. Process vent data are usually obtained from
test results, while storage tank losses are usually based
on AP-42 calculations. Fugitive estimates, {f made, are
normally obtained by the material balance method. As in
the case of Level A data, only the emissions of the
specific chemical in question were estimated. Other asso-
ciated VOC emissions were not included 1n the emissions
estimates.

Level C--Other Published Sources: These emissions factors
were obtained from a variety of published reports prepared
by other contractors for the EPA. In the individual
¢hemical summaries, the specific emissions factor obtained
from these sources is referenced: 1In most cases, the
accuracy of these data is not known, since the specific
information used to der{ve the emissions factors 1s not
given. This level of information was used only 1f Level A
or B data were not available.

Level D--Hydroscience Engineering Estimates: In some
cases, emissions factors were not available from any of
the three source levels previously discussed. Rather than
omit these sources of emissions entirely, emissions esti-
mates were made by Hl process engineers. These estimates
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were made using synergism between the unknown process and
a process that had been previously defined. In other
instances, an emissions factor for an unknown chemical
intermediate use of a specific chemical was calculated
based on a weighted average factor of all the other known
chemical intermediate uses of the same chemical. Although
specific quantification of the data quality is unknown,
this is obviously the least accurate source of the four
levels used.

Yent Parameter Data--

Vent parameter data are necessary for dispersion modeling of the
chemical emssions. The vent parameter data in each of the chemical sum-
maries include the number of process and storage tank vents, vent height,
vent diameter, gas discharge temperature, gas emission velecity, fugitive
discharge area, and building cross-sectional area. These data were
obtained from the same four source levels discussed above, under emissions
factors. Some data were supplied by producers during site visits, some
data were obtained from EIQs, and some from other published reports or
text books. The vent parameter data in the individual chemical summaries
are usually an average of two or more sources of information. In cases
where no data were available, they were estimated by Hydroscience
engineers.

Summary and Conclusions

Emissions summaries covering 35 selected chemical compounds were com-
pleted for this program. The amount of effort required to complete each
summary varied greatly. Chemicals that are produced and captively con-
sumed, such as chloroprene, required minimal effort; chemicals with multi-
ple production processes and multiple, complex uses and incidental
sources, such as toluene, required considerably more.
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The completed summaries and resulting emissions estimates are felt to
be representative of current manufacturing activities for the production
and use of each of the assessed chemicals. 1t is acknowledged that there
are discrepancies between some of these estimates and others previously
completed. The following points need to be considered when comparing
these estimates:

> The base year for all chemicals assessed in this program
is 1978. A number of the chemicals assigned for study
have known toxicity problems, and considerable pressure
has been exerted to restrict their use in numerous appli-
cations. As a result, almost half of the chemicals
assessed had lower production totals in 1978 than in pre-
vious years. In addition, most solvent applications,
which are usually the single largest source of emissions
for most chemicals, have negative growth forecasts because
increased concern for health and safety have brought about
further use restrictions. Reduced production levels will
result in reduced emissions, assuming the percent lost
remains constant. Reduced solvent usage will markedly
reduce total nationwide emissions of a chemical.

> The emissions factors used to estimate emissions represent
only the fraction of the specific chemical that is lost.
They do not take into account other associated volatile
organic compounds (VOC) that normally are emitted along
with the chemical being assessed. For example, nitro-
benzene accounts for less than 20 percent of the total VOC
emitted from nitrobenzene manufacture and captive use to
produce aniline.

> Some degree of control is inherent in most of the data
used to compute emissions factors. The factors do not
represent completely uncontrolled emissions losses. As
more old plants are taken out of service and replaced by
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new ones with a greater number of more efficient control
devices, the overall emissions factors will be reduced.
This might result in smaller total industry emissions even
if production were to increase significantly.

METEOROLOGICAL DATA

The dispersion computations carried out on this program require input
data on wind speed, wind direction, and the intensity of atmospheric tur-
bulence. The turbulence intensity was represented, as usual, by the

atmospheric stability class.

Acquisition and Processing of STAR Data

Martin and Tikvart (1968) developed a computer program (the "STAR,"
or STability ARray program) that generated frequencies and percentage fre-
quencies of wind direction by speed classes for each stability category
from routinely collected data. The specifications of stability categories
depending on wind speed and sky cover were set up by Pasquill (1961) and
were modified by Turner (1964). The program was adopted for use at the
National Climatic Center (NCC) in Asheville, North Carolina, where
archived records of all national reporting weather stations are kept. The
most up-to-date version of the STAR data from all STAR stations in the
country was obtained on magnetic tape from NCC, and the matrices of STAR
frequencies used in this study were taken from these tapes.

The STAR data obtained from NCC for this study were reprocessed for
the following reasons:

> There are more than one set of frequency summaries for
most STAR stations. By way of illustration, STAR station
14819 (Chicago/Midway) has 27 sets of data corresponding
to different periods of record and different methods of
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categorizing stability (e.g., one method distinguishes
between day and night hours; another does not). It would
be time-consuming to select the appropriate set of data
for use each time a source 1s studied. Rather, selection
should be conducted uniformly using the same criteria, and
the most appropriate set of data would be used for each
station.

> The entire STAR data consist of six files, and the sta-
tions are arranged in numerical order of their station
codes within files 1 to 4, file 5 and file 6. Without
reprocessing the data, the tape must be fully scanned for
each source, the cost alone of which 1s sufficient incen-
tive for data reprocessing.

> Not all data sets for all stations are in the same
format ur array. The great majority of data sets are
developed for 16 wind directions, but there are a few with
only 8. The greatest variation in the data format
involves the specification of stability categories. The
number of stability categories defined for different data
sets varies from five to eight, and the most common varia-
tion was the inclusion/exclusion of day and night distinc-
tions. The day-night splits were based on probabilities
provided in the current STAR algorithm. The dispersion
model is based on the availability of daytime and night-
time STAR data, so a day-night STAR data set was developed
for each station.

The first stage in the development of an appropriate STAR data base
was to manually select the most appropriate set of frequency summaries for
each STAR station. The STAR Tabulations Master List (National Climatic
Center, 1979) was used to make the selection by applying the following
criteria, arranged here in order of importance:
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> Data sets with errors or incomplete data were deleted.

> Data sets based on measurements conducted during a limited
time period in a day or under special conditions would not
be used.

> Data sets covering only parts of years would not be used.

> Data sets with day-night split would be selected in pre-
ference to those for which there is no day-night break-
down.

> Data sets with the longest recording period would be
selected.

> Data sets with seven stability categories would be
selected in preference to those with eight; sets having
s1x and five cateqories would be selected last.

> Data sets with the most recent records would be selected
preferentially.

The selected data sets were then reprocessed into a common format.
computer program was coded and used for selecting the appropriate data
sets and converting these data sets with different specifications of sta-
bility categories into the default stability array with 16 wind direc-
tions, 6 wind speed classes and 7 stability cateqories (A, B, C, Dday'
Dniqht' E, and F). Following are the basic rules used in conducting such
conversions (U.S. EPA, 1977):

> Day-night data sets with seven stability cateqories are in
the default format.

> For day-night data sets with six stability categories, a
seventh category, F, would be added with all zeros for its
frequencies (F frequencies having already been assigned
to E).

> For day-night data sets with eight stability categories,
the frequencies for the last two stability cateqories (F
and G) would be combined into a single category (F).
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> For data sets with five stability categories, the fourth
category (D) would be split into two categories (Dday and
Dn1ght) with 60 percent of the frequencies assigned to
Dday and 40 percent to Dnight‘ The original fifth cate-
gory would become category E, and a new category with all
zero frequencies would be added as category F.

> For data sets with six stability categories, but without a
Dnight category, the fourth category would be split
(60:40) into categories Dday and Dn1ght'

> For data sets with seven stability categories, but without
a Dnight category, the fourth category would be split
(60:40) into Dday and Dn1ght' and the last two categories
in the original data set would be combined to form cate-
gory F in the new default format.

> For data sets with eight stability categories, but without
a Dnight category, the fourth category would be split
(60:40) into Dy,, and Dnigne The last three categories
in the original data set would be combined to form cate-
gory F in the new default format.

The reprocessed data sets would have a format including 16 wind
directions, six wind speed classes, and seven stability categories with
categories A, B, C, and Dday in the daytime and categories Dn1ght- E, and
F in the nighttime. There are data sets for 311 stations in this repro-
cessed STAR data file; their locations and recording periods are listed
in Table 6%. This data file was used for dispersion modeling of chemical
emissions from specific and generic point sources. It is also in a form
suitable for direct application for most long-term air quality modeling.

* Because of its length, this table appears at the end of this subsection
on pp. 74 ff.
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STAR Station Selection

Meteorological data recorded at the STAR station nearesi to the
source may be used in the dispersion modeling. However, local meteoro-
logical trends and topographic features may be more important factors in
selecting a STAR station than is the absolute distance between the source
and the station. A STAR station with climatologicel conditions moct
similar to those of the source of emissions may not be the nearasst sta-
tion, so the STAR stations were manually selected to take intc account
these factors.

The STAR station selection process developed and used in this study
consists of a crude candidate identification process and a detatled

assessment process.

Preliminary Candidate STAR Station ldentification Process

The purpose of the preliminary process is to identify 2 to 10 candi-
date STAR stations for each major point source. The major criteria used
in selecting these candidates are the availability of STAR data and the
absolute distance between the source of emissions and the STAR station.
Only those 311 stations listed in Table 6 were considered STAR stations
here. The following steps were involved in this process:

> All of the 311 STAR stations were computer-plotted on four
transparency maps [(Figures 3(a) to 6(a)].” The five-
digit code of each STAR station was printed on the maps
with the third digit representing the exact location of
the station.’

* Because of their length, these figures appear at the end of this
subsection on pp. 90 ff.

T Al codes that do not overlap {n printing are presented in
Figure 3(a). Potential overlapping codes are printed on subsequent
figures [4(a) - 6(a)].

50



> Information on each specific point source of emissions was
collected:
- Company name.
- Plant location.
- Geodetic coordinates (Yongitude and latitude).

> Each of the sources was computer-plotted on a map with the
same coordinates and scales. For example, the six sources
as plotted on the background maps of Figures 3 through 6
represent six major chemical-emitting sources in the
United States (see Table 7).

> ﬁy overlapping the STAR station transparency maps and the
emissions source maps, the candidate STAR stations were
identified for each emissions source based on the nearness
of the STAR stations to the emissions sources.

TABLE 7. LOCATION OF SIX MAJOR CHEMICAL-EMITTING SOURCES
No. Compahy Location Latitude Longi tude
1 Dow Freeport, TX 28°59'30" 95°23' 35"
2 Amoco Decatur, AL 34°36'12" 86°58'24"
3 Celanese Bishop, TX 27°34'06" 97°49'27"
4 DuPont Laplace, LA 30°04'00" 90°32'00"
5 Hercules Hopewell, VA 37°15' 348" 77°17'14"
6 FMC S. Charleston, WV  38°22'10" g1°40'02"

* From Table 3.
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Detailed STAR Selection Process

Of paramount importance in this process is the matching of STAR sta-

tions and emissions sources that are in similar local meteorological

regimes and are influenced by similar orographic (topography on the scale

of mountain ranges) conditions. HMajor features considered here include

the following:

>

Surface thermal patterns, which can affect the local

wind. For example, the local sea-land breeze wind system
1s usually limited to surface-based layers several hundred
meters thick. This layer, of course, is where chemicals
are emitted; i1t is important in our study, especially for
chemical plants located on ocean coasts or adjacent to
large lakes. Another example concerns fohn winds, the
influence of which was considered for emissions sources
located in Montana (Chinook) and in Los Angeles County
(the Santa Ana wind). About 10 STAR stations were chosen
in consideration of local winds.

Wind patterns are taken from the Climatic Atlas (U.S.
Environmental Data Service, 1968) and from maps of the
U.S. Geological Survey (1:500,000; 1:125,000). We have
matched about 20 emissions source-STAR station couples for
Pacific and Atlantic coasts and Great Lakes shore.
Topographical effects, such as that of mountain-valley
wind. The behavior of the wind in ridge-valley topography
depends, on one hand, on the relationships between the
wind direction and the solar azimuth, and the orientation
of the ridge lines and valleys on the other. These loca)
wind effects were taken into cons1der9tion for selection
processes, especially for emissions sources located in the
valleys of the Cascades and coastal ranges (northwestern
states) or the Appalachian Mountains (Eastern states).
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> Urban effects, including wind flow disturbances by urban
thermal or frictional elements such as organized patterns
of urban skyscrapers (Chicago, New York City, Los Angeles
metropolitan, etc.). Such features substantially
influence airstream and, consequently, the diffusion of
air contaminants. If an emissions source is located in a
small city, and if STAR stations in a large city and in a
small city are equidistant from the emissions source, then
preference was given to the STAR station in the small
city.

If two or more STAR stations were equally appropriate, preference was
given to the station with the longest and most recent period of record;
this information can be found in Table 6."

Table 8% 1ists all the specific point sources identified in this
study, together with the STAR station selected for each. The latter were
selected by means of the selection process described above. Table 9 Vists
the location and the selected STAR stations for the 12 PCB incinerators.

Meteorological Data Base for Prototype Point Source Modeling

A prototype model source was defined to represent all the sources of
the same nature in each region,§ so 1t was desirable to define a set of
meteorological data for dispersion modeling that is representative of the
whole region. However, the use of a mean or composite matrix of clima-
tological frequencies of occurrence in a regional model source emissions
dispersion estimation would not be appropriate, because the averaging pro-

*

pp. 74 ff.
t pp. 82 ff.

§ See Figure 1.
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TABLE 9.  SELECTED STAR STATIONS FOR PCB INCINERATORS

NO. 17e LATITUDE LORGITUDE STAR STATIOR
i ATLANTA, GA 33 48 17 84 22 01 13874
2 BATON ROUGCE, 1A Je 33 a8 9 186 36 139760
3 BRIDCEPORT, RJ J9 46 9 70 22 @ 13739
4 CHICAGCO, 1L 41 52 @ ar 43 38 14819
] DEER PARK, TX 29 43 8O %3 9 o 129¢6
6 DENVER, CO J9 43 12 163 o o 23062
4 EL DORADO, AR J3 14 28 92 18 48 93992
e LOS ANGCELES, CA J¢ 0 0 118 & o 23174
9 RICHMOND, VA J7 28 83 77 26 6 13749
(1 SAKRDUSKY, onl 40 26 18 82 4y 21 14691
1 SAN FRARCISCO, CA Ja ¢ o 122 6 © 23234
12 WATERFORD, NY 42 49 3 73 435 13 14739



cess leads to loss of characteristic biases in the original records. For
example, {f the prevailing wind 1s from a different direction at each of
four stations that are averaged, the mean will have a more isotropic dis-
tribution with no strongly prevailing direction. Therefore, typical
climatological data recorded at STAR stations that are representative of
each region were selected and used for generic source modeling; the
Climatic Atlas of the United States (1968) was used as the basis for
selection. The major criteria used in selecting each representative STAR
station include the following:

> Representativeness of annual surface wind rose”
> Availability of STAR data at the station
> Size of the urban area at or near station.

Table 10 lists the code and location of the STAR station selected for each
region. The meteorological data recorded at these stations were used to
estimate the concentration patterns in the vicinities in generic point
sources.

POPULATION DISTRIBUTION DATA BASES

The estimation of human exposure to atmospheric chemicals requires
knowledge of both concentration patterns and population distributions.
Errors in specifying either of these factors affect the reliability of
human exposure and dosage estimates. The acquisition, validation, and
processing of population data were performed by Minimax Research Corpor-
ation under subcontract to SAI. This subsection summarizes the approaches
and results of these efforts in these aspects. (The User's Manual and
Programmer's Manual for applying the processed population data in specific
point source exposure-dosage estimation are included in Attachment B.

&
Selected stations had wind roses 1ike those of most other stations.
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TABLE 10.  SELECTED REGIONAL PROTOTYPE STAR STATIONS WITH REPRESENTATIVE
REGTONAL CLIMATOLOGICAL CONDITIONS

STAR Station

Region

Code Reqgion Code Site Location Longitude Latitude
1 New England 14739 Boston RBoston/Logan 71°02' 42°22'
2 Middle Atlantic 94789  New York New York/J.F. Kennedy 73°47" 40°39°
3 tEast North Central 14855 Chicago Glenview 87°50" 42°05'
4 West North Central 14942 Omaha Omaha 95°54' 41°18'
5 South Atlantic 13874  Atlanta Atlanta 86°26' 33°39°
6 East South Central 13882 Chattanooga Chattanooga/Lovell g85°12’ 35°02'
7 West South Central 12923  Houston Galveston/Scholes 96°52" 29°16'
8 Mountain 23062 Denver Denver/Stapleton 104°52' 39°45"
9 Pacific Coast 23174 Los Angeles Los Angeles 118°24" 33°56'



Population Data Acquisition

The Computer Science and Applied Mathematics Division of the Lawrence
Berkeley Laboratory (LBL) has assembled an extensive collection of compu-
terized data bases from federal government agencies and contractors.
Several of these data bases that could be used in assembling a population
distribution data base were reviewed.

The LBL data bases are organized according to the system used by the
U.S. Bureau of the Census. Statistics are reported at various levels:
state, county, Standard Metropolitan Statistical Area (SMSA), census tract
(CT), enumeration district (ED), or block group (BG), and so on. The
SMSAs are composed of one or more contiguous counties (or, in New England,
cities and towns). Counties within SMSAs are subdivided into census
tracts (covering an average of about 6,000 people), and the tracts are
subdivided into block groups (covering an average of about 800 people).
With some exceptions, areas outside of SMSAs are not tracted. Non-SMSA
counties were divided into enumeration districts (ED) in the United States
in 1970. An ED in the non-SMSA counties would be equivalent in terms of
average population to a BG in the SMSA counties.

The population distribution data bases must contain, at a minimum,
the following information for each designated area (county, tract, or
block group):

> The Federal Information Processing System (FIPS) code of
the area.

> The 1970 census population count.

> The geodetic coordinates (latitude/longitude) of the 1970
census population centroid.

Other information would be useful, but not necessary. Such information
would include, for example, area (water, land, and total) and population

density.
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To the fullest possible extent, the resolution of the population dis-
tributions should be commensurate with dispersion pattern resolution. The
effective radius of dispersion of emissions varies considerably with
source characteristics and atmospheric conditions. Some emissions are
highly concentrated at certain azimuths and radii, whereas others are more
uniformly distributed. Detaiied population distribution statistics are
required to estimate exposure to concentrated emissions. Using compara-
tively large areas, such as counties, as the geographic unit cf enumera-
tion could seriously bias the results in such cases. These considerations
dictate the use of the finest resolution possible in compiling the popula-
tion statistics. Unfortunately, however, the cost of creating, main-
taining, and using a population distribution data base increases rapidly
with the degree of geographic detail. Within the context of this study,
cost must be balanced with level of detail. Accordingly, the current
availability of population data bases at LBL was first reviewed.

County Level Population Data Bases--

A data base entitled "Geographic Area Code Index (GACI)" contains the
following items for each state and county in the United States:

> FIPS code

> Name

> Geodetic coordinates of the population centroid
> Population

> Land, water, and total areas

> Population density.

This data base can be used in its present condition with only minor

reformatting.
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Census Tract Level Population Data Bases--

At the tract level, FIPS codes and population counts are readily
available from several data bases. The most convenient source for codes
and poputations seems to be the "Master Enumeration District List
(MEDList)." Centroids must be computed from one of two sources:

> The raw digitized tract boundaries in the "US by SMSA
Census Tract" map data base, which contains coordinates
for 1.09 mi11ion boundary points for some 35,900 tracts.
These data have been used many times and are quite clean.

> The centroids of the constituent ED/BGs in the "Master
Enumeration District List--Extended" (MED-X) data base.

Processing the tract map files would require the development of a
moderately complex program, portions of which could be adapted from
existing LBL programs. To cover an entire county, further processing
would be required to merge the resulting tract level data base with por-
tions of the county level data.

ED/BG Level Population Data Base--

The “Master Enumeration District List--Extended (MED-X)" data base
contains, for each block group and enumeration district, the following
variables:

> Complete FIPS codes.
> Population count.

> Latitude and longitude of population centroid (areas are
not available).

This data base contains approximately 350,000 records and 45 million
characters. However, the data base had not been cleaned, and the known
defects 1n MED-X included the following:
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> Several hundred 11legal alphabetic characters in numeric
fields.

> An unknown number of erroneous centroid coordinates.

> The omission of half of the state of Louisiana and part of
Yermont.

Despite these defects, MED-X contains all of the essential informa-
tion required in a readily usable form. It is arranged so that popula-
tions and centroids can be easily and cheaply computed for areas larger
than ED/BGs, such as tracts and counties. As a result, it provides more
options in choosing the degree of resolution of the population distribu-
tion data base for different parts of the country. In addition, the MED-X
base was determined to have the most accurate data for both population
counts and distribution, and it offers the finest resolution.

The severity of problems with MED-X was estimated to be marginal
after spot checking for i111egal alphabetic characters and comparing county
centroids and populations computed from MED-X with those 1isted in the
county level base discussed above. The MED-X data base was selected for
this study.

Population Data Validation

MRC undertook a thorough evaluation of both the internal consistency
of MED-X and its consistency with independent external figures. At the
start of the validation effort, two copies of MED-X existed at LBL; one
was already in LBL-compatible format from Argonne National Laboratory (the
ANL version), which was missing approximately half of Louisiana and 15
ED/BGs 1in Yermont; and another in IBM-compatible format from Oak Ridge
National Laboratory (the ORNL version), which had never been used at
LBL. The ORNL versions of Louisanna and Yermont were found to be complete
and were used to replace the corresponding missing portions of the Argonne
version. This revised version of MED-X was subjected to a detailed
evaluation.
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The MED-X validation process consisted of five separate tasks:

> Detection of missing or altered data resulting from tape
errors.

> Verification of record formats (typographical errors and
records out of order).

> Comparison of population sums of ED/BGs in each county to
MED-X county population figures.

> Comparison of ED/BG centroid coordinates with digitized
county boundaries.

> Comparison of MED-X state and county population figures
with published 1970 census figures.

The first three tasks were conducted to check the internal consis-
tency of the MED-X data base. The last two tasks were external checks
performed to assess the overall accuracy of MED-X with respect to incor-
rect or geographically misplaced populations. Two kinds of errors cannot
be detected by comparison with other independent sources, namely, mis-
placed ED/BGs that fall within the encompassing census areas and errors in
individual ED/BG population figures.

Such errors, if reasonably infrequent, would have 1ittle effect on
the final exposure results except in the rare instance that a substantial
population error occurred in the immediate vicinity of an emissions
source. The 20 km radius exposure area about each source covers only
0.0025 percent of the area of the contiguous U.S., and only over a small
part of that area do the chemical concentrations vary widely. Therefore,
such rare errors are extremely unlikely to significantly affect the
exposure results.

The results of each of the five validation tasks may be summarized
briefly.
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Missing Records--

Besides the missing data for Louisiana and Vermont, which were
replaced by the ORNL version, there was no detection of missing or altered
data.

Format Consistency--

Four typographical errors were found and corrected. These errors took
the form of nondigits in numeric fields. Incorrect digits undoubtedly
exist, but they cannot be detected except by their effects on the popula-
tion distribution. The order of records on the tape was found to be cor-
rect.

Internal Population Consistency--

Populations for 2 of the 3141 counties (Keokuk County, lowa, and
Bergen County, New Jersey) did not equal the total population of their
ED/BGs. The cause of these errors has not been determined, and no correc-
tion has been made. The total of the ED/BG populations for Keokuk County
fell short by 173; the total for Bergen County was 3,387 over the corres-
ponding county figure.

ED/BG Coordinate Consistency--

A total of 12,859 (5.5 percent) of the ED/BGs 1n the contiguous
United States, containing 5.75 percent of the population, fell outside the
digitized boundaries of their corresponding counties. Table 11 classifies
these ED/BGs by the distance of their centroids from the nearest point on
the county boundary. Undoubtedly, other ED/BGs with incorrect coordinates
fall within their boundaries; therefore, the error counts above are lower
bounds. However, most of the ED/BGs that fall immediately outside (within
1 km) are attributable to either digitizing errurs in the county bound-
aries or concavities in the ED/BG boundaries that cause the ED/BG centroid
to be outside its boundary; such discrepancies are not errors. Further-
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TABLE 11. DISTRIBUTION OF ENUMERATION DISTRICTS/BLOCK GROUPS (ED/BDs)
HAVING POPULATION CENTROIDS LOCATED QUTSIDE THEIR CORRES-
PONDING COUNTIES

Distance from Proportion Proportion
County Line No. of of Outlying of Al
Lkm) ED/BGS ED/BGS ED/BGs
0.1 2,182 16.97% 95.37%
0.5 7,533 58.58 97.69
1.0 10,265 79.82 98.87
2.0 11,893 92.49 99.58
5.0 12,475 97.01 99.83
10.0 12,711 98.85 99,94
20.0 12,815 99.66 99.98
100.0 12,857 99.98 99.99
200.0 12,859 100.00 100.00

Source: Minimax Research Corporation consistency
check of U.S Census Bureau files.

63



more, the county codes used in the comparison were those to which the
ED/BGs belonged in 1970. Since that time, some of the county boundaries
have moved and the county boundary file has been updated. Thus, some of
the ED/BGs that fell more than 2 km outside their county boundaries may
really be outside the current county boundaries. It is interesting that
of the 922 ED/BGs that fell between 2 and 20 km outside their counties,
564 occurred in only 23 of the 188 associated counties. This concentra-
tion of discrepancies in so few counties suggests the affect of boundary
changes rather than of coordinate errors.

Statistical analysis of the outliers that are almost certainly errors
(those beyond, say, 5 km) may provide an estimate of the distribution of
all such errors. Alternately, ED/BG coordinates could be compared to
digitized census tract boundaries for SMSA counties. These additional
tasks could further quantify the probable error by county, but they seem
unnecessary.

County Population Consistency--

The county population figures from the MED-X county records were com-
pared to the 1970 county populations in Table 24 of the 1970 Census of
Population, United States Summary, Vol. 1, Part 1, keypunched at LBL. The
discrepancies were then double-checked manually against the published
document. Of the 3141 counties and county equivalents compared, 46 (1.5
percent) did not match. The net population difference for the entire
country was 34,907 (0.017 percent of the 1970 U.S. population). It is
very l1ikely that the published figures, which were the first ones produced
by the Bureau of the Census, are less reliable than those in MED-X.

MED-X was found to be the most accurate and the most detailed of all
the population distribution data bases at LBL. \The relatively few errors
found in MED-X affect exposure results less than the lower resolutions of
the alternatives.
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Population Data Processing

MED-X contains the population centroid coordinates (latitude and lon-
gitude) and the 1970 population of each ED/BG in the country (50 states
plus the District of Columbia). 1In addition to these essential data, MED-
X contains large amounts of descriptive and summary data. While these
data were invaluable in verifying the high degree of accuracy of MED-X,
they interfere with efficient access to the small subset of information
needed for the exposure calculations. Moreover, MED-X is collated by
Federal Information Processing System (FIPS) codes, which are assigned
alphabetically by state and county. These codes are not appropriate for
accessing ED/BG records by their locations. The efficiency design goal
required that a data base be created containing only the essential infor-
mation, and that it be organized to permit access to only the relevant
geographic areas. To this end, a new, smaller data base was produced from
MED-X.

MED-X was reduced in two phases to a randomly-accessible binary file
that contains only the data essential for exposure estimation. An
indexing system was also created to locate the appropriate ED/BGs. A
separate binary file of county-level growth factors, based on the 1970 to
1978 growth factor at the county level and used for scaling population
figures to 1978 estimations, was also produced. The entire system, based
on MED-X ED/BG population data, was used for estimating the human exposure
and dosage of atmospheric chemicals resulting from specific point source
emissions.

ATMOSPHERIC TRANSFORMATIONS OF TOXIC COMPOUNDS

Species monographs for the 35 toxic compounds included in this study
are presented in Attachment A. It is the purpose of this section to
explain the procedures used to describe the transformations in the atmos-
phere that are undergone by the various compounds. However, the informa-
tion presented is subject the following caveats:
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> First, the gas phase photochemistry of many of these com-
pounds is not well known; in several instances, no infor-
mation about the behavior of the compound in the gas phase
1s available. Accordingly, many of the reaction rates
given are estimates, with possibly large margins of error,
based on 1iquid phase chemistry or on the known behavior
of chemically related compounds.

> Second, a compound does not necessarily become less toxic
even though it undergoes transformation and decay. A good
i1lustration of the point is acetaldehyde, which decays to
form formaldehyde--another compound on the 1ist of toxic
chemicals. It may be that some of the 35 toxic compounds
decay to other substances perhaps even more toxic than the
precursors; current lack of knowledge regarding formation
yield and toxic effects could result in such occurrences
passing unnoticed.

Given the considerable body of knowledge that does exist, the pro-
cedures discussed below were used to estimate the atmospheric lifetimes of
the 35 toxic compounds.

Deca!

A variety of studies have reported the 1ifetime or atmospheric resi-
dence time of many of the listed chemicals. Too often the basis for the
decay estimates is not given, so in many cases we were unable to verify
prior estimates of chemical reaction rates and could not compare and
reconcile the results of these past studies. In recognition of the uncer-
tainty of reaction data, we have adopted the concept of a reference
species against which to compare the relative rates of reaction for the
important photochemical pathways. We also state the assumed ambient con-
centrations of hydroxyl radical and ozone, the principal species that
attack and degrade gas phase organic compounds.
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Most chamical destruction of gaseous compounds in the atmosphere
occurs by one of the following three mechanisms:

> Photolysis
> Reaction with free radicals (chiefly hydroxyl)
> Reaction with atmospheric oxidants (chiefly ozone).

The processes of photolysis and reaction with hydroxyl radicals occur only
in the daytime. Hydroxyl radicals have a short atmospheric 1ifetime and
require a continuing photolyti¢ source to maintain their concentration.

Refarence specles for atmospheric reactivity selected for this study
are as follows:

> Butane
> Propylene
> Formaldehyde.

Butane is used when a species 1¢ OH« reactive; propylene 15 used when a
species s reactive to Oy; formaldehyde 1s the reference species for
photolysis. Propylene is approximately seven times as reactive to OH: as
butane (EPA, 1977).

The concentration of OH. assumed for the daylight hours is 5 x 100
molecule cm'3. or 2 x 10/ ppm (Wang et al., 1975). Ozone background is
assumed to be 0.04 ppm. The decay rate for butane due to OH+ reactions is
8.4 x 10°4 min-1, The propylene decay rate due to oxidation by 05 is
6 x 10~% min-1.

The photolytic decay rate of formaldehyde, averaged over the daylight
hours at conditions near the equinox, is about 103 min=1. The midday
decay rate is about twice this figure. At the summer solstice, the daily
decay rate 1s larger owing to increased duration of the day, but the maxi-
mum photolytic decay rate for the summer is still only about
2 x 103 min'l; at solar zenith angles below 20°, photolysis rates become
nearly constant (Killus et al., 1977).
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Decay Rates for Classes of Compounds

The 35 compounds assessed in this study may be divided into six
general categories (Tabie 12) on the basis of their general structure and
the data availsble for each compound. The six categories are as follows:

> Solid substances for which no gas phase chemistry applies;
all of these substances are metals except for TCDD
(Dioxin).

> HWell characterized compounds, 1.e., substances for which
some laboratory data exist as a basis for our estimates.

> Methane analogues, which are compounds with electronic
configurations similar to methane and which are, there-
fore, quite unreactive. )

> Aromatic compounds, with reactivities assumed to be
similar to benzene or toluene.

> Formation products, which are compounds formed by atmos-
pheric reaction.

> Miscellaneous.

The last two categories need further explanation. In the "Miscel-
laneous” grouping, four of the compounds--allyl chloride, chloroprene,
hexachloropentadiene, and phosgene--are chlorine substituted compounds of
hydrocarbons with high reactivity. Although chlorine substitution is
expected to modify reactivity somewhat (Gay et al., 1976), we may'say with
some confidence that the reactivity of these compounds is also high. The
reactivity of these four compounds is, to that extent, better charac-
terized than for the other miscellaneous compounds. Estimates of the
reactivity of the remaining four compounds may be in error to a substan-
tial degree.

For the "formation products" category, the two nitroso-compounds may
be formed from the nighttime reaction of nitrous acid (HONO) and precursor
amines that have been inventoried. We have estimated the possible produc-
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TABLE 12. DECAY RATE ESTIMATION CATEGORIES FOR 35 COMPOUNDS
Category
Well Characterized
Solids* Compounds Methane Analogues Aromaticst Formation Products Miscellaneous

Beryllium Acetaldehyde Carbon tetrachloride Benzyl chloride Nitrosomorpholine Allyl chloride
Dioxin§ Acrolein Chloroform Chlorohenzene Dimethylnitrosamine Chloroprene
Manganese Cresols Methylene chloride Dichlorobenzenes (Acetaldehyde) Epichlorohydrin
Nickel Formaldehyde 1,1,1, Trichloroethane Nitrobenzene (Cresols) Ethylene oxide

Toluene Phenol (Formaldehyde) Hexachlorocyclo-

Trichloroethylene (Phosgene) pentadiene

Xylenes (Ethylene oxide) PCBs

(Propylene oxide) Phosgene

* ]
No gas phase reactions.
Benzene analogues.

§ 2.3,7,8-TCOD

Source:

Systems Applications, Incorporated, review of species characteristics.

Propylene oxide
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tion rate for these nitroso-compounds. Photolysis of HONO and nitroso--
compounds precludes the occurrence of significant concentrations of these
compounds during the day.

Nitrous acid and dimethylamine react to yield dimethylnitrosamine and
water (Lucas, 1933):

(CH,),NH + HONO » (CH3)2NNO + H,0 ,

W, 2

Knowiedge of the HNO, concentration, the dimethylamine concentration, and
the rate of disappearence of dimethylamine, combined with the assumption
of the bimolecular reaction expressed above; allows a rate constant to be
calculated for the expression:

d(CH, ), NH
- 3 2 = K . P L] P
dt (CH3)2NH HONO

The value was estimated to be K = 0.08 ppm'1 min-1 (Hanst et al.,
1977). Assuming a homogeneous reaction, with a 100 percent yield of
dimethylnitrosamine, the formation rate under normal atmospheric condi-
tions can be estimated.

Nitrous oxide and nitrogen dioxide are two other pollutants of con-
cern here. These two species, in the presence of water vapor cause the
gas-phase formation of nitrous acid:

NO + NOZ + HZO » ZHNO2 .

The equilibrium constant at 23°C has been estimated by Calvert et al.
(1975) to be:
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4
HN02

=
N02 H20

p

- 1.5 x 10°® ppm'1 A

Keg = x

no ‘T

By assuming a moderatedly polluted urban air mix with a 1:1 mixture
of NO and NO, of 0.05 ppm total and water vapor of 13,000 ppm, Hanst et
al. (1977) have estimated the typical nighttime nitrous acid concentration
to be 0.0035 ppm. This value was used here, together with the bimolecular
formation expression in estimating the pseudo-first order reaction rate
constant. It was estiamted to be!

d(CH. ), NNO

)
3’2
=K + P . P

HONO (CH3)2NH

_ -1
= (0,00028 min~") P(CH3>2NH .

This rate constant applies only in the nighttime. In sunlight, both
the nitrous acid and dimethylnitrosamine would be destroyed by photolysis
much faster they can be formed.

Because of the chemical similarity of dimehtylamine and morpholine,
the same approach used for eatimating the ambient concentration of nitro-
somorpholine. It should be noted that because of the cyclic structure of
morpholine, the lone pair of electrons of the nitrogen atom are more sus-
ceptible to electrophilic attack, and therefore, the formation of nitro-
somorpholine from reaction between morpoline and nitrous acid should pro-
ceed faster than the formation N,N-dimethylnitrosamine from reaction
between dimethylamine and nitrous acid. However, there i1s no adequate
dats available to estimate the pseudo-first order formation rate constant
for nitrosomorpholine, the estimate for dimethyinitrosamine was taken to
be the same as for nitrosomorpholine.
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A summary of estimated relative reactivity for each studied chemical
1s presented in Table 13. Also included in this table are the day and
nighttime net effective decay rates based on the relative reactivities.

To treat the formation reactions of the remaining compounds in the
formation products category 1s beyond the scope of this work. Relatively
sophisticated photochemical models would be required for such an under-
taking, and a full accounting of compounds not {nventoried in this project
would be required. For acetaldehyde, formaldehyde, and phosgene, in par-
ticular, this omission is unfortunate. Formaldehyde, for example, is
emitted as roughly 1 to 2 percent of automobile exhaust, whereas the
photochemical equilibrium for the compound 1s roughly twice this amount.
Consequently, on a day of high photochemical reactivity, more than half
the population exposure to formaldehyde may come from secondary forma-
tion. Similar inferences apply to acetaldehyde and phosgene. Phosgene is
one of the major termination products of the decay of chlorinated hydro-

carbons.
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TABLE 13. PHOTOCHEMICAL REACTIVITIES OF SELECTED CHEMICALS

Reaction Mate

Aegctivily Yowmrd fonstlant
OH 0 Prowiyeils

Chemical_Speesen (18utane) (Heropylenc) (Iformuldenyde) Daytime Nighttime
Acetalgehyde . 0 0.5 0?0
rcroletn 0s 0s 5 9.52107 307!
Ayl cnioride 7 0.1% 0 1.711077 9n10°°
Beriyl chloride ? 0 0 1.6821072 0
Beryllium o] 0 1] 0 0
B1s-chloromethy! ether (BCME) | 0 0 g.axt0™t 0
Carbon telrachloride 0 0 0 0 1]
Chlorobenzene 0.33 0 ] Z.BHD_‘ 1]
Chloroform 0 0 0 1] 0
Chloromethyl methyl ether [CMMD) 1 0 ) a0 0
Chioroprene 4.0 2 0 1.56110-3 \.ZI‘O—J
~Creiol 12 0.1 0 Y o110 2 Eeg”?
p-Creso! 10 0 0 g.46x10"  &x10°°
0-Cresol 10 0.1 0 a 46210 6x1073
o-Dichlorabenzene 0.5 005 0 a sno! wio®
o-Dichlorobenzene 0.5 0.05 0 asaot e
Dimethylnitrosamine --" -- -- -- --
Dioxyn (2.3,7.8-TC0D) -- .- -- -- --
{pichiorohydrin -- -- -- -- .-
Tthylene oside 1 0 0 g.ex10"
Fornaldenyde 3 0 1 2 5201077
HeaschYorocyclopentadiene ~- -- -- -- --
Manganese [} 0 1]
Methylchloroform 0 0 0
Methylene chtoride 0 0 0
Metnyl {odide 0 0.05 51078
Nitrosomorpholine -- -- -~ .- --
Nickel ) 0 ) 0
Nitrobenzene 05 0 1] l.2110_‘
Z2-Nitropropane -- -- -- -- --
pCa 0.05 0 0 PRE UL R
Phenol 2 0.1% 0 vrmies?  ewig®
Phoigene .- -- -- -- --
Propylene onide -- -- -- .- --
Toluene 2 0 0 1eer0? 0
Trichloroethylene 2 0 0 1 sano”? 0
a-Iylene 8 0 0 s.2007 o
D-Iylene . 0 0 1360077
o-Tylene ) 0 0 g.ym07) o

* reactivity unknown
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TABLE 6. LOCATION AND RECORDING PERIOD OF STAR DISPERSION DATA FILES AS REPROCESSED
FOR USE IN HUMAN EXPOSURE DISPERSION STUDIES

RO. CODE SITE STATE LATITUDE LORCITUDE STARTIRC ENDIRG
I 3133 YOCCA FLATS LA 36 G7 tte 93 61712 64/11
2 3013 MHACOH GA 22 42 uld 39 67/ 1 712
J an16 PADYCAYW KY 7 4 00 46 66/ 1 64/ 12
4 20 AUGuUTA GA 33 22 at 58 70 1 7412
3 22 SAVAHUATN CA 2 8 a1 12 €9/ 1 79712
6 aNss PFNSACOLA 7L J0 21 o7 19 67/ 1 71712
7 2 DFECKLEY wv 7 47 or 7 717 1 73712
n 3927 FT wWOuTil TX 32 54 97 2 217 1 5712
9 a237 LAKE CIANLES LA jbo 7 93 13 78/ 1 7412

10 4729 DELHAD NJ 40 11 74 4 657 1 G912

]| 4740 PORTNIOUTH NR 43 © 70 49 69/ 1 69/12

12 4761 BRADFOID PA 41 <8 78 J8 70/ 1 412

12 12853 TAMPA FL 27 81 02 31 68/ 1 €9/12

14 12834 DAYTORA FL 29 11 81 3 677 | Ti712

18 12038 FT MYENS FL 26 38 81 82 69/ 1 73712

16 12839 MIANI FL 20 <8 ae 6 7@/ 1 7412

e st ORLANDO FL 20 27 Gt 16 60/ 1 642712

nn 12042 TAHP A FL 27 58 02 22 69/ | 12

19 120044 WEST PALH D. FL 20 41 09 o 70/ 1 012

= 129006 nousTou ™ 20 7 25 10 66/ 1 9012

21 12937 PUT AITIVR X 29 57 94 1 6%/ 1 64712

L2 12910 HOUSTUH ™ 29 99 9% 17 64/ 1 (11} Ve FL]

29 12920 GALVESTON ™Y 29 16 94 562 66/ 1 60712

24 12025 DBEEVILLE TX 20 23 97 40 66/ 1 7012

29 12947 COTULLA X 20 27 99 13 1 VA | C4a/12

26 12950 NEVW ONLEARS LA 20 49 96 1 76/ 1 74712

27 12960 NOUS 0N, 12910 ™ 29 069 95 22 71/ 1 5712

20 13701 ABEWDEIEFN HD 99 20 76 10 63/ | 57712

29 19793 YAUNLLIICTON DC J0 49 76 062 66/ 1 70712

a0 13707 DOVER DE 39 8 75 20 66/ 1 7012

Ji 137i3 COLDSI0R0 HC 43 20 77 60 66/ 1 70712

iz 13714 FT DNAGC RC 33 10 79 1 66/ | 7012

33 13717 MYRTLE NEACH SC 33 41 78 G6 06/ 1 7812

J4 137221 PATUMENT NIVER MD 30 7 76 20 62/ !t 717192

a3 13729 CREERSBONO RC 06 B 79 67 o0/ 1 2712

Je 13720 DANVILLE VA J6 24 79 20 1 VN | G412

3?2 13232 GONBOIIGVILLE va 30 4 <8 10 66 1 06/ 12

30 13733 LYNCHAURG VA 7 20 79 12 69/ 1 73742

39 19734 HARTINSDBUTG wv 329 24 77 59 50/ 1 64712

1

40 13739 MILLVILLE RJ 39 22 76 4 1.7 64712
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66

6N
69

2
?3
74
78
76

78

13736
13237
13?739
13740
13741
13743
13294
137249
13733
13723
13082
13806
13807
13015
13820
138424
13325
133140
13830
13065
13866
136868
13870
13871
1218733
13073
13077
131181
1ap2
13809
13891
13095
13097
1392}
13933
13939
13941
13942
13945
13956

TABLE 6 (Continued)

SITE

MORGARTOWNH
NORFOLK REC
PHITADFLPHIA
RICHMONRD
NOANOIE
WASHIRGTOR DC
FLORERCE
FNEDENICK
ATLARNTIC CITY
QUANT ICO
NFLLEVILLE
FT CARPBELL
FT KROX
ALDARY
NILD(Y
SAvVANNAQ
coLuMus
paYTOU

SELMA
MENIDIAN
CHARLESTORN
PULASK|

ALMA
ARNISTOR
AN
Al1.ARTA
onisTol,
CHARLOTTE
clua1Taligoch
JAGECONVILLE
KNORVIILE
MONTCUOlIERY
NASHVILLE

FT LEAVERWONTO
ALEXAHDRA} A
CNEENVILLE
LAKE CUOARLES
MONROE

FT SIILL
JACISONn

-

66/

-1; 74
54

69/
69/
60/
69/

70s
60
60r
rd Ve
62
[{ Y
56
68
54
66/
60
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120

TABLE 6 (Continued)

LITTLE ROCK
FT GHTI
OKALAWOMA CITY
TULSA

PONCA CITY
BATON NOUCE
TYLER
LAFAYICTTIE
TEXAIANA
COLUHNDIA
#HARSAS CITY
ST 1.0VIS
SPNINCF IFLD
TOPEKA
cAnIRnu
NURSKWICIKC
OLD TOUN
BEDFOUD
FALHOUTU
WIlICHMTON
HEMPS TEAD
NEADING
MhOME

ALBANY
ALTOONA
ALLENTOWN
BOSTON
UAIT OnD
BUNLINCTOR -
CORCOUD
DUNKIRK
FLHIMA
GLENJ FALL
RARNISNUNG
MARTFOND

STATE LATITUDE LORGITUDE GTARTIRC ENDING

20

93
97
96
97
99
92
94
97
95
97
91
93
91
94
92
9¢
90
93
90
60
69
60
[
70
74
73
76
78
73
78
70
71

-rn
. -

79
4
79
76
73
76
72

49
42
61
21
41
14
22
36
b4
6
9
29
69
L]
22
Je
23
29
J0
1
69
4o
17
31
36
26
68
24
48
19
26
2
41
9
30
1?7
G4
a7
61
39

rd. %
3 74
6%/
49/
6?7/
66/
86/
70/
1, 4
49/
79/
1: 7
64/
63/
69/
64/
70/
66/
63/
63/
69/
60/
63/
60/
66/
&9/
49/
66/
60/
491
(Y Y4
86/
65/
76/
60/
49/
:{: V4
3o/
64/
a0

T4/12
73/12
73/12
sa2/t12
rd V4 ¥
70/12
a1
74712
7412
G412
T4/82
G4/12
GO 12
67/ 12
6u/12
04712
7412
70712
T2/102
62/12
69/12
64712
67712
04712
012
6012
49,12
T0/12
S4/12
GCes 9
797182
7012
o412
7412
63712
93/12
b4
G412
73712
52712

Rlanms: L

~Ter

I

TN

THITSTTY

TN

TETTETYTTITVT T



LL

RO.

121
1292

123
124
125
126
127
120

130
131
132
133
134
135
116
137
1310
139
140
141
142
140
114
145
146
147
10
149
150
141

152
150
154
163
156
157
1358
139
160

14737
14761
14762
14763
14764
14765
14771
14727
14778
14790
14793
14806
14820
14821
14:22
14025
14037
14039
140040
14042
14843
14043
140155
14060
1409 |
140895
141190
14904
14913
149 1)
14910
14920
14922
14923
14925
14926
14931
14933
14905
14930

TABLE 6

POUCNITEPSIE
PHILIPSDUNG
PITTSRUNCGH
PITTSFIELD
PONTLAND
PROVIDENCE
SYIWCUSE
WILKES-DARRE
WILLIAMSPORT
SOUTH WEYMOUTH
WILLOW GROVE
RANTOUL
CLEFELARD
COLUMBUS
DErT CcITY
FINDLAY
MADISOU
MILWAUIRE
MUSITCON
PEOIIA

PERLY
SAGINAW
GLERVIEW
FNIE

MANSF 1ELD
AKhon

GCNEEN pAY
LINCOLI
nuLUIig

FANGO

INT FALLS

LA Cnosse
MINREAPOLIS
MOLIN
IOCIIEITEN

ST CLOUD
NUNLINCTON
DES MOINES
GRARD IS
KINGSVILLE

(Continued)

60
50/
74
40/
60/
64
b5/
64/
64/
70/
68/
58/
70/
70/
70/
50/
70/
70/
g Y4
70/
49/
49/
g 4
64/
70/
64/
69/
59/
90/
70/
70/
49/
657
70/
69/
67/
67/
72/
64/
[ {: Vg

64-/12
Ga/12
76/12
20712
64/12
73712
6a/12
g Vd I
73712
74/12
71712
6212
7412
7412
TG 12
S4/12
7412
74712
74712
4712
49/12
9912
4712
73/12
4/12
20712
79712
[ Vel i}
TH/1D
74/12
74712
6312
74712
74712
s Y
/12
21712

T 7202

0412
6Ga-/12

s LN L
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TABLE 6 (Continued)

NO. CODE sITY STATE LATITUDE LORCITUDE STARTINC ENDIRG
161 14940 MASOR ciTY 1A 40 9 93 20 70 | 74712
162 14942 OMAlIA ND 41 10 95 064 60/ | 63/12
162 14949 SI0UH CITY 1A 12 24 %6 23 60/ | 64/12
10e 14944 S10UX FALLS S <43 J4 96 44 74/ 1 7412
163 14949 OMAIIA RD I 7 96 64 60/ | 6912
166 1499 EAU cLAIng wi 44 82 91 29 69/ 7312
162 23062 ALAROGORDO L | 92 91 106 ¢ 49/ 1 70/12
160 23009 NOSwELL WALKER KM I3 10 104 32 2?37 1 [giVe H
169 23023 MiDbLAND TK JI Oe 102 12 60 | 634/12
170 23024 BAR ARCELO X J1 22 100 Je@ 66/ | 6412
171 23039 LAS cnuces HM a2 22 106 29 Gis 1 0312
172 23043 ROSWELL M 33 24 104 J2 49/ | L Ve ]
173 23044 EL PAsO ™ Ji1 48 166 24 60/ 614/12
1?74 29047 AMANILLO T 23 14 101 42 65~/ 1 6402
173 20049 SBANTA VE NH a3 37 106 & 60/ G4 i
176 23032 RATOM CnLwS NM J6 43 164 3Je 49/ | Gt 12
177 239062 DERVER co 39 48 104 82 70/ | 7412
g ] 23064 GARDER CITY KS 9?7 86 100 43 ge- | 0412
179 23660 COooDLAND KS J9 22 101 42 69/ 73712
100 23966 GRAND JURCTIOR Cco J9 2 108 12 60/ | 6412
181 23001 GALLUP nM 6 91 108 47 73/ 1 768/12
102 23099 FARMIRCTON NA J6 43 108 14 64 | 6412
"o 201012 LAS vieas NV J6 15 116 2 60/ 1 6712
143 23114 Fhwann : CA J4 54 11?7 62 66/ 1 ?70-12
Hig 23110 NERO-5n7AD {1 39 40 119 62 56/ 1 65/ 12
Hio 23122 SAN DEGHARDIRD CA I 6 11?7 14 66/ | 70/12
10?7 23129 LONG nracy CA 39 49 116 9 49/ 1 6412
1800 2313 VIiCavILLE CA 34 a6 117 23 68- 1 6712
149 23136 OXNAND CA J4 12 119 ¢ 60/ 1 64/ 52
190 23152 pBUNLARK ca J3 12 110 22 60/ | 64/42
191 231354 ElLy Ry 9% 17 114 5 67/ 1| iz
192 23139 DAL 2 1ELD CA 35 28 119 3 64/ 1 (i Vd b |
193 23150 BLy - CaA 9 97 114 43 69/ 9 74/ O
199 23160 TUCSuN AZ P22 7 119 Be6 557 1 o4/12
195 23161 DAGCET CA J4 62 116 47 88/ 1 6412
196 23169 LAS vicrg HV Jo G 115 1o 60/ 64/12
197 23170 HANKSVIILLE uT an 22 110 43 9/ |1 54/12
198 23174 LOS AIICELLES CA 33 36 110 24 65/ 1 6412
i99 23179 NEEDLES CA J9 ¢6 114 37 83/ 1 6412
1

200’ 231069 PIOENT X Az 39 26 112 79/ 7612



64

TABLE 6‘(Continued)

NO. CODF. EITE STATE LATITUPE LOKNCITUDE STARTINC ENDIRC
201 23184 PREBCOTT AZ 34 39 112 26 67/ 1 71712
292 23103 NENO LA J9 3@ 119 47 60/ | o4/t2
200 23180 SAN DIECO CA 32 44 1z 1 637 1 74/12
204 232190 SARTA DANBARA CA J4 26 119 G506 60/ 1 6e/12
203 23194 WINGLOW AZ s 1 1o 43 97 1 ues12
206 23195 YUIla AZ 12 40 114 36 67/ 1 rd P
207 23199 EL CER(10Q CA 32 49 115 41 347 1 Sz
2on 23202 FAIRFICLD CA a0 16 121 56 66/ | 64712
209 23211 SAH RAFAEL CA 0 4 122 30 66/ 1 012
210 21230 OQAKLARD CA 37 44 122 12 60/ | GI /12
21 2323z SACRAHCENTO Cca J4 31 121 30 66/ 1 w1z
212 23234 SAN FRANCISCO ca J7 37 122 23 69/ 1 d12
213 232306 SANTA [IANLA ca J4+ 56 120 25 9/ 1 S22
214 23219 ALLANEDA CA J7 48 122 10 60/ 1 64712
=135 23294 SUNNYVALLE ca a7 25 122 4 60/ 1 6412
216 23245 MORTERY . CA J6 315 121 62 69/ 1 [TH Ve b
217 3273 SANTA MANIA CA I+ 54 120 27 65/ | o412
210 23275 UKIAlI cA 306 © 123 12 957 1 04/12
219 24012 DICKIRSON HD 46 47 102 40 60- 1 LIL X B
220 24013 MINOT ND 40 16 161 17 67/ 1 12
221 24015 AKNON co 40 10 163 13 20/ 1 12
222 2402] ROWTII PLATTE RO 41 O 100 41 69/ 1 212
223 24025 PIERNE SO +4 23 100 17 6?7/ 1} 21712
224 24020 SCOTTLRI UFF RA 41 32 103 36 67/ 1 1712
22 24636 LEWISTOWN NT 47 3 189 27 67/ 1 Zis712
226 24037 NAVLIRS wY 41 48 107 12 33/ 1 6412
227 24090 MAPID CITY SD 4 J 103 4 67/ 1| 71712
228 24101 OGDEN uT 41 7 111 68 657 1 69712
229 24106 MT NOME ID 43 3 11§ 82 65/ 1 69712
236 24110 MOSES LAKE WA 47 12 119 19 61/ 1 63712
2 24110 Fl Buue-n WYy 41 24 1190 25 507 1 D2
=242 2412) FLKO NV 30 30 115 47 69/ 1 A2
233 24128 WINRELUCCA NV 40 34 117 43 69/ 1 23712
25 24130 DAKER on 41 50 117 49 69/ | 64712
235 24131 BOISE 10 43 34 1ié 13 e Y4 | 2412
236 24135 BUTTE KT 43 57 112 3o 56/ 1 6012
237 24137 CUITNARK MT 40 36 112 22 49/ | ST el
230 24141 Ernmna WA 47 19 119 31 30/ 1t o412
239 24144 HELFRA MT 46 J6 Iz e 60/ 1 62/12
240 24143 1DAlIO FALL 1D 43 31 112 4 657 1 64712



08

TABLE 6 (Continued)

NO. CODE qITE STATE LATITUDE LORGITUDE STARTING ERDIRNG
241 24146 KALISPELL MT 48 10 1149 i6 60/ | 72712
242 24151 FALAD CITY 1D 42 10 112 19 48/ 1 bes12
243 24153 MHISSOUILA Mr 46 35 it4 S5 67/ 1 w12
244 24159 PPERODLETOR on 43 S 110 61 657 1 6412
243 24136 POCATI'LLO 10 421 39 112 26 65/ 1 74712
246 24137 SPOKANE WA 47 30 117 32 79/ 1 74712
2497 24160 WALLA WALLA WA 46 o6 118 17 8o/ | 6412
240 2420) EVERETT A 47 88 122 17 63/ 1 677i2
249 242067 TACOMA WA 47 9 122 29 667 |1 76/12
250 24217 BELLINCRAM WA 40 48 122 32 74/ | 7412
201 24219 DALLESPONRT wA 48 37 121 9 64/ 1 6412
22 24220 ELLERSDURG WA 47 2 120 31t 80/ t 6412
el 24072 | DUVTH SRE IS on 49 7 123 &3 57 1 (T4 M
2454 24224 MEDEOUD on 2 22 122 b2 76/ | /012
2565 24227 OLYHNPIA WA 46 50 122 54 74/ |1 7412
206 24229 PORTLAND on 405 J6 122 26 69/ | 73712
257 24210 REDROH on 44 16 121 9 66/ 1 o412
250 24232 SALFH on 44 39 123 1 7es 1 Ter 12
299 24233 SEATILL WA 47 27 122 18 797 |1 79712
260 24254 SEATTLE WA 47 J2 122 10 606/ | 6412
261 2424 ] TOLEDD HA 46 29 122 48 6es 1 G412
262 24243 YAKIHA WA 45 I 120 32 74/ 1 74712
269 242483 ANCATA CA 10 §9 124 6 63 1 72712
2064 921926 DOWCLAS AZ a3 27 169 36 Ge-s | 54712
205 93039 1enGs HH 92 41 103 12 49/ 1 6G4/12
266 23037 COLo BPNIRGS co 38 49 104 43 47 1 74712
207 9304 ZUN{ WM 33 6 100 498 67/ 1 1712
260 93067 GNARIS NM 33 18 107 G4 64/ 1 64712
269 23102 FALLOI RV 39 293 110 43 66/ | 7012
270 23106 LOS ALAHITOS CA J3 48 116 7 63/ 1 69712
271 93111 POIRT HUGU CA 29 7 19 7 82/ J 2/ 2
272 93112 SAR DILCO CA 92 49 117 12 67/ 1 7712
273 91214 VANDEROERG Ch J4 4 129 34 g9/ 1 2712
274 93706 NACENSTOWNR HD 39 42 77 43 74/ | 74712
278 93733 FT MEADE Mp 9 © 76 46 60/ 1 64712
276 93729 WALLOPIS IS VA 27 B¢ 76 29 69/ ¢ 79712
277 93104 SPARTARDUNG 8C J4 356 81 B7¢ 8?7/ 6i/12
278 93003 TALLANASSEE FL 30 23 o4 22 727 1 76712
279 9301107 WINSTOR SALEN RC 6 0O 80 14 6o 1 6471012

1

260 923813 DAYTOH ou J9 Se 84 13 9/ 412
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TABLE 6 (Concluded)

NO. CODF. SITE STATE LATITUDE LONGITUDE STARTINGC ERNDIRC
201 93817 EVANSVILLE IN 30 3 a7 32 70/ 1 7412
202 93019 INDIANAPOLIS IN 29 44 06 17 537/ 1 T4/12
203 23020 LEXIRCTON KY 30 2 a4 36 65/ 1 6412
204 23122 SPRUINCFIELD IL 39 50 89 40 70/ 1 7412
263 93024 CAMNDIDGE od 39 37 01 G4 86/ 1 “er12
206 931106 DRURSWICK GA 31 15 81 28 69/ 1 73/12
207 93041 MILTOR FL 30 32 ) F O | 62/ 1 71712
200 923842 CoLvMuUS CA 32 31 04 56 69/ | 23712
209 23846 ARDENGON SC J4 30 02 43 64/ 1 6012
290 93919 MCCoMn s 3t 15 90 20 497 | 5412
291 923930 MCALVSTER oK 34 33 95 47 54/ 1| 64712
292 239707 LUr. i1 T J1 14 94 45 67/ 1 712
293 93909 QUINCY IL a9 56 91 12 60/ 1 9412
274 923992 ELDORADO AR 23 12 92 48 66/ 1 b4/12
295 94912 NAVIE CITY MT 40 33 169 46 67/ 1 112
206 94014 WILLISTON ND 40 11 163 28 67/ 1 71712
297 94224 ASTORIA on 36 9 123 63 T4/ 1 7412
200 94223, noauiAn WA 46 350 123 66 8547 1 50412
299 94240 QUILLAYUTE WA 47 57 124 30 74/ 1 7412
Jee 94728 MASSENA NY 44 06 74 51 70/ 1 7412
Je1 94741 TETERROMD NJ 40 81 74 3 82/ 1 8612
Je2 94740 WHITE PL NYy 41 4 73 43 68/ 1 72712
303 94746 WORCHESTER MA 42 16 71 62 70/ 1 7412
304 94789 REVW YORK RY 40 47 73 46 7¢/ 1 7412
J68 94790 WATERTOWN NY 443 0 76 1 60/ | 6412
%6 94794 Ty Ny 43 9 75 20 60/ 1 S4/12
07 D4:22 WL B D IL 42 12 872 6 70/ 1 7412
J0o 7274030 TOLEDOD ou 41 36 03 40 706/ | T2
4909 24096 GYINA HI 16 21 ar 24 63/ 1 67/12
J10 24146 CINeaco IL %1 59 07?7 G4 70 1 7412

1

I 94910 WATENLOO 1A 42 33 92 24 60/ 6412

o~

Al B



28

10

20
29
HIL
HE]
H
HH)
b
3

¥
0

TABLE 8.

STAR DISPERSION DATA STATION

COMFANY

AlR PRODUCTS
AKZONA

AKZONRA

ALLIED

ALLILD

ALLTED

ALLIED

ALLIED

ALLIED

ALLIED

ATIAX

AMER CYANAMID
AHERQ CYANAIMID
AMEN CYANAINID
AITER. NOLECNHST
AHMER PETROFINA
AHER PETROF INA
AlINCO

AHOCO

AMOCO

AMOCO

ARCO

ARCO

ASTILAND
ASHLARD
ASHLAND

BASF WYANDOTTE
ASIILAND

BASF WYARDOTTE
HASF WYANDOTTE
Wael” WY AL

BETHLEDN T S 1LEL

LLUE SYRocCr.
NOrDrN
nnapenN
BORDEN
SOODEN
DONDEN
NORADEN
BONDEN

PENSACOLA, FL
MCCOOK, IL
MHORRKIS, 1L
DANVIILE, L
PN, WY

FI S Scuing, €A
FIAWUFOND, Pa
HOPEWELL., VA
MODURDSVILLLE, WV
SOUTIHPO!'NT, ON
PORNT RICKEL, LA
ROUND DHOOK, NJ
CHILOTTE, NG
WILLOW I1SI.AND, WV
NATON NMOUCEH, LA
NIC SPRING:s, IX
ronr ARTOUR, X
COPPEN WIVENL, SC
DECATUR, AL
Aaerer, e

TS CITY, T'Y
CHAWNELVICY, X 2
HOURTOR, TY
CAVLETTSRUNG, FY
FOKD, N)
JANESVILLE, W]
GEISHAR, 1A

N. TUORAWANDA, RY 4
KEANNEY, NJ
WASIHINGTON, NJ
WA TR (1]
Semikovws rotnr, Hp
Lavnr praoik, NJ
nernroL s, AL
DIRDLL,, TA
FAYETTEVILLE, NC
FLUKONT, Cn
CUSMAR, LA

KEUNT, WA

LA CIWNDE, on

LATITUDE

g0

Jd

20 2

9%
29
{11}
40
42
Jo
20
30
40

24

440 2

a2
HY |
H 3
H e
Ho

-

45

LORGCITUDE

av
a7
[17:]
a7
74
110

77

0z
a9
74

(17 ]
191
101

23

79

u6

ao

24
950

9%

02
74
(124
91
705
74

[1X]
N

70 ¢
74 Z

27
94
70
2t
921
122

100

50

ot
57

13

12

ot

LOCATION OF SPECIFIC POINT SOURCES AND SELECTED

STAR STATIOR

3833
94846
148939
1468086
4719
23129
14762
14740
12736
97024
12930
94741
TN
137236
13970
111962
12917
13717
13002
14855
129006
29060
12960
13866
4739
14899
13979
47470
4739
4739
115,22
1J761
14707
11050
93907
19714
29244
13970
24233
24136




£8

TABLE 8

SITE

NORDEN

BONG- WAIWER
BNUSA WELLIAR
BRUSH WELLMAN
RAUSH WELLMAN
E.R.CARPENTER
CELANESE
CELANESE
CFILANESE
CLEANESE
CELANESE
CELAHESE
CELANESE
CNARTENR OIL
COEMBOND
CHIEMBOND
CITEMTRON
COEVNON
CHFEVIION
C1BA-GEICY
CLARK
COASTAL STATES
CORTINENTAL
CONTINENTAL
COS-MAR

crc

CROWLY TAIN
CNOWN OIL
DECUSSA
DENKA

DIAMRD SIHAMROCK
DOV

DOY

now

nowW

DU PONT

DU PORT

LOUISVILLE, KY
MISSOULANT
SAEBOYCAR, W]
SPRIRCFIELD, oOn
MORCARTOWR, WV
FLLORE, o
HAMPTON, RJ
REABING, PA

BAY PORT, TX
nAY CITY, TX

BISHOP. TX
CLEAR LAKE, TX
ILINDER, RJ
LOVISVILLE. KY
NEWARK, RJ

nockK I11LL, sc
NOUSTON, TX
SPRIRCFIELD, OR
WIRNIFIELD, LA
LAPONTE, TX
PASCAGOULA, MS
nicamMonD, CA
TOMS RIVER, RJ
DLUE 1SLARD, IL
COnrPUS CHMISTI,
CLIFTON, NJ
REWARK, NJ
CANMWVILLE, La
LYNDITURNST, NJ
gousTon, TX
PASADENA, TX
THEODORE, AL
fI0USTON, 11X
OFLLE, WV
FIEEPORT, TX
MIDLAND, I
PITTSBURG, CA
PLAQUEMINE, LA
ART1OCH, CA
BEAUMONT, TX

™

(Continued)

TATITUDE LORGITUDE  STAR STATIORN

————— - Em e —————

au
46
13}
+4
39
41

40
40
29

20
27
29

10
30
490
34
29
+
a1

29

Je
97
a9

41

12
54

45

9
10
26
(01)]
39

32
43
20
45

ird
10

J6
25
50
00
19
20

12

34

J2
3

85
|32
a7
122
a0
a3
T4
76
94
96
97
95
74

93820
24146
14898
24221
13736
24030
94741
14712

12923
12923
12966
94741
930260
94741
93004
129006
2422
13942
12906
1120
23239
14706
14055
12925
954741
94741
13970
94741
12986
12986
3855
12966
13866
12923
14845
232682
13970
232e2
[1Z91(7



107

120

COMPANY SITE LATITUDF,
DU PONT RELLE, WV an 13w
PU PONT conrPus CINISTI.TX 27069 0
DU QN DLEPWATER, 1) 9 41 25
DU PONT CIDDSTOWN, T11) 09 49 50
DU PPONT NEALIUG SPRUNG, NC J9% I 5e
DU PONT IHOUSTONR, 1X 29 42 49
DU PONWT LAPLACE, LA 30 4 O
Py PONT LAPONTE, TXK 20 42 4
U PONT LINDER, MJ 40 26 2
U PONT LOVISVILLE, KY 30 11 G|
nU PONT HONTAGUE, M| 40 24 10
DU POWYL OoLD HiIcroAy, TH 36 16 24
DU PONT PARKENSDURG, WV J9 1H 27
DU PONT TOLEDO, Ol 41 19 24
DU PONT VICTORIA, TX 20 406 29
DU PONT WILMIRGTOR, KRC 34 19 o
EASTHMAR KODRAX COLUMBIA, RBC 33 69 0e
EASTMAR KODAK KINGSPORT, TR J6 31 41
EASTHAR XODAK LONGVIEW, TX 3z 23 59
EASTMAN KODAK ROCAESTER, NY 43 12 1|
VNERY MAULDIN, SC 04 40 16
FHENY SANTAFE SPRIRGS, CA 99 6% I8
ETHYIL. BATON ROUGE, LA J30 18 @
EXXOR DATON ROUGE, LA 0 92 10
EXIOR NAYTOWR, 11X 29 44 060
EXHON DBAYWAY, NJ 40 30 46
FALLEK TUSCALOOSA, AL a3 11 0
FERNO SARTA FE S. , CA 43 66 10
FIRST CAEMICAL PASCAGOULA, IS J0 21 20
FM BALIMONE, ™D J9 14 Bo
FHC DUFFALO, RY 42 39 10
ENC MIODLEPORT, NY %) 12 21
FIIC NITO, WV 30 25 93
FHC 80 CHANLESTOA, WV 3848 22 10
GAF CALVYERT CITY, KY 37 2 950
GAF LINDER, NJ 40 30 19
GAF TENAS CITY, TH 29 25 29
GCEN ELECTNIC MOUNT VERNON, IN B7 06 42
CEORGIA-PACIFIC ALDARY, O 44 9?7 7
GCEORGIA-PACIFIC coLummus, on 39 69 7

TABLE 8 (Continued)

LONCITODE

8l
97
70
S
a0
95
20
96
74
as

96
k¢
at

94

u2
110
91
96
95

76
78
78
a1
ot

74
94
a7
123
a8z

56

STAR STATION

13866
12920
13749
19739
10714
12996
12950
12966
99741
13067
14040
134397
12866
94839
12923
13217
13744
138727
13972
14771
91104
Z3174
13970
13976
12966
94741
93806
93186
133820
10701
14747
14797
13866
13866
816
94741
12923
933172
24232
14621



48

NO.
P .

121

[
i2a
26

| $4.0°d
(30
13%

11174
(1¢)¢]
(§¢C]
140
P
142
r<3

-7
M

151
13z
(B3]
(5 %)
193
136
137
138
159
160

COMPANY

—— e RA R -

CEORCIA-PACIFIC
CEHC] A-PACIFIC
ATWUCTN TN 1
CUEURE I A-TACT P IC
CRONCIn~PNCIFAC
TEMMGIA-UNCTIF1IC
Ouanea-raciric
GET¥Y UL .

W. . CHACE
CULF Y

@QUIF

MULF

aquIF

Ipisa

INANRA MININ
HERGUILLDS -
IFRUCVLTE
NINCULES
MEXBULESS

1.1 T 01

1CC

(HC

.

IWTER MINENAL
FJEFREMYON - -
‘TEFFRABRSOIN
JEFFERKON
JONES 0 LAUGITLI
KALALMIA :
EALATA

RAWEGK] RERYLCO
RAWEICKI RBGRYLCO

{Continued)

LATITUDE

C00S BaY, ORH 32 27 26
CROSSETT, AR 30 8 16
rurein, I o2 0
PLAGUTHIINE, LA OS50
RUSSELVILTL, &C W 2o 52
TAYLOWLLWLE., NS 3610
VIENNA, GA a2 7T LU
El. Datane, LS 7 47 10
WASHUA, . NI 246 0
ALLBAICE. LA 39 G0 0
CRDAML BAYQU, TX 29 49 29
JEMGEY CV1Y, NJ 0 40
PUILADELPITA, TA 640
VICKSBULG, NS 42170
NIDALE. ON 42 50 2
WILMINGTON, NC a4 19 27
DAUNS¥ICI, GA U1 7 55
NANBON BraCH, M 43 51 7
NOPEVELL, VA A7 15 U4
LOVISIARA, MO W20 24
PATLLN, NJ 4 g1 10
VILMINGTON, NC At 19 9
LOD1, NJ 49 52 0
HIGH POIRT, KC 37 B9 1Y
STeXIE, IL 42 i 00
NOMTAGUE, MI 4 24 43
RIAGARA FALLS, NY 47 4 2
N TORAWANUA, NY a0 2 a7
RIAGARA 'ALLS, NY 40 0 Jl
SEIPLE, PA 40 an 12
STFRLINCTION, 1A 2.4 25
TERRE IAULE, N 99 27 <
AUSTIN, TH J0 20 0

CUNNOE, 1X
PORT NECIIS,
ALIOUIPPA, TaA
EDOYSTORE, PA
KALAMA, WA
BAZELTON, PA
READING, A

A0 40 Su

X 29 b7 45

40 90 L4
99 60 56
I (L
40 21 208
40 47 U2

STAR STAT!ON

24283

93992
oo
ldﬁ?n
15717
1dfes
(IS
11959
14745
l2§gh

2ok

ey W 4 G TET AN



98

161

163
164

137

COMPARY

it. KOHNSTAM
. KOINSTAM
KOPPENS
KOPIENS
KOPPERS
LACHAT

1LONRZA

MAGNA

MAK CHBEMICAL
RALL INCKRODT
HERICIEDN
MILUIKEN
MINENFC

M

NODBAY

FIOBAY

IODBILE
HONSARTO
HORSANTO
MORSANTO
MHONSANTO
HONSANTO
MORSANTO
FHONSARTO
HORSANTO
MORSANTO
MORSANTVL
MHONSANTO
MHONSANTO
HONTNOSE
MONTNOSE
NALCO

NATP
NATIORAL STANRCO
REPANA

RORDA

N PETROCHEMICAL
OCCIDERTAL
OLIN

OLIR

TABLE 8

CAIDEN, HJ
CLLANDIRG, 1L
CICEnO, 1L
FOLLANSDEEF, WV
oIl CiITY, PA
NEQUON, WI
MAFLETON, IL
[IOUSTON, TX
MUNRCIE, IR
Lobo!l, NJ
HHOUSTON, TX
1IMAN, SC
DALTINORE, MD
DCCATUR, AL
DAYTOWN, TX
AEY UHARTASVILLE, Wy
NFAUNMORT, TA
ADDYSTON, OH
ALVIN, TX
DRIDGEPONT, NJ
CHOCOLATE DBAYOU, TX

EUCENE, Ol
KEANWEY, RJ
LULING, LA
NI, wWv
savckeT, 1L

SPNINGFIELD, MA
57. Louls, MO
TEAAS CITY. TX
HEHOENSON, NV
TOMNANCE, CA
SUCAR LARD, TX
LobI, RJ
SALISDUNY, NC
NARRIMAN, NY
DBOINTOE, NJ
FEAST HORIUS, IL
N TONAWANDA, NY
ASIITADULA, OU
BRANDERNBURG, XY

(Continued)

LATITUDE

290

10
J4

LT
6o

@2
i2
23
12

22
51
10

11
39
60
22
28

28

249
17
8l
495

LORGITUDE

STAR STATION

13739
14833
14035
14762
14060
14839
14842
12966
93819
94741
12906
93804
13701
13082
12906
13726
12917
93813
12966
13739
129€6
24221
24741
12950
13066
13994
14763
1399¢
12923
23612
22129
12905
94741
13723
14757
94741
94046
14747
14043
13097



(8

201
262
203
204
203
206
207
208

210
211
212
213
214
215
216
217
210
219
221
222
223
224
225

226

207
230
239
240

OLIN

onnis
OWERS-CORNING
OXIRARE
OXIRANE
PACIFIC RESIRNS
PBI-CORDON
PELRON
PERRVALT
PERSTOI
PETROLITE
PETROLITE
PFIZER
PLASTICS ERG
PPG

PPC

PPG

rerc

Pre¢

PROCTIL A GAMIDLE
PUBLICKLR
QUAKEN OATS
QUINRTARA-TIOWELL
NEICTHOLD
REICHNIOLD
neicnuoLn
REICONOLD
REICIHIOLD
neicniioun
nrEi1cpooLn
NETCHNOLD
NEICHUOLD
REICWAOLD
NEICIMOLD
NEIConoOLD
REILLY TAR
NIVENDALE
ROOM G NAAS
ROHAM 8 HAAS
RUBICON

TABLE 8 (Continued)

———_——— ———— - = . e

LLAKE CHANLES, LA
NEWARK, R[J
NEWARK, oU
nAYPORT, TX
CIARRELVIEW, TK
EUCERE, on
KARSAS CITY, MO
LYONS, 1IL
CALVERT CITY, KY
TOLEBO, On
BREA, CA

ST LOUIS, MO
TERRE BAUTE, IN
SREBOYGAN, Wi
BARBERTON, OH
BEAUMONT, TX
CIRCLEVIEW, OR
A CIARLES, LA

NFW HARTHSVILLE, WV

KCHPIOIS, TH
PHILADELPULA, PA
MEMPIILIS, TN
CORPUS CIRISIT. TX
ARNUVER, MA
AZUSA, CA
CARTENET, NJ
DETROIT, MI
HALT'HOR, SC
NOUSTON, T
KANGAS CITY, kS
HALVFRR, AN
MOHCUNE, HC
TACOIIA, WA
TUSCALOOSA, AL
WilITE CITY. OR
INDIANAPOLIS, IR
CIIICAGO IIEIGUT, IL
DCLU PARIZ, 11X
PITILADELPHIA, PA
GEISMAR, LA

LATITUDE
30 13 35 93 15 37
40 41 16 74 12 17
40 5 30 8z 26 €
29 37 26 95 3 <7
29 40 50 93 7 30
4% I © 123 35 95
J9 0 53 94 40 59
41 44 06 87 49 4
a7 I 18 88 19 40
41 43 10 81 31 28
33 53 30 117 58 45
38 41 G 96 12 0
39 26 1 87 24 22
4] 45 0O 8?7 47 ©
41 6 37 aL 36 29
30 3 48 94 2 Je
39 36 S 82 67 34
Jo 13 14 93 16 54
39 47 22 Be 51 27
J3 19 46 09 56 306
39 53 30 75 12 18
95 10 JO 89 56 56
27 48 35 9?7 27 30
2 0 30 71 8 28
34 7 52 117 63 51
<6 35 D6 74 13 13
2 28 17 83 7 52
32 53 33 8L 6 1o
29 45 [0 95 10 15
39 9 28 94 37 41
34 24 9 92 40 45
35 It 108 79 4 52
47 16 11 122 22 57
33 12 3 a7 34 @
42 26 1B 122 7 7
39 42 @ 06 14 6
41 36 J® azv 36 11
29 43 310 95 6 IS5
J9 54 G 73 11 30
0 12 @ *I 11 3@



24
242

240

270
271

270
Hid)
260

SCHERF.CTADY
SCHENECTADY
SCIIER DROTHERS
SHELL

SHELL

SNELL

S1IELL

SHELL

SHEREX
SIHERYWIN HILLIAM
SPECVALTY GRCAN
STARDAND
STARD CHLORIRE
STAUFFEN
STAUI'FEN
STAUFFER
STAUFFEN
SIAUFFEN
STEPAN
STERLIRG
STIMSON

SUN O1L

SUN OIL

SUR OIL

SURN O1IL

RUN oIl
TELEDYNE MCCOMNM
TENR EASTHMAN
TENNECO
TERNNECO
TERRECO

TEXAS EASTHMAN
TOMS RIVEN
UNIOR CARDBIDE
UNIOH CARDIDFE
UNJOR CANDIDE
UNRION CARBIDF
URIOR CARAIDE
URION CARDIDE
URIOR CARBIDE

TABLE 8 (Continued)

OV3TER CNEFK, TX
noTreEntpaAM JUNC, NY
CLIFPTONR, NJ

DEEN PANK, TX
CL!SHAN, LA
MARIIRFZ, CA
NORCO, LA
OVESSA, THK
JANFSVILLE, WI
CIIICAGO, 1L
INVINDALE, CA
NICPHOND, TH
DFELAWANE C!TY, DE
€O01.0 CREEK, AL
CALLIPOLIS FY., WV
FDISOR, )
LIFIIOYRE, AL
LOVISVILLE. KY
HILLSDALE, IL
CINCIRRATI, OH
ANACORTES, VA
CLAYMORT, DE
CORPUS CHRISTI, TX
MARCUS HOOK. PA
TOLEDO, OH

sy, 0¥

o' LISTER, CA
LIUGSPONT, TR
CUALMETITE, LA
Fonbs, NJ
GARFIELD, NJ
LONGVIEW, TX
TONS RIVER, NJ
AHUGLER, Pa

BOUNHD BNOOK, NJ
FRENORT, CA
INSTITUTE, WV
SEADNIFT, T

50 CHARLESTOR, WV
ST. JOSEPH, MO

LATITUDE

29 50 21

J7 66 12

46 J3) 22

40 20 2
206 90 J¢
20 19 33
J9 46 36

LONGITURE

95
79
74
95
90
122

. 90

162
a9
a7

C7

122
75
a8
a2
74
a7
05

122
76
97
73

926
121
8u
89
74
74
94
74
76
74
122
a1
96
81
94

29
49
19

89

22
i9

3o
35
26
J8

ie

K H
32
29
al

31

25
32
6e
19

%1
12
13

J1

47
46

STAR STATIOR

12960
4730
24741
12906
12930
20202
12900
23623
14027
94046
23152
129€6
94741
91DB41(
13066
94741
23041
93620
94046
13849
24217
924741
12928
13739
94836
13960
2024
n16
12968
24741
04741
13972
19706
13739
54741
20244
13866
12923
13066
13921




68

201
282
283
264

286
287
268

290
291
292
293
294
296
296
297
290
299

UNION CARBIDE
UNIROYAL
uorP

UPJOHN

U. 8. STEEL
U. §. STEEL
US STEEL
VAN DE MARK
VELSICOL
VELSICOL
VELSI1COL
VELSICOL
VERTAC
VILRTAC
VULCAN
VULCAN
wWITCO

WITCO
WRICUT

TABLE 8 (Concluded)

TAFT, LA
GEISMAR, LA

E NUTHERFOLD, RJ
LAIPORTE, TX
CLAIRTOR, PA
HAVERINILL, oH
CGEREVA, VT
LOCKFORT. RY
BEAUMORNT, TX
CHATTANCOGA, TN
MARSHALL, IL
MEMPHIS, TN
JACKSORVILLE, AR
W3t [NELE®AA, AR
CGLISHMAR, LA
WICHITA, KA
CLEARING, IL
HOUS10N, TH
RIEGELWOOD, NC

22

LONRGITUDE

114

STAR STATION

13970
12958
9741
12906
14762
13866
41010
14747
12917
136882
93819
13963
13963
13939
12950
13969
94846
12906
13717
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SECTION 3
EXPOSURE-DOSAGE ESTIMATION APPROACH

As discussed in Section 1, the emissions sources were treated in
terms of three main categories:

> Major point sources, individually specified.

> General point sources represented categorically by a
prototype.

> Area source representations of numerous, widely dis-
tributed, minor sources.

This section explains the exposure-dosage estimation approach for each of
those categories.

MAJOR (SPECIFIC) POINT SOURCES

Major sources of most of the selected chemicals were specifically
identified chemical manufacturing plants. Concentration patterns caused
by unit emissions from such sources depend most strongly on three factors:

> Source elevation above terrain; effective plume elevation
may, in turn, depend on meteorological factors.

> Wind vectors (speed and direction).

> Dispersive effects (intensity of atmospheric turbulence).

For the present study a Gaussian model in the climatological form of
the EPA's CDM, using the same basic dispersion algorithm, was coded and
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used to estimate the annual average ground-level concentrations resulting
from emissions from major point sources. It was necessary to plan for
executing the model for up to 1000 major point sources and generic point
sources, but much of the computer time required by comparable existing
algorithms is used for repetitive evaluations of the Gaussian kernel.
Because wind velocity and atmospheric stability are the only meteorolog-
1cal variables involved in the Gaussfan dispersion estimation, the Gaus-
sian kernel needs to be evaluated only 36 times (6 wind speeds times 6
stability classes) for a specific combination of source elevation and
building cross-section. The Gaussian algorithms can be used to generate a
fila of normalized Gaussian solutions (concentration/emissions), one for
each combination of wind speed and stability, so we computed and stored
these Guassian concentration files for use in conjunction with STAR data,
emissions data, and reactivity data, in estimating the annual average con-
centrations., Substantial computer savings were achieved through this
"matrix modeling" approach.

In SAI's matrix modeling concept, the climatological Gaussian
algorithm would be used to generate a file of normaljzed Gaussian solu-

tions, one for each combination of wind speed and stability. This task is
accomplished through evaluation of the function given by:

[ ] 5 =g Rupsy (1)

where

concentration,

e I
] a

emissions rate,

[
"

j i-th wind speed
j-th stability class,
travel distance from the source.

w
e
[} L ]

95



For reactive materials, this equation is extended to include a dependence
on an exponential decay rate derived from prototype analysis:

[ ®] = s (2)

where 1, is the half-1ife of the k-th species. With this computer file
available, climatological concentration patterns are obtained by matrix
multiplication with STAR" data:

[F ®o] = [§ ®] jjeps50 (3)

The maximum radius considered in the exposure/dosage estimation was
set as 20 km for major point sources. Concentrations were estimated for
10 receptors--0.2, 0.3, 0.5, 0.7, 1.0, 2.0, 5.0, 10.0, 15.0, and 20.0 km
from the source--along each of the 16 wind directions. As shown in
Table 13 for the example of chloroprene, there may be instances of more
than one type of point source (each with its characteristic release
height, emissions rate, etc.) within a single plant. For the case shown,
fugitive emissions (valve and flange leaks, etc.) that are random and
indeterminate but not negligible are approximated by a single source point
5 m above the ground. This is a height typical of outdoor plumbing. The
building wake effect assures that the assumed point source is represented

STAR data are standard climatological frequency of occurrence
summaries formatted for use in EPA models and available for
major U.S. sites from the National Climatic Center, Asheville,
North Carolina. The data consist of frequencies ¢, tabulated

as functions of wind speed, Uss stability, Sj; and direction, 6.
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as a source with dimensions larger than the adjacent structure. Each
emissions category was modeled individually, and the total ground-level
concentrations resulting from plant emissions were then computed by sum-
ming the individual estimates.

The dispersion algorithm can also treat chemical formation and decay,
enhanced dispersion caused by building wake effects, and release or stack

height. These features are discussed in the following subsections.

Chemical Reactivity

The detailed approach adopted in estimating the effect of chemical
reactions on ambient concentrations is shown with chloroprene as an exam-
ple. Chloroprene is an organic compound that is decidedly photoreactive
in the atmosphere. Based on preliminary calculations conducted with esti-
mated decay rate, approximately 90 percent of the chloroprene emitted into
the sunlit urban atmosphere would be removed within an hour through reac-
tion with hydroxyl radicals and ozone molecules. However, the chemical
decay rates are much lower in the nighttime or under overcast condi-
tions. Figure 7 displays a comparison between the resulting concentra-
tions along a single wind direction with and without the chemical decay
computed for a chloroprene example.* Because the chemical reactions that
change atmospheric concentrations occur over time, the chemical reactivity
of a compound has less impact on the concentrations near the emissions
source than further downwind. The difference in concentrations between

The data inputs that are necessary for the reactive case include: the
chloroprene emissions source location (the Dupont plant at Laplace,
Louisiana); the nature of the source emissions (process vent); the map
coordinates (90°32'00"W, 30°04'0"N); the stack height (20 m); the effec-
tive building cross section (100 mzl; the emissions rate (34.23 g/sec);
the daytime deiay rate (0.00058 sec™!); the nighttime decay rate
(0.000020 sec~*); the wind direction (1, from the north); and the STAR
station [12916 (New Orleans Muisant)].
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the two curves of Figure 7 at 200 meters from the source is about 3 per-
cent (43.2/41.9 - 1); at 20 km from the source the difference 1s about 30
percent (0.070/0.054 - 1).

. Building Wake Effect

Pollutants emitted into the wake of a building are subject to an
enhanced dispersion (1.e., the concentration s reduced very quickly by
the turbulence on the lee side of the building). If a dispersion analysis
fgnored this effect, the occurrence of high concentrations would be over-
estimated. A detafled description of the equations used in estimating the
building wake effect is addressed in the section beginning on page 121.

The ground-level concentrations that result from different building
structure dimensions are depicted in Figure 8, where the major parameters
for estimating these concentrations are the same as those of the reference
case. Clearly, the building wake effect would have insignificant impacts
on ground-level concentrations at points further downwind from the source
than 1.0 km. However, sources with larger building effects would result
in larger ground-level concentrations near the sources. Additional
analyses that assess the precise impacts of building wake effect may be
required to determine the extent to which the example in Figure 8 is site-
specific.

Release Height

The exact release height of a source can have a great effect on
ground-level concentrations. As Figure 9 shows, concentrations resulting
from ground-level emissions (H = O) can be more than 10 times as great as
those resulting from emissions at a moderate height (H > 20 m). However,
these differences become insignificant further downwind (R > 5 km).
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The evidence from Figures 7, 8, and 9 indicates that ground-level
concentrations decrease approximately log-log linearly with distance at
receptors more than 2 km distant from the source. Apparently, a plot of
this log-log linear relationship could be used to interpolate concentra-
tions at specific locations within the range of 2 to 20 km from the
source.

The Point Source Algorithm

The annual average concentration pattern of a given chemical compound
downwind from an emissions source is estimated by using the climatological
form of the Gaussian algorithm (Turner, 1970) that is given by the
detailed equation used to prepare the computer program:

Z T STAR( 6,5 N, JEXP(R,S | H)
= 2.03Q J

J UW7 RO(Rﬁ)

xR, 8H, T, » DEC(RLS LNy, 7,)

(4)

where the symbols have the following meanings:

Polar Coordinates

R = Distance (meters) from the source to the recep-
tor,
8 = Compass azimuth of the radius, R; also wind azi-
muth.
Atmospheric Parameters

u = wind speed (meters/second),
6 = wind azimuth (i.e. direction from which wind is
blowing), 5
. . meter
0, = vertical dispersion coefficient (EEEEFH) R
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Ny = the t-th wind speed category,
S = the k-th dispersion (stability) category.

Functions
STAR = The STability ARray”" of joint probabilities of
occurrence of wind speed, direction and stability
combinations,
EXP = Gaussian dispersion function for elevated pol-
Tutant plume.
DEC = Decay function characterizing loss of chemical

species, k, due to atmospheric chemical reac-
tions.
Emission Parameters

Q = Emissions rate (grams/second),
H = Effective plume height (meters).
Species Parameter

1, = Decay rate of species k due to atmospheric
chemical reaction.

~ Grid System

A polar grid array of sectors of uniformly increasing size radially
outward from the source was used to overlay the region of interest. Con-
centration is calculated at the four corners of each sector. Another use

of the grid system is to catalog population data for exposure/dosage cal-
culations.

Climatological Parameters

The STAR data were obtained from the National Climatic Center
(Asheville, North Carolina). As received they were not in a uniform for-

* Site-specific, from data from several hundred sites in U.S.
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mat with respect to the stability used. Data from some stations was in
the original STAR format with up to eight stability classes. Data from
other stations had been modified so as to distinguish between day and
nighttime occurrences of neutral D stability. After receipt from the NCC,
all unmodified data sets were modified according to the present EPA day-
night system (Busse and Zimmerman, 1973), as shown in Table 14. This
splitting of the neutral stability data 1s especially important when other
processes, such as chemical reactions, have diurnal varfations.

For all the point source analyses, neutral (D) stability events
designated by the regular STAR data are divided into two classes: 40 per-
cent of the neutrally stable hours are assumed to occur at night, and the
remaining 60 percent in the daytime (Burt, 1977).

Since the lower portion of the atmosphere over urban areas is usually
unstable, even when the adjacent rural area is stable, neutral stability
is assumed for point sources analyses in urban areas whenever the STAR
algorithm indicates stable conditions (Classes E and F). This procedure
follows the recommendations of the EPA.

TABLE 14. PASQUILL-GIFFORD STABILITY CLASSES USED IN
POINT SOURCE ANALYSES

Pasquill/Gifford
Stability Classes Urban Areas Rural Areas
A A A
B B B
o C c
D D-day D-day
E D-night D-night
E D-night E
F D-night F

Source: Busse and Zimmerman (1973).
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Wind Speed
The wind speed U(N1) for each wind speed class is taken as the
average wind speed of the range for the qiven class (Busse and Zimmerman,

1973).

Vertical Variation of Wind Speed

Generally, the wind speed at plume height will differ from the
measured wind speed at the anemometer height of 10 meters. To account for

this vertical variation, a power law wind profile 1n the form

U(H) = Ulo(%)r’ (5)

was used, as recommended by Turner (1970). The exponent p, as presented
in EPA (1977), is Tisted for each stability class:

Pasqui11/Grfford
Stab1lity Classes P

0.10
0.15
0.20
0.25
0.30
0.30

MmO O @O
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Plume Height

The height of the plume centerline, he, is the sum of the physical
stack height, hs, and the plume rise, &h:

he = hs + M . (6)

In this analysis, plume rise 1s determined using Briggs's equations (1969,
1970, 1975) for momentum plumes and buoyancy plumes from low level emis-
syons sources as recommended by Turner and Novak (1978).

Vertical Dispersion Function

The value of 9, where emissions do not suffer from downwash phenomena
1s calculated from formulas recommended by Briggs (1973), where R is the
downwind distance 1n meters:

Pasqui1l Stability Class g, (m)
A 0.20 R
B 0.12 R
C 0.08 R (1. + 0.0002 R)=1/2
D(day and night) 0.06 R (1. + 0.0015 R)~1/2
£ 0.03 R (1. + 0.0003 R)~1
F 0.16 R (1. + 0.0003 R)~!

The proposed formulas for o, for emissions that are influenced by
building wakes are:
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Pasquill Stability Class o, (m)

0.20 (R + &8)
0.12 (R + &)

0.08 (R + &R)[1. + 0.0002 (R + &R)]"1/2
0.06 (R + M)[1. + 0.0015 (R + &R)]}/2
0.03 (R + AR)[1.0.0003 (R + &r)]-!
0.16 (R + M)[1. + 0.0003 (R + M)}

M mMm 9O OO W >

where &R is the displacement distance and is calculated using:

Pasquill Stability Class R (m)
A 1.95 AD+3
B 2.72 AQ-S
c 4.09 A0S
D 4.95 pO+5
E 9.03 A0-52
F 14.88 A0.52

Chemical Decay

The four-class scheme for photochemical decay categorization is
adopted in the dispersion models. The default values of reaction rate
constants for each class are listed below:

Class III
Class I Class I Moderately Class 1V
Time of Day Very Reactive Reactive Reactive Unreactive
Daytime 1.0 x 1072 5.0 x 103 5.0 x 1074 0
Nighttime 5,0 x 107 5,0 x 107> 0 0

Source: Systems Applications, Incorporated, review as described in
Section 2, pp. 66 ff.
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Matrix Modeling Technique

To save computing time, the Gaussian algorithm [2.03 EXP(R.SJ,H)/
GZ(R,Sj)] and the decay function (exp [--R(SJ)R/U(Ni)]) from Eq. (4) are
used to generate files of normalized Gaussian solutions--one for each com-
bination of six wind speed categories, seven stability classes, and four
chemical reactivity qroups. For each of the combinations, 10 different
downwind distances R, 16 wind directigns 8, and 5 different effective
stack heights are used. The values chosen for the 10 different downwind
distances are 0.2, 0.3, 0.5, 0.7, 1.0, 2.0, 5.0, 10.0, 15.0, and 20.0
kilometers. The values for the wind speeds are 1.50, 2.46, 4.47, 6.93,
9.61, and 12.52 m/sec. The values chosen for the effective stack height
are 0.0, 5.0, 10.5, 20.0, and 35.0 meters.

Sector Averaging

The constant 2.03 of Ea. (4) is the product of the factors
2/(V2n 27/16) . This is obtained from the bivariate Gaussian sector
averaging form for a 22.5° (i.e., 2n/16) sector. This results in a
uniform concentration across the wind sector at a given distance and
height.

Operation

MATRIX and GAUSS are the two major computer progqrams used in major
point source analysis. The function of program MATRIX is to generate a
matrix file containing dispersion functions as a function of wind direc-
tion and radial distance from the source for a single point source with a
chosen physical characteristic. The GAUSS program reads the matrix data
file generated by MATRIX and calculates the ground concentration pattern
carried by the sources defined in the source definition data set. Output
from GAUSS is a data file that contains surface concentration values.
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There is no input data requirement to run the MATRIX program.
However, GAUSS does require input. In addition to the intermediate data
file created by MATRIX, GAUSS requires an input data set that identifies
the locations and characteristics of the sources as well as the sur-
rounding meteoralogical and climatological conditions. Sequences of input
data cards are shown in Table 15.

Vertical Dispersion Function for Downwash Phenomena

When the pollutants are emitted from a vent or opening on a building,
or when the exit velocity of gases emitted from a stack is less than 1.5
times the mean wind speed, dispersion of pollutants is determined by the

atmospheric dispersion mechanism and the building-induced turbulence.

Following Briggs (1975), the atmospheric dispersion function for
qy(x), m, and oz(x) can be expressed as follows (open country conditions,
102 < x < 10%m):

Pasquill Type E&(m) oz(m)
A .22x(1 + .001x)"1/2 .20x
B .16x(1 + .0001x)-1/2 12x
C J11x(1 + .0001x)-1/2 .08x(1 + .0002x)"1/2
D .08x(1 + .0001x)~1/2 .06x(1 + .0015x)~1/2
E .06x(1 + .0001x)-1/2 .03x(1 + .0003x)"1
F .08x(1 + .0001x)-1/2 .016x(1 + .0003x)"1

Estimation of the additional initial dispersion in the building wake
is based on Holland's virtual point source concept. In this concept, dis-
persion is as if the emissions came from a virtual source, farther upwind
than the real one and diffused by Gaussian processes to a plume as wide as
the building wake. The downwind distance x can be expressed as x' + Ax,
where x' is the distance between the receptor and the actual emission
source, while ax is the distance between the actual point source and
virtual point source (see Figure 10). The total dispersion factor can be
expressed as:
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TABLE 15. SEQUENCE OF INPUT DATA CARDS FOR PROGRAM GAUSS

Card No. Variables Format Contents

1 NEMS 110 Number of emissions sources

2 LINE 7AS Emissions source identifier
LAT 16 Latitude (degree, minute, second)
LONG 17 Longitude (degree, minute, second)
ISTAR I5 Chosen STAR station number
T F5.0 Ambient temperature (°K)
ALAPSE 2F5.0 Lapse rate for stability class E, F
TURB I1 Urban index

IURB = 1 for rural area
IURB = 0 for urban area

3 IUSE I5 User identifier
NOS [2 Number of source type within
each emissions source
ISPEC A10 Name of the chemical
ICSPEC Al0Q Compounds
4 TEMTYP X,Al Emissions index
Q F12.0 Emissions rates (I1bs/hr)
STAK F4.0 Physical stack height (meters
above ground level)
XA F4.0 Typical building eross sectional area
(metersz)
IVENT Il Stack index

IVGNT = 1 for nonvertical stack
IVGNT = 0 for vertical stack

D F4.0 Stack diameter (meters)
VS F5.0 Gas exit velocity (m/s)
TS F4.0 Gas exit temperature (°K)

Note: GAUSS also requires the SAlI-modified STAR data file.
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Pasquill :

Type , oy (m)
A .22 (x' + ax) (1 + 0.0001 (x' + ax)-1/2
B 16 (x' + &x) (1 + 0.0001 (x' + ax)"1/2
C J1 (x' + ax) (1 + 0.0001 (x' + ax)-1/2
D .08 (x' + &) (1 + 0.0001 (x' + ax)~1/2
£ .06 (x' + ax) (1 + 0.0001 (x' + ax)~1/2
F .08 (x' + ax) (1 + 0.0001 (x' + ax)~1/2

Pasquill

Type 9, (m)
A 0.20 (x' + ax) . (6a)
B 0.12 (x' + &x) (6b)
c 0.08 (x' + &x) (1 + .0002 (x' + ax)~1/2  (6c)
D 0.06 (x' + &x) (1 + .0015 (x' + ax)~1/2  (6d)
E 0.03 (x' + ax) (1 + .0003 (x' + ax)"1/2  (6e)
F 0.016 (x' + &) (1 + .0003 (x' + ax)-1/2  (6f)

For x'=0, the building-induced turbulence is the only mechanism that con-
trols the dispersion of pollutants. Therefore, the total dispersion func-
tion here can be expressed as:

oy (m) 9, (m)
.22 (&x) (1 + 0.0001ax)~1/2  0.20 (ax) (7a)
.16 (ax) (1 + 0.0001ax)°1/2  0.12 (&) (7b)
.11 (ax) (1 + 0.0001ax)"1/2 .08 (ax) (1 + 0.0002ax)-1/2 (7¢)
.08 (ax) (1 + 0.0001ax)-1/2  0.06 (ax) (1 + 0.00015ax)-1/2(74)
.06 (&x) (1 + 0.0001ax)-1/2 0,03 (ax) (1 + .0003ax)-1  (7e)
.04 (ax) (1 + 0.0001Wx)=1/2  0.016 (ax) (1 + .0003ax)-l  (7f)
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The product of Sy and o, is:
% % (n?) =

4.4 x 1072 ()2 [1 + 10°% (mx)]°172 (8a)
1.9 x 1072 (ax)2 [1 + 1074 (&)]°1/2 (8b)
8.8 x 1073 ()2 [1 + 3. x 1074 (&) +2 x 1078 ()2 )-1/2 (8c)
48 x 1073 (a)2 1+ 1.6 x 173 (&) + 1.5 x 1077 (a)2]7°1/2 (8d)
1.8 x 1073 (ax)? 1+ 7.0 x 1004 (&) + 1.5 x 1077 ()2

+ 9. x 10712 (Ax)2 -1/2 (8e)
6.0 x 1079 ()2 1+ 7.0x 107% (&) + 1.5 x 1077 ()2

+ 9. x 10712 ()2 -1/2 (gf)

Gifford (1968) 1dentified the total diffusion factor as:

oy = (oy2 + CA/n)l/2 ,

where A 15 building cross sectional area perpendicular to the mean wind
and C 15 the building factor.™ 1t 1s found that 0.5 < C < 2.0. At X'=0,
the total dispersion function becomes

o, = (CA/mY/2 |

(ca/m)1/2

%

Multiply oy and o, to obtain:

Dependence on the height/width ratio of a building was not included.
There 1s great variety in the sizes and shapes of buildings associated
with the variety of emissions sources. Generally, the structures were
complex, there was uncertainty as to how well this correction should be
detailed, and 1t was difficult to obtain relevant data.
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oyo, = CA/m . (9)

Let C = 0.5 (a conservative estimation), and compare Eqs. (B8a), (8b),
(8c), (8d), (Be), and (8f) with Eq. (9); one gets:

E?ﬁg?}}ly o, o, (n?) = gﬁ
A 8.4 x 1072 (ax)2 [1 + 1074 (ax)]-1/2 {(10a) .
1.9 x 10-2 (ax)2 [1 + 104 (ax)]"1/2 (10b)
8.8 x 1073 (ax)2 [1 + 3. x 1074 (ax)
+ 2 x 1678 (ax)¢ J°1/2 (10c)
D 4.8 x 1073 ()2 [1 + 1.6 x 173 (&)
+ 1.5 x 1077 (ax)27-1/2 (10d)
E 1.8 x 10-3 (&ax)2 1+ 7.0 x 10°% (ax) + 1.5 x 1077 (ax)
+ 9. x 10712 (ax)2 -1/2 (10e)
F 6.4 x 10°% (&)2 1+ 7.0 x 104 (&) + 1.5 x 1077 (&x)2
+ 9. x 10712 (ax)2 -1/2 (10f)

Eqs. (10a) through (10f) are then solved numerically, and the Ax can be

expressed as:

Pasquill Stability Ax
A 1.9540-5
B 2.72a0:5
C 4.0500+5
D 4.95A0'5eA X 10'6
‘ 9.03a0-52,3.68 x 1070
. 14.8880+526A x 107°

By substituting them into Eqs. (6a) through (6f), one can obtain the total
dispersion function.
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Exposure and Dosage Estimation Scheme

SA] has coded this "matrix" dispersion modeling approach into a stan-
dard Fortran program. The output of the program is a well-formatted con-
centration array for 160 receptors around the plant (10 receptors along
each of the 16 wind directions). These are the sum of concentration pat-
terns resulting from all sources within a plant. A typical concentration
pattern printout is shown 1n Table 16, and the chloroprene-emitting Denka
plant at Houston is used here as an example. This subsection delineates
the basic approach used in combining the concentration pattern with the
popu1atioﬁ distribution pattern around a plant. Two terms are defined
here and are used frequently in the following discussion. A polar grid
point 1 one of the 160 receptors at which concentrations were estimated
by the dispersion modeling. A population centroid is the population-
weighted geographical center of an ED/BG for which geodetic coordinates
are known.

A two-level scheme was adopted to pair up concentrations and popula-
tions prior to the computation of dosages and exposures. The two-level
approach is appropriate because the concentrations are defined on a
radius-azimuth (polar) grid pattern with non-uniform spacing. At smal)
radii the grid cells are much smaller than ED/BGs; at large radii the grid
cells are much larger than ED/BGs. To form the product of population
times concentration, both factors at the same set of points are
required. Interpolation techniques to accomplish this are most appro-
priately applied by interpolating values of the factor defined on the
coarse network at the locations of the finer grid, thus maximizing the
resolution and minimizing the uncertainties of interpolation. Because the

fine/coarse relationship varies with radius, the two-level approach is
used.

For ED/BG centroids located between 0.1 km and 2.8 km from the
source, populations were apportioned among neighboring concentration grid
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points. There are 96 (6 x 16) polar grid points within this range.
Associated with each of these grid points, at which the concentration 1s
known, is a smaller polar sector bounded by two concentric arcs and two
radial lines. The boundary concentric arcs were defined by radii of 0.1,
0.25, 0.4, 0.6, 0.8, 1.2, and 2.8 km in this study, and the boundary
radial lines were drawn right in the middle of two wind directions. Each
of these concentration grid points was assigned to the nearest ED/BG cen-
troid identified from the MED-X data set. The population at each centroid
was then apportioned among all concentration grid points assigned to that
centroid. The exact land area within each polar cell was considered in
the apportionment, and the population density was assumed to be the same
for all grid cells assigned to a single centroid. Both concentration and
population counts were thus available for each polar grid point.

Log-log linear interpolation was used to estimate the concentration
at each ED/BG population centroid located between 2.8 km and 20 km from
the source. Concentration estimates for 80 (5 x 16) grid points
(receptors at 2.0, 5.0, 10.0, 15.0, and 20.0 km from the source along each
of the sixteen directions) resulting from dispersion modeling were used
here as reference points for this interpolation. For each ED/BG centroid,
four reference points were located as the four corners of the polar sector
in which the centroid is located. These four reference points would sur-
round the centroid as depicted in Figure 11. As shown in Figures 7, 8,
and 9, there is a linear relationship between the logarithm of concentra-
tions and the logarithm of distances for receptors more than 2 km away
from the source. This relationship was used to estimate the concentra-
tions at points E and F (see Figure 11). These estimates, together with
the polar angles, were then used to interpolate the concentration at the
centroid. Using the two-level approach, concentrations and populations
wre paired up for the 96 concentration grid points within 2.8 km of the
source and for all ED/BG centroids located between 2.8 km and 20 km from
the source. The total dosage was then computed as follows:
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N
Total Annual Dosage (ug/m3-person) = ZP1C1 .
=1

where P; = the p0pu1atfon at point 1, C; = the annual average concentra-
tion at point 1, and N = the total number of grid points and EN/BG cen-
troids with a specified combination of concentration and popuiation
(representing the entire area within 20 km of the source).

SOURCE

FIGURE 11. REFERENCE POINTS FOR AN ED/BG CENTROID

The population exposed to each of a number of concentration levels,
Ljs was computed by:

N

Exposure to LJ (person) = E P151(°1 .LJ.) ,
i=]
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where

0 ) 1f C1 < Lj

1oL dfe Ly

The dosage of the fraction of the population that is exposed to concentra-
tions greater than or equal to each of a number of concentration levels,
Lj. was computed by using the following summation:

N
3 .
Annual Dosage at Lj (ug/m”-person) = :E: Picisi(ci.Lj)
i=]

Note that the annual dosage at the minimum concentration within 20 km of
the source will equal the total annual dosage.

The concentration levels at which exposure is to be estimated can be
selected either manually or by an exponential function coded in the pro-
gram. A suggested approach is to select the desired number of concentra-
tion levels, examine the exposure computed at the program-determined
exposure levels, and then compute the exposures at selected levels.

The version of the MED-X data file used in these estimations includes
the 1970 census data, so both exposure and dosage have to be adjusted to
the 1978 levels. The 1978 to 1970 population ratio at the county level
was used as the adjustment factor in this study. The exposure algorithm
program was used to estimate the exposure/dosage for each of the major
point sources and total nationwide exposure/dosage.

119



PROTOTYPE POINT SOURCE EXPOSURE AND DOSAGE ESTIMATION APPROACH

Significant amounts of chemicals are emitted from point sources that,
practically, can only be treated generically. Such sources may include
power plants, refineries, solvent degreasers, solvent users, gas stations,
etc.; they are too numerous to be treated individually as point sources,
and yet the spatial distributfons of their emissions are not sufficiently
uniform to be treated as area source emissions.

SAI conducted a study to compare two approaches for estimating the
exposure-dosage resulting from chemical emissions from point sources
treated as classes. The first approach assumes that these sources are
area sources and that the Hanna-Gifford Model can be used to estimate
atmospheric concentrations. This approach was applied to estimate the
benzene concentration/dosage resulting from gasoline station emissions 1in
an EPA report on human exposure to atmospheric benzene (Mara and Lee,
1978). In the alternative approach, model or prototype sources were
defined; exposure estimates for each model source were developed in the
same fashion as they were for major, specifically identified point
sources. The results were then multiplied by the estimated number of
sources of the same type to obtaim national totals.

Trichloroethylene emitted from metal degreasing facilities 1s used as
an eiample in this comparison study. Trichloroethylene has been the his-
torical favorite for vapor degreasing uses, but regulations have been
instituted regarding its use for metal cleaning because of its toxicity,
its photochemical reactivity, and the resultant formation of undesirable
byproducts. Vapor degreasers (VD) lose a relatively smaller portion of
their solvents in waste material and as liquid carryout than do cold
degreasers (CD). For both VDs and CDs, most (> 99 percent) of the emis-
sions are those vapors that diffuse from the degreasers. Trichloroethy-
lene vapor degrea§1ng emissions are estimated by HI to have been 104,550
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metric tons in 1978, or 99 percent of the total amount of trichloroethy-
lene consumed for this purpose (see Attachment A). An estimated 15 per-
cent of trichloroethylene consumed in metal degreasing operations was used
in cold cleaning equipment. The remaining 85 percent was used in open top
vapor degreasers (0OTVDs) and conveyorized vapor degreasers (CVDs). The
averaging emissions rates per unit and the total number of units in opera-
tion nationwide are shown in Table 17.

TABLE 17. NATIONWIDE TRICHLOROETHYLENE EMISSIONS
FROM SOLVENT DEGREASERS

National Average
Emissions Emissions Rate
(metric Number of per Degreaser
Type of Degreaser tons/yr) Degreasers (g/sec)
Cold degreaser 14,950 49,770 0.0095
Open top vapor
degreaser 55,570 6,110 0.288
Conveyorized vapor
degreaser 33,340 1,232 0.858
Total 104,550 59,382 --

Source: Hydroscience, Incorporated, Knoxville, Tennessee, tri-
chloroethylene emissions summary; included in attached
species report.

In this study, model sources were defined for each of the nine geo-
graphic regions in the United States. Figure 12 displays the nine
regions. The average emissions rate per degreaser, as listed in Table 17,
is assumed applicable to all nine regions, and the deviations from the
average rates are regarded as insignificant in terms of their influence on
the overall exposure-dosage estimates. Therefore, there are three types
of model sources in each region for trichloroethylene, and their emissions
rates were assumed to be the average rates as listed in Table 17. How-
ever, for some model sources of other chemicals, the emissions rates may

be different from region to region.
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Degreasers that use trichloroethylene as & 561vent are usually
employed in the manufacturing industry; the population exposed to emis-
sions from this type of source resides mostly in urbanized areas. In this
study, all trichloroethylene-using degreasers were assumed to be located
in urbanized areas with populations of more than 25,000. These urbanized
areas were also the major exposed areas. An attempt was made to estimate
the total land area in each regifon, and the average population density in
these urbanized areas for each region was also derived. Table 18 lists
these statistics together with the number of each of the three types of
degreasers in each of the nine regions. The 1978 population density in
these urbanized areas was assumed not to differ significantly from the
1972 fiqure. The population and land area data were from the 1970 census
data (U.S. Bureau of the Census, 1973) and data on the number of
degreasers were estimates made by HI.

Uniform Emissions Approach

In this approach, trichloroethylene was assumed to be emitted uni-
formly throughout the area covered. To calculate the average annual area-
wide trichloroethylene concentrations, x, resulting from vapor degreasing
emissions, the Hanna-Gifford dispersion equation was used:

L= 2250

23, (16)

where

Q = average emissions rate of trichloroethylene from

unit area (wg/sec - mz).

u = average wind speed (m/sec),
225 = an empirical factor derived from several previous
studies on relatively large scale urban areas
(~ 400 kmz) and under neutral atmospheric
stability.
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TABLE 18. 1970 POPULATION DENSITY AND NUMBER OF TRICHLOROETHYLEME-USING
DEGREASERS IN THE NINE GEOGRAPHIC REGIONS

Statistics in Urbanized Areas*

Region Population Area Density Number of Degreaserst
Code Region (in thousands) (km?) (persons/kmz) cod orvp™  cvpt?
1 New England 8,098 7,650 1,059 2,991 560 113
2 Middle Atlantic 27,959 14,084 1,985 7,760 1,158 244
3 East North Central 26,506 19,543 1,356 13,179 1,742 405
4 West North Central 8,450 8,402 1,006 4,362 452 80
5 South Atlantic 15,862 14,102 1,125 6,005 465 84
6 East South Central 4,173 4,986 837 2,944 265 52
7 West South Central 10,948 12,312 889 4,832 398 68
8 Mountain ' 4,692 4,772 983 1,806 174 21
9 Pacific 20,582 14,335 1,436 5,893 896 165

+&*
Source: U.S. Bureau of Census, 1973.

1 Source: Hydroscience, Incorporated, Knoxville, Tennessee, trichloroethylene emissions
summary included in Attachment A.

$ cord Degreaser.
b Open Top Yapor Degreaser.
Tt Conveyorized Vapor Degreaser.



Since this approach does not consider concentration patterns, patterns of
wind variability were not judged to be pertinent, and a mean, national
average wind was used. The average U.S. wind speed was determined to be
5.5 m/sec by weighting regional average wind speeds by population, (Mara
and Lee, 1978). Because it was assumed that all of the vapor degreasers
are located in Urbanized Areas, the total land area of the Urbanized Areas
in the United States (U.S. Bureau of the Census, 1973) was used in the
estimation of unit area emissions rates (Q). Table 19 lists the major
parameters used in this approach, together with the estimated concen-
tration-dosage results. It should be noted that no information on the
differentiation of levels of exposure to the populations residing in the
Urbanized Areas is available, and only the average exposed cancentration
is derived from this approach.

TABLE 19.  MAJOR PARAMETERS AND CONCENTRATION-DOSAGE RESULTS
OF THE UNIFORM EMISSIONS APPROACH

Concentration-Dosage Information
Major Parameters Results Source
Total trichloroethylene 104,550 metric tons/yr Hydroscience,
vapor degreasing emissions Incorporated
Total Urbanized Area 100,190 km? U.S Census
Bureau (1973)

Unit area emissions 0.0331 g/sec - m? SAl computations
rate, Q
Average U. S. wind 5.5 m/sec Mara and Lee
speed, u (1978)
Average exposed concentra- 1.354 ug/m3 SAI computations
tion, ¥
Total population in 135 million” U.S Census
Urbanized Areas in 1978 Bureau (1973)
Total U. S. annual dosage 1.88 x 108 (ug/m3) - person SAl computations

* Based on 1970 population in Urbanized Areas, 127,270,000, and the
projected 1978 to 1970 population ratio of 218 million/205 million.
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Prototype Point Source Approach

In this approach, concentration-dosage patterns were estimated for
emissions from three model sources--a CD, an OTVD, and a CVD--for the nine
regions. The emissions ‘rates of these three model sources were assumed to
be constants, as shown in Table 19.

A set of STAR (STability ARray) stations with climatological condi-
tions that are typical of those in the nine regions were selected as the
base for conducting regional model source dispersion modeling (see
Table 10).

Trichloroethylene is quite reactive toward ambient hydroxyl radical
(OH )--about one-fifth as reactive as propylene. Its reaction with ozone
molecules is, however, very slow. Therefore, the psuedo-first-order reac-
tion rate constant of trichloroethylene in the ambient air in the daytime
would be about 1.68 x 10'3 min'l; during the night it would be close to
zero ;ince atmospheric reactions toward OH species occur only in the day-

time.

Most of the trichloroethylene-using degreasing units--cold dégreasers
or vapor degreasers--are housed inside a building or other shelter. Emis-
sions are from the venting system of the shelter. The emissions para-
meters for these three types of degreasers are summarized in Table 20.
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TABLE 20. EMISSIONS PARAMETERS FOR PROTOTYPE POINT SOURCES

OF TRICHLOROETHYLENE

Vent Building Vent Vent Vent
Height Cross-Section Dfameter Velocity Temperature
Source Type _{m) {n) (m) . (m/sec) (k)
Cold cleaners 4.5 50 0.15 0.2 .-
Open top vapor
degreasers 4.5 50 0.15 0.2 327
Conveyorized
vapor degreasers 4.5 50 0.15 0.2 327

Source: Hydroscience, Incorporated, Knoxville, Tennessee; trichloroethy-

lene report, attached.

The major steps involved 1n der1v1ng the exposure-dosage estimates

can be delineated as follows:

>

Based on emissions characteristics, photochemical reac-
tivity, and the STAR data of the selected stations, the
concentration patterns resulting from emissions from the
three model sources were determined individually for all
nine ragions by using the same dispersion modeling tech-
nique developed for major point sources. As an example,
the modeling results of concentration patterns around a
model OTVD 1n the New England Region are shown in Table 21.
Table 22 1ists the distances between the concentration
centers (receptors) and the source, the distances of
boundary areas of the sectors away from the source, and the
land area of sectors corresponding to each concentration
center. The average population density in the urbanized
areas for the nine regions, together with the specific
sector land area assigned to each concentration center,
were used to estimate the population exposed to different
concentrations. To make this estimate, the average popula-
tion density is multiplied by the sector land area corres-
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TABLE 27.

TRICHLOROETHYLENE CONCENTRATION PATTERN AROUND A MODEL OPEN TOP

VAPOR DEGREASER IN NEW ENGLAND REGION

(u9/m3)

Downind Distance From the Source

Vind (ka)
01 rec tion® 0.2 0.3 0.5 0.7 1.0 2.0 5.0 10.0 15.0 20.0
1 2.617 1.180 0.390 0.1752 0.0697 0.00867 2.04 x 10-* 3.23x 106 1.3 x 107 8.3 x 1079
2 1.017 0.455 0.149 0.0662 0.0262 0.00327 0.86 » 10°% 1.71 x 1075 0.83 21077 6.0 x 1079
3 1.066 0.481 0.159 0.0720 0.0291 0.00386 1.11 x 10 2.50x 106 1.33 x 1077 10.1 x 10°?
. .01 0.4%9 0.152 0.0689 0.0277 0.00357 ©0.93 x 100% 1.74 x 1976 0.80 x 1077 5.6 x 109
3 2.199 0.990 0.330 0.1430 0.0604 0.00776 1.87 x 10-% 2.89 x 10°7 1.8 x 1077 7.9 x 1079
6 1.854 0.831 0.273 0.1223 0.0486 0.00608 1.41 x 100* 1.98x 1005 0.68 x 107 3.9 x 10"?
L 1.259 0.551 0.173 0.0745 0.0280 0.00295 0.48 x 10°% 0.42 2 106 0.85 x 107 0.26 x 1077
(] 0.882 0.389 0.122 0.0525 0.019 0.00201 0.31 x 10°% 0.29 x 106 0.79 x 10°7 0.40 x 10°9
9 2.629 1.182 0.388 0.1732 0.0681 ©0.00809 1.65 x 10°* 2.12x 106 o0.73x 107 .28 x 1077
10 1.888 0.869 0.299 0.1384 0.0575 0.00789 2.1] x 10°% 3.42x10% 1.30 x 1077 7.71 x 1079
5l 1.897 0.876 0.302 0.1414 ©0.059 0.00823 2.21 » 10°' 3.42x 106 1.26 2107 7.5 x 1077
12— 2.737 1.260 0.434 0.2026 0.0845 0.01160 2.95 x 10-® .18 x 10°6  1.40 x 1077 7.71 x 1079
13 2.854 1.325 0.464 0.2202 ©0.0943 0.01412 4.50 x 10-% 8.95 x 10°¢ 4.11 x 1077 28.4 x 1077
14 2.912 1.352 0.480 0.2245 0.0983 0.01485 4.79 x 16-% 9.98 x 106 .73 x 1077 33.1 x 1079
15 2.771 1.283 0.M5 0.209 0.0879 0.01243 13.50 x 10°* 6.03 x 106 2.45 x 1077 15.5 2 1077
16 1.838 0.841 0.284 0.13068 0.0535 0.00702 1.70 x 1074 2.36 x 1006 0.79 x 1077 4.4 x 1077

lem 2 WM, 3 M, etc.

Source: Systems Applicatioas, Iscorporated computations.




621

TABLE 22. LAND AREAS FOR SPECIFIED CONCENTRATION CENTERS

Distance of

Concentration Center Distance of Boundary Land Area of
from Source Arc from Source, r nrl Sector, Anr2/16
(km) (km) {km?) (km?)
0.1* 0.0314
0.2 0.0103
0.25 0.196
0.3 0.0192
0.4 0.503
0.5 0.0393
0.6 1.131
0.7 0.071
0.85 2.270
1.0 0.300
1.5 7.069
2.0 1.963
3.5 38.48
5.0 8.64
7.5 176.7
10.0 19.64
12.5 490.9
15.0 29.44
17.5 962.0
20.0 ' 39.25
22.5 1590.0

* The radius of prototype plant property is assumed to be 100 meters.



ponding to the specific concentration center. The dosage
corresponding to the specific concentration center can then
be estimated by multiplying the exposed population by the
concentration to which it is exposed. Therefore, for each
model source in each of the nine regions, there were three
corresponding matrices--one for the concentration pattern,
one for the exposed population, and one for the dosage
estimates.

The exposure-dosage data for each model source were then
summarized according to their corresponding exposed concen-
tration. The pcpulation exposed to concentrations greater
than or equal to each of a number of concentration levels,
Lj, in the vicinity of a model source m in region r was
computed by:

N
em,r‘ ; z Pisi (Ci 'Lj) ’ (17)
i=1

where

N = the total number of concentration points (with
10 receptors along each of 16 wind directions:
10 x 16 = 160),
P; = the population corresponding to concentration
center i,
C; = the annual average exposed concentration at con-
centration center 1,

0, iIf Ci < Lj

1, 1F ¢y 2 Ly
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The population exposed to trichloroethylene concentrations larger than or
equal to different concentration levels resulting from the three model
sources in the nine regions {is listed in Table 23. The dosage of the
fraction of population that is exposed to concentrations greater than or
equal to each of a number of concentration levels, Lj. in the vicinity of
a model source m ih region r was computed by:

N
0 s Z TS (Cu Ly (18)

The dosages of trichloroethylene as a function of exposed concentration
levels for the three types of model degreasers in the nine regions are
shown in Table 24. The exposure-dosage patterns for each of the three
model sources located in each of the nine regions can be used as the bases
for astimating the total exposure-dosage as a function of exposed concen-
tration levels in each individual region by:

-
o
3
-3
b3
3
3
-3
S

(Total exposure at Lj)r = , (19)

—

(Total dosage at Lj)r = xn_ ) . (20)

m:
3
(dm.r m,r

=1
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TABLE 23. POPULATION EXPOSURE TO TRICHLOROETHYLENE EMITTED FROM A TYPICAL DEGREASER

{a) Cold Degreaser

Number of Persons Exposed by Geographic Region

Concentration Level

( wg/m3) 1 2 3 4 5 6 7 8 9
0.25 0 0 0 0 0 9 0 10 30
0.10 0 41 a4 71 58 68 28 49 129
0.05 120 284 300 160 226 153 143 169 216
0.025 398 769 522 360 421 339 273 370 614

Source: Systems Applications, Incorporated computétions.
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TABLE 23 (Continued)

(b) Open Top Vapor Degreaser

Conctzsg:tion Number of Persons Exposed by Geographic Region

( ug/m3) 1 2 3 4 5 6 7 8 9

5.0 0 0 28 10 12 17 0 20 30
2.5 65 102 98 81 69 107 46 70 129
1.0 286 477 392 241 314 282 212 295 488
0.5 418 898 734 438 608 430 457 541 708
0.25 957 1,857 1,285 893 1,032 785 859 833 1,216
0.10 2,000 4,335 2,210 2,203 2,280 1,642 2,108 1,867 3,058
0.05 5,554 9,067 4,466 3,783 4,387 2,506 3,668 3,086 4,196
0.025 7,142 12,176 8,209 4,956 7,161 4,566 5,201 6,609 7,087
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TABLE 23 (Concluded)

(c) Conveyorized Vapor Degreaser

Conc::::ation Number of Persons Exposed by Geographic Region
(ug/m~) 1 2 3 4 5 6 7 8 9
5.0 120 263 246 122 182 144 107 149 216
2.5 3a8 672 496 320 400 338 229 314 542
1.0 749 1,328 9133 764 753 636 596 648 1,048
0.5 1,451 2,657 1,674 1,188 1,548 908 1,154 1,214 1,491
0.25 3,265 5,205 3,407 2,350 2,869 1,794 2,471 2,438 3,260
0.10 5,867 12,172 6,198 4,663 5,726 4,019 4,926 4,262 5,794
0.50 7,451 13,975 8,716 7,850 7,238 4,884 5,720 6,905 19,363

0.025 17,876 33,443 14,469 17,000 14,167 7,038 15,000 8,857 15,758
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TABLE 24. TRICHLOROETHYLENE DOSAGE RESULTING FROM MODEL DEGREASER EMISSIONS
[(ug/m3l/person]
(a) Cold Degreaser
Concentration Geographic Region

Level
(ug/m3) 1 4 5
Q.25 Q 0 Q 4] a 2 v 3 8
0.10 0 5 12 9 8 9 4 8 19
0.05 9 22 27 15 19 16 11 16 25
0.025 19 38 34 22 26 22 16 23 8
0.010 25 50 4?2 28 33 27 22 28 47
o 52 98 66 49 55 40 43 a7 10
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TABLE 24 (Continued)

(b) Open Top Vapor Degreaser

Conc:::::tion _ Geographic Region

(ug/a) 1 2 3 4 5 6 7 8 9
5.0 0 0 154 74 59 117 0 132 230
2.5 180 325 406 312 260 351 161 285 570
1.0 488 915 924 551 . 682 622 424 621 1,063
0.5 - 598 1,252 1,171 704 895 732 590 787 1,217
0.25 803 1,568 1,349 878 1,034 853 719 891 1,429
0.10 979 1,960 1,498 1,070 1,232 974 892 1,057 1,719

o* 1,579 2,953 1,998 1,478 1,671 1,211 1,296 1,420 2,109
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(c)

TABLE 24

(Concluded)

Conveyorized Vapor Degreaser

Concentration Geographic Region

Level

(ug/m3) 1 2 3 4 5 6 7 8 9
5.0 850 1,900 2,160 1,150 1,490 1,360 850 1,310 2,220
2.5 1,700 3,230 3,040 1,860 2,260 2,000 1,310 1,900 3,310
1.0 2,210 4,260 3,730 2,500 2,850 2,400 1,910 2,490 4,090
0.50 2,680 5,200 4,250 2,790 3,400 2,620 2,320 2,880 4,420
0.25 3,260 6,070 4,790 3,220 3,830 2,940 2,750 3,300 5,160
0.10 3,730 7,250 5,210 3,640 4,300 3,250 3,150 3,570 5,500
o* 4,700 8,810 5,950 4,400 4,980 3,620 3,850 4,220 6,300

* Total dosage resulting from emissions from one model source in a

Y



where Mo, r is the total number of model source m (a CD, an OTVD, or a CVD)
in region r. On the other hand, the total nation-wide exposure-dosage
resulting from emissions from one type of mode! source can be derived by

9
(Total exposure at Lj)m =Z (em.r X nm.r) , (21)
m=]
9
(Total dosage at Lj)n\" }E: (dm,r X "m,r) . (22)
r=1

The following two equations were used to estimate the total U.S.
exposure-dosage for the fraction of the population exposed to concen-
trations of trichloroethylene greater than or equal to a number of concen-

tration levels, L., emitted from this source category:

jv

9 3
Total exposure at LJ. € Z Z (em,r X "m.r) , (23)
r=1 m=l
; 9 3
Total dosage at LJ. =Z 2 (dm,r X nm.r) . (24)
r=]1 mel

138



The results of such summations are shown in Tables 25, 26, and 27.

The two different approaches for computing total dosages resulting
from emissions from trichloroethylene-using degreasers produce different
results. By using the uniform emissions approach, the total U.S. dosage
of trichloroethylene resulting from degreasing operations is computed to
be 1.88 x 108 ug/m3 - person (see Table 19), whereas use of the point
source approach results in a dosage of 2.28 x 107 ug/m3 - person (see
Table 27). The two approaches can be compared by examining the nature and
detail of the results they offer:

> Degreasing facilities are obviously not uniformly distri-
buted in any siting area. They are point sources and pro-
duce typical point source concentration patterns. Thus,
the exposure Tevels for receptors close to the source
would be higher than those farther away. The point source
approach would provide better differentiation of the
exposed population and dosage at different concentration
levels, whereas the uniform emissions approach would pro-
vide only a nationwide average exposure level. Tables 23,
24, and 27 1ist the exposure-dosage by different types of
degreasers. These types of data are useful for risk
analysis and requlatory decision making. For example, one
may conclude from data listed in Table 27 that, although
open top vapor degreasers contribute most to the total
dosages, the conveyorized vapor degreasers contribute most
to the dosage-exposure at high concentration levels.

> The dosage is defined here as the product of concentration
and exposed population. Therefore, it is necessary to set
an arbitrary boundary for dispersion-dosage estimates for
emissions from point sources. In the point-sources
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TABLE 25.  NATIONWIDE TRICHLOROETHYLENE EXPOSURE RESULTING FROM
EMISSIONS FROM DEGREASING OPERATIONS

Concentration Thousands of Persons Exposed by Geographic Region
Level u.sS.
( wg/m3) 1 2 3 4 5 6 7 8 9  Total
5.0 14 64 148 144 21 12 7 7 62 349
2.5 79 282 37t 624 66 42 34 19 205 1,160
1.0 245 876 1,060 1,700 209 108 125 65 610 3,470
0.5 j9¢ 1,690 1,960 2,930 413 161 260 120 880 6,170

Source: Systems Applications, lncorporated computations.
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TABLE 26. NATIONWIDE TRICHLOROETHYLENE DOSAGE RESULTING FROM
EMISSIONS FROM DEGREASING OPERATIONS
[10® (ug/m3) - person]
Concentration Geographic Region

Level u.s.
(wg/m3) 1 2 3 4 5 6 7 8 9 Total
5.0 0.10 0.46 1.14 0.13 0.15 0.10 0.06 0.05 0.57  2.76
2.5 0.29 1.17 1.94 0.29 0.31 0.20 0.15 0.09 1.06 5.50
1.0 0.52 2.10 3.12 0.45 0.57 0.29 0.30 0.16 1.63  9.13
0.50 0.64 2.72 3.77 0.54 0.70 0.33 0.39 0.20 1.82 11.10
0.25 0.82 3.32 4.29 0.66 0.80 0.39 0.47 0.23 2.17 13.20
0.10 0.97 4.08 4.88 0.82 0.98 0.45 0.59 0.27 2.56 15.60
0.05 1.16 4.63 5.47 0.91 1.13 0.49 0.67 0.31 2.70 17.50
0.025 1.26 5.07 5.86 0.98 1.24 0.54 0.74 0.38 2.91 18.90
0.010 1.38  5.56 6.07 1.07 1.31 0.56 0.83 0.36 3.09 20.20

0* 1.57 6.33 6.76 1.23 1.53 0.63 0.99 0.42 3.38 22.80

* Total dosage, assuming the exposed area is within 22.5 km radius

Source:

Systems Applications, Incorporated computations.

of the source.
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TABLE 27.  NATIONWIDE TRICHLOROETHYLENE EXPOSURES AND DOSAGES RESULTING FROM
EMISSIONS FROM DIFFERENT TYPES OF DEGREASING FACILITIES

Concentration
Level Exposure (10% persons exposed) Dosage [105 (ng/m?) - person)
(wg/m3) CD*  0TvDf  CVD§  Total D O0T¥D_ CvD__ Total
5.0 0 0.09 0.26 0.35 0 0.59 2.17 2.76
2.5 0 0.57 0.59 i.16 0 2.17 3.33 5.50
1.0 0 2.30 1.17 3.47 0 4.91 4.22 .13
0.50 0 4.06 2.11 6.17 0 6.22 4.89 11.1
0.25 -- -- -- -- 0.06 7.46 5.63 13.2
0.10 -- -- -- -- 0.46 8.83 6.31 15.6
0.05 -- -- -- -- 1.01 9.93 6.53 17.5
0.025 -- -- -- -- 1.46 10.60 6.92 18.9
0.010 -- -- -- -- 1.84 11.20 7.20 20.2
Ok -- -- -- -- 3.15 12.20 7.43 22.8

* Cold degreaser.
t Open top degreaser.
§ Conveyorized vapor degreaser.
bl Total dosage, assuming the exposed area is within 22.5 km radius of the source.

Source: Systems Applications, Incorporated computations.



approach, the impact area of one model source 1s defined
as being within a 22.5 km radius of the source. As
revealed by fhe data 1n Tables 26 and 27 , dosages
decrease rapidly with decreasing concentration levels;
thus, dosages also decrease dramatically as one moves
farther away from the source. This convergency nature of
the dosages as a function of concentrations indicates that
the dosages contributed by exposures outside the
arbitrarily defined impact areas (r < 22.5 km) would not
be significant compared to the total dosage within the
impact area.

The total dosage for a specified population can be estimated by using
either of the following two methods:

> Estimate the dosage resulting from emissions from each
nearby source and sum them.

> Estimate the overall exposed concentration level and then
compute the total dosage.

Since the overall exposed concentration level cannot be derived
because of the Tack of data on geographical distributions of sources, the
first method was used here.

By examining the results derived from adoption of the two approaches
and considering the above information, the study team concluded that the
point source approach would be more appropriate for dealing with all
general point sources in this study. However, not all the data 1nvolved
would be listed in each individual chemical exposure-dosage summary, and
only the modeling results and the major input data, such as the number of
sources in each region and the emissions characteristics, would be
delineated.
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AREA SOURCE MODELING APPROACH

Certain of the chemicals to be studied in the Human Exposure program
are emitted from area sources that cannot be specified in detail; such
emissions must be inferred by relating them to population, motor vehicies,
etc. However, different urbanized areas with different levels of popula-
tion/motor vehicles concentrations are likely to be exposed to different
levels of these ambient chemicals under different environmental
settings. Because the number of urbanized areas to be studied is quite
large, it is necessary to use a simple dispersion algorithm to estimate
concentration patterns. The Hanna-Gifford urban area dispersion algorithm
(Hanna, 1971; Hanna and Gifford, 1973) has proved to be a simple but
physically realistic model capable of estimating atmospheric pollutant
concentrations caused by area source emissions in cities. The basic
Hanna-Gifford Equation is given as:

X = CQO/“ ) (25)

where X is the air pollutant concentration, Q, is the effective emissions
rate per unit area, and u is the average wind speed. The parameter C,
generally referred to as the Hanna-Gifford coefficient, is a weak function
of the city size; it may be taken to be approximately constant. Theoret-
ically, the parameter C is given by:

¢=(2/m% . 3Py a-n)3t (25)
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where x is the distance from a receptor point to the upwind edge of the
area source. The constants a and b are defined by the vertical atmos-
pheric diffusion length, o, = axb. Values of a and b for different atmos-
pheric dispersion conditions have been discussed by Pasquill (1970,

1971). The parameter C can be estimated for various combinations of the
stability factors a and b and by assuming that x equals half the city size
(Hanna, 1978). For example, 213 would be an appropriate value of C for a
city with a land area of 400 km? under Pasquill Class D stability (while a
= 0.15 and b = 0.75). Specific values of the parameter C have been
empirically estimated by Hanna and Gifford (1973) for a large number of
U.S. cities based on a large quantity of air quality data, average annual
emissions, and meteorological conditions. The mean value of C has been
found to equal 225, with a standard deviation roughly half that magni-
tude. This value of the parameter C has been recommended for use in
evaluating an area source by the EPA (1977a,b) if removal and decay
processes may be neglected. Because a large number of cities with dif-
ferent sizes would be considered in this study, the theoretical estimates
of the parameter C were calculated by using Equation 2 and by assuming
Pasquill Class D stability as the average long-term meteorological condi-
tion. This is the EPA-recommended approach.

Three types of cities were assessed in this study. Type I cities
include all 248 Urbanized Areas in the United States, as determined by the
U.S. Bureau of Census (1973). An "Urbanized Area" consists of a central
city or cities with 50,000 inhabitants or more in 1960 and the surrounding
densely settled territory. Figure 13 displays the location and size of
these Urbanized Areas. The widely used data bases for Standard Metro-
politan Statistical Areas (SMSAs), displayed in Figure 14, were not used
here. A comparison of Figures 13 and 14 shows clearly that the delinea-
tion of Urbanized Areas provides a better separation of urban and rural
populations in the vicinity of large metropolitan areas. Most of the
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FIGURE 13.

U.S. URBANIZED AREAS (1970)
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Source:

U.S. Federal Highway Administration (1974).

FIGURE 14. U.S. STANDARD METROPOLITAN STATISTICAL AREAS (1970)
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Urbanized Areas can be further divided into inner cities and urban

fringe. The central cities were classified as inner cities and any
Urbanized Areas outside the central cities were classified as urban
fringe. The latest census data for the Urbanized Areas are based on the
1970 census survey results (U.S. Bureau of Census, 1973); accordingly,
1970 population data were used throughout this study even though more up-
to-date population data (U.S. Bureau of Census, 1978) are currently
available at other levels of population unit/grouping. The 1973 statis-
tics on motor vehicle registrations in the SMSAs were obtained from the
U.S. Federal Highway Administration (1974) and were used, together with
population data, as the bases for estimating the number of automobiles and
trucks and buses in the Urbanized Areas (for both inner city and urban
fringe). These 1970 population and 1973 motor vehicle data were subse-
quently extrapolated to 1978 figures based on statistics at the state
level. Table 28" lists the land areas, 1970 population, and 1973 motor
vehicle data for Type I cities. The statistics for trucks include buses
and all other heavy duty vehicles. The total 1970 population in these 248
Urbanized Areas is 118,446,000, which is about 59 percent of the total
U.S. population.

Type Il cities include all cities with a 1970 population larger than
25,000 but not located in any Urbanized Area. The total population
residing in the 243 Type Il cities is 8,594,000, which is about 4.3 per-
cent of the total U.S. population. Table 29" lists the land area, the
1970 population, and 1973 motor vehicle data for these cities. These
Type II city estimates used the same data sources and methodology as were
used for Type I city estimations.

Type I1I cities have 1970 populations of more than 2,500 but are not

) Because of their length, Tables 28 and 29 appear at the end of
Section 3.
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included in Type I and Type Il cities. There are over 1,000 cities and
towns in the United States in this category. Therefore, a sample of 150
cities of this type was pulled from the 1list (U.S. Bureau of Census, 1973,
Table B-2) using a random numbers table. Table 30" 1ists the land area,
1970 population, and 1973 motor vehicle data for these 150 cities and
towns. The motor vehicle data estimates were based on statistics at the
state level. The total population of these 150 cities and towns is
1,077,000 in 1970. It is about 5 percent of the total population
(21,708,000) in all Type III cities. The exposure-dosage data estimated
for the 150 cities/towns were scaled by the ratio of all Type IIl popula-
tion to the sample population so as to represent exposure-dosage for all
Type III cities. Type IIl cities represented about 11 percent of the
total U.S. population in 1970.

Most of the U.S. population (about 75 percent) is included in cities
of Type I, 1I, or IIl. Chemical exposure-dosage in areas not represented
is deemed insignificant because of the low concentrations and low popula-
tion densities. As evidenced later in this report, this assumption--that
less densely populated areas would be exposed to insignificant ambient
concentrations--is valid. The atmospheric concentrations of chemicals
resulting from area source emissions were shown to be much Tower for
residents in Type IIl cities than those in Type I cities. Rural popula-
tion densities and, therefore, rural concentrations are even lower.

Chemical emissions from area sources of various categories are esti-
mated and reported as national totals in the emissions summaries submitted
by HI. These national total emissions estimates have to be distributed
among cities of each of the three types. Depending on the nature of emit-
ting sources, the distribution can be accomplished by one of the following
methods:

*
Because of its length, Table 30 appears at the end of Section 3.
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> Emissions from mobile sources can be distributed by the
number of motor vehicles.

> Emissions from home heating sources can be distributed by
the product of population and per capita heating require-
nent.

> Other stationary area sources can be distributed by popu1al
tion.

Table 31 lists, in addition to those data listed in Tables 28, 29, and
30, the necessary data for area source emissions distributions. These
include the 1970 and 1978 state population data (U.S. Bureau of Census,
1979), 1973 and 1978 state motor vehicle data (U.S. Federal Highway
Administration, 1978), statewide average wind speed, and state-wide
average heating requirements in degree-days (U.S. Bureau of Census,
1979). The 1978 figures are estimates, as population/motor vehicle data
for each of the three types of cities are not available for 1978. These
data at the state level were used to project the growth. For example,
Anniston, Alabama, is a Type II city with city code 1 (as shown in Table
29). Its 1970 population was 31,058, and there were 16,800/3,692
autos/trucks registered in 1973. To estimate the 1978 statistics, the
state growth during the same period (as shown in Table 31) was used. The
1978 population in this city is estimated to be 31,508 x (3,724,000/
3,444,000) = 34,070. The 1978 auto/truck figure can be estimated in the
same way: 16,899 x (2,791,000/2,299,000) = 20,515; 3,692 x (2,791,000/
2,299,000) = 4,482.

Three equations were used to distribute the area sources into each of
the three types of cities (or urbanized areas). For mobile sources,

EM a’8 + t78-R

m "R ° 117,147,000 + 31,921,000 ° (27)

150



TABLE 31. MAJOR STATE STATISTICS RELATED TO AREA SOURCE
EMISSIONS DISTRIBUTION

Population® No. bf Vehicles"

{n thoysends) ~_(1n thousands) jyq gge Wind Speed’ Avarage Heating"

State 1970 1978 1973 1978 (m/sec) (degree-day/year)
Alabame 3,444 3,724 2,299 2,791 4.4 1,684
Alaska Y00 420 160 280 4.0 9,007
Arizona 1,1 2,365 1,379 1,630 3.0 1,652
Arkansas 1,923 2,176 1,195 1,501 3.9 3,354
Catifornia 19,953 22,183 13,238 15,514 4. 2,560
Colorade 2,207 2,674 1,757 2,303 4.3 6,016
Connecticut 3,092 3,119 1,927 2,133 4.2 6,350
DeYaware 54 587 336 385 6.3 4,940
b.c. 157 680 262 261 4.4 4,2
Florids 6,789 8,687 6,242 6,345 4.2 767
Hawald 769 912 465 544 5.6 ]
1daho N3 ere 597 762 4.3 5,833
f111{nets 11,114 11,265 5,940 1,207 4.9 6,298
Indiina 5,184 5,348 3,156 3,720 4.6 5,877
1owa 2.,82¢ 2,886 1,980 2,30 5.3 6,710
Kangas 2,287 2,335 1,726 1,981 6.0 4,687
Kentucky 3,419 J,49) 2,064 2,549 4.0 4,645
Loutsiane 3,641 3,958 2,037 2,504 4.0 1,465
Maine 992 1,096 605 751 4,2 7,458
Maryland $,922 4,168 2,2¢8 2,676 4.5 4,729
Massachusetts 5,689 5,795 2,638 3,621 6.0 5,621
Michigan 9,875 9,158 5,193 6,252 4.7 7,710
Minnesots 3,805 1,998 2,851 2,897 5.7 B,958
Misgiasippt 2,217 2,414 1,285 1,544 3.6 2,300
Missourd 4,677 4,818 2,710 3,125 4.7 4,956
Montana 697 774 560 761 6.2 7.652
Nebrasks 1,483 1,570 1,102 1,247 5,2 6,049
Nevada 489 655 43) 6el 3. 6,002
New Hampshire 738 B4? 465 591 3.2 7,360
New Jertey 7.168 7,349 4,023 4,534 5.1 4,946
New Mextico 1,016 1,214 732 945 4.3 4,292
New York 18,237 17.874 7.273 7,851 4.9 6,221
North Carolina 2,488 2,992 3,384 4,273 37 3,366
North Dakota 618 659 502 595 5.0 9,044
Ohie 10,652 10,702 6,717 7,766 4.5 5,642
Oilahona 2.559 2,846 1,959 2,38) 6.1 3,692
Oregon 2,091 2,417 1,527 1,845 3.7 4,792
Pennsylvania 11,794 11,776 6,836 8,183 4.5 5,358
Rhode [s)end 947 910 548 690 5.1 5,972
South Carolina 2,691 2,917 1,593 1,941 3.3 2,698
South Dakota 666 692 487 585 5.3 7,838
Tennasiee 3,920 4,350 2,439 3ianm 4.1 ). 462
Texas 11,197 13,062 7.3 10,0 4.4 2,165
Utah 1,089 1,298 174 94} 4.1 6,983
Yermont 444 489 269 336 4.2 7.876
Virginis 4,648 5,200 2,944 3,330 4.3 3na
N0|h1n?ton 3,408 3,689 2,358 3.048 4.3 6,010
Vest virginis 1,744 1,875 902 1,170 3.)- 4,590
Wiscontin 4,418 4,688 2,479 2,734 5.6 7,404
Myoming 332 417 292 395 6.3 7,255
U.S. Total 200,621 215,494 124,478 149,068

* Source: U.S. Census Bureau (1979).
+ Source: U.S. Federal Highway Administration (1978).
§ Source: U.S. Census Bureau (1979)
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where

EM is the national total mobile source emissions ([g/sec)
of the chemical,

A is the land area of the city (m2),

a’8 is the 1978 estimated number of automobiles in the
city,

t78 is the 1978 estimated number of trucks/buses in the
city, |

R is the ratio of average truck emissions to the average
automobile emissions,

117,147,000 is the 1978 estimated national total number
of automobiles,

31,921,000 is the 1978 estimated national total number of
trucks/buses.

For heating sources,

where

% " K T T 28)

EH is the national total heating source emissions
(wg/sec) of the chemical,

P78 is the 1978 estimated population in the city,

HR 1s heating requirements (degree-days/yr),
215,494,000 is the total U.S. population (excluding
military service) in 1978,

4633 1is the population-weighted nationwide per-capita
heating requirement (degree-days/year).
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For nonheating stationary sources,

EN P78
Rl 3 v (29)

where EN is the national total emissions from nonheating stationary area
sources (ug/sec).

These three types of emissions can be summarized as the total area
source emissions in the specific city. Some of the chemicals may undergo
chemical decay in the ambient air. Therefore, the effective emissions
rates must be estimated, taking consideration of the decay factor. The
pseudo-first-order decay constants used in estimating effective emissions
rates in the dispersion hodeling of point source emissions were applied
here also. The average time, t, that wind-blown pollutant remains within
a city was estimated by assuming the average travel distance to be half
the size of the city and the wind to be at its annual average speed. The
average of the daytime and nighttime effective emissions rates was used as
the overall effective emissions rate, QO, in Equation 1 in estimating the
annual average concentration. The equation used in deriving the effective
emissions rate is:

/A/2
H

o
0 = (G + 0 + Q) » Lexp(-ka2) + exp(-n™y12 L (30)

vhere Kd is the daytime chemical decay rate (sec'l), Kn is the nighttime
chemical decay rate (sec'l). and u is the average wind speed (m/sec).
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The total dosage of ambient chemical in a specific c¢ity can be esti-
mated by multiplying the average ambient concentration of the chemical, x,
by the estimated 1978 population of that city. These exposure-dosage data
for all three types of cities can be summarized at different exposure
levels. The contribution of each of the three types of area emissions to
the total dosage can alsg be estimated for each city and for all cities as
a whole. The distribution of national total dosages among the three types
of cities can also be estimated.

A computer program has been coded to conduct the estimation and data
summarization as described above. Beryllium emitted from area sources was
used as an example to exercise the program and to illustrate the nature
and details of the estimated resuits. Table 32 Tists the data input
required for estimating the exposure-dosage resulting from area source
emissions of beryllium., Tables 33, 34, and 35 1ist the annual average
ambient concentration computed with the box model, the estimated 1978
bopu1ation. the total resulting dosages, and the percentage contribution
of total dosage by the different types of area sources for each of three
types of cities. The overall national total beryllium exposure and dosage
resulting from area source emissions are listed in Table 36.

This approach was used to estimate the human exposure and dosages
resulting from chemical emissions from area sources in this study.
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TABLE 32. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE
RESULTING FROM AREA SOURCE EMISSIONS OF BERYLLIUM

Parameter

Yalue
(gm/sec) Saurces

Daytime decay rate (K,)

Nighttime decay rate (K)

Hanna-Gifford coefficient (C)
Nationwide heating source emissions (Ey)

Residential/commercial coal burning
Residential /commercial oil burning

Nationwide nonheating stationary source
emissions (Ey)

Coal-burning
0il-burning

Nationwide mobile source emissions (Ey)

Ratio of truck emissions to auto emissions (RM)

g Section 2
U] Section 2

225 EPA, 1977
0.203

0.058
0.145

0.538

0.396
0.142

0.0693

3.0

,‘_,.r-"“‘ -
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TABLE 33. BERYLLIUM EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS IN TYPE I CITIES

DOSACE PERCERTACE OF COXTRIBUTION
CITY CITY IFNNER CITY » ENPO LFVFL PGP (UC/(MII-  —ommmmmm e cmc e e
TYI'E CODE  CITY RAMF UIMAN FRINCF, (UE/CM D) (PERSOR) PENSOR) IFATIARG  STATIORARY FMODILF
{ ¢ ADIENE.TX INFER CITY .000070 (04991 n.2 12.2 75.9 11.4
URRAN FRINCE .00N0 15 1265 .0 19.9 75.92 11.4
( 2 AKROR,OH iNNER CITY , .900920 276712 ae. 5 29.2 63.6 7.2
URDAR FRINGE .000128 268619 34.9 29.2 63.6 7.2
¢ 3 ALBARY.CA INNER CITY .000144 £N945 19.7 18.3 73.9 n.%
UTAN FRIRGE . 000049 43724 .2 i8.95 73.8 8.0
1 4 ALDARY, MY INNER CITY .000740 291340 B87.5 31.8 62.7 5.9
URNAA FRINGE .000330 220292 29.9 31.0 62.7 1.9
t 3  ALDUAQUFNQUF, NN INDER CIUTY LN 29125 7.5 2.5 uT.0 0.2
UMDAN FRIMGF, L0001 (0 64165 7.6 29.5 67.9 9.2
[ & ALLERTOWH, PA INNER CITY L0000 212136 64.2 2.4 64.6 7.0
URDAN FRINGE .000164 150079 24.7 20. 4 64.6 7.0
! 7 ALTOORA,I'A INNER CITY . 000340 62002 4.4 0.6 64.6 7.0
UIOAR FRINGE L ODNODT 1060 1.6 20. 4 ©%.6 7.6
l 0 AMARILLO,TX INRER CITY .000129 142992 10.4 12.2 7e.7 12.2
i 9  ANDERSON, IN INRER CITY .000]115 72951 0.4 20.9 63.7 7.4
UNRAN FRIRGE . 000NN 10143 .0 20.9 61.7 7.4
[ 10  ARR ARDOR, A1 INKER CITY 00027 102979 28.0 16.2 87.7 6.1
UNNAN FRINGE .0NN309 01320 i7.0 6.2 57.7 6.1
I 11 APPLETON, Wi INRER CITY L0002 17 69062 13.2 a%.0 59.0 5.2
] , URBAR FNINGE-: L0000 155 76050 11.9 23.0 59.0 5.9
' 12 ASHEVILLE,.RC INRER CITY 000100 69239 13.0 9.6 71.6 0.9
. ' UNDAN FRIRCE .000066 17094 1.2 19.6 71.3 8.9
| 19 ATLANTA.EA IRRER CITY .000276 353901 149.8 16.9 72.9 %.2
URRAN FRINGE .000176 753199 132.9 18.9 2.8 9.2
t iI4 ATLARTIC CITY.R) INRER CITY L000177 49090 8.7 26.8 66.6 6.6
URDAK FINCE 000007 (THENY] 7.7 26.8 66.5 6.6
1 I8 AUGUSTA,CA INNER CITY .000212 66724 14.2 iA.a 73.9 a.a
UIAN FNUNGE Tannpon 99291 12.7 tA.5 70 0.3
[ 16 AURGRA, 'L INNFN CITY L000255 iN1754 33.6 31.2 64.1 7.9
UNNAN FRIAGFE L0020 (04027 13.9 3i.9 6.1 7.3
| 17 AUSTIN,TX iNNER CITY 0002210 293769 65.6 12.6 76.9 9.1
UNDAN FRINGE 000047 4794 .7 19.6 76.9 9.3
1 10 BAMENRSFIELD,CA INNER CIiTY .0001060 77179 12.2 i5.9 29.9 0.7
.UNDAR FRINGF. .0002§1 119308 23.2 19.3 72.9 10.7
I 19 DALTIMONRE,MD INRER CITY .000766 962371 737.1 26.0 67.6 6.2
URDAR FRINGE L000221 716290 108.0 26.0 67.6 6.3
I 20 DATON ROUGE.LA iNNER CITY .000247 100420 44.6 9.9 79.4 18,0
UNAN FRINGE KLUIRE 90762 10.3 9.9 79.¢ 11,3
1 21 DAY CITY. MI INNER CITY 000275 061023 14.0 26. ! 57.4 6.5
UNNAN FINCE .00 100 2956 § 2.1 36. 1 87.¢ 6.3
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TABLE 33 (Continued)

DOSACE PFNCFENTAGE OF CONTRIDUTION
CITY CITY B . INKER CITY / FXPO LEVEL  POP (UG/(MI- e
TVPE CODE  ElTY RAME unnAn FRINGE cucscman L PEnsin) rEASOM) WeATine  sTATiomARy momilE
1 22 DEAUMORT,TX INNER CITY L0600 104 133280 14. 1 19.93 76.4 10.1
UnNnas FRINCE . 000005 449 .0 13.6 T77.9 9.0
| 23 DBILLINGS.HORT INBEN CL}1Y L OnO2NG ooy 14.1 9.5 5.4 19, 1
UNDAN FNINCFE _ 00001} 10670 .4 34.5 35 4 10,1
1 24  DBILONL.MS INNEN CITY L000162 27165 15.7 14.4 771 0.5
UnNAN FIVINGE 000070 15574 20 4.4 77.1 0.4
] 25 BINGUAMTON, . NY INNER CITY L0007 T 620496 17.4 J1.7 62.6 5.7
URNAN FRINCE 000141 10104n 14.2 HE e 62.6 5.7
1 26 DINMINGIIAM, AL INNERN CITY . 0002227 J25199 2.7 10.0 70.9 10.3
URDAN FRINGE L0011 270339 J1.4 10.0 70.9 10.3
f 27 DBLOOMINGTORN, IL INHER CITY L0022 66929 14.0 31.0 61.1 7.5
UNDBAN FRINGE L0200 ) 3131 N | J1.4 6l.1 7.9
( 20 DOISF CITY,10 INNCR CITY .0002719 92349 22.0 29.7 62.6 7.7
UNDAN FNINGE 090110 125494 1.4 29 .7 62.6 7.7
I 290 OS] ON, MASS INNER CITY .000654 652997 427. 1 29.2 6.8 6.9
UNnAN FRINRCE .00021 1} 2049001 433. | 29.2 63.0 6.9
1 70 BOULDER,CO INNER CITY | .000154 01019 20.7 30.0 61.2 8.7
UnpAN FRINCGE . 00000N 2137 .2 J0.4 61.3 8.7
1 31 DRIDCErORT,CONK INNER CITY .000594 161037 9%.6 31.8 1.8 6.7
UNDAN FRINCE .0008134 264189 40.6 ar.a 61.3 6.7
1 32 DRISTOL,CONN INNER CITY .000136 57079 7.7 91.8 61.3 6.7
URDAN FRIRCE . 000090 16711 1.3 31.8 61.5 6.7
t 19  BRANCKTON, MASS e cly .00 1T9 90GY9 16.2 2o 2 6.0 6.9
UNBAN FNINGE _0N0ou4 60910 5.1 L ] 63.0 6.9
l 74 DNOWNSVILLE,TX INNER CITY .00019] 640192 2.4 1.0 70.2 7.9
1 a5 DBIRYAN.TX INNER CITY L0007 393935 4.2 19.6 77.1 9.9
URDAR FRIRGE . 000050 20620 1.2 19.6 771 9.1
1 36 DUFFALO.NY INNER CITY L000624 453571 282.0 22.0 63. 1 4.9
UNDAN FRINGE .000240 611994 147.0 3z.0 63. 1 4.9
1 37 CARNTON,OU {UNER CITY .000:120 110455 35.0 29 .2 63.5 7.9
unpan FRINGE .O000147 194970 19.0 29 .2 6.6 7.0
1 30 CIrDAR RNAPIDS, 1OWA INNER CITY .000126 113071 14.2 a2.7 359.9 7.9
UNBAN FRINGE . 000000 21025 2.0 32.7 59.9 7.9
1 39 CHAMPAIGN-URDARA, IL  IRNER CITY . 000330 9059 | 30.6 31.6 61.7 6.7
URDAN FRINGE .000106 11189 1.2 31.6 61.7 6.7
1 40 CIIANLESTON,SC INRER CITY .000279 75955 20.5 16.1 76.9 7.6
UNNAR FRINGE .000160 101700 30.6 t6. 1 76.3 7.6
[ 41 CHNANLESTOR, WV INNER CITY . 000225 76076 17.9 25.0 67.0 0.0
UHDAN FRINGFE .000219 92620 20.3 25.0 67.0 0.0
{ 42 CHUARLOTTE.NC INNER C11Y L0002T0 290070 78.4 19.6 71.4 9.0
UIMNAN FRINCE L0000097 46076 4.5 19.6 71.4 9.0
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TABLE 33 (Continued)

DORAGF. PERCENTACE OF CORTRIAUTION
cITY CITY IRNEN CITY » FXNPO LEVEL POP (UG /(M) D=  —mmcmemmcemcmmccmm——em e om -
TYVE CONE CITY RAMY UNBAN FILINCFE (/7)Y (PEIRON) I'FRSON) NFATING STATIORARY HODILFE

1 43 CHATTANOCA,TENN INRER CITY .0N0143 19961 19.9 0.4 72.9 n.7
URNDARN FPRINGE .000104 115564 12.1 0.4 72.9 0.7

1 44 CUHICACO,IL INNER CITY .000904 3742961 39063 1 as. 1 62.6 5.9
URNUAN FRINGF, L0002¢4 1062043 009.3 32.1 62.6 5.9

I 43 CINCINNATI,ON INNER CITY .000T1T9 454674 172.9 29 4 64.0 6.6
URDAN FRINGF. .000194 661052 120.5 0.4 66.0 6.6

I 46 CLEVELARD.Ol INREN CITY 000640 794571 404.9 29.0 68.2 6.2
URNAN FRINGF. L0001T7 1214500 2i5.2 29 9 4.2 6.2

I 47 COLORANO SPNIRCS,CO (RNER CITY 000 U4 167506 20.2 20. 1 61.3 8.9
, o URDAN FRINGE L000101 04307 i9.9 990.1 61.93 8.9
i 48 coLumsiA, md INRER CITY .0000n0 69942 4.0 26.7 66.2 7.1
I 49 COLUMDIA,.KC INRER CITY .000209 272201 86.0 15.9 73.2 8.9
I 30 COLUFDUS,GA INNER CITY L0060 164 121757 24.7 18.6 73.8 7.6
URIIAR FRINCE . 000009 60763 5.4 18.6 73.8 7.6

I 91 COLMUS, 0N INRER CITY .A00260 541900 14%.0 30.Q0 66.9 2.9
UNDAN FRIRGF, LGUNEITO 251040 2.3 203 v3.0 6.0

I 82 COMPUS CHNISTI.TX IRRER CITY L000195 230677 92.9 i9.9 76.8 v. 6
i UNDAN FRIRGE L0000 16 2600 .2 13.9 76.8 9.6

i 93 DALLAS,TX INNER CITY .NN0242 934799 2506.7 1.4 75.8 10.0
UNDAN FRINGF. .000097 576059 56.2 19.¢ 76.0 10.6

t 54 DARNUNY,CONR INNER CITY Q00010 522190 4.2 J1.0 61.3 6.7
UI\DAN FRINGE . 000004 16325 1.4 31.0 61.3 6.7

f 53 DAVERFONT, I0¥A INNER CITY .00 14 197329 20.4 a2.7 59.9 7.4
URNAR FRIKGE L0001 1) 71616 0.1 12.7 59.9 7.4

I 96 DAYTOR.OI INHER CITY L0007 244601 93.7 09 2 63.9 7.9
URNAR FIUINGF, LODOITS 444539 77.0 29 .2 6.5 T.9

' 87 DECATUR.II, IANEN CI Y L000170 921937 15.6 1.1 60.6 .4
UNDAN FRINGF, .ON0066 9110 .0 31,1 60.6 6.4

I 350 DERVEN.CO INMER CITY 000477 623500 297.9 720.0 61.3 0.7
UNDAR FRINRGE .000256 643337 165.0 30.0 61.9 n.7

It 09 DES MOINES, 10VA INNEN CITY L0001IN9 203179 8.7 92.6 36.7 7.6
URBAR FRINGE .000069 56260 3.9 12.6 859.7 7.9

I 60 DETMOIT,HI INNER CITY .000099 1359520 1900.5 6.3 57.8 5.9
URDAN FRINGE 00216 2537666 no2.7 36.92 57.8 5.9

I 6i DUBUQUF., 10VWA INNER CITY . .000 100 63601 12.0 9.1 60.5 6.5
UNBAN FRINGE .NN049 3708 .2 33.0 60.9 %.9

i 62 DULUTIH MR INRER CITY L0092 139325 12.0 99.9 34.1 6.3
UIIAR FRINGE .CON047 5044 3 99.9 S54.1 6.6

L 63 DURNAI, ARG IKNER CITY .enn2ne 114799 23. 4 19.4 70.9 2.6
URNAR FRINGE .000057) 6470 3 19.4 70.9 9.6



6S1

CITY €ITY
TYIE CODE
I 64
1 (30
! 66
1 67
1 60
1 69
] 70
L el
1 72
| 73
1 74
{ 73
i 76
1 77
I 708
! 79
[ 0o
{ i1
1 0z
1 a3
( a4

CITY BARME

EL PASO.TX
ERIE.PA

FEUGENF., OR
EVAnsvIiLE. iN

FALL RIVER, MASS
FARGO. ND
FAYETTEVILLE, NG
FICHBUNG, MASS
FLINT, Ml

FORT LAUDERDALE,FL
FONT SMITH, AR
FONT WAYRE. IR

FORT WORTW.TX
FRESNO,CA
GADSDEN. AL
GAINSVILLE,FL

GALVESTOR., TX
GNMAND NAPlIDS, M

GCRFAT FALLS.MT
GCREER DAY, Wi

CREFNR<DONO, RC

Infrn
unnan
INNER
IRNEN
unnan
INNER
URBAR
INRER
URDAN
INNEN
unnan

CITY -
FIUINGE

CITY
CITY
FRINGE
CITY
FRINGE
cITY
FRINCE
CITY
FRINGE
CITY
FRINGE
CITY
FRINGE
CITY
FRINCE
CITY
FRINGE
CITY
FRINGE
CITY
FRINCE
cITY
FRINGE
CITY
FRincE
CITY
FRINGE
ciTY
FRINCE
Coy
FRINGE
CITY
CITY
FNINGE
CITY
FRINGE
CITY
FRINGE
CITY
FRINGE

TABLE 33 (Continued)

FXPra LEVFL
(R FPVAR DR )

.000191
LO000709
. 00010
. (0226
N7
. 000239
. 0000816
. 000155
.000193
. 000272
LN 16
-N00I64
0004171
. 000065
000013
. 000101
000132
L0291
000173
. 000100
. 0N0055
Q40216
L00N 140
. 000142
.006 1608
. 000230
.000162
. 006009
. 0000711}
_Oua 6
.000074
.0n0 140
. 000296
LONQ114
.000199
. 000066
.0004117
0009063
Qa2 7
.ONOTG6
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(PERSOHN)
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TABLE 33 (Continued)

DOSACGE PFRCENTACF. OF CORTRIBUTION
ciTY CITY INNER CITY - FEXPO LFEVEL rop (UG/(MJ=-  —-—emmm—emm e mm e e -
17PF. CODE CITY NAME UNDAN FILINGE (UC/€M ) (PEISOR) PENRSOR) NMEATING STATIONARY MODILF

] 83 CREENSVILLE,SC IRRER CITY . 000216 609069 i4.9 19.9 76.0 9.1
URNAN FRINGF .00 (57 109052 17.1 15.9 75.0 9.1

| 06 HAMILTON.OR INNER CITY . 000220 67934 19.93 29.2 6J.6 7.2
: UNNAR FRINGE 000059 27404 i.e 2.2 61.6 7.2

| 07 NANLIRCER, T e Cl1iy RUINY 2097 3.2 1.0 T0.3 T
UNNAN FRINCE .PN0UTE 19777 1.5 19.0 70.9 .9

] on  JIIARRISHUNY,I'A INKREN CITY L0040 GeTTO 29.1 20.4 64.9 6.9
UNDAN FRINGE L0Ne 156 172607 26.9 20.4 64.6 6.9

1 0%  NARTFOND, CONN INRER CITY L0e0560 i62051 91.0 3.0 61.3 6.7
URDAN FRINGE .000211 15795 66.9 a21.0 61.3 6.7

1 920 1IGCH POIRT,.NRC INNER CITY L0056 73000 11.0 19.6 71.4 9.0
UN'DAN FRINGE .00 104 J6600 3.0 19.6 71.4 9.0

1 91 HONROLULU. HAWAL L INNEN CITY 000169 305202 63.9 0 9.2 7.0
UINDAN FRINGE L0000 145 159370 20.3 0. 92.2 7.0

] 92 NOUSTON, TX INNER CITY 000229 147679 I29.0 §i3.3 76.4 0.2
UNDAN FNINGE 0002105 519632 1400.0 1.3 76.4 0.2

[} 93 MNUNTIRGCTON, WV INNEIl CITY ROOHTIN] 1113040 42 .7 25.0¢ 66.0 0.2
UNRDAN FRIRGE .00 1069 s0024 11.7 25.0 66.0 n.2

1 94 HURSYILLE,AL INNER CITY . 000079 i42007 t:.9 10.6 27.3 12.1
URBAN rnlnch . 000830 9393 .3 10.6 ??.3 12.1

1 93 INRDIARAPOLIS. IR IRRER CITY LONOLT2 044579 i43.3 29 .1 69.1 6.0
| 96 JACKSORN, NI INNER CITY . 000239 46931 11.2 323.9 57.2 6.0
URBAN FRINCE . 000082 J4 146 2.8 35.9 37.2 6.8

] 9?7 JACKSOKR,MS INER CITY 000216 167649 6.2 14.0 76.2 9.6
UNGAN FIIRCE N UIINHE 50107 6.7 14.0 ] 2.6

| 90 JACKSORVILLE.FL iNRER CITY . 000129 677641 83.2 5.9 85.4 9.9
) 929  JOURSTOWN, V'A IRNNEN CITY . 000346 4241 14.7 20.4 64.6 7.0
UNBAN FRINGE L0019 53300 7.1 20.4 64. % 7.0

I 100 JOLHIET.IL INNENQ CITY . 000250 TOTI2 19.9 21.9 61.1 7.9
URDAN FRINCE .0N0116 77900 9.1 J949.0 6l1.1 7.9

1 191 KALAMAZO00,.HMI INREN CITY .0NN210 00392 1.3 33.9 J7.2 &.0
UYRADNAN FRINRCE . 000099 00549 6.9 33.9 37.2 $.6

1 102 KARSASCITY. MO INNER CITY .08 130 695952 $3.0 26.6 63.0 7.6
URNAR FRINCGE LO0NR295 439250 163. ¢ 26.6 63.8 7.6

] 1) KEROSIA. VI INNEN CITY . 000200 13562 23).4 36.7 8.9 7.4
UNBAN FRINGF . 000053 L ¢4 .3 33.7 56.9 G.4

i 104 KRONVILLE,TENN .INNER CITYV LCON G i93540 391.6 20.1 71.2 3.7
UNUAR FRINCE .09 0 17642 1.7 2061 71.2 n.?

1 103 LA CROSKE, VI INREN CITY L000166 34232 G.0 35.7 $6.90 5.3
UIMAR FRINCE 0000064 12955 .0 33.7 50.86 2.3
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TABLE 33 (Continued)

DOSACE PERCERTACE OF CONTRIBUTION
CITY CITY INRER CITY - EXPO LEVFL POP (UG/(M)J-  ——----—mmmmscmcccrmccen e meem
TYPE CODE CITY RAMF UNBAN FRINCE UG/ ) (PERSOM™) PERSON) HEATING STATIORARY MOBILE
1 106 LA"AYETTE.LA INNEN CITY .000190 74990 14.2 9.5 79.4 11.1
UnnaN FRINCE . 000019 10392 .9 9.5 79.4 1.
1 107 ILAFAYLTTE, IR INKEIl CITY 00257 40207 11.9 29 .2 64.2 6.6
URDAN FNRINGCE .000160 5174 5.9 29.2 64.2 6.6
I 100  LAKE ClHARLES,LA INNEN CITY LCO0 90 04700 16.1 2.5 79.4 1.1
UNBAN FRINCE L 000040 11153 .3 9.3 79.4 1.1
{ 109 LANRCASTEN. A INNCQ CITY L000302 57301 22.0 20.4 64.7 6.9
UNDAN FNINGE . 000100 29417 6.4 20.4 64.7 6.9
1 110 LARSING . MI INNER CITY . 000255 135035 J4.6 36 .0 57.4 6.6
UNDBAN FRINCFE L00016) 101001 16.93 36.0 57.4 6.6
1 11t LARLCDO.,. TX INNER CITY 000176 00419 14.2 14,1 80.1 5.0
UNDAK FNINGE .000002 1469 .0 14_1 00.1 5.0
1 112 LAS VEGAS,NV INRNER CITY | .000312 160292 32.6 J30.1 61.9 8.6
UNBAN FIURCE . 000213 148734 J1.7 J0.1 61.3 8.6
1 113 LAWRERCE, MASS INNER CITY .00013) 1153153 15.3 29.2 63.0 6.9
UNNAN FRINGE . 000091 808506 8.1 29_2 63.8 6.9
1 114 LAWTORM, 0K INNER CITY .000106 02996 8.8 20.7 68.9 19. 4
URRAN FRINCE . 000066 23421 1.5 20.7 60.9 10.4
| 115 LLCYISTOR. MAINL Inngn clry .000095 46159 4. 4.9 07.2 7.9
UNDAN FRINGE .000055 25009 1.4 J4.9 57.2 7.9
1 116 LEXIHGTOR,KY INNER CITY . 000312 117274 36.6 25.0 66. 1 0.8
URDAN FRINCE .00019) 03744 10.0 25.0 66.1 0.0
i 117 LIHA.ON INNER CITY . 00N240 53733 12.9 20.9 63.0 0.1
UNDAN FRINKGCE . 0000060 16071 1.0 20.9 63.0 0.1
1 110 LINCOLR.NFD INNEN CITY 000170 150209 20.1 J90.0 62.3 6.7
UNDAN FYIUINCE . 000059 4155 .2 an.a 62.3 6.7
i 119 LITTLE ROCK, AN INKERN CITY 000220 169189 37.7 19.4 1.2 9.4
UR\DAN FRINCE 000116 n2715 9.6 19.4 71.2 9. 4
| 120 LOMAIN,ON INRER CITY . 000200 132768 26.6 29.2 63.6 7.2
UNBAN FNINGFE . DONL9 603199 3.5 29_.2 63.6 7.2
1 21 1.0S ANCELES,CA INNERN CITY .0N05260 4019117 2113.6 15.9 75.0 0.1
UNDAN FIUINCE .00044 | 5252951 23141 15.9 73.8 0.3
| 122 LOUISVILLE,.KY INNEN CITY .0ono0a3as 372169 147 .1 20.9 6d.7 7.4
Unpan FNINGE .000100 anv 140 70.2 20.9 63.7 7.4
1 123 LOWELL, MASS INNER CITY . 000279 96007 26.0 29.2 63.0 6 9
UNDAN FNINGE . 00009606 100014 9.6 29.2 63.6 6.9
1 124 LUBDBOCK.TX INNER CITY L000127 175141 22.2 13.4 76.2 16.3
1 125 LYNCHDUNG, VA INNEN CITY . 000120 60505 7.0 21.9 71.0 7.5
UIDAN FNIRKCE .000076 10749 1.4 21.3 71.90 7.6
1 126 racon ., cA INHER CITY LN 156 1136452 21.3 10. ¢ 73.0 0.5
UNBAN FRINCE L0001 10 o20n g 10.4 73.0 0.5
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TABLE 33 (Continued)

DOSACE PERCERTACE oF CONTRIBUT!ON
CITY CITY INNER CI1TY FXTO LFVFL rop WG emoa~- 0T T Dttt P
TYIE Conr CITY namy UIthAN FIUINGE UG o cprnsom) PELNSON) NEATIRG STATIONARY MODIILF,

I 127 mADigon, w) INRER CITY .000207 149672 37.9 23.7 38.9 3.6

UINAN FRINGF .0n0nonp D454 2.7 3.7 50.9 5.4

1 120 MARCITESTER, my INNER CITY .000204 100120 20.4 94.6 50,1 7.1

UNDAN FRINGE 000092 N426 .0 4.0 50.1 e |

1 129 MARSFIFELD. on 'NNER CITY INYRY 55259 7.0 20.9 62 0.9

UNDAN FRIRGE . 000074 22704 1.7 2n.9 62.8 8.3

I 13990 mCALLEN, TX INRER CiTY, .000]149 43904 6.9 13.7 70.0 a.3

Unean FRinck .000 147 62416 9.2 in.z 70.0 8.3

I 191 mrmPms. e INNER CITY . 000200 222976 202. 14. 4 77.1 8.4

I 132 MERIDEN, comnm INNER CITY .00015 ] 57564 8.7 91.8 61.3 6.7

UNNAN FRIRCE . 000067 43714 2.7 Ji.a 6i.9 6.7

I 193 NIAPI,FL, INNER CITY .000%9¢0 427751 290, ¢ 3.4 /6.0 8.7

UNNAN FRINGE AU U YN T J90.0 5.4 e« .o

I 134 mipLanp, Tx INRER CITY .000 120 69630 0.9 1.2 75.0 it n

UIDHAR FRINGE L0000y 795 .0 13.2 73.0 1.7

I 195 MILLYAKER, Wi INNEN CI1TY .0N0464 760300 a32.7 J6.0 59.0 4.7

URNAR FRINGE LONO 07 5675064 61.0 J6.0 59.3 4.7

! 136 MINREAPOLIS. NN INNCR CITY .000%507) 710207 ¢ 993. 4 39.7 94.4 5.9

UNNAN FRINGE 000141 100pugn 141.9 J9.7 94.4 5.9

I 137 MODILE. AL INNER CITY 00010 205492 20.7 10.9 79.3 9.9

UNDAN FRINGE .N00GT 4 T9344 3.4 19.9 79.2 9.9

i 130 MODESTO.CA INNER CITY .000349 60516 23.5 15.4 73.4 1.2

UNDAN FRINGE 000100 49209 5.3 13.4 73.4 11.2

1 139 HoNnoE, LA INNER CITY .0N0 42 61202 0.7 9.5 79.4 1.1

UIIDAN FRINGE .000104 37169 3.9 9.5 T9.4 11.1

1 140 MONTCOMERY, AL IRREN CITY L0045 446952 1543. 4 11.7 83.0 3.4

) . . .. ] . URDAN FRIRCFE .000049 5960 _-D 10.9 79. 10. 1

i 14i muRcik, I INNER CITY .000204 71i81 38.2 29.0 63. 7.2

URDAN FRINCE . 00009 21926 2.0 29 . ¢ 63.8 7.2

I 142 MUSKFEGOR. M| INNER CITY .006197 46054 9.1 6.1 97.5 °6. 4

UNDAN FRINGE .000103 63032 6.5 36.1 57.9 6.4

L 143 mASTUA_ Al INNER CITY L0090 102 %3070 1i.% 4.0 50.6 7.2

U'NNARN FILINGE L0150 LTH A .9 Je.n SO 7.1

I 144 RASNVILLE, TERRM INNEN CITY .N00 Y14 497120 56.0 20.0 70.9 9.1

1 143 PpEW DEDFOND, MASS INNEN CITY .000220 183655 2z2.0 29 .2 63.0 5.9

UINAR FRINGF, -000009 32502 2.9 29 .2 6J.8 6.9

I 146 PmEw BRITAIR, CORN IRNER CITY 000074 05095 a2 31.0 61.3 6.7

UNNAR FRINGE L0002 4920 5.9 J1.0 61.5 6.7

I 147 REW I\VEN, CcONR INNER CiTY 000465 141060 653.9 31.0 61.3 6.7

UNDAN FRINGF 0001110 2160609 J4.9 J1.0 61.93 6.7
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TABLE 33 (Continued)

POSACGE. PERCENTAGE OF CONTRIDUTION

CITY CITY INNER CITY 7/ EXPO LFVEL ror (UC/(MJ-  ———mmmmmmcmr e e -—
TYFE CODE CITY NAME UidIay FRINCE (UG-t (PERSON FERNON) IIEATIRG STATIONARY MOBILE
1 140 REW ONLEANS, LA INNEN CITY . woINg 1045459 qJ97.2 9.5 79. 4 1.t
1 149 NEW YORK.NY INNER CITY .0QI713 0644509 14995. 4 32.08 64.7 2.3
UNDAN FRIRCE .800317 7239660 2294 .0 2.8 64.7 2.5

I 130 REWYPORT.VA INRER CITY _90V iS50 2N9769 43.4 21.8 71.9 6.3
UIRAR FRINGE . 0Queo2u 10412 I § 2.8 71,9 6.7

I 151 NORFORK.VA INNER CITY . 000349 4600664 163.7 21.0 7.9 6.3
URNAN FHINGE . 00000A 220957 24.6 21.8 7t.9 6.7

1 152 NORWALK.CONN INHLN CITY Laquu22y 01464 1} 6 air.n 6l.5 6.7
UNBAN FNRINCE _ 100G 20304 >4 JL.n 61.5 6.7

1 153 ODESSA,.TX INNER CITY L000237 91415 21(.6 e 74.6 123
unnan FRINCE nan0t4 agan . 12 T4.6 2.9

1 134 OGDEN,UT INKEI CITY S OUR25 13160 20.3 302 2.0 7.0
UNNAN FRUNGE LU00166 90115} 16.3 Je.2 6.0 7.0

T 1953 OKLAIIOMA CITY.OK INNEN CITY . .000103 6440013 66.2 20.7 60.9 10. 4
1 1536 OMAUA. 10VWA INNEN CITY 0002 7Y d55006 97.0 J3.0 GH._ 4 6.7
unfiaAN FRINGE 000116 146344 17.6 J3i1.¢ 60.4 6.7

I 137 ORLANDO.FL INNER CITY .Q0Q217?7 126632 27.4 .2 ul.9 10.8
UnniN FRINGCE 000141 2064249 J7.1 5.2 03.9 0.8

1 158 OSIKOSN.KY INNER CITY 000267 60167 16.F 4.7 65.2 0.2
1 139 OWENSDONO. KY INNEIL CITY . 00049 34560 19.1 24.8 63.7 9.5
e URBAN FRINCE .NN0e42 853 . 24.8 63.7 9.5
i 160 ONNARD,CA INNER CITY .8¢0153  lde72e 7.7 5.8 73.6 6.7
UNBAN FRIRGE L00uIL21 90900 1L.0 5.8 3.3 8.7

I 161 PENSACOLA . .FL INNER CITY .000 144 76223 Ir.e 5.4 83.7 6.9
UNDAN FRINGE . 000158 136975 21.7 J.4 5.7 0.9

1 162 PEORIA,IL INNER CITY .000197 120688 2%. 4 31.3 6Il.1 7.6
UneAl FRINGE SO0 109 121790 1.2 J1.38 [ 1 I ¢ P

I (3 PEMEMSDURG, VA IUNIFR CITY T RCHTL 40390 3.3 27.7 71.8 6.5
unp FRINCE .0a01te 721725 0.4 21.7 rd I\ 0.5

I 164 PUHILADELPIIIA,PA INNER CITY 000929 1997013 1056.6 6.1 66.5 6.7
URBAN FRINGE 0002400 2124700 527.3 26.1v 6€6.3 6.7

1 165 PHOENIX,.ARIZ IRNER CITY Q00209 276670 204 .2 1G. 1 uy. 0 9.0
UNBAN FRIACE L0023 1 376259 06.0 10. 1 uae.o 9.0

L 166 PINE DLUFF,AR INNER CITY . 000224 640312 14.6 19.7 2.0 g.3
URDBAN FRINCE . 000040 40487 .z 19.7 2.0 n.a

I 167 PITTSDURG,PA INNER CITY . 00054 519174 303.3 20. 4 64.5 7.1
ULIDIN FRINGE S000201 1323051 266.6 2.4 64.9 7.1

1 168 PITTSFIELD,II\SS INNEN CITY L0070 HT RN (3 2195.5 29 .2 63.0 .9
URBN FRINGE . U0054 5055 .3 a9 > 61.0 6.9

I 169 PONT AUTUEN.TX TRNEDL CETY 00073 6GYIT 4.9 13.3 76.4 1ot
UIDN FRINGE SR 134 «091¢ 9.3 3.3 7G6.4 0.t
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CITY CITY
TYPE CODE
1 170
1173
o172
] 173
1 174
i 1?3
I i)
1
i 178
1 179
1100
1181
I 102
1 109
1 104
i IRy
1 185
1 147
1 ico
i 109

PORTLAND, MAINE
PONRTLAND, OR
PNOV IDENCE. NI
pnovo, uT
PUEGLO, Co
RACIRE. W1
RALEIGH, C
READING,.PA
REROQ, REY
RICURCRD, VA
ROAROKE, VA
ROCHESTER, M
NOCHNESTER, RY
ROCKFORD, IL
SACRAMENTO, CA
SAGINAVW, NI
ST. JGSEPILLMO
ST. LOUIS, ™0

ST. PETERSDUNG, FL

BALEM.uR

iRRER
URDAN

INNER
LT IURY)
iNNEN
URDBAN
INNEN
UIUI AN
TNNER
URDAN
INNER
UNNAN
INNER
UNNAN
LILELY S L

UNDAN. F

IANER
UNRAR
INNER
URLAN
IAREN
UNDAN
THUI N
U AN
IRNER
Unnan
INRER
UND\N
INNER
URDAN
ERNEN
UADAN
INNER
Unpan
IRNER
unaan
INKRER
USIAN
INNEN
URDAN
INNLR
UNBAN

CiTY -
FRINCE

cITY
FIUINGE
city
FRINCE
ciry
FIINCGE
cITY
FRUINGE
CITY
FRINGE
cliTy

cITY
FRINCE
CITY
FRINCGE
CITY
FRINGE
city
FRINCGE
cCITY
FILINGE
CITY
FRINCGE

TABLE 33 (Continued)

EXPO LEVEL
e e

L0002
000095
L OVOI40
000215
o004
0001069
L0000 177
. 000069
000319
. N0V0SJ )

0Q0id30

000070
TN Brd
OO0
. 0004737
.000149
.O0Ne29)

Vo037

.N0027s
.000i35
.NUR20Y
L0000 104
L0020,
000076
L0440
N X rard
.00247
L000122
000 111)7
.000105
000316
L0011
L000141
L0054
LON0G 10
Q0239
000250
L0090 106
.C0u2 1y
LQ00141

POP
(PENSOM)

71942
45002
413242
479439
HHHIngeH|
447310
9669
40921
110074
7004
100424
245352
145665
9247
w7487
ae1uo
97597
33929
279266
mne7e6n
103054
7210606
5649)
2901
290076
2990549
149204
59678
202409
421190
94747
97309
751087
LHEN]
640994
12907105
276472
357187
70009
20637

DOSACE
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PERSOMN)
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104,
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TABLE 33 (Continued)

DOSAGF, PERCENTACE OF CONTRIBUTION

CITY CITY IRNER CITY ~»  EXTO LFVEL  POP (UC/ (M D= mm e mmmmmmmemmm e
TYPE CODE  CITY NAME UNUBAN FRINGE (UGZCHY) (PENSON) PERSON) HEATING  STATIONARY MOBILE
1 190 SALINAS.CA IHNERN CITY .000207 6509 15.9 15.0 75.6 .6
UNNAN FRINGE .0000N7? 2952 .9 15.0 75.6 n.6

I 191 SALT LAKE CITY.UT INNERR CITY 000250 213491 55.5 0.2 62.0 7.0
UNDNAN FRINCE L0022 372000 6.3 J0.2 62 0 7.0

1 192 SANANGELO. TX INNIIN CITTY Lo 12 T4H24 0.4 1.2 75.0 11.7
I 193 SAN ANTONIO, I'X INNEIL CITY 000254 763200 193.6 19.7 77.5 0.0
UNBAN FRINCE L0017 0H 137915 24.0 1.7 7.5 G.0

1 (94 SAN DERNAIWINO,CA INNCI CITY L0005 1 271004 41.0 15.5 73.9 10.7
N , URBAN FRINGE .000194 376059 50.5 13.5 73.9 10.7

| 153 sam bikcd.tA INNER CITY L000175 773068 i33.3 is. B 75.6 0.6
UNBAN FRINGE LON05 11 5576080 204.7 15.0 75.6 B.6

I 196 SAN FRANCISCO,CA INNER CITY .000700 1269017 ML) 15.9 ?75.9 0.2
UNBAN FRINGE .000277 2047469 567.9 15.9 75.9 u.2

I 197 SAN JOSE.CA INNER CITY .000236 495735 116.9 15.0 75.4 n.n
Uy FILINCE LDO2LY e, 612500 190 .3 15.0 Tu.1 .0

[ 198 SANTA BARBARN,CA INNER CITY SO0 190 TI952 14.0 15.0 75.4 u.u
URDAN FRINCE U H 06 190 1.5 15.0 795. 4 (I}

1 199 SANTA ROSA.CA INNEN CITY 000141 55071 0.0 15. 4 7.6 11.0
UNDAN FRINCE .000610 27909 2.0 15. 4 7:4.6 11.0

1 200 SAVANIAIL CA INNER CITY LO00253 131905 93.4 8.5 79.5 n.o
UIWIAN FRINGE 000074 30612 3.7 10.95 73.9 .o

I 201 SCMANTON.P.A INNEI CITY _0002:0 103330 2.0 7.9 6.4 0n.o
UIBAN FNINCE .00009 1 1005357 9.1 *7.9 0.4 u.0

1 202 SEASIDE.CA INNFER CITY L0020 69114 14.1 15.0 75.6 D6
UIWIIAN FRINGE RUTVITAE ird J4454 7.0 1I5.0 73.6 0.6

I 203 SEATTLE, %A INNER CITY LOD0420 6372640 265.6 JO_ 14 61.9 0S5
UNNDIN FRINCE _000200 707109 141.2 JO .| ol.4 u.35

1 204 SHERNMAN,TX INNER CITY L ODOG ARL R .9 19,1 74.2 12.7
. URBAN FRINGE .00009 1 10630 2.0 1.1 74.2 12.7
I 208 SUREVEPORT.LA IRNER CITY .000201 lsu150 49 .0 9.5 79 4 .
UNDAN FRINCE . 000004 56036 4.0 9.9 79 .4 1.1

I 206 SIMI VALLEY.CA INNER CITY .000142 62925 8.9 15.0 75.5 8.7
UNBAN FRINCE . 800006 200 .0 15.0 75.5 0.7

I 207 SIOUX CITY, IOVWA INNER CITY .000096 87011 n.4 92.6 5.6 7.8
'yt FININGE L LOvaeso 10231 O az. 6 5Y.6 7.8

I 200 SIQUX FALLS,.SD NI CITY L0023 7530 1.6 20.0 32. 6 qa6.7
UIWDIN FRINGE I Y 2701 L G3.0 IO n.o

{ 2uY9 SOUTU DEND, IN INNEN CITY 000250 120591 32 .4 29 64.0 ©.9
UNDAN FRINGE ,L000144 167096 29 1 29.1 4.0 6.9

1 210 SPOKANE, WA INNCN CITY .000249 104521 45.9 29.0 00.9 9.4
URDAN FRINGE .000149 62950 9.3 9.0 6V.9 9.4
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TABLE 33 (Continued)

DOSACEF. FERCENTACE OF COMNTRIBUTION
CiTy CITY INNCR CITY »  EXTO LEVFL  TOP (UG/{MIT=  mmmmeemmem e mmmm e e
™I'E CODE CITY NAMF UIDBAN FRINGE (UGCZCM ) (PEISON) PEISON) IEATINC STATIONANY MODILE
I 2110 SPRINCGFILLD, IL HINER CITY _0u0202 92051 10.0 90.2 60.0 n.o
URLAN FININGE L0162 20500 4.0 91,2 60. N 0.9
i 212 SPRIRCFIELD. MO INNER €ITY L0020 120616 14.9 26.2 6q. 0 9.0
UNDAN FRINGE . 000093 1901 .0 26.2 64.0 9.0
1 213 SPRINGFIELD.ON INNER CITY LO0N026? A223454 22.0 29.1 63.3 7.6
UNDAN FRINGE L0067 11050 .8 29,1 6.0 7.6
t 214 SPRINGFIELD, MASS INNER CITY . 000163 205022 7.2 29.2 63.0 6.9
UNDAN FRINGFE .00D0Ne 2:a0060 20.0 29 .2 6.0 6.9
I 213 STAMFOND,COMN N cliy RN 11976 200 a1.0 615 G
VIBAN FIVINCE _BRN159 76227 it.e a91.0 61,5 v.7
1 216 STEUBLHVILLE.oON THNTIL Cl Y L0012 SH400 7.1 9.0 ] 6.0
UIBAN FRUINGE L0002 27592 - 9.9 290 6.0 o0
I 217 STOCKTON,CA INNER CITY L0002 ? 11907 25,9 15.0 74.3 [}
UINAN FRINGE OUN174 507400 0.2 15.5 74.0 .2
1 210 SYINACUSE,NY INNER CITY L000404 190040 786.2 1.7 G2.0 5.2
UNNAN FRINCE L0005 175930 26.0 $31.7 2.6 5.7
I 219 TACONMA, WA INREN CIY OO RN N 167249 .5 J0.19 61.3 0.5
UNNAN FRINGE LO00 57O 19251 920 a0.1 61.93 0.5
1 220 TALLANASSEF.FL JHNEN CITY 000161 Y2044 14.0 3.4 05.9 0.7
UNDAN FIRUINGE 000070 7579 .5 5.4 us.9 0.7
I 221 TAMPA.FL INNER Cl1Y T 355002 79.9 3.0 05.0 9.7
UILIAN FRINGF 000124 116440 14.5 5.9 ns .o 9.7
I 222 TERNE HAUTE, IN INNER CITY .000156 72400 11.9 0.0 63.3 7.9
UNDBAN FRINGE . 0000he 19906 .9 20.0 6.2 ?7.%
1 223 TEMNARKANA,TX INNER CITY .00 102 35576 3.6 13.3 75.0 11.4
UNDAN FRINCE .000102 22740 2.9 19.9 73.9 1.4
1 224 TEXAS CiTY,TX INNEN CITY . 000066 90034 6.4 1.6 7T7.3 9.1
t 223 TOLEDC, Ol FNNEN CITY 000542 396260 139.7 36.90 67.2 6.0
UnAN FNINGE Ny 107000 9.5 6.0 57.4 .0
! 226 TOPEKA, KARS INNERN CITY .00 124 129000 16.2 25.0 65.4 9.6
UnBAN FNINGE .G00047 7450 .4 25.0 65.4 5.6
1 227 TNENTON,NJ INNCR CITY .000599 07210 64.2 261 66.6 6.0
UNBAN FRINCE 000163 429051 204 26.8 $6.6 9.0
i 220 TUCSON,ARLZ INHER CLTY L0051 351121 123.2 0.} 4o. 1 Y.7
URBAN FRINGE L0005 41752 4.0 10.) no . 2.7
1 229 TULSA,O0K INNER CITY L0000 107 D692 39.9 o0, 7 ') P 4 19.6
UIBAN FRINCE ITHNT) ¥4 44151 0.2 20.7 on.7 i5.6
I 230 TUSCALOOSA.AL INNER ¢ITY SO0 12 71120 6.7 10.9 79.7 9.
UHDAN FRNINGE LGO005D 217306 0.9 19.9 79.7 L |
1 221t TYLERN, TX INKLD CITY Q00148 67392 9.3 1.3 75.4 17.3
UIIAN FRINGE .ON0N4 4 2345 ] 13.3 75.4 11.3
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TABLE 33 (Concluded)

DOSACE PERCENTACE OF CONTRIBUTION
CITY CITY IRNER CITY ~ EXPO LEVEL POP tve/{Mmld-  —mmmmmrmemmmrr— e -
TYFE CODE CITY RANME URBAN FRINGE (UG/C(HM)I) (PERSON) PERSOM) ITEATING STATIONANY MOBILE
1 232 UTICA.NY INNER CITY . 000205 A9A29 25.6 Jt.0 62.8 5.4
VRN IT0HGE Lonooun (TR K] T.6 qJ1.0 620 n.4
1 233 VINLLAND.NJ INNEN CITY N D 41046 19 26.0 66.6 6.0
UIRIAN FRUNGE . 000079 20590 2.1 26.10 06.6 6.6
1 234 WACO.TX INNEIL CITY L000103) L1203 11.4 1.4 75.9 10.7
UNNDAN FRINGE 000044 27494 1.2 19.4 75.9 10 7
1 233 WASUHINCTON, DC INNEIU CITY QU064 679563 436 .7 24_4 rdl IO | 4.0
AN FNINGE 000265 1549513) 410.3 24.4 rd | 4.0
1 236 V¥WATERDURY,CONN INNEN CITY 00256 10132 2004 a1.0 61.5 6.7
UIDAN FRINGE L0010 50457 5.1 .0 61.5 0.7
1 237 VWATENLOO, 10WA JNINER CITY NI rds! 7207 5.1 1.7 59.0 05
URBAN FIUINCE LODVITY HI RN 6.0 9 2 59.0 75
I 238 WEST PALM BEACH,FL INHEIL CILY L0009 73955 6.0 59 4.7 10 0
UIAN FRINCE 000165 204599 40n.6 6.9 n4.7 0.0
I 239 WIHEELING,WV INNLIL CITY Q00202 91906 14.6 252 67.5 7.2
, . . UNDAN FHRINGE .0N0239 400 14 te.5 23.2 67.3 7.2
1 240 VWICHITA.KARS INNER CI'TY L0000 164 2075935 47.0 24.9 65.2 9.9
UNBAN FRIKCE . 000050 266310} 1.6 24.9 673.2 9.9
1 241 WICHITA FALLS, TX INNER CITY .000 142 113014 16.1 13.3 75. 4 11.3
1 242 VWILKES,PA INNER CITY . 000424 50727 24.9 27.9 6.4 0.8
UNNRAN FRINGE .000141 163762 23.0 27.9 6.4 n.n
1 243 VWILMIKNCTON,DEL INNIIL CLLY L000I52 06100 90 260.5 6o 7.7
UNDAN FRINGE 000210 J11502 67.9 26.5 65.0 7.7
I 244 VWILMINGCTON.NC INNEN CYTY 000187 55521 10.4 19.6 71.5 0.0
UNBAN FRINCE . 000067 13000 .9 19.0 71.5 [
I 2435 WINSTUN,NC INHER CIYY 000190 159024 730.0 196 71.4 9.0
UIBAN FRINCE 000067 11044 .0 19.6 71.4 9 0
I 246  VWONCESTEIL MASS INNER CUTY L000216 17909 30.0 29.2 63.0 6.9
VILBAN FRUNCE L 000071 2192 5.2 29 .2 6J.4 6.9
I 247 YOIWK,PA INNER CITY L0047 50270 220 240.4 4.6 6.9
UIIDAN FRINCE 00102 72659 9.6 20.4 04.6 6.9
I 240 YOUNRCSTOWN, Ol INNER CITY L0027 4 204127 56.0 29.2 61.6 7.1
UIWAN FRINCE L0015 193260 29 .6 29 2 6J.6 7.1

Source: Systems Applications  Incorporated computations.

T
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TABLE 34. BERYLLIUM EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS IN TYPE IT CITIES

DOSACE PERCERTACE OF CORTRIBUTION

CITY CITY EXPO LEVEL ropr (UG/(MIT memmmmme e em e e e
TYVYE CODE CITY NAMFE (uc-(Cm M (PLILNOR) -I'LISON) HEATINC STATIONARY HODILE
2 1 ANNISTOR, AL . 000093 J4069 3.2 1.0 78.9 10.2
2 2 BFSSEMER, AL .000110 J62206 4.0 1.9 79.93 9.6
2 3 DECATUR, AL . 000075 41107 31 10.6 77.3 11.0
2 4 DOTIIAN, AL . 000042 IN7 19 1.7 10.6 7.5 1.0
2 5 11OIFNCE, AL Lonuany 0294 5.2 10.7 77.0 1r.o
2 6 FIENIX CITY.AL . G0006+4 27006 1.0 10.6 7.5 11.0
2 7 SELMA,AL . 000100 290604 3.0 10.6 7.5 1.0
2 0 ANCHOIMGE, AL 000306 67419 20.v 9.1 53.90 7.7
2 9 FLACSTAFE . AN LO00042 D676 1.5 10.2 0o.4 9.4
2 10 YUMA, AR .000292 76 11.3) 10.2 0no.4 9.4
2 11 EL DORADO. AR .G00I102 20009 2.9 19.1 70.1 10.0
2 12 FAYETTEVILLE, AN 000011 04670 3.9 19.2 70.2 10.6
2 13 HOTSPNING, AR L0010 40010 4.2 19.1 701 10.0
2 14 JONESEORO, AR L0014 Q0581 4.9 19.1 70.1 10.0
2 13 WEST MIMIHIS, AN 000179 240 5.2 2.1 70.1 10.0
2 16 ANTIOCH,.CA 000 Jioo2 5.9 15.0 73.5 0.7
2 17  CONCOND.CA . L0000 192 91446 in. 15.0 5.9 u.?7
2 10 CONOMNA.CA . 000069 HORH]]] 2.1 13.7 75.0 9.4
2 19 FAIRFIELD,CA 000136 49010 7.6 19.0 75.8 0.4
2 20 LARCASTEN.CA .000121 Jé6161 4.4 15.9 73.8 0.
2 2 LIVEMONE, CA .000167 41060 7.0 13.9 73.9 0n.2
2 22 LODI,.CA . 000204 Jine 6.8 19.9 74.0 10.2
2 23 LOMPAC.CA .000:32 201011 3.7 13.86 79.4 8.0
2 24 NAPA.CA . 000149 39944 6.0 13.6 74.3 10.9
2 23 NEWARK,CA . 0001670 J0o144 4.9 13.9 73.9 a.2
2 26 KNOVA10.CA .auouns a2z 2.9 15.0 5.7 n.5
2 27 OCEANRSIDE.CA 000070 48955 J.1 15.8 73.6 0.6
2 20 NEDLANDS . CA 000020 40420 4.0 18.3 3.1 11.6
2 29 LW DWOOD CITY.CA .000153 61002 9.5 15.7¢ 73.1 9.2
2 J6¢ SAN LUIS 0BISIro,caA L0000 13Y 1227 5.0 15.06 74.0 9.6
2 J3 SAN JWFAEL,CA .000147 41240 6.4 15.0 5.7 0.3
2 32 SANTA CIW/Z,CA . 000142 P06 12 3.1 15.3 73.9 (9.6
2 J3 SANTA MARIA,CA L000121) Gdoldhy 4.5 13.0 75.4 3.0
2 34 VISALIA,CA L9061 30274 3.6 15.6 74.0 9.0
2 33 WALNUT CREEK.CA .0V0 147 434224 6.5 15.0 79.5 8.7
2 36 FONT COLLINS,CO .000274 525344 14.4 29 .6 60.4¢ 16. 1
2 37 GRFELEY,.CO . 000330 47193 15.6 29 .6 60.4 10.1
2 38 MIDDLETOWN,CORN . Q00050 37961 ] J1.0 61.3 6.7
2 39 MILFOND,CON 0001435 HRHEIrg 7.6 DU 61.8 6.7
2 40 NFW LONJOON,CON L.000200 32312 9.1 31.8 ol1.5 0.7
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Nfdt-‘NI‘JNIJIOI’JI-‘IJNNIJNNN

IJIJIJI-‘l‘.‘lJl;l-‘lJlGl-‘l-‘NNNNMI‘J

RN

RONVWICH, CON
SHELTON, Con
'HHUHIIUTUH_ (CON
DAYTONY Ny I FL
FORTMYT IS 1),
Fonrt PIENCL, FL
KEY WEST,H(,
LAKELAND, k).

ME1 BOURNE ¥
MEIOIITT 1N AND,FL
PANAMA CITY, L
FOMPANO BEACH, FL.
SAIASOTA L
TITUSVILLE, FL
ATIIENS . GL

NOME, Ce
VALBOSTY I
WAIWWEN ROBINS, CE
1111L0.HA

IDAIO FALLS, 1D
LEVISTON, 1D
POCATELLO, 1D
ALTOM, L

FEVLEN LS, )L
DANVILIE, 11,

OE. KAl n, 11,

LAST ST, 1ours, IL
FREFPONT, 1.
CALYsSBunG, 11,
KANKAKEHE, 1L
PEKIN, 1L

QUINCY, 1],
I]LOUI"IINIIT(IH, IN
COLUMDUS, 1IN
ETKHART, IN
ROKOMO, IN
MYIUION, IN
MICILIGAN, 11

HEW AL DANY, IN
nICuMoND, IN

TABLE 34

EXPO LEVEL rop

(UG (M) (PFISON)
-000109 4262}
. 000059 27974
L0033 J2Ha)
L0001 ) Hl VY
00012y J4997
L000147 J00.49
000314 Jived
0001010 20160
000092 HN MY T
000100 J7405
0001227 41100
000175 40250
000160 Jidte
L0001 1 J904¢
000163 49420
000129 J4700
UGN Y e,
0000117 I7260
-0000620 Ji2¢e0
.000264 44055
.000127 J2 100
-000219 4900
000100 402y
L0002 32477
BTN EAT] 40270
RO TR Y4 LI75H
VOVL59 20097
U] 200012
O TN AT JeTn
L0001y digos
000167 H N Iraddd]
00019 4390
00025 44044
000160 20104
000150 440004,
.0UN24¢6 45347
L0002y 41017
000100 4047
LO0017Y d9540
000172 43014
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CITY CITY
TYPE CODE

NENNRRNRNNVRRNONDRDRRNIENNRINNNONNONNONNNINNRSNONN

H2
113
114
113
iIl6
117
118
119
120

AMES, IA

DURL INCTON, [A
CLINTON, 1A

FORT DODGE, |A
IOWA CITY. (A
MARSHALLTORN, 1A
MASON CITY. IA
OTTUMIVA, 1A
HUTCHINSON, KA
LAWHRENCE . KA
LEAVENWONTII, KA
MANHATTAN, RA
OVFIUAND PANK, KA

PRAITUE VILLACGE, KA

SALINA KA
BOWLING CREFN KE
FORT KNOX.KE
PADUCAII, KE
ALEXANDRIA, LA
DOSSIER CITY, LA
NOUMA. LA
JENNEIC T A

NEW JDBEWIA, LA
OANCON. HE
ANNAPOLIS ., ID
CUMDENLARD, MD
IINCENSTOWN, MD
ATTLEDONO, M\SS
GLOUCESTCR, MASS
MARLDBOROUGH, MASS
TAURTON, MASS
DATTLECREEK, MICIlL
HOLLAND, MICHI
MIDLAND, MICH
PONT HUNON, MICIi
YIPSILASRTIL, MICH
AUSTIN_ HMN
MANKATO, HN

sT. CLOUD,MN
WINONA, NN

TABLE 34

EXPO LEVEL
(UC/(M )

000122

000125

00003

0001106
0001108
000092
00010
000124
L0001 14
L0060t 16
L000111
000143
000001
.000 161
L 000101
. 000144
.900123
. 000163
.000179
.000110
.000100
LOUoL L
LAV0 196
. 000070
.000247
L000100
000215
.000054
. 000049
.000030
.0006042
000100
.000111
.ao0oun
. 000250
. 900156
.000102
.000173)
. 000201
.000116

(Continued)

POP

(PENSOR)

40570
JI136
D400
1949
470,70
269494
Jilod
HIREL(
20929
473G
201001
201634
79070
29204
J210914
39016
40670
J4299
45120
43304
3asaz
J2Hd
J2771
J6645
J14430
J1690
JuI N
JAB20
200457
20450
44571
40122
27176
361020
T 36971
JO442
260300
V2462
41704
27221

DOSACE

(UG- (M3
-PERSON)

COGAOVOON NN =T NI rARRRRId A cRNAaCTT RIS
kae::uf.‘ct‘O’J-CIJC::-‘-C‘30—“@4@0&—6&10=IJGNG——3

PERCERTAGE OF COFTRIBUTIOR

J1.0
J1.0
91,0
J91.0
J1.0
Jg1.0
3010
J1.0
4.
24,
24.0
4.0
24
24.38
24,4
24.7
24.7
24.7
9.3
9.3
9.5
9.5
9.5
J4.9
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CITY CITY
TYPE CODE

RIRNANNNRIDNRQWRDIWDNRDNNIONIONNNNNNRRBONPINNONNNDNGD

121
122
123
124
125
126
127
128
129
130
131

132
133
134
133
136
137
138
139
140
141

142
143
144
1493
146
147
148
149
150
151

152
153
154
133
156
157
158
139
160

CITY NAME

COLYMDUS , Mi
GCRIERVILLE. NI
HATTIESUUNRG, M1
MENIDIAN, M1
PASCAGCOULA . NI
VISKSpuURc, i

CAPE GIMANDEAU, MO
FEIGUSON, MO
FLONISSANT, MO
FORT LEONAIWYOOD, MNO
JEFFERSON CITY, MO
JOPLIN, MO
KINKw00D, M0
RAYTOWN . MO

ST. CUHARLES.MO
MISSOULA, MT

GRAND ISLAND,RE
CONCARD, NI
PORTSMOUTI(. MN
LOHC DRAWCH, NJ
NEW BRINSWICK, NJ
OLD DRIDCE.NJ
PENTU AMUOY,NJ
SAYREVILLE , NJ
CLOUIS, N

HODDS, NH

LAS CRUCES, MM
ROSWELL , NM

SANTA FE.NM
AMSTENDAM, NY
AUBUIN, NY
ELMIMA,NY

ITUHACA, NY
JAMESTOWN . NY
KINCSTON, NY
NEWDBURGH,NY
NICARA FALLS,NY
NONTH TONANVANDA,NY
POUGUKEEPSTE,NY
WATENTOWH , NY

TABLE 34

EXPO LEVEL
(Ue/Cth 3

.0004177
000200
.000136
QuotLo
L0011
.000143
- 000001
000222
.000046
000119
-000091
000076
.000 169
.000162
.000162
.000173
.00014))
.000034
.000163
V0255
.000J09
-000175
000004
000095
.0001058
.000104
000142
. 000097
.000099
. 000191
000106
.000247
. 000200
.000194
000149
. 000270
.0003J10
.000169
.000295
LO000154

rop

(PLILNON)

2nonz7
43171
41674
49009
29912
272059
J1050
29706
067995
4060
Do
40409
J2041
34649
32793
32651
33100
J4252
29078
425706
4291
25011
BP7H6
J3320
34017
31197
452704
40316
49109
23015
$A210
39149
25703
J9002
23015
200697
ni19%10
33293
d2971
JO174
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CITY CITY
TYPE CODE

NRENRIBNRSRDNLBNNRONNRBNNNNNNNNNNRVNRNONNRBROINDRIRNNNON

CITY NAME

BUIW INCGTON _RC

CAMP LEJUNE CENTTUAL

CHATEL HNILL.NC
CASTTONIA.RC
COLDSNOMA, NC
GNEERVILLFE,RC
KANNAPOL 1S, HC
NOCKY MOUNT,.NC
WILSON,NC
DISMANCK,. ND
GNARD FORKS, ND
RINOT.AD
ALLIANCE. Ol
AUSTINTOWN, Oi{
BOARDHARN, OlI
FAIRDONN, 011
FINDLAY,ON
LANCASTER, vt}
FARIOR ., Ol
MASSILON, Ol
NLVWARK, Ol
PORTSMOUTIL. O
SARDUSKY . Ol1
XENIA,OI
ZANESVILLE.ON
BAIWESVILLE, 0K
ENID.OK
MUSKOGEE, OK
PUNCA , 0K
SUAWNE, 0K
STILLWATER.OK
CONVALL IS, 0N
MEDFOND, ON
LEDARNON, PA

NEW CASTLE.PA

STATE COLLECE.PA .

WILLIAMSPORT, PA
HEWPONT, NI
WOONSOCKET. A1
ANDENRSON, SC

TABLE 34

EXPO LEVEL ror

(ve/ ¢ (PHILSON)
.000166 40530
L000150 41509
.00 12 qJ07 14
.000169 56704
L000197 B2254
L0007 Jvot)
. 00009 43376
LO000190 41260
0002206 AS29 ¢
.000197 20970
. 000237 41634
. 000237 J4410
. 000204 26678
. 000177 297090
.000164 J1004
.009213 32420
00162 AN
.00V 1I3 JIes
.00026H 62
. 00011110 V2739
. Q00169 42010
000019 277062
.000102 2027
.0UN204 125492
. 0002045 JI200
. 000104 32999
. 000003 49544
. 000073 415147
. 000037 2049
L 000003 27949
. 000076 J4616
. 000101 40633
.000166 J2U20
. 900200 20520
. 000240 J0500
000359 JI726
.000205 B7060
. 000207 Ji941
.0n02ta62 47979
.000172 J1020
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TABLE 34 (Continued)

DOSAGE FTEILCENTACE oOF CONTNIDUTION

CITY CiITY EXPO LEVEL rop ‘Veoa oo T JDTTION
TYPE CODE CITY NAME (U (PLISON) ~I'LIWON) HEATING STATIONANY MODILE
2 201 FLONENCE. ~C .0001?27 20267 5.2 15.0 74.9 9.3
2 202 jock HILL.s¢ 000167 J104 6.4 15.0 749 9.3
2 20 SPAIIT,\N"UIIC.SC 000192 30130 9.6 16.0 75.7 0.3
2 204 ADEIWEEN. SD .000200 237309 6.1 Je .6 54.2 1.2
2 203 narPiIp CITY.sD .000140 45547 6.7 J4.6 54.2 1.z
2 206 CLARKSVIILE, TN .00n07?7? Jite2? 2.7 20.0 71.9 7.0
2 207 JACKSON , TN L0001 41 44:3:10) 0.J 19.7 69.9 10.4
2 200 JOHNSON CITY.TN 0001209 dTH96 9.4 201 71.1 u.0
2 209 KINCSPOHT,TN 000110 13303 J.9 20.2 71.6 .2
2 210 MUNFREESBORD, TN .000132 2930 J.9 19.9 70.6 9.4
2 211 0AK RIDCE, TN .00002¢ JI1465 .0 19.6 69.6 10.0
2 212 BIC SPRING, TX .000119 JI624 4.0 13.2 74.0 12.0
2 213 DENTON . TX .000083 463153 J.9 19.3 75.7 11.0
2 214 FORT HOOD, TX .000192 HUOTRL) 7.3 1.7 77.6 n.7z
2 25 FILLFI . TX AT vl 4142 J.2 1.7 7. 1.7
2 216 KINCGSVILLE. TX L0007 MBI 4.0 1.2 74.0 12.0
2 247 LONGVIEW, TX L0015 517 6.1 13.2 74.0 12.0
2 210 MEXQUITE, TX 00012 01404 7.0 13.5 76._4 10_2
2 299 IICHANDSON, TX L0000 190 I6TG7T 5.7 1.3 75.6 1.1
2 220 TCMPLE, TX L0000 Q1999 3.2 19.7 7.6 0.7
2 22 VICTORI A T 000100 402106 6.0 1.2 749.0 2.0
2 120 DUNLINCTON, VT 0002090 42340 11.1 6.2 56_4 7.5
2 22 Cll,\nLU‘l'I'ESVILLE.VA 000200 40497 .7 21.0 70.¢6 [ |
2 254 DANVILLE, va 000150 31900 0.2 21,4 70.4 0.3
2 225 DELLINGCHAM, wa -000127 42613 5.4 29 _4 60_0 10.¢6
2 226 BREMERTON, wa L000220 Jizoe 0.4 29.4 60.0 10.6
2 227 FONT LEWIS, wA 000122 41170 7.1 Jo g 61.5 ] I
2 220 1AKES DISTRICT. wA 000193 22103 10,1 J0.1 61.5 0.5
2 229 LONGV] EwW, Wy 0001509 JOT0Y 4.9 29 .4 60.0 10 . ¢
2 230 n ICHLAND, wa 000075 2044 2.1 Jo. ) 6]1.9 2.0
2 231 YAKIMA. WA - 000250 4902 12.9 29,0 59 .0 10 9
2 232 FAII'UIUNT.WV 000223 27065 6.2 24.7 66 .} 9.2
2 233 MONCANTOWN , WV .000920 J1594 10.1 24.7 66. 1 9.2
2 234 PI\IU(I-_I'ISBUHG.HV -000010 47317 147 253.0 67.0 n.o
2 235 DELOIT. Wi . 00015 J7000 9.1 43.4 20,5 [ I |
2 236 EAU CLAIRE W] 000113 47200 5.4 J5. 4 ob.5 6.1
2 237 FONDDUILAC, w1 .000177 JTu4a7 6.7 Jgd. 4 .5 6.1
2 230 JAHI-:SVILLE.HI 0091235 4922 6.1 J35.4 0.5 6.1
2 239 MANITOWOC . v 000145 d5519 5.2 J5.4 3.5 6.1
2 240 SHEDOYCGAN, Wi QU027 1440 12.2 45.4 o0.35 6.1



174}

TABLE 34 (Concluded)

DOSACE PERCENTACE OF COATRIDUTION

CITY CITY EXFO LEVEL rop (UG/C(M)]  —-=-mem—memmmm e
TYPE CODE CITY NAME (UC/7CM J) (PHIWON) -PEINOIN) HEATING STATIONANY- MCGDILE
2 241 WAUSAU. VI -000139 24701 4.6 33.4 50.3 6.1

2 242 CASPEN. WY . 000240 49395 i2.1 92.4 54.0 12.9
2 243 CHEYENNE, WY 000192 31324 9.9 J2. ¢ 54.06 12.9

Source: Systems Applications, Incorporated computations.
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TABLE 35.  BERYLLIUM EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS IN TYPE I11 CITIES

DOSACE PERCENTAGE OF CONTRIDUTION

CITY CcITY EXPO LEVEL ror (CAMD e 77
TYPE CODE CITY RAME (UC/CH)D)  (PENSON) -PENSON) HEATINC STATIONANY HMODILE
3 1 ARAD. AL .00001) 4756 .2 10.2 74.4 19.4
3 2 BAY MINETTE. AL .00004] 72?20 .3 10.5 76.8 12.6
a 3 INONDALE, AL .000040 1429 Ot 10.9 79.7 9. 4
a 4 CONWAY, AR .000106 17550 1.9 19 70. 1 10.8
3 3 I.NCLAND.M'I Q00U J479 ) 19.1 70,1 1¢_n
3 6 LAKE VILLAGE. AR . 000003 4745 ) 191 70,1 10.0
J 7 MENA, AN .000049 5125 ) 191 70.1 10. 0
3 8 RONTICELLO. AN . 000086 $754 .5 191 70.1 100
3 9 RUSSELLVILLE. AR .000090 11295 1.9 19.1 701 100
3 19 WALNUT RIUGE, AR . 000044 4299 .4 191 701 10.0
3 11  ALTURAS,CA L 00005 | 3107 L2 15.6 74.7 9.7
3 12 DANNING.CA .000040 11360 .6 15.7 75.0 9.4
3 13  CA\RMEL VALLEY,CA .000020 959 . 15.7 75.2 9.1
3 I4 CHINA LAKE.CA .000075 12029 .9 15.5 73.9 10.7
3 I3 CUCAMONGA.CA .060070 6415 .5 15.9 79.0 1.7
o | 16 EUNREKA,.CA .000090 27020 2.4 15.6 74.7 9.7
3 17 CRIDLEY.CA .000{99 J920 .5 15.6 74.7 2.7
3 10 LI\HONT.CI\ 000104 | 7779 1.4 15.0 70.9 10.7
3 19 NEWNALL,CA L0001 10715 1.2 15.9 75.0 0.3
3 20 PALMDALE,CA .00001] 9449 . 15.9 75.8 0.9
3 21 SANTA MARIA.CA .000129 7915 1.0 i5.0 75. 4 a.8
3 22 SUISAR CITY,CA .000090 3298 .3 15.8 73.0 0.4
3 23 DBRIGHTON.CO .000176 10067 1.0 29.7 60.5 9.0
3 24 GOLDEN,CO .0001 11 11894 1.9 29.7 60.7 9.6
3 25 DANIELSON,CN .000102 4711 .9 J:.8 61.5 6.7
M 20 GILWNCFTOWN, N S U0004y) 13912 g Jgr.an 0l1.5 6.7
3 27  SIMSDUNY CENTER,CN .000051 5107 .3 J1.0 6l1.5 6.7
3 20 WILLIMARTIC,CN .000167 14815 2.5 J1.0 61.5 6.7
3 29 LEMFIIS,FL . 000000 4107 .4 5.9 B4.9 9.8
3 JO  MIAMI SuonCs, FL .000172 12059 2. 5.0 H4.9 9.0
3 31 PEmAY,FL 000041 U5 .4 6.9 n4.9 9. H
a 32 CAMNOLLTON, GA .000067 15069 1.0 0.2 72.1 9.7
3 33  LANKSTON.GA . 000106 405 .6 10.6 73.9 7.5
3 34 SNYIWATOWN, CA .000100 21352 2.3 10.0 71.6 10.2
3 33  UHALEUVA, iAW . 000040 Jiig Ll 0. 91.5 0.5
3 Jé6 Cuunpuck, 1D .000092 7600 A 28.4 59.9 1.7
2 37 ALSID. IL . 000065 11292 .7 92.9 62.9 4.8
] J8 CENTREVILLE, IL .000122 11592 1.4 31.9 61.1 7.5
] 39 CHESTEN. IL -000006 5302 .2 31.2 61.1 7.5
a 40 CLANENDON IIILLS. IL .000173 641 1.2 Ji1.6 61.7 6.7
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CLNOVWLIOLLAWVWWOLLLNLLLWUWUOWLLVWROLVWOLLOLIIVNLWE

EFFICNNAN, IL
NERRAY, IL

LA GRANGE PANK, IL
LAYIENCEVILLE, 1L
LYONS ., 1L,

SPANTA, IL

AURONA, IN

AUSTIN, 1N

HOBART, IN
DENISON, IA
ELDOMA, 1A

MHOUNT VEINON, 1A
ONAWA ., IA

WINTERSET, IA
CONCOIWIA, KA
MULVANE, KA
PHILLPSDUNG, KA
DAVSON SPRING. KR
FORT WRICHT-LOOXOUT
JERKINS, KN
OKOLONA , KK
CARIBOU, IE
FANMINCTCR CENTER
KITTeny CENTER,NE
DAINDBRIDGE, MD
PALMEIl PANK, MD
DUXDUNYTOWN ., MASS
GREEMF ILLDTOWN, MASS
HADLEYTOWN , MASS
ONANGE CENTER, MASS
TEMPLETORTOWN, MASS
WARETOWH, HASS
WILMINCTONTOWN, FLASS
FREHONT, MICI
CAYLORD, MICH!
CNOsSE ILE, MICH
LEVEL PARK-OAK PARK
ST. LOUIS, MICii

LAXE CITY.NN
MINNETRISTA, IV

TABLE 35

EXPO LEVEL POP

tuc-(MJ  (PERKON)
.000126 9sfle
. 000097 2643
L000260 19669
L0001 5942
. 000220 11275
.000112 463
.000072) 4420
. 000070 3047
. 000076 b b
.000031 654
. 0000932 {HUN]
. 0000924 J004
. 000001 w2y
. 00009} HYH LY
. 000005 7509
.OU0092) 009
.onoend MIe?
000044 1263
.0006113 5226
. 000029 2767
. 000140 191393
. 000009 11311
. 000061 3420
LOVRIETY (11 RE )
.000117 3506
. 006306 T
L0000 14 7770
. 000016 1N453
. 000007 3019
. 000030 Juig
. 000001 5972
.00001 1} 099
.000041 17420
. 000063 %73
. 000056 Ji00
.000036 0370
.000674 D170
.000109 4201
.000054 4154
.0000V7 HIVRAH]

(Continued)
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TABLE 35 (Continued)

DOSACE PERCENTACE OF CONTRIBUTION

CITY CITY EXPO LEVEL  POP (UG/(M)]  ~—--—mmmm—mm—— e e oo
TYPE CODE CITY RAME (UG-t ) {PENSON) -FERSON) HEATING STATIONARY MOBILE
3 01 MOMA,IDOM .000096 2712 2 90.7 59.1 0.2
3 02 HMACON, MISS RO DRI 21144 . iI4.1 75.4 10.4
3 B3 MONTONM.MISS .000047 2909 ] 14 75.4 10.4
3 D4 AVA,.MNISS .A00046 2579 . 26.0) 65.1 0.7
J 05 DUTLER, HISS L0007 4104 .3 26.3 3.1 0.7
3 06 DEXTENR,1NISS .000073 6203 .5 206.9 63.1 0.7
3 bD? CENTMWAL CITY,NE .000067 2967 .2 29| 59.0 11.9
3 00 EXETENTOWN, NI . 00004} 10145 .4 4.8 50.1 7.0
3 09 UAMPTONTOWN, NIl ., 000055 9139 .5 95.2 50.0 6.0
3 90 NILLSUONOGIHTOWN, NI . 000007 2166 .0 5.2 50.0 . 6.0
3 91 IIINSDALETOWN, Ril .000V10 1737 1 4.0 50,10 7.1
H] 92 NEWMARKET COMPACT,R . 000093 J017 ] 24.0 5. 7.1
3 93 WOLFEDBONOTOWN, NIl . 000007 3469 .0 24.0 S0. 1 7.1
3 94 DUMONT,NJ . 000402 20003 0.9 26.0 66.6 6.0
] 95 KENDALL PANK,NJ .Co00I100 7599 .0 26.0 66.6 6.6
K] 96 LITTLE SILVER,NJ . 00000} 6161 .5 26.0 66.6 6.6
J 97 MOORESTOWN-LENOLA .0000083 14327 {.2 26.0 66.6 6.6
3 98 NEW MILFORD,NJ . 000301 19622 6.1 26.0 66.6 6.6
3 99 NORTH CAPE HMAY,.N) .000174 J9ou .7 26.0 06.6 6.6
3 100 ELMA CENTER,NY . 000022 2720 .1 32.0 63.2 4.8
3 101 LAKE CANMEL,NY .000103 4700 .5 22.0 61.2 4.0
3 102 LITTLE FALLS,NY . 000070 T4TT .0 310 2.0 n.4
3 103 HEWMAIW,NY .000102 11412 1.2 1.9 61.7 7.0
3 104 NEW YONK MILLS,NY .000147 N729 .5 a0 020 5.
2 193 NoRT DELLYONT,NY .000073 5705 .4 g1.7 6.0 5.7
3 106 NORTII MASSAPEQUA,RY .000331 22602 7.5 31.0 6.7 5.6
3 107 NYE,NY .000123 15559 1.9 J1.0 62.9 5.0
3 100 SCOTIA,NY .0001533 7220 1.1 91,7 62.6 5.6
3 109 TICONDEROGY,NY . 000005 D202 L 920 6.2 4.0
3 110 VOORIEESVILLE,NY .000050 2709 . 1.9 62.9 5.2
3 11V KENNSVILLE.NC . 000092 5790 .5 19.5 701 2. 4
3 112 NEW NIVEN-GIECER,NC . 000077 10401 .n 19.4 70.0 10.90
3 113 STAMIFOND, NC .000161 14009 2.4 19.4 70.6 10.0
3 114 DRUNSYICK,oll .000077 1592260 1.2 20.9 62.9 0.2
3 115 GNEENSVILLE.oOl .000107 6120 1.1 29.0 6.0 0n.o
3 116 NEW PHILADLLPIIIA, ON .000160 (5255 2.4 29.0 6.0 n.o
3 117 ADA,0K . 000006 16525 1.4 20.2 0?.9 12.5
3 1180 LINDSAY.O .ovoon? 4120 .4 20.2 67T. 12.5
3 119 SULPNUR, 0K . 00005} 5736 23 20.2 7.9 2.5
3 120 DLAKELY,P'A .000071 03Ut .5 20.4 64.6 7.1
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CITY CITY
TYI'E COLE CITY NAME
3 121 DOYLESTOWN, PPA
3 122 CGETTYLSDURG,PA
3 123 LIBERTY.I'A
3 124 ST. CLARL.PA
3 123 SLIPPERY.NOCK,PA
3 126 TYRONE,PA
3 127 VARDENCNIFT.PA
3 120 VWLST WARWICKTOWIH, NI
3 129 CAPEIANT,SC
3 130 CONWAY,SC
3 131 MOBRINCE.SD
3 192 LA FOLLETTE.TH
3 133 NOCKwW0O0D,TH
3 134 UURNET.TX
2 133 CROWLEY.TX
9 136 FRONIA,.TX
3 137 LOCKHART,TH
3 138 LULING.TH
3 139 PORTLARD,TH
3 140 RN AUGUSTINE, TX
3 141 SEALY,TX
3 142 SILSKEE,TX
3 143 PRICE.UT
3 144 RADFOND,VI
3 143 LYDER, WA
3 146 STEILACOOM, WA
3 147 NARTLAND,. W1
J 140 HMEDFOND, W1
3 149 SOVTI MILWAUKFE, W)
3 130 CGHEEN NIVER, WY
Source:

TABLE 35

EXFPO LEVFL
(UG- (thJ)

L0000
L0004l
000094
0001239
L0001 10
000173
L0024
000100
000134
. 000096
000123
.000161
. 000073
. 000036
. 006020
.000093
.00€070
. 000084
. 000083
LOuGO25
. 000062
. 000060
.000100
.000113
. 0000906
. 000080
. 000043
.900061
. 000208
. 000046

POP

(PHISON)

n237
7203
Jally
4309
4941
7061
2076
20006
50354
9176
4722
7651
Sy
3349
31683
3629
7369
3503
nliin
2961
B2
n402
7621
12973
2030
J004
2929
Joe)
24699
2270

(Concluded)

DOSACE
(UG-

J

-reisot

PP

Bl

Systems Applications, Incorporated computations.
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TABLE 36. SUMMARY OF BERYLLIUM EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS

DOSACE PERCENTAGE OF CONTNIBUTION PERCENTACE OF DISTRIBUTION
EXPO LEVEL POPULATION (UC/(MIB- e e e e eemet | e e m e mm e
(UG/(M) D) (PENSON) PFENSON) HEATING  STATIONANY MOBILE CITY TYPE 1 CITY TYI'E 2 CITY TYPE 3
. 002500 303140 1258.9 id.8 or.4 5.8 l1b9.0 0. ]
.001000 9149730 16754.3 J30.8 66.6 2.6 190.0 0. 0.
. 000500 20601329 10552.2 28.9 66.7 4.4 100.0 0. 0
.00V230 73351092 45256.6 27.7 7.2 5.1 97.0 D 1.0
.000100 139664750 56042.5 26.9 67 .4 5.8 94.2 2.5 3.3

(]
e
>
[~

0. 150679135 50136.0 26.0 67.9 5.0 92.8
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TABLE 28. EXPOSURE/DOSAGE ANALYSIS DATA BASE FOR TYPE I CITY AREA SOURCES

1970

CITY CITY IFRFA CITY / LAED ARFA POPWNATIOR 1973 1993
TYPF. CONF. CITY RAMFE INNAN FRINCFE (SO MIES)  (PENRSOR) AT TRITK
! t ADILFNF,TX INRFR CITY 76.9 fo4RsH 46498 In722
UNVAN FILINGE a0 1ens N6 19
' 2 AKRON on INNEN CHTY 4.2 27540 182090 10512
INNAN FRINCF, 190 N 20670605 1420 166
i 3 ALDARY.GA INKFEN CITY 29 4 72620 14962 7490
i IINNAN FRINCEF, .6 HY1'E) inee 48|

I 4 ALDARY RNY INNER CITY 1.9 296057 11992} 19§77
IINAR FILINCF, (oo .7 229160 9NsINn 1590

) T ALDIUFENOUF., MM INNER C)TY nz.a 240751 125567 NORBT
URRAN FRINGE 71.R8 KATE® 27663 /189

[ 6 ALLFNTOWR, PA IRNFR CITY 41.0 262461 fea7€ 19304
. UIWNAN FRIRCF, n7.2 EXNRL] 71629 10942

I 7 ALTUOORA,PA IRNER CITY 9.1 6269R aeeas 4692
IINBAN FRINGF, 19.9 10097 9021 105

) f AFARILLO.TR INAFR CITY 61.0 12201€ T479¢ 26540
§ 9 ANDERSOR, IM IRRER CITY a7.1 761059 23191 730
URNDAR FRINGE 5.9 9nN% ! 4509 117

1 I ANR ARROR, Ml INKER CITY 2:.0 99797 47790 7201
UNRAR FRIRGF, 29.2 TEARE 37741 Y'Y r4

1 11 APPLFTON, Wi INKFN CITY 12.7 37606 2368 ¢ 4109
URPAR FRIRGF 24.3 724016 31876 6210

1 12 ASHEVILLF ., RC IRNEN CITY 22,0 LTl | 20890¢ 7765
URNAR FRINCF In.7 140000 74710 1992

' 17 ATLANTA.CA INRFR CITY 121.5 4976024 292025 8072
UNDAR FRINGF, 63,5 675754 197440 77830

i t4 ATLARNTIC CITY,RS INGER CITY 2.4 470110 24500 2702
UNDAR FILINGF 54.6 06127 44951 LTTYY

i 17 AUGUSTA,CA IRARN CITY 15.2 5911 ¢ ne977 (] PLYS
UNHAN FRINSE 2.7 oend 46109 671

1 ¢ AURONA, JIL INNFR CITY 0.7 1299000 (T o1 S 193/9
IHWNAN FRINGF, <120 102929 aANGIn 19692

] 17 AUSTIA, TX INNER CITY T2 251667 127150 28R4
' UNIAR FRINGF, 1.9 1260112 6424 1659

| 0 RAKEREFIFLD,.CA INRER €ITY 25.9 69519 34446 12817
UNBAR FRINGE. 8.1 107649 19937 19846

1 19  RALTIMONF.MD INNFQ CiTY 8.9 °N1739 401240 n7n92
IINNAR FRINGE 201.7 6T4A22 29879180 479Re

1 20  NATON RONUCF.LA INRER CITY 442 _ 9 165970 77027 20219
UNNAR FRINGE 44.6 1493 6707 it194

1 2¢ NAY CITY, M INNFA CITY 1.9 47449 297087 PLTYS
INNAR FNIECF 16.9 21,40 19569 2646
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CITY CITY
TYTF. CODE,

47

44

Ge

LY |

53
L)
15
36
37
i)}
59
60
61
62
63

CITY RAWF.

CRATTAROGA, TENN
cnicaco, 11,
CIRCINNATIL . 0N
CLEVELAND, 0N
COLOTADO SPRINGS. €O
COLUMNIA, MO
COLUMIIA,SC
COLUNNUS  GA
COLUMNUS, OR
COTPIS CANISTI, TX
PALLAS, TR
DANRURY, CONN
DAVERPORT. 10WA
DAYTON, o1
DECATUN, 11,
NFNVFR, €O

DFS MOINFS, 1OWA
PETROIT, M1
DUNUAUFE, 10WA
PULUTH MR
I'H’TRIMH, NC

TABLE

INNFR CITY ~/
UNBAN FRINGF,

INNFR CITY
UNNAN FRUINCGEF,
INNFR CITY
INNAN FNINCF,
INNERN CITY
UNNAN FRINCF
INNER CITY
IINNAN FNINCE,
INNFR CI1TY
UNAAN FRINGF,
INNFR CITY
INNER CITY
INNFI CITY
URGAR FRINGE,
INMER CITY
UNRAN FRINCGF,
INNFR CI1TY
UNNAN FRIAGE
IRNFR CITY
UNDARM FRINGF
INKFR CITY
URNAR FRINGF
INNFR CITY
UnNAN FRINGE
INNFIU CITY
UNBAR FRINGF
INRFEN CITY
URNAN FNRINGF,
INKFR CITY
UNDAM FRINGF
INNFR CITY
IINNAN FRINCGF,
INNFR CITY
IINDAR FRINGFE,
INNFR CITY
UnnNaAN FNIRGF
INNFR CITY
IMNAR FRIRGE
INNER CITY
IINNAN FNINGF

28 (Continued)

1979
LLARD ARFA POPULATION
(SO ATLES) (PENSON)

32.5 119076
64.5 103609
1.0 692790
976.0 021700
0.1 452550
256.9 6HT7T96G4
TH.9 751044
lord | 120014
60 .0 1115017
29_.2 69749
42.0 5N77
|91, 0 241701
69.5 154098
J6.9 34510
133. 0 8799377
100 .0 200642
n|.»e 204599
29 .6 u2ie
266_0 R441R9
40N .6 494495
44 .0 507Nt
1ri.e 15070
n4s.0 1956041
HE W) 70070
H T 24:459
1o .7 442411
9.6 90745
6.4 UM
95.2 814670
201.0 532672
6.2 200772
45.0 55052
1.0 1511996
7h4.08 24592an
16.4 G210
2.6 H2a7
185 .0 132790
6.0 53562
A6.6 95412
6_4 nin2

1973
AUTO

62489
nsnnn
1996941
17191949
290191
J96 106
295203
616225
75402
98952
2322n
1289649
76198
26908
20950
174552
97249
1912
491794
276960
31281
9776
103278
27100
197571
250097
47720
4729
307477
318203
197206
29404
743296
1212602
2787
1499
B8877e
2462
54907
aene

1063
119385
66370
2723
A%}
19448
6oun
1628
29449
11197
1Ilie
78799
70287
22047
647
86724
1411010
5966
Jie
13082
66h2
13266
744



281

TABLE 28 (Continued)

1s7e

CITY CITY IRRFR CITY / LARD ARFA POPULATION 1973 1973
TYPF. CODF. CITY RafMT URNAN FRIRGF, (S RILKFS) (I'FER<ony AUTD TunK
1 22 DRFAURDRT, TX IRFFR CITY TVi.& 119948 57352 16 164
URNAR FNINCGFE D.4 ans 19@ 40

i 23 DILLIRGS, MONT INNFR CITY 14.7 &15N1 I2%49 12414
UNNAR FRINGF. 2.9 9616 0140 1919

] 24 PBAlLOXI MR INRFR CITY A7 .60 an2ie anana 9ni 4
UNNAN FRINCGE, 2T 1266 14092 MLTY ]

1 23 PRIRCNAMTON MY INNFR CITY 11.0 6412} 27079 47%6
UNNANR FRINGF 41.0 10951014 44016 (YY)

1 26 DNINMIRCAAR, AL iNRFR CLTY 79.5 ANRGCNT 162547 D470
UNNAR FNIRCE 145.5 207412 139181 20779

1 27 RLOOCMIRCTOR, L INRER CITY 1I5.6 6«62 31238 7172
UYNBAN FRIRCE, 4.4 a0 1439 274

] 20 ROIKE CITY.ID INRFR CITY 20,4 74996 42920 /8376
IINNAR FRIACGFE, 9.6 180 187 5839 1192

1 29 BOSTOR, HAASS INNFR CITY 46 . @ 641053 16029 60Ny
UMBAR FAIRCF 6IN. 0 2611622 99 16K9 116805

] A6 PBOULDFAN.CO IRRFR CITY 1.0 6676 39949 99191
UMPAR FRINCF. 1.0 1764 (ene 242

| J1 PRIDSEPONT, CORK IRNFR CITY 16.1 196946 $5432 K% 1
URANAR FRINGF, 192.9 296A290 isAz2at 10766

1 72 NMUUSTOL, CORR IRRFR CITY 26.6 19en7 36082 2974
IMRAN FRIRCF 18,4 16240 18627 nr

1 33 DNOCKTOR, MASS INNER CIUTY 2.2 far040 43097 gi1an
IIINAN FRIRCGF, HEN | 59nne 29400 451

] 4 ARDYRRVILLF, TX INRER CITY 15.0 n5627 21086 anad
1 0% BIYAN, TX IRRFRN CITY 6.0 an?19 14092 490
UNGAR FNINRCE 16, .2 17676 7608885 2269

1 16  DUFFALO, NY INAFR CITY 4101.0 462705 198212 19944
UNNAR FRINGE 172.7 6201 296197 26004

1 97 CARTOR. 0N INFFR CITY 19.0 1099719 397796 T2
ARAN FRIAGF an.e 1716749 72050 99N3

| It CEDPAR NAPIDS, 10YA IRNER CITY 50,7 110642 gaiin §i1445
UGBAN FIUINCF, 11.% 21766 190976 22160

] 79 CHANPA'CR-URDARA,IL IARFR CITY 19.4 a%a77 ¢olle 7607
IMRBAN FRINCF. 4.6 11048 49939 946

| 40 CNHANLFSTOR, SC IPNER CITY 17.2 669224 Jenn4 81660
UNNAN FRINCF 0.8 161465 7174 14102

1 41 CHARLESTON, WV INNEN CITY 272 TI5600 INIATe nae
URNAR FRINGF HE W n&s 157 26579 9649

] 42 COANOTTE, RC IKRFEN CITY 70.0 2412158 137229 21470
MINNAN FRRINCF (T ) NBES 21076 45724



TABLE 28 (Continued)

€8l

1970

ciTy CITY INRER CITY / LARD ARFA POPULATION 1973 1973
TYPE CODF. CITY NAMY. \JRRAR FNINCF, (8 MILFS) (PEIRSON) AUTD ™MIcK
1 64 TFL PASO,TX IRRFR CITY 1(9.08 207471 182847 12407
t 65 FNIE. A INNFR CITY 1.9 12920 61077 5Ql)
UNNAN FNINCF 25.1 460041 21746 HHRTT

1 66 FUGFERE, 0N INRFR CITY 261 7641 45744 7490
URNAN FIUINGF 2n.9 629148 7690 61200

1 67 FVARSVILLIF, N INNFR CITY 6.9 (an69e 6«n2014 18915
UNNAN FRINCF, 5.0 AT 1702 LT

1 6A FALL NIVER, MASS INNFR CITY a1.0 9691 8366:) 7600
UNRAN FNINCF, 0.9 42461 27401 2046

1 69 FARCO,ND INRER CITY 1n.e nioz9 402760 129
UNRAN FRINGE n.o 241417 1172 an2

1 79 FAYETTEVILLF, NC INNFER CITY 21.4 81510 23714 49690
UNNAN FRINCE, 47.6 107066 476000 nzen

1 71  FITCHBURG, MASS INNFR CITY 561 76202 176087 4401
UMNAN FRINGF, 4.7 177 A7a 192

1 72 FLIRT MI INNFR CITY 2.0 193N9 93670 1762
UNNRAN FRINGE 6.2 176740 66244 12469

1 73 FORT LAUMFNDALF,FI, INNER CITY 55.0 246055 171970 21976
UMBAN FRINGF. In7.0 N67242 206 148 31092

[ 74 FORT SMITH.AN fARFR CITY 45 .0 62002 268950 13702
URNAR FRINGF. 15.9 12715 s702 27900

| 78 FORT WAYRF,IN IANFR CITY 51.56 177738 8951 18295
UIDNAN FRINGF 17.68 47446 22411 40N+

| 76 FORT WONTN,.TK INNFR CITY 2050 1974673 219R96 82010
IINNAN FRINCGF. 191.0 IINETIT 1504010 ansan

| 7?7 FAFSNO_CA IPNNEN CITY 41 1) 165972 0271 210496
UNRAN FRINGF 7.2 96916 4Nn119 165014

1 70 GCADSDEN AL INNFR GITY 2.4 5911 21990 744
UIUWAN FRINCF. 22.0 19795 Tl 1968

{ 79 GAIRSVILLE F1. INNFQ CITY 26.¢ 64510 36566 74700
URDAN FRINGF 2.9 4019 27102 L]

| 0® GALVFSTON, TX INNER CITY 21.0 6 1109 20575 7170
| 01 GMARD NAPIDS, 1 INNFR CITY 43 .9 197514 161040 17873
UMNAN FRINGF, 191_14 155169 79077 14040

i A2 CGNEAT FALLS.MT INNFR CITY 14.7 0Ny |\ 29996 19705
UNBAR FRUINGF 7.3 19014 89320 1926

1 A CREER DAY, WI INNFR CITY 41.7 H7en4 an9een 6675
UNDAN FRINGE 6.0 41421 10370 194

1 A4 CGRFFERSRONRO, NC INRNFR CITY 54.4 144245 03329 16416
UNNAR FRINCE 6.6 nooy 4625 911

-

F bt
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TABLE 28 (Continued)

1976

CITYy CITY IRNFR CITY ~ LARD ARFA POPUILATION 1979 1979
TYVF CODF, CITY RAMY, HANAN FRINCF (SO NILFSY (1 HNON) AUITO TNICK
| a3 GREFRRVILLF, <r INNFR CITY 20.7 61290 12624 6307
UNNAN FRINGF 1e.1 9601060 Ti1600 10454

I A&  HAMILTON.ON INRFR CITY 160 67617 mnng LT
"INAN FRINCF, 200 2o 12017 1726
1 az IIM'II.INCF,I.'P.( INNFIU CITY 225 2945 12720 3Nz
NUAN FRINCE 11.5 16954 64119 (rd L] ]
| an uAnnlsmmv,PA INNFER CL1Y 7.6 6T 32002 400
AN FRIKGF 70 .49 17207 % A1499 12449
| N9  NHARTFoRD, conn INNER CHLTY 17.4 150017 97330 Nezo
UINDAN FRINCF, [ aenon? 189104 164097

| 20 mien FOIRT, R INNEN CITY as.n 61805 Jeend 7102
INDAN FRINCE 21.2 1n4eq: 176089 iene

1 9] HOROLULU, TAWALL INNFR CITY 0.9 az24n07 1 16eR76n 17688
- UNNAN FRINCGF N | (17524 GNIG9 696
1 92 ROUSTDN, TX INKRFR CITY 474.9 1212407 646010 161299
IINNAR FRINGE 195 . ® 445456 2343799 TRIee

[ 93 HUNTTINGTOR ., WV INNFR CITY 22.7 19567 47136 11720
URBAR FRINCE 4 N - | 64016 29136 6997

1 924 MINSVILLY, AL INKRFEN CITY 109 137870 014939 21912
UNRAR FRINCE 13.9 ‘s6e7 5297 1an

] L 2. ] INDIARAPGLIS, IR INRFR CITY ni.e A2e2%0 364704 T2459
| 96 JACKSON, m{ IRRFN CQITY e .7 47401 21970 43970
URAAR FRINGF 25.7 009y ifoRs 2313

] 97 JACRRON, MS iNNFR CITY 8.2 157968 73660 19696
URNAR FRIRGF 21.8 460492 22672 8096

1 90 JACKRORVILLE FI, INNFR CITY Ali.e 329503 299140 872569
! M JRHINSTOWR , I’A IANER CYTY 5.7 47476 20160 aea
HWNAN FRINCF 220 50T 2%9¢n9 92

1 1900 JOLIFT, §i. IRNFR CITY 16,5 Tha4ee 0614 LI E:T.)
UNNAR FRINGE a.n 761156 A?7I6 7916

] 191 KALAMAZOO . M1 INRFN CIiTY 24.5 1iv6to g LANT ) asen
URDAN FRINCF 40.5 OG22 31372 [ r g

1 192 RARSASTITY,. IM INNFA CITY 370.0 6THI9) a2z ©HIaN
UNDAN FRIAGE 1269 420496 213270 49202

] 103 KEROSHA, W) INNFR CITY .7 ALY A760%4 3950
UNNAR FRINGF 4.0 54475 2661 n7e

I 1043  KROXVIELLF, TFNN INNER € TY 7.9 174507 f9902 1640
UHRAN FRINCF 9.0 thogs nien 1990

] 109 LA CROSSF,, Wi INNFR CITY 15.2 51159 2266 4357
H"IBAN FRINCF n.n 12220 5140 041
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CITY CITY

TYTE CODF, CITY mAMF
I 186 LAPAYFTTF, LA
I 107 LAPAYFETTY, IN
! 198 LAKE CHANLFS, 1A
I 189  LANCASTFN, Pra
1 118 LARRIRNG, M)
I 11t LARFDO,TX
I 112 LAS VFGAS. RV
I 113 LAWRFRCF, MASS
} 114 LAWTOR, 0K
I 116 LFWISTOR, MAINF
1 116 LFEXIRGCTOR, KV
1 117 LIMA.OH
1 118 LINCOLRN, NFB
I 119 LITTLE ROCK, AR
i 126 LonAIN,OR
I 121 LOS ARCFLFS,CA
1 122 LOUISVILLE,.KY
1 123 LOVELL, MASS
1 124 LUBROCK, TX
I 123 LYNCHDURG, VA
I 126 MACORN,CA

INRFR
UNDAN

INRTR
Imnan
INRFN
URDARN
INNEN
Umnan
IRNFAR
URNAN
INNER
UNDAN
INRER
Unnan
IRNFR
UNNAN
INNFR
UNDAN
INRER
mnan
INMER
URDAN
INRFN
unnanwn
INNREN
UNRAN
INNFR
UNNAR
INNER
URNAN
INNFR
UINAR
INNFRN
URPAN
INNFER
UNNAN
INNFEN
URNAR
IRRFR
INRFR
UNNAN
INRFN
unnan

TABLE 28 (Continued)

CITY ~
FRINCF.

CITY
FNIRCGF,
CITY
FRINGF,
ciry
FRNINCF
CITY
FRINCE
cCITY
FRINGE
clry
FRIRCGF
CITy
FNUINGE
ClTty
FRIRGF.
CITY
FRINCE,
cIry
FRUINCF
CITY
FRINCF
CiTY
FRIRGE
CITY
FRINGF.
cITY
FRINGrF,
crry
FRINGE
CITY
FRINCF,
cCITY
FRIRCF.
CIiTY
FRIRGE
CITY
CITY
FRINCF,
CIiTy
FRiIneCr

LLARD ARFA POPULATIOR
(SO MILES)

1970

(FERKON)

1979
LN ¢

DMUGQOO&@:NO—.’G‘IO’O NPPU~NDD

2%0~sasrsrosony

6A9%A4
9560
449135
04162
77991
19262
575019
59500
1ean
97009
617
1260
125641
111040
110047
07239
74627
21060
41779
27499
160197
51401
fil4A2
168193
149518
0925
149518
71000
192140
60117
3619942
4731204
61459
977943
9425
914080
158195
G4603
16759
1224273
5642

anene
746279
33962
194695
2744647
107902
192376
46466
44301
75974
24822
7691
64267
2962

11727
1623
4199
N ki d
11264
1745
4102
4276
12479
9279
2173

60
18779
16596
6023
8633
12571
3342
6016
D74
13699
6492
B0
1669
144002

21207
19368
46,0
e
Jiieze
499117
A2664
527
G428
s6Nn2
214238
6244
19933
12802
hoe
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TABLE 28 (Continued)

1°7®

CITY CITY INRFR CITY / LARD ARFA POPWLATIOR 1979 1979
TYV'E CODE CITY MANF HMBAN FRINGE (SO MILES)  (T1LIRSON) AVTO TMIICK
1 127 RADIROR, VI INRFR CITY 4R.8 172242 79732 12964
URNAR FRIRGF 20.5 92215 14876 29e)

I iZ8 MANCHFSTFRA,NR INRFR CATY 2.1 avIne 47307 ([T )
UNMAN FRIRGE 6.9 700 7969 746

1 126 MANRSFIFLD,GR INNFR CITY 24.1 anen | 7863 496A
ynnan FRINCFE 16.9 I 13790 2044

[} 176 FCALLFN,.TX INNFR GCITY 1.0 n76106 THE N1 47173
UNNAR FRINGE, 1.9 BI5a% 19189 6701

i 198 MEMPRIS, MR INNFR CITY 9.0 66IN9TH 299710 (1131 )]
1 132 HMHERIDEN,CORNN IKNER CITY 20.7 55976 Nee7 2999
UANAN FRINCF 47.9 42495 26177 2270

b 123 MIAMY L INNFR CITY 4.0 115076 210062 211608
URNAN FRIRGF 224 7 4595 159960 L

t 193¢ NIDLARD, TX IRAFN CITY 2y .2 0609 Hrd LY 95IN
UMBAR FRINGF 2.0 6«2 423 106

1 172 HAMILVAUKFE, W! IERFR CITY 9.0 TITe24 327759 92492
URNAR FRINGE 620 3359539 241686 242493

1 136 HIRNFAPOLIS. MR INREN CITY 1807 .0 7644021 69685 w0950
tMNAN FRIRGF. hle. D 00162 477010 TRHON

i 137 MINILF, AL IRRFR CITY 116.6 1956 94947 22252
UNDAR FRIRGP. GI1.e Eord [ M1 JII898 7944

! 18 MRODFSTO.CA IRRFA CITY 9.5 &I712 12616 12192
URNAN FRINGF 24.9 44096 21628 A727

i 19% FORROF,LA IRRER CITVY 22.2 BT 24898 9304
URRAR FRIRGF. 17.0 6199 19048 TR

i 189 FMONTCOHRFAY. AL EREFR CITY 4.6 4173547 107669 1916
UANRAR FRIRGE 4.6 3512 2919 ©26

i 149 MURCIF.IR IRRFR CITY 12.68 60§02 296938 7494
UINAN FRINCGF. 12.2 2129% 2129 2296

1 i¢2 NUIKFLOR, MU IRNFR CITY 1. ® 4461 20817 4109
UYNRAN FRINGF nn.e 61053 28681 nein

i 149 RASTUA.RA INRFRN CITY 0.4 nh200 INI69 LENTL
IMBRAN FRIRCF 2.6 D141 2776 Bio

1 148 RASEVILLFE,TFEAN INRFR CITY HEY I 4411043 2206F0 45 iDe
1 1973 NFEW DEDFOND, MASS IRRFR CITY 19.6 101759 nei67 507
IRM\NAN FRINGE 14.5 1900 15794 IRet

1 146 WNEW ARITAIN,CORR IRRFN CITY 17.9 n1441 81302 4472
UMNAR FRINCE 2%.7 47930 29311 2166

¢ 147 NFW [JAVFR,.CORN INREN CITY mn.e 97715 n4n52 762
UNNAN FRINGF. nn.o 210626 1229746 1299
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CITY CITY
TYTF. CODF,
| 148
! 149
! 150
I 131
1 152
| 157
| 154
1 53
i 96
1 137
1 mn
1 159
1 160
1 161
I 162
{ 163
1 164
1 163
1 166
| 167
I 160
I 169

NEW ONLFANS. 1A
NEW YONK,ny

REVPORT, vA
RONFONK, vA
NONWALK, coRn
ODFSSA, TX
ocnDEN, UT

OKLATIDMA CI1TY.0OK
OMANIA, TOWA

ORLANDO, F1,

OSIIKOS<A,KY
OWENSTIORO, KY

OXNAND, CA
PENSACOLA, FI,
PFORIA, 1),
PETFRSAUNG, vA
FRILADFLPRIA, PA
PIDENIX, AN 7,
PIRE BLUFF, AN
PITTRAVURE, PA
PITTSFIFELD, MASS
PORT ANTMM, TX

INRFR
IINNANR

INRFR
INREN
INNAR
INRER
ULILTY,]
INNER
UTNAN
INNEN
UNaan
INNER
UnnAn
INNER
nan
INNFR
INRER
unnan
INNER
ynnan
INNER
INNER
Unnan
INNFR
URNAR
INNF.R
URDAN
INNER
UNBAN
IRNF.R
UNNan
INNER
nnan
INNFR
URAAN
INNFR
Unnan
INNFR
URNAN
INNER
UNNAR
INNER
unnan

TABLE 28 (Continued)

CITY /
FRINCF

CITY
cITY
FRINGE
ciry
FRINCF.
CiTy
FRIRCE
ciry
FNIRCF
cIry
FRIACE
ciry
FRINGF
cCiTY
CITY
FRINGFE
CITY
FRINGF.
cCITY
CITY
FRINCE
ciTYy
FNINGE
CITY
FRINCE
cITy
FRINCF,
CITYy
FRINGF,
CITy
FRINCFE,
CITY
FNINGF,
ciry
FNINGF.
cITY
FRIRGY.
CITy
FRINCGE
CITY
FNINCF,

LAWD ARFA
(SQ ML)

104 .

162,

266 .
129

19,

217,

“pep

20
.,
6.
2.
339,
7" -
74,

S2e2T2ra0ta *NZ=o9

104
.
n.
o]
760,
42
24
2.

69

4.
12
620,
240.
140 .
16 .

ui‘@:l@-b::h@:lu:no<n=1a

85,
J41.

44n.
24,

SNPADDP O = o

19768
POPULATION
(IP’ENSON)

961728
anzein6y
7IN6698

250956

90a7

41914

249041

T2
270515
THIIN
J265
69405
00242
B792m0
Ja774010
141094
90965
2065 (4
3400
50017
2016
162279
ninne
59571
197840
126964
12080130
16109
64314
1940609
20722457
HYLNNY:T:)
2000707
D729
612

620167

1125078

D7T124

5740
57100
59094

1973
AUTD

40702
16949
44214
1042
6059
41600
A27222)
166947
60914
66061
18496
27962
26353
1475
as111
42310
19929
8ns7A
64010
6MAA |
16061
26824
94187
10061714
27769
158759
22349
1422
282/89
644399
20162
2094
28070
29226

19?79
™MiucK

1671494
110A14
91317
17525
60e
32194
19160
4245
1473
14040
619
18410
12022
9?%14
10660
12660
12016
257068
10897
7022
421
(7740
8724
696
11499
124n2
1IA1D
J213
nnz
141927
153070
27127
476859
7790
491
a8se
9N467
296
102
7990
207
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TABLE 28 (Continued)

1970

CITY CITY IRRFR CITY / LARD ARFA POPINLATION 1973 1973
TYPFE. CODY, CITY NAWMP. UNNRAN FRINCE. 1S MILEX)  (PERKON) AVTO TRIKECK
1 179 PORTLARD.MAIRFE IANER CITY 21.6 6116 7144 37?7
UNNAN FRINGE 4.4 4140 21019 897e

1 171 PORTLARD,OR INRFR CITY n.e KL Tirdd 210219 A4l
URRAR FRINGE 170.0 447049 292936 86706

t 172 PROVIDFNCF.RI IARFR CITY 6.0 124 1807929 26770
UIMAN FNINGF. 02,2 4334007 23 1884 29892

1 173 PROVO, UT IRRFR CITY 6.2 TN2 12426 13269
IFARAR FRINGT. 20.0 25220 10971 4244

1 174 PUFRLO,.CO INNER €ITY 22.5 9745 49928 jeoon
UADAR FNIAGF 9.% nNne? 29n9 14

] 173 RACIRNE,¥I1 iNAFR CITY 191 95193 44549 2R
JNRAR FRIKGF, 14.9 22215 10396 17608

t 176 RALFICA, KRG INNER CITY 44.9 121120 65970 | enei
UNNAR FRIRGE 26.4 B1E6 179314 4349

1 177 RFADIREG,PA IRNFN CITY LI D7621 41726 6)74
URNAR FRINGFE 301.0 el 244 1842

1 1?79 RFRO.NEVY IBRER GITY 79.9 72069 46269 14670
URNAR FRINRCGT. 7.7 26026 17000 G409

1 179 RICAMORD, YA INRFR CITY 68.3 249621 1279947 24824
UNDAR FRIRCE ns.9o 166942 asa?d 16067

1 100 ROAROKE, VA IRAFR CITY 26.6 92110 49512 11262
URNBAR FRINCGE 9.4 64906 J4572 TIe7

1 16§ RGCAFPSTFR,. MR INKFR CITY 13.4 B8I766 26202 o7ed
UNNAN FRINRGF 1.6 260 19886 t01

] IN2 ROCITESTFN.RY IRRFR CITY 36.7 296233 19010147 16776
URRAR FRIRCE 19,0 aeni12e 176680 17228

1 183 ROCKFORD, IL IRRFRA CITY 4.2 147203 7309 1ifot
URGAN FRINGP 26.0 SMI79 aenss ©786

1 183 SACRANFRTO,.CA INRFR CITY 4.8 276764 135811 945433
URDAR FRIRGE 150.2 a7916a 196991 81968

t IR GRACIRAW MI IRRFR CITY 17.9 91020 47897 7927
UNBAR FRIRGE 26.7 9792 26471 4012

I 106 ST. JOSFPH,. MO INNFR CITY .7 T29007 31733 574
UNDNAR FRINGE, 7.9 4296 i9e2 806

] 167 ST. SIS, M INRFR CITY 6.2 622296 e378 €748
UNRNAR FAIRCGE 499 .0 1260700 GaR73I6 asnea

1 N RT. PETFRSNIMC.FL “JANFR CITY 5G.6 216067 137689 26614
unnan FRINGYT ing.6 279092 177077 264639

] 189 SALFM,.ON IRVFR CITY 24.6 ®il249 T9420 7097
UNDAN FNINGPE 12.4 24792 1422210 2378
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- - —— = = ———

CITY CITY
TYTFE CODF.
1 190
1 191
1 192
I 190
I 194
t 193
1 196
I 197
T 190
1 199
I 200
1 26])
1 282
L 263
1 204
1 203
1 2606
1 207
1 208
1 209
1 219

CITY RARNF.

SALINAS, . CA
SALT LAKF. CITY, UT

SAN ARCFLO, TX
SAN ARTORIO, TX

SARN NDFERANARDINO,CA
SAN DIFCO,.CA

SAR FIANRCISCO,CA
SAN JOSF.CA
SANTA BANDANA,CA
SANTA ROSA.CA
SAVARRAN. CA
SCRARTOR, PA
RFARIDF,CA
SFEATTLE, WA
SMFRARAR, TX
SAAF.VEPORT, LA
|IAI VALLFY,.CA
SIOUX CITY, 10VWA
SI0UX FALLS,SD
FOU+“ NERAD, IN

SPORANFE. WA

TABLE 28 (Continued)

INNFR CITY ~/
UNNAN FRINGEF,

IANENR CITY
UIWMAN FRINGE
INNFR CITY
UNNAR FRINGFE,
IRNER CITY
INPER CITY
UIWAN FRINGF.
INNFR CITY
UNNAN FRINGF
INNER CITY
UNRAK FRINGF
INNFR CITY
UYNRAAN FRINGF,
INNER CETY
UNNAR FRINCGF,
INNER CITY
URNAN FIINGFE
INNFR CITY
UMRAR FNINGEF,
INNER CITY
URNAR FRINGE
JNRFR CITY
U/RRAN FRIRGF
INNFR CITY
UnNNAN FRINGE,
INNFR CITY
UNNAN FRUINGF.
INAFR CITY
URRAN FRINCE
INNFR CITY
UTZAR FNINGE.
IRNFN CITY
URRAR FRINGF
INNER CITY
UNRAN FRINGF
INNFR CITY
IMNARN FRINGE
INNFR CITY
UNBAN FRINGFE,
{ANFR CITY
UNNAN FNINGCE

LAND ARFA TPOPULATION
(S0 AILES)

NS ON DN P D PDPDPOm Dm0 UnNDE P T DEDDDODL DD DO LD

1978

CPENSON

11A96
INGH
175010
381529
6InNe
6HhazNn9e
1103224
244106)
AM9eTe
O6Nah66
n0I757
1143713
10144 107
446504
HTN76H9
70211t
59563
49073
252160
11144
43409
1901494
1007 {1
62231
31032
304622
GHI40
290879
26264
182200
32204
6676
260
ns925%
190012
7240
2650
125002
162770
170516
99106

1973
AUTO

28674
17390
91247
187631
aaazl
J0706e
63578
123070
171102
J6G 12
26005
62407
919070
246514
319520
J6959
J13954
278a7)
14908
89147
22699
60647
89817
HI M1 ¥4
13109
Jeig2a
IIB16
16709
(L LM
89201
2:1081
29207
174
42327
4902
Joezn
1431
07040
73002
9295
7095, ¢

1973
TICK

6729

26127
45469
11664
6CONT?
12409
440104
61692
70051
ne4an
1950086
1790664
44669
n7901
7604
6458
N746
4421
11069
4247
8294
1902}
7112
N4
70916
79269
1099
61924
491\0
609

1139
121
9974
166
11199
14411
26767
9119
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TABLE 28 (Continued)

i97®

CITY CITY IRRPR CITY ~ LAFD ARFA POPUIATIOR 1973 [L g
TYPF. CODF, CITY RAAMF VIRBAR FRIRCE (RQ MILFS) (PERSORY ATTO TRIEK
I 211 SPRIRGFIFLD. IL INNPR CITY 28.2 91607 47820 1969
IMRAN FRINMGY n.A 29107 18236 a2en

1 212 @PRINCFIFLD, MO INNFR CITY 61.9 119999 LY 19004
UIBAN FRINCF. 1.9 11641 LR} <N

1 219 RAPRINCFIFLD, ORN INRFR €ITY 16.7 ;ase 43200 -6692
' IRRAR FRINCF 0.2 11897 6826 Y ]

I 214 AQPRINGFIFLD, MASS IRRFR CITY 86,0 200594 13892 16190
UTIAN FRINCGF. 150.7 299714 1168221 17409

1 21% STAMFORD,CORN IRRFR CTY .l 191150 67039 nass
UNNRAR FRINCGF. 1.9 766049 46040 4976

1 216 STFUNFRVILIFE., 0N INREQ COTY 27.2 L7 TV ] 27217 4722
UIARAR FNINECF 1.n 27404 12882 2239

I 217 STOCKTON,CA INNFR CITY 29 .9 147459 G247A 18199
UNNAN FRINGF, 7.1 52914 26041 a96 ¢

1 218 SYRACUSFK NY {NNER CITY 25.0 197270 83¢32 19563
UNNAN FRINCGF, e, L7099 75062 129890

1 219 TACOMA.VA INARFA CITY 7.7 154565 73814 20197
UNNAR FRIRCE [T 177966 8:932 27466

1 226 TALLANASSFEF,FL INNFR CATY bLL A | 7190¢ aATs87T2 7164
URNAN FRUIKRGF, n.9 6919 1692 389

1 221 TARPA,FL INNFR CITY ne.5 2?7736 176217 26529
URDAP FRIRGFE .5 9 1606 B7741 N6 |

I 222 Tr.RUWV. NAUTF, IR IRRFR CITY 26 1 78116 29331 9766
URBAN FRINGSE, 5.9 18562 4418 1471

] 223 TEXARKARA,TX INKER CITY 16.2 HEYY ¥ d 148396 371®
URBAN FRINCF, 14.0 20073 13472 t2%6

1 224 TFXAR CIiTY,TX INRER CITY n:.e nease¢ 4053 929e
1 229 TOLEDO O INNFR CITY n .2 MM3019 287234 39913
UANAN FRIKCF. n4.n 189774 35RN2 n2445

I 226 TOPFEA.KARNS IRRFR C!ITY 47.9 124900 60940 19606
UTNANR FRIRCGF. 5.5 7170 936 jine

I 227 TNFNTOR,NK) IRRFR CITY 7.0 104370 gel390n [ Tord )
IMNAR FRINCF. 37.3 169570 ans ié SA%2

1 228 TUCSON,ANI7Z INNER GITTY e .. 262933 1586760 42120
UNNAN FRINGF, 5.0 212%1 17929 SON6

f 229 TUIRA, 0K INNFNR CITY 172.0 an16e 165269 sgnoen
URNAN FRINCGF. n.e 99499 22207 7047

i 230 TUSCALOONSA,AL IRRFR €i Y 7. 77D n0e24 7761
UNNAR FRINGF, 16.6 20192 9290 2251

1 272t TYLFR, TX INNFR CITY 2319 RIT7R 2e"In 9119
UNNAN FNINGF 1.9 2001 1841 42
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TABLE 28 (Concluded)

1970

CITY CITY IRNFR CITY 1LAND ARFA POPULATION 1979 1977
TYTFE. CODF. CITY RAMF. UNNAN FRINCF, (S0 MULES)  (PERSON) AVUTO THhICK
I 232 UTICA.RNY IRRFR CITY 16.0 91694 316340 6194
HNNAR FRINGF 9.0 nizel 25169 %994

1 2399 VIRFLARD N) INRFR CITY 69.5 47040 24076 2760
IIMNAN FILINGF, 15 5 257916 19599 1507

1 234 V¥WACO, TX INNFR CITY 0.7 95126 49294 14516
UNNAN FRINCGF, 1.3 21517 12161 HLT T

1 23% WASRIRCTOR,DC INRFR CITY 6l.4 756016 264024 2120A
UNBAN FRINGF. 432.6 1724979 682416 401472

1 23¢ VWATFRRAURY,CONN INNFR €ITY 27.6 CUCHE] 66540 n791
UNBAN FRINRCFE 2.4 41759 70133 2624

1 297 WATERLOO, IOVWA INNFR €CITY 59.2 7557R TRH9D nieg
YIBAN FRINGF 9.0 a7e) 19097 4127

I 290 WFST PALM DFACH, FL INNFN CITY 0.4 R7920 a08620 (U]
UNNAN FRIINGF, 7.6 29025 155041 21663

1 299 WIFEFLING, WV INNERL CITY 13.9 402NN 20084 4022
URHAN FNINCF 14.7 44064 1971260 N720

I 240 VWICNITA,KARS INNER CITY ne. o 276699 1633734 420214
UNIRAN FNINGF 18.5 25605 13102 967

1 261 VWICHITA FALLS.TX INNFR CITY 42 .0 97564 53011 1490
1 242 WILKFS,PA INNFR CITY 6.7 SanL7 14467 5052
URRAN FRINGF 76.7 1640170 96117 16119

I 243 VWILMINGCTON, DFY, INNFR CITY 12.9 aeana 41077 nm42
UIBAN FRINGF 97 .1 200MU)| 140640 21997

I 244 VWILMIRCTON,RC INNFR CITY 7.5 40169 25709 5422
UNNRAR FRINGE 11.5 11476 6111 1748

] 247 WIASTON,NC INNER CITY 36.5 1929601 76776 15124
UNDAR FRINCF, 9.6 9600 5599 1182

1 246 WONCFSTEN, MASS INNFR CITY A7.4 1766009 A7e6n 19190
UNNAN FRINGF, 36.6 70019 24911 40n6

I 247 YONRK.PA INAFR CITY 5.0 50355 20724 624
UNNAN FRINGE .7 72771 14298 5299

] 240 YOUNCSTOWN, ON INNFR CITY 45.6 2001174 112421 12196
VINDAN FRINCF ni. 4 122966 196441 12494

Source: U.S. Census Bureau (1973) and U.S. Federal Highway Administration (1978).
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TABLE 29. EXPOSURE/DOSAGE ANALYSIS DATA BASE FOR TYPE 11 CITY AREA SOURCES

970

CITY CITY LARD ARFA POPULATION 1973 1973

TYTPF. CODF. CITY RAFT (SQ AILES)  (PERSON) AT TIKK
2 ] ANRISTOR, AL 16,1 Ji106Aa 168959 3690
2 2 DNFSSEMEN, AL 14.4 244 17907 A266
2 3 DECATUR, AL 26.6 I00ee 20277 6467
2 4 DOMIAR AL 9.0 26739 19579 €247
2 % FLONERCE, AL N2.4 G911 29969 R27®
2 6 PHFNIX CITY, AL 19.9 25201 19476 4290
2 7 KFKLMA AL 9.2 27179 14590 4654
2 0 ARCIIONACE AL i6_2 40157 22296 ni2na
2 9 FILACGKTAFF, AR 6e_1 26017 12027 470
2 1 YUMA,LAN 7.9 29007 17691 s221
2 [N ] F.L PORADD, AN 16.0 25200 isn2s G369
2 12 FAYETIEVILLF AR .1 2669 19950 €292
2 i ITSPRIRG, AN 2.4 15691 1250 7566
2 14 JORFSDIORO, AR 12.0 27026 11067 a73e
2 157 WEST NMEMTHIS, AR n.7? 279929 R 2] B89S7?
2 16 ANTIOCH,CA 7.4 20809 18623 277
2 17 CORCOND,CA 29.0 05067 45615 8516
2 18 CORORA,CA 23.2 27966 14211 ABED
2 19 FAIRFIFLD, CA 15.4 44146 21990 4667
2 26 LARCASTEN,.CA 18.5 2976 17047 2R1e
2 21 LIVEIUMWNF . CA It.° JI7?7€0 10098 I
2 22 LODL,CA 7.1 20691 1401 ) 4699
2 29 LONTOC,ChA 9.9 25020 12928 2762
2 24 RAPA.CA 1y 5970 191983 c2ae
2 23 NEWANK,CA 6.4 27161 17669 2604
2 26 ROVATO,GA 20.9 HL T 4} 17294 249¢
2 27 OLFARSIDE,CA 5.2 4949 | 21229 4072
2 20 REDLARINS , CA 21.8 HIZ YR ) 18204 7920
2 29 nehwoobd CITY,CA 209 G559 31006 8961
2 a0 SAN LIRS ORIRTO,CA 9.1 2006 1497 aTM |
2 J1 SAR RAFAFL,.CA 19.3 Miv49 227990 3139
2 A2 8ANTA CRVZ,CA 2.2 2076 HIzag 40749
2 a0 SASTA MARIA,.CA 14.0 2749 17299 a5e7
2 9 VISALIA,CA 12.9 27260 14761 8999
2 93 WALRUT CRFFK.CA 1.7 MU [} ] 21069 J%4 |
2 3% FORT COLLINS,CO 1.3 43061) 2683760 a6te
2 A7 CGIFFLEY.COD 7.7 U2 227958 774
2 90 AILDDLFETOVR, COR % 0 A698) 22702 1978
2 39 MILFOND,CON 22,2 50050 HIKPL 272¢
2 46 NILW LORDON, K CON 6.1 J1606 0466 169
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CITY CITY
TYPY, CODF.

WNNNIONNNNNLENAONNNNNNNNNNNNNNNNNRNNNENONNNNN

CITY RANMT

RORVICH, COR
SIFLTON, COn
TORN I NGTON, CON
MAYIDNA BEACH, FI,
FORT MYFIS, KL,
FONT FIENCE, FL
KEY WFST.FL
LAKFLARD, FL
MELBOUNNE, FL
MERNITI 1SLARD,FL
PANAMA CITY,FL.
FOMPANO DEACH. FL,
HARASOTA, FL.
TITUSVILLE, FL
ATIIFNS, GA
RONF.. GA
VALDOSTA,GA
WARNFER NONINS, CA
BLo, HA

IDAIKD FALLS, 1D
LEVISTON, 1D
POCATELLO, ID
ALTON, 11,
RELLEVILLE, IL
DARVILLE, IL

OF. KALR. IL

FAST RT. 10UIS, IL
FRFFFORT, IL
GALFSMIME, 1L
KANKAKFE, 11,
PEKIN, 1),
QuUInNCY, I,
BLOOMIRGTON, IN
COLUMUS, 1N
EIKUART, IN
KOKOMD, 1N
MATUON, IR
MICIIGAN, [N

NFW ALRARY, IN
NICUTOND, IN

TABLE 29 (Continued)

LAND ARFA POPULATION
(S0 JILES)

12

o205,
16,
1.

> -

-1

- - - Ve -
&

= ounzo

-

NS =TC S =

NEeDININIAI=2NWCE O 29UV == TN N =" 2=

== D OOND

-
-

19760

(TENSOM

41400
27194
H1952
4737127
27051
29720
27020
41550
407112
2920
A2125
711
402717
IO 15
44142
aAe75s6
a2502
J3409
26159
ASK776
260611
4000
097660
41900
42690
32920
69947
27736
16296
Jale
D297
452HA
42776
27295
47594
44042
q1906
9273
In4ea2
44010

1973 1972

AUTO TRUCK
23029 2221
16752 1418
19602 1710
17620 4629
1190 a526
17064 2067
15600 1279
24952 6462
25146 2397
10740 2565
11440 2056
26100 2224
M ] 45610
19560 2670
21191 6318
16800 432
16996 4778
19604 3309
1262% 2167
ez 11819
199047 a2a9
26490 12991
194913 40N9
20577 4216
20961 4297
16168 2392
Nenas 7203
19610 2a57
176810 3790
15165 Jint
15006 2674
22216 4660
2100 6416
12640 4094
21797 €39
22021 6606
9910 8973
19699 6891
19201 5768
22005 6642
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CITr CITY
TYPF. CODF.

RNNNNDNNNNNNNONDMDAONONNRSNOSNNNGBGRENVNNNNNNNNNRNNN

126

CITY NAMF.

AMPS. 1A
NUIV.INCTOR, |A
CLINTON, IA

FOITE RORCE., 1A
IOVA CITY, (A
PAARSMALLLTOWN, LA
FARON CITY, IA
OTTURIVA, IA
HUTCH INSOR, KA
LA¥NERCE. . KA
LEAVERWORTTI, KA
PMANNATTAN, KA
OVEIWARD PARK, KA

PRAIRIF, VILLACF, KA

S|SALINA, KA
ROVL.IRGC CRFFN, KT
FORT KNOX.KY.
PADUCAM, KF.
ALFXARDRAIA, LA
NOSSIFA CITY, LA
WOUMA, LA

KFE.NNER. LA

NFEY INERIA,.LA
RANRCOR, MV,
ARRATOLIS, MD
CUMBFERLAND, MDD
HAGFRSTOWR, MD
ATTLENON , AASS
GCLOUCKSTER, MASK
HANLRONOUEA, IASS
TAUNTORN, IASS
DATN.FCRFEK, AICH
NRLLARD, MICH
MIDLAAD, BICH
PORT INMON, MICAH
YPSRILARTIL, A
AUSTIN, MR
MANKATO, MR

KT. CLOUD M®
WIRONA NI

TABLE 29 (Continued)

LARD ARFA
(50 MEN)

16.0
1h.a
M H I |

N -
-
-

>5-35s
waen?

N =
* 9

SR=875ed

-
SJeNID

W= digls
;30*&.'46‘;—‘!'3&33 é
2L IANBAAITAAINUND ONNT SN

197
POPINATION
(TERKON)

9499
2444
14719
D1260
46AN®
26766
Ine9)
29690
asung
45518
25167
2705%
76060
200164
A?7214
362%]3
7302
MIN6Z7
41597
41759
asims
299168
e147
J1160
29592
29026
G2
32907
27907
27906
40756
M HY
26107
D526
15029
29502
2901
aemmng
19691
26070

1979 1973

AlTO TKCK
22693 a8
1nnes 6?16
19269 7987
17951 6471
26002 9490
146370 Ss4nAn
16929 6712
166001 6147
20508 9400
20742 11627
11902 6€e12
15921 7027
42709 19601
15626 T167
29969 %17
16272 63590
1901 6826
15948 8766
1R26 7€3%
10970 7996
13593 3252
12166 aens
13265 8129
16AM7Y 4776
15006 2409
15907 2619
1u5e5 HY kg )
16228 1699
[H rar | 1602
10772 1612
21572 2628
197)0 snn
19669 2810
n2z2 V767
16589 INI7
14129 2129
1169 43>
16158 467
1645 35681
1von 4617
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CITY CITY
TYPE. conrF.

“NNNNMI‘JNNNIJNNNNNNI‘JNNI‘JNIJIJNNN

I‘»JNNNNNNI‘:NNNNNI

(21
122
123
124
123
126
127
120
129
119
171
192
1aa
106
135
136
(Hirg

S aannn;
0:‘]3'.1#'—1[;-

>
3

CITY NAMFE

coLumus, M1
GCNEFENVILLE, M1
NATTIFSMIMe, M1
MERIPIAN, M
PASCACOULA, M1
VICI(.\‘nIlI'lC, M

CAPF. CIRANDFEAY, MO
FERCUSON, M)
FLORISKSANT . D
FORT LFONARDWDOD, MD
JFEFFERSON CITY,MD
JOPLIN, MmO

K1 RUCWOOD , Mo
MAYIDWN, M0

ST. CHARLFS.mD)
NISKOULA, MT

CIVAND ISLLAND, NE,
CORCOND, NIl
PORTSMOUTI, RH
LORGC RRANCH, R
NEW DNUNSWICK,N)
oLD NRIIGE, N}
PERTII AMMOY,NJ
SAYTWEVILLE, N
CLOVIS. NN

HopnsS , "M

LAS CRUCFS,. M
NOSWFI.L,, NM

SANTA FF..NM
AMNTFRDAM, MY
AURURNR, NY
FLMINA.NY
ITHACA,RY
JAMESTOWN, NY
KINGCSTON, NY
NEWRURGH, NY
NIAGANA FALLS,RY
NOonmI TONRARVARDA, NY
POUCHKFEPSIF . NY
WATEINITOWN _NY

TABLE 29 (Continued)

978

1
LAND ARFA POPULATION

(80 MLES)

- .
A0 ==9
3&NNS3‘—!‘»‘:—03004:!;3:'-1'-15&'-133

TerONNT Az Al

(PENSON)

26798
HUL Y T]]
aN274
45001
27471
25006
a9910
297
66004
HEHETI]
az226e
19227
J1im
3605
J1Aa04
29401
1209
20022
26 114}
JI1774
41055
25176
Hliraad
azsea
28551
26109
a7a57
J3908
441167
25524
14599
J99%45
26226
J9795
25h44
26219
n561%
16012
a3029
JoTnv

1979
AlLITO

1ane
17445
1604
1onay
12e07
rnz2nn
14409
14944
14207
151007
15061
1A119
16521
15669
15741}
19290
16605
16212
14142
16306
21040
1142
20242
16969
14501
13260
19204
17225
20919
1enan
12071
17968
9766
140004
9502
9750
07240
15666
150019
11450

4520
1905
1792
1561
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TABLE 29 (Continued)

1970
CITYr CITY LARD AREA POPULATION 19793 1973
TYTE CODr. CITY RAr®. (S0 NILES)  (PERSON) AVUTO ThNK
2 161 BURLIRCTOR, RC 5.2 36198 21194 401¢
2 (62 CAMP |FJFUNF RC 6.4 4517 none ane2
2 183 CUAPFEL 1L, N 7.0 25541 14213 4130
2 164 GASTORIA KRG 19.9 471870 24006 8879
2 165 GOLDSRORD, NC 9.0 260021 14725 €043
2 166 CGIFFNVILLE, RC 1.4 29070 19%6e 4710
2 167 KARRAPOLIR,RC 9.9 62716 19094 cave
2 160 NOCEKY MOUNT, R 12.4 74319 119 nsne
2 169 VILSON, RC n. 29:147 16116 47Ge¢
2 176 BIRMARCK.RD I®.9 4676 1 AO%N 12273
2 171 GRARD FORKS,RD 9.2 9644 20301 11R22
2 172 RKIROT,ND 8.1 92270 16843 11¢24
2 173 ALLIARCE.OR 6.2 20747 13979 1803
2 76 AUSTIRTOWR OR R.2 29767 13487 1690
2 1?73 POARBNAN,OR 9.3 JIeNne (6243 1784
2 176 FAIRBORR, 0N 7.5 02279 1559 2910
2 177 FINDLAY ON 11.4 aioe 15278 q2t1e
2 170 LARCASTFR.OR 121 22911 19517 9724
2 179 RKARIOR,ON 7.1 aneny 22388 2497
2 IBA RANSILON.ON n.o9 02600 19140 2947
2 181 REVARK, ON 19.0 41022 29173 AI7A¢L
2 102 ronT=MmuUT™,0R 12.2 27632 18972 2498
2 180 KANDUSKY.ON 9.1 2674 /62 2904
2 104 XFANIA.ON 6.0 25979 146066 2294
2 05 ZARNFNVILLYE. OB n. 71045 LINT.) 2907
2 I1B6 DANLFSVILLE,0K 9.9 29672 27606 11644
2 107 FNID,OK 29.9 44540 241045 11699
2 I NIEKEXMFE,0K 22.9 HrHHT *A209 9611
2 1M TORCA, 0K n.7 25940 14059 3627
2 190 SUAVWEFF, 0K 2.9 25199 11570 n929
2 191 KRTHANATER, OK 17.2 21126 150708 (i “H ]
2 192 CORVALLIS, ON 7.9 aAa31573 20740 68414
2 193  HEDFOND, OR 12.2 20454 Fe700 4IR2
2 194 LFEMNROA PA 4.6 20572 16740 2640
2 199 PRFW CASTLE,PA 7.7 0599 22%96 H]ivrd
2 196 ®TATF. COLLFGF, PA 4.7 YA 19794 LKLY
2 197 VWIHLLIARSPONT, VA ?.1 D7910 18132 2770
2 190 KENTONT R 7.9 4562 19119 2723
2 199 WOORSOUKFET, N 7.9 461120 25891 J6H°
2 200 ARDENSON SC 19.0 27956 (R ) anng
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210

219

227

22A

230
231
272
213
234
233
236
237
278
279
240

FLORFRCT, ,RC
noCK MILL.SC
SPARTARDUNG , RC
ANENDEEN . <D
NAFIED CITY.SD
CLARKSVILILF, TR
JACKSON, TN
JOIRKON CITY, TR
KINCSPORT, TN
MURFNFF<NONG, TN
OAK NIIME, TR
nic SrPNING, TX
NDERTON, TX

FORT 1HOD, TK
KILLFFRN, TX
KINGSVILLE. T™X
LORGVIFW, TX
MFSQUITE, TX
NICHARDSON, TX
TEMPLFE. TX
VICTONIA,TX
BURLINGCTONR, VT
CHARI,OTTFSVILLE, . VA
DARVILLF, VA
RELL INGIAM, VA
PIF.MFRATOR, WA
FORT LEWIS, WA
LAKES DIRTRICT.V¥A
LORCVIFVW, WA
NICHLAND, WA
YAKIMA, WA
FAIRMONT, WV
MORGANTOWR , WY
PARKFENSNUNG, WV
DRILOIT,. ¥

FEAU CLAINE, W1
FONDDULAC, W1
JAMFSVILLF W]
MANITOWOC , Wi
SHFENOYCAN, W

TABLE 29 (Continued)

LAND ANFA POPULATIORN
(SQ MILFS)

1978

(PERSON)

23997
aane6
44546
26476
410006
arcee
79996
IN770
ai92ae
2673660
20004
2(M124
asnv4
2677
annhev
20605
455N9
65209
4n662
d3401)

41349
a0e6:m)
Janna
4691

39079
A5087
anesd
48149
208070
26200
455103
2591419
2907
4419A
39729
44600
I5690
46426
33497
40525

1979 1973

AT TRUCK
12817 3304
16606 4966
21472 4421
11204 7652
21962 12609
12000 A216
2040 6159
14029 4144
12567 ane2
19967 a6
anne 9271
15190 8505
19274 605
19629 6N
14009 4204
15073 . LT
2402 a7es
21552 636
24249 a249
17942 2950
21791 7098
19019 4945
21740 4160
21799 8918
21608 7718
19940 6929
1N392 6017
27529 6149
15540 8561
11413 2330
24769 92600
19nn0 17
12254 4580
1921 4878
17049 3400
21276 s)as
17020 0477
22149 4522
15970 9263
2:1146 4726



TABLE 29 (Concluded)

1979
CiTY CITY LARD ARFA POPVLATIONR (979 1973
TYPE COOF. CITY RAMF. (SQ MIER)  (PFRSON) AUTD TRICK
2 241 V¥AUSAU.VI 11.9 2n%e 18648 2198
2 242 CASPEN, WY n.z ne4ns 21670 14047
2 243 CHEVENAE WY 11.9 40n61 22404 15064

861

Sources: U.S. Census Bureau (1973) and U.S. Federal Highway
Administration (1978).
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TABLE 30. EXPOSURE/DOSAGE ANALYSIS DATA BASE FOR TYPE III CITY AREA SOURCES

1970
ciTr CiTY LAND ARFA POPULATIOR 19793 1973
TYPE CODF, CITY RANMFE (S MILES)Y (PERSON) AUTO TRUCK
K] I  APRAR.AL 6.1 47199 1467 921
a 2 MHWAY MINETTF, AL 7.4 6727 26460 12906
3 7 INONDALF, AL H I | Adi66 1616 109
J 4 CONWAY, AR nan 15910 6600 azoi
H] 5 FNCLAND, AN 1.7 DTS 1216 652
i 6 LAKFE VILLACE, AR 20 HHIT:) 1417 702
J 7 MENA. AN 5.2 45710 1919 960
a3 N MONTICFLLO,AN 9.0 5005 2176 1670
3 9 NUSSFLLVILLE, AR 7.0 11750 nez2y 2491
A 10 WALNUT TUDGCE., AR 2.0 G100 1626 196
a 11 ALTUNRAS,CA 2.4 2799 1520 269
H} 12 BANNING , CA 14 0 12004 6217 Ic7e
i 13 CAMMEIL, VALLEY.CA 7 4 026 1561 966
H] 14 CHINA LAWK ,CA 7.6 11105 6ha) 2047
J 15 CUCAMONGA  CA H ] 6796 2960 1261
H] 16 FUNFKA, CA 14.9 24007 13215 3212
H 17 CGRIDLEY,CA 1.0 504 1919 466
a3 10 LAMONT,CA 1.6 7007 472 1292
3 19 NFWIHALL,CA 4.0 9651 G191 naig
3 20  PALMDALFE,CA 47 .4 [HYEN] 4578 796
J 21 SANTA MANIA,CA 2.4 7129 3753 772
J 22 SUISAN CITY.CA 1.3 291417 1424 3600
3 23 RBRICITNON, CO 2.7 01a9 4006 1s07
J 24 GOLDEN,CO 5.5 97 640 1359
J 23 DANIELSON,CN [ I | 4500 2821 243
Jd 26 OIMNCFETOWN,CRN 17.4 111024 [IHHE] 723
] 27 SIHSBURY CENTFR,CRN 4.9 4994 1076 260
3 20 WILLIMARTIC, CN 4.5 14402 a7 2 riras
a 29 MUEMPIHIS FL 1.9 D207 1nai aas
o A6 pHiAME SHONRFES,,FL 2.4 9425 5410 11314
H] 31 PERRY.FL 9.0 7701 4420 924
M) a2 CARMOLLTON,.CA 10.5 10520 TN7 1907
a J3 LARKSTON CA .6 127 1627 219
J J9 SHYRNATOWN, A 9. 2 19167 124760 2460
N aa HALFUVA, IINW 1.0 2626 1267 216
3 a6 cuunnucK., ip 6.0 2924 1520 900
3 A7 ALSID, 1L .o 111414 4512 246
4] a0 CENTREVILLFE. IL 4.1 11370 o507 1172
3 I CHESTFN, 1L 7.0 8010 2607 047
H ] 40 CLANFNDON II1LLS. 1L 1.5 6750 Hrgils Inn
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TABLE 30 (Continued)

1770
CITY CITY LAKD ARFA POPULATIOR 1979 1973
TYPFE. CODFE. CITY RARNT. (SO RILES) (PERSON) AUTD TRICK
3 41 FFPIRCAAN, IL n.2 94008 46348 974
3 42 [TFARY. 1L 1.0 2610 12014 269
3 47 LA CRARCE PARK, TL 2.9 1Gano 6260 LY.
3 44 LAVRFARCFEVILLFE. IL 2.0 303 2079, 6ne
J 43 LYONS, ). 1.9 11124 45600 949
3 46 SPARTA. IL .93 49297 2110 44934
2 4T AURORA, IR 2.0 4290 2147 322
a3 48 AUSTIAN, IN 2.1 49a2 2451 360
9 49 HODART, IR 195.8 21405 9186 19299
| %0 DENISOR. A 3.9 621N 451 1207
D 51 FLDOWA, IA 4.4 229 1709 667
J 52 PMOUNT VEFRROA, IA- 1.2 aemn 1679 629
J 5 ONAWA, 1A 4.5 154 1750 @60
3 G4 WINTERSFET. IA 1.9 654 2021 706
3 53 CORCONDIA,KA 2.9 72214 4815 1841
J 56 MULVARNF., KA 1.0 105 LT Y 454
H] 57 PRILLPSBUM, KA 1.2 924 1nn2 a2ze6
3 5N DAYROR SPRIMG,. KN 9.7 2009 1517 8¢n
) 5¢ FORT WRIGHT, KR 2.1 409 2429 ( rard
3 60 JFNKIRS KR 6.0 2552 12R% 454
3 61 OKOLORA,KN 7.9 17640 3166 1985
) 62 CARIROU, T, 8.2 0419 8293 1860
3 63 FANNRIRCTON.ME 2.9 3096 IB?76 €40
3 64 KITTFRY CENTFR,'?® 2.4 7963 748 1OGS
3 63 PBAIARBRINGF. MD (.9 8257 2713 05
3 66 PALAFR PARK, D .A ?n72 217 676
4] &7 DUNRURYTOWR, RASS an.9 76716 2760 a0i
3 63 CNEERFIFLDTOWN, HASH 21.0 18116 /991 1948
3 69 HADLEYTOWN, RASS 231.2 arne 1746 216
2 7% ORARGF, CFNTFR, MASS 2.9 047 097 222
9 71  TE.MPLETONTOWR, MASS 91.9 816D 2090 -~ 938
a3 72 VYARFTOVWN, MASS 34.2 A187 4006 472
3 79 VWILMIRCTONTOUN, MASS 17.2 17102 Ay a7
d 74 FREMORT, MICH 2.6 1465 1790 a7
3 73  GcAYLOAD, MICH 2.4 an2 1560 322
3 76 GROSNF, ILF MICA 7.9 a1 9493 404
3 77 LEVFL PARK.NICH i.9 nene 1959 Jié
3 78 RT. LOUIS NMICH 1.8 4194 2128 439
2 79 LAKF CITY.MN 1.9 954 1009 629
a N® MINNFETRISTA, KR 26,1 2n7n 1514 280
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TABLE 30 (Continued)

{970
CITY CITY LARD ARFA POPULATIOR 1979 1979
TYPP, CODF. CITY RAME (SQ MILFS) (PERSOM) AUTO TRUCK
3 81 MORA.MN 2.8 28A2 1186 402
3 82 MACON_ MISS 3.5 2612 1149 454
3 83 MONTON,. MISS 2.0 2672 1176 460
3 A4 AVA.RISS 2.2 2504 1169 371
3 a3 NUTLFN MISS 2.9 914 tnat a9e
3 06 DFXTENR,NISS 7.9 6024 2019 a92
3 07 CFNTRAL CITY,NE 1.7 2007 1941 791
4 Al  FAFTENTOWN, NR 260.0 noe2 ann2 a98
3 m IIANPTONTOWN, KR 121.3 (TN 4126 437
] 9@ HILLSDOROCMITOWN, NR 44.9 277% 1499 191
3 91 HIASDALETOWN, NH 20.1 2276 1769 R
3 92 AFWMARKFT COMIACT.R 2.1 2643 1428 267
3 93 WOLFFROROTOWR, RA 47 .4 10936 1639 267
3 94 DUMONT.AJ 1.0 20158 1882 1171
3 9% KENDALL PARX,NJ 2.0 7412 MN69 491
) 96 LITTLE RILVFNR, RJ 2.0 60|06 3197 349
3 97 MOONFSTOWN,NJ 7. 14170 7097 a8z
3 98 NFEW MILFOND,NJ 2.3 19 149 9996 11192
3 99 RORTH CArF. RAY.RJ .7 2012 1990 221
J 189 ELMA CENTFR,NRY n.s 2784 1138 114
3 181 LAKF. CARMFL,RY 1.7 4796 1704 243
3 192 LITTLE FALIS, NY 4.1 7629 12 nie
3 190 NEVAANK,ARY 5.0 11644 5241 1318
3 184 NFV YONK MILLS,NY .9 anes 1511 240
3 193 RORTN BELLPORT.AY 3.3 6907 2922 209
3 196 NORTII MASSAFEQUA,NY 2.0 29129 12256 642
3 187 QNYE.RY 5.6 15A69 7999 434
7 188 SCOTIA.NY 1.0 7776 1469 979
3 189 TICONDENOGA,NY 1.4 2268 1216 166
3 110 VOONIFFSVILLE, RY 2.2 2026 1159 159
3 111 KERNSVILLE,NC 3.0 4815 2923 873
J 112 NEVW RIVER-CIFGFR.RC 7.0 1699 4776 1489
3 113 STARFOND,RC 4.4 11716 6492 1890
3 114 DRURSVWICK,OR 10.7 15032 9276 1476
3 115 GRFFNSVILLF,OR 1.0 €992 9521 551
3 116 NEW PUHILADFLPULA.OR 4.4 15104 arve 1973
J 117 ADA,0K 6.5 14859 nene ande
3 118 LIADSAY, 0K 1.9 9760 2008 966
3 119 SULPNIR, DK 3.9 5150 2796 1991
3 120 NLAKELY,PA 4.0 €391 3071 469
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TABLE 30 (Concluded)

1970
CITY CITY LARD ARFA PFOPULATION 1972 1973
TYPF. CODF. CITY RAMT (5Q MILES)  (PFRSON) AVTD TTRICK
3 121 DOYLFSTOWE, PA 2.0 a27e brg d] . ¥g ]
3 122 GFTTYSNIMG,PA 2.0 7279 aa79 816
3 123 LINRFRTY,.PA 1.9 596 1761 269
2 124 EAT. CLAIR,PA 1.9 4676 2762 406
3 123 RLIPPFRY ROCK.PA 1.7 4949 296090 492
3 126 TYRORFE,PA 1.6 7072 ane | 113
3 127 VARDERGRIPT.PA 1.9 7809 A?7? 8977
2 120 WFST WARWICKTOWN, RI 0.2 24929 19481 ivi7
9 129 CAPFRART.SC 1.8 4490 2216 ¥ ¢
3 198 CORVAY,SC n.2 A1G1 <mie 106
9 31 ROPRIDGE.,.SD 1.9 4143 2277 1316
3 192 LA FOLLFTTF. TN 2.8 6902 2927 1063
3 133 ROCKWMD, TN 9.3 6259 2607 819
3 134 BYANFT,TX 9.6 2054 10es 647
3 13% CROWLFEY.TK 6.7 2662 1365 g8R
9 196 FRONIA,TX 1.9 3111 1639 1:L X
3 197 LOCKIART,TX 4.9 «4809 242¢ 1239
3 138 LYLING,TX 2.4 4719 2467 %0
3 179 PORTLARD. TR a.8 T2 /72 . 912
3 140 RAR AUCUSTIRE, TX 4.7 379 13938 483
3 141 RFALY,TX 1.9 2670 1918 81D
3 142 RILSKFE, TX B.e 2271 3162 1813
3 143 PRICF,.VUT 1.9 6218 e 1380
3 144 RADFORD, V] 6.8 113%6 6366 1241
9 143 LYOBER_VWA 1.4 2008 1839 500
9 146 STEILACOON, WA 0.7 26708 1992 376
3 147 NARTLAND, W] 2.4 2769 1434 %6
3 148 MDFOND, W] 2.2 J454 1648 9936
a 149 SOUM MILWAVYKEF, W1 9.7 23297 o829 are
9 150 CGIF#R NIVER, WY 4.7 4196 2164 1378

Source: U.S. Census Bureau (1973) and U.S. Federal Highway Administration (1978).



SECTION 4
UNCERTAINTIES

The data and data-based estimations described in Sections 2 and 3 are
subject to uncertainties that may be evaluated subjectively or objec-
tively. Quantification of uncertainty has been undertaken where feasi-
ble. If data for the quantification of some aspects of uncertainty were
not available within the scope of this program, an effort was made to sub-
jectively describe the parameters of the uncertainty factor and evaluate

its qualitative effect.
Review of uncertainty is presented in two parts:

> \Uncertainty of Emissions Estimation
> Uncertainty of Exposure/Dosage Estimation.

UNCERTAINTIES INVOLVED IN EMISSION ESTIMATIONS

A number of factors could cause the estimated emissions of a specific
chemical to be considerably higher or lower than the actual amount calcu-
lated. This is true to a greater degree for individual plant sites and to
a lesser degree for total industry sources. The primary factors that
could cause emission estimate deviations are Yisted and discussed below:

> A primary source of error would occur 1f production or use
quantities were estimated too high or too low. The effect
on emissions and, in turn, on ambient concentrations would
be directly proportional.
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Not all plants operate at the same level of capacity. B8y
distributing total production of a chemical based on the
ratio of individual site capacity compared to total
industry capacity, error is automatically built in.

Plants that operate below the average industry level of
capacity would have emissions estimated too low. This
type of averaging necessarily leads to underestimates of
the exposure and dosage at the highest concentration
levels;, in fact, the averaging will lead to underestimates
of the maximum concentrations. Depending on population
patterns, however, the effect on total dosage may be rela-
tively little.

The omission of significant sources of emissions in any
summary for a specific chemical would render the total
emissions estimate too low.

The use and efficiency of cbntro] devices 1s not uniform
for all producers or users of a specific chemical. Emis-
sion factors derived from a plant without control devices
would make emissions estimates from those plants that do
use control devices too high. Conversely, 1f the emis-
sions factor were derived from a plant with an effective
control device, the emissions estimates from those plants
not employing a similar device would be too low.

In general, old plants have greater associated emissions
than do new plants producing or using the same chemical.
Emission factors derived primariiy from old plant data
would cause emissions estimates to be too high, and emis-
sions factors derived primarily from modern, new plants
would cause emissions estimates to be too low.

Emissions estimates derived by assuming that all the
chemical is lost to the atmosphere when it is used in sol-
vent applications are probably too high. Some portion of
most solvents normally {s disposed of by encapsulation for
burial or is burned for the heat value of the solvent.
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There is a level of uncertainty or confidence associated with each
source jdentified and each emissions estimate. Although that level cannot
be quantified, it can be assumed to vary as a function of the quality of
the available information on sources and emissions. Uncertainty levels
were defined according to this rationale, as shown in Table 37. It should
be noted that emissions uncertainty levels 1, 2, 3, and 4 correspond with
levels A, B, C, and D, respectively, used in the individual chemical emis-
sions summaries. These defined uncertainty levels are necessarily subjec-
tive. They were assigned by HI on the basis of the nature of data used to
identify the sources and generate the emissions estimates. Even with the
highest level of confidence (level 1), attempts to quantify the uncer-
tainty would represent a formidable task. A complete listing of the
levels of uncertainty assigned to the emissions of the 35 chemicals from
the production, use, and incidental sources is shown as Table 38. A com-
posite uncertainty, based on emissions-weighted averages of the component
uncertainties, 1s also presented for each chemical.

UNCERTAINTIES IN EXPOSURE/DOSAGE ESTIMATIONS

Estimating human exposure to toxic chemicals requires detailed know-
ledge of both population distribution and concentration patterns over the
surface of the earth within a given time period. The ideal estimate would
require error-free characterizations of concentrations, c(x,t),at all
spatial coordinates x and times t and, similarly, of population densi-
ties, p(x,t), for all x and t. At each instant t, the total dosage would
be given by

D(t) = fc(i,t) p(x,t) dx (31)

and the exposure at level L by
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TABLE 37. DEFINITION OF UNCERTAINTY LEVELS IN CHEMICAL SOURCE LOCATIONS

AND EMISSIONS ESTIMATIONS

Uncertainty Uncertalinty
Type Level Definition

Example

Sources 1 Complete data of reasonable accuracy on site

locations and individua) site capacities

i

2 Partially estimated data of indeterminate
accuracy on site locations or individual site
capacities

3 Complete data of indeterminate accuracy on
regional site locations using an average pro-
duction or use quantity per site

4 Site locations and production or use quanti-
ties of indeterminate accuracy estimated
without data.

5 Unable to identify site locations.

Emissions ! Emissions estimated from company site visit

data of reasondble accuracy.

2 Emissions estimated from data of indeter-
minate accuracy supplied by a company to
state agencies

R 3 Emissions estimated from data of indeter-
minate accuracy obtained from other published
sources.

4 Emissions of indeterminate accuracy estimated

without data.

Complete data on ethylene oxide-producing
locations are available along with total
Industry and individual plant capacities to
allow for the distribution of total industry
production.

Complete data on peracetic acid-producing
locations are available but total use of
acetaldehyde to produce peracetic acid must
be distributed eveniy over all sites because
total and individual site capacity data are
not available.

Complete data on regional locations of phenoiic
resin plants are avatlable and an average use
of phenol per site can be determined.

The total number of quaternary ammonium com-
compound-producing locations was estimated, and
total benzyl chloride usage to produce it was
evenly distributed over the estimated sites.

Site locations for miscellaneous uses of
phenol could not be identified.

Emissions data were obtalned froa site visits by
HI personnel to various companies (1.e_,
chlorobenzene production emission factor).

Cmissions data were obtained from various state
agencies enissions inventory questionnaires
(i.e.., phosgene emissions factor from its use
to produce TD!).

Emissions datas were obtained from other pre-
viously published ewissions information {(1.e.
pentaerythritol formaldehyde use emissions
factor) .

Emissions data and emissions estimates made by
Hl personnel (i.e., mixed xyiene enissiaons
factor from ethyl benzene production).

Source: MHydroscience, Incorporated, Knhoxville, Tennessee.




TABLE 38. LEVELS OF UNCERTAINTY FOR ASSESSED CHEMICALS

_ Source Emissions
Chemical Location Estimates

Acetaldehyde 1.2* 2.6*
Praoduction 1 2

Use

Acetic acid 2/3
Peracetic acid
Pentaerythritol
Pyridenes
Glyoxal

1,3-butylene glycol

D NN NN~~~ N =
= o R 7S I N I o )

Miscellaneous

Acrolein 1.3* 1.8*

Production 1 1
Use
Acrylic acid and esters
Glycerin

R

1
1
Methionine 2
Miscellaneous 5

Allyl Chloride 1.0* 2.0*
Production 1 2
Use

Epichlorohydrin 1 2

Benzyl Chloride 1.6* 2.8*
Production 1 2/3

Use
Butyl benzyl phthalate 2 3
Quarternary ammonium compounds l 4
Benzyl alcohol 1 3
Miscellaneous 5 4

* Composite level of uncertainty based on weighted average of total emissions.

Source: Hydroscience, Incorporated, Knoxville, Tennessee estimates.
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TABLE 38 (Continued)

Chemical
Beryllium
Production
Use

Beryllium alloy

Beryllium fabrication

Beryllium oxide
Incidental

Gray iron foundries

Coal burning

0i1 burning

Carbon Tetrachloride

Procuction

Use
Solvents
Nitrochlorobenzene
DDT
Diphenyl oxide
HMiscellaneous

Chloroform
Production
Use
Fluorocarbons

Solvents, miscellaneous

Chlorprene
Production
Use

Neoprene

Source Brmissions
Location Estimates
4. 6> 3.0*
5 3
2 3
5 3
5 3
4 3
3/5 3
3/5 3
4 7* 4.0*
1 1
4 q
] 3
] 3
2 2
5 4
4.8* 3.9*
1 ]

1 1
5 4
2.0* 2.0*
s 2
2 2

* Composite level of uncertainty based on weighted average of total

emissions.
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TABLE 38 (Continued)

Source Emissions
Chemical Location Estimates
Cresols (m-, o-, p- isomers 4.7% 3.9*
Production 1/2 2/4
Use
BHT/antioxidants 1/¢ 4
Phenolic resins 4 4
Pesticides 3 3
Pyrethroid pesticides 4 4
TCP production 1 3
Solvent 3 3
Disinfectant/cleaning 5 il
Ore flotation 4 4
Miscellaneous 5 4
Incidental
Coke ovens 3 3
Dichlorobenzenes (o- and p- isomers) 4.8* 3.9*
Production 1 )
Use
3,4-Dichloroaniline 2 3
Toluene diisocyanate solvent 1 4
Miscellaneous solvents 5 4
Dye manufacturing 5 4
Pesticide intermediates 5 4
Space deodorant 5 4
Moth control 5 4
Dimethylamine 2.2% 3.3*
Production 2 3
Use
Dimethyl formide 2 4
Lauryl dimethylamine oxide 2 4
Rubber chemical accelerators 4 4
Dimethyl hydrazine/pesticides 4 4

* Composite level of uneertainty based on weighted average of
total emissions.
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TABLE 38 (Continued)

Source Emissions
Chemical Locatian Estimates

P -3

2,3,7,8-TCDD (Dioxin) .3 3.3*

Incidental

Trichlorophenol

2,6,5-T

Pentachlorophenol

Burning

Application of 2,4,5-T
Application of pentachlorophenol

OO == NN
I R T U S

N
N
»*
~n
(9% )
*

Epichlorohydrin

Production 1 2
Use
Glycerin
Epoxy resins
Miscellaneous

o g NN~
P~ T C O s B N ]

Elastomers

—
o
»
—-—
o
»

Ethylene Oxide

Production 1 1
Use
All 1 1

w
~
*

Formaldehyde 1.7*
Production

Use

) .

Resins

Butanediol
Pentaerythritol
Hexamethylene tetramine
Trimethylopropane

Ul = et od et s
DN W W P

Miscellaneous

* Composite level of uncertainty based on weighted average of total emissions.
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TABLE 38 (Continued)

Chemical

Hexachlorocyclopentadiene

Production
Use
Pesticides
Flame retardants

Resins

Mangarese

Production
Use
All
Incidental
A1l

Methylene Chloride

Production

Use
Solvents
Miscellaneous

Morpholine
Production

Use
Rubber chemicals
Corrosion inhibitor
Optical brightener
Polishes and waxes
Miscellaneous

Source Emissions
Location Estimates

q.0* 4.0*
4 4

4 3

4 4

4 4
4 0 3.0%
5 3

3 3
3/5 3
4 5% 3.7*
1 1

3 3/4
5 il
4. 7* 4.0*
2 1

3 4

5 4

4 4

4 4

5 4

* Composite level of uncertainty based on weighted average of

total emissions.
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TABLE 38 (Continued)

Chemical

Nickel
Production
Use
All
Incidental
Power plants
Boilers
Coke ovens
Diesel fuel

Nitrobenzene

Production
Use
Aniline
Solvent
Chemical intermediates

PCBs
Incidental

Incinerators

Phenc]

Production

Use
Caprolactam
Bisphenol A
lonylphenol
Salicylic acid
Dodecyl phenol
Phenolic resins
Adipic acid
Miscellaneous

Source

Locatign

3.8*
1

o W o W

~N

0*

O = =t et mdd ed ) =9

Emissions
Estimates

3.0"
3

w w W w

S — Db W W W -~

* Composite level of uncertainty based on weighted average of

total emissions.



TABLE 38 (Continued)

Source Emissions
Chemical Location Estimates
Phosgene 1.0* 2.0*
Production 1 2
Use
TDI 1 2
MDI 1 2
Polycarbonates 5 4
Miscellaneous 5 0
Propylene Oxide 1.0* 2.0*
Production 1 2
Use
Urethane polyols 1 2
Propylene glycol ] 2
Surfactant polyols 2 4
di/tri-Propylene glvcols 1 2
Glycol ethers Z 2
Miscelianeous 5 4
Toluene 3.7* 3.4*
Production 1 1/2/4
Use
Benzene 1 2
Solvent 5 4
TDI 1 J
Xylenes 1 4
Benzoic acid 1 3
Benzyl chloride 1 3
Vinyl toluene 1 4
Benzaldehyde 2 4
p-Cresol 1 4
Miscellaneous 5 4
Incidental
Gasoline marketing 3 3

* Composite level of uncertainty based on weighted average of
total emissions.
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TABLE 38 (Continued)

Chemical

Toluene (Continued)
Incidental
Gasoline - automobiles
Gasoline - exhaust
Coke ovens

Trichloroethylene

Production

Use
Vapor degreasing
Solvent

1,1,1-Trichloroethane

Productior
Use
Degreasing
Chemical intermediate
Rerosols
Solvent

Xylenes (o-, m-, and p- isomers)
Production

Catalytic reformate
Pyrolysis gasoline
Coal-derived
Styrene by-product
Use
p-Xylere isomer
0-Xylene isomer
m-Xylene isomer
Ethyl benzene
Solvent

Source

Location

(W o B o B & 5 N N ]

N = =

N = = od s

Emissions
Estimates

~N) -

s S W

D b - N

H HNN BN

* Composite level of uncertainty based on weighted average of

total emissions.
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TABLE 38 (Concluded)

Source Emissions
Chemical Location Estimates
Xylenes (Continued)
Use
Phthalic anhydride 1 3
Terephthalic acid 1 3
Dimethyl terephthalate 1 1
Isophthalic acid 1 1
Ircicdertal
Gasoline marketing 3 3
Gasolire evaporation - aucomobiles 3 3
Gasoiine exhaust - automobiles 3 3

* Composite level of uncertainty based on weighted average of
total emissions.
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E (t) = - (32)
L fﬂL(t)p(x.t) dx

where
2 (t) = {x | c(x,t) » L) .

Certain statistics, such as maxima, minima, quantiles, and means could
then be derived over a time period from the functions D(t) and Ej (t).

There are various ways in which the estimates obtained 1n the Human
Exposure Project may differ from this idealized computation. Although
many of the error components can be analyzed quantitatively, such analysis
requires gathering extensive statistics on the population and concentra-
tion patterns, a task that is well beyond the resources available to us in
this project. The discussion 1s therefore mostly qualitative. Below, we
identify the major error sources.

Sources of Error

Population Count Errors--

The population distribution data base used for the exposura computa-
tions is derived from 1970 census counts. These counts are carefully pre-
pared by the Bureau of the Census, but at best are only very accurate
estimates. The Bureau has admitted suspicions that in some areas of the
country the counts may be tco low by significant amounts. However, no
comprehensive analysis exists on the degree and distribution of under-
counting over the entire United States.
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Apart from these suspected undercounts, Minimax found discrepancies
between counts in different census data sets. The net difference over the
United States is extremely small (0.017 percent) and is probably neg-
ligible compared to the undercounting errors. The effect of these popula-
tion count errors is that exposure and dosage estimates for some regions
are too low.

Concentration Pattern Errors--

The concentration patterns used in the exposure computations are
obtained through atmospheric dispersion modeling based on known source
characteristics and weather patterns at nearby stations. Naturally, any
deviations in these estimates from the true pattern d1rectly affect the

exposure results.

Additional considerations pertain to concentration pattern estimates
for sources not analyzed individually. No statistical data are available
on the geographical distribution of sources analyzed by prototype. It is,
therefore, very difficult to estimate the exact concentration levels for
populations exposed to emissions from more than one such source. The
exposure data derived from prototype modeling were based on the assump-
tions that all sources modeled are isolated sources and that the popula-
tion in the urban areas exposed to emissions from one source would not be
exposed to those from other sources. This assumption is obviously not
true everywhere, For example, the total nubmer of trichloroethylene-using
open top vapor degreasers in the United States was estimated by HI to be
6,110, and the total land area 1n urbanized areas is 100,190 kmz, on the
average. Therefore, most of the urban population is likely to be exposed
to emissions from multiple degreasers; thus, the computations may over-
estimate the number of people exposed to some concentration but under-
estimate the dosage received by some individuals. However, for a popula-
tion in the vicinity of a “major" source (an OTVD or a CVD), the impacts
from other sources would be insignificant compared to that from the nearby
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major source. One might conclude that the exposure estimates are conser-
vative estimates and that the exposure data for the higher cencentration
levies are more accurate than those for the lewer concentration levels.
However, the total dosage estimates would not be influenced by the geo-
graphical distribution of sources.

Uncertainties in exposure-dosage estimates made with the box mcdel
method for area sources include uncertainties of the emissions estimates
described in HI's final report, the census population uncertainties as
described in Minimax's final report, and uncertainties directly attri-
butable to this method. The last-mentioned uncertainties include the fcl-
lowing:

> Dispersion factors.
- Representativeness of mean annual wind for the state to
each city.
- Representativeness of neutral atmospheric stability as
a long-term mean condition.
> Time factors.
- The use of annual average emissions and meteorology.
- The estimation of 1978 population vehicle totals from
data of earlier years.
> Spatial factors.
- The use of the Hanna-Gifford model that provides no
spatial resolution of concentration patterns.
- The assumption that population and vehicle density pat-
terns did not change from data base years to 1978.

The effect of each of these factors is to reduce a spectrum of con-
centration or emissfons values (i.e., a set of values ranging from maximum
to minimum) to a single, mean value for each city. This may not affect
total dosages, but it will 1ead to underestimation of exposure at high
concentrations and overestimation of low concentration exposures.
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If the concentration patterns are congruous with the source patterns,
time variations of emissions or meteorology would have 1ittle effect,
because the annual average doses or exposures would average out high and
low concentrations in the same proportion at every station. There will,
however, be locations where people receive higher or lower exposure-dosage
than the mean, even on an annual average basis. Thus, spatial variability
appears to be a more significant factor than time variability. The study
team explored the possibility of developing a population spectrum as a
function of exposure level within individual cities, based on the census
population data and land area of all census tracts of a set of representa-
tive cities.

Discretizing Errors

Certain errors are introduced into the exposure calculations because
each concentration pattern is described by an array of concentrations at
only 160 points in the vicinity of the source instead of a continuous
function. Similarly, the population distribution 1s described by a series
of "point masses" located at the population centroids of all 1970 census
ED/BG. Particularly in less densely populated regions, in which ED/BGs
cover relatively large areas, the latter practice may introduce population
displacements over sizable distances. Thus, the fractional error is most
1ikely to be large where exposure-dosages are smal) because of low popula-
tion density.

We have grouped both of these error sources under the heading of
“Discretizing Errors,” because both results from replacing continuous
functions with discrete approximations for the purpose of reducing the
associated computational burden.
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Interpolation Error--

Unfortunately, the discrete patterns generated for concentrations and
populations generally do not coincide. The exposure program uses inter-
polation techniques for either of two purposes:

> Compute a concentration value at each ED/BG centroid.
> Apportion the population of each ED/BG among several con-
centration grid points.

The first technique is used far from the source, where centroids are more
densely concentrated than grid points. The second technique 1s applied
near the source, where grid points are more dense than centroids.

Both methods introduce interpolation errors, the severity of which
depends on the degree of variability in the concentration and popuiation

patterns.

Location Errors--

The relationships between concentrations and populations depend on
the accuracy with which the source and ED/BG centroid coordinates are
known. Source coordinates are supplied in degrees, minutes, and
seconds. For a source in Houston, Texas, for example, a second of longi-
tude represents about 27 meters and a second of latitude represents about
31 meters. ED/BG coordinates are given in degrees to four decimal
places. At Houston, .0001 degree of lontitude represents about
11 meters. These figures represent lower bounds on the locational errors,
based solely on the precision of the numbers.

We have little information on the actual measurement error in these
coordinates. The census documentation we received contained no mention of
measurement errors.
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In the MED-X validation work, an attempt was made to estimate ED/BG
location accuracy by testing whether each ED/BG fell within 1ts corres-
ponding county boundary. About 5.6 percent of the ED/BGs failed the test;
only 0.42 percent fell more than 2 km from their county boundaries. Most
of these failures are probably due to causes other than centroid location
errors, such as concavities 1n ED/BG boundaries, digitizing errors in the
county boundaries, and'county boundary changes since 1970. The large
amount of "noise" present precluded drawing more definite quantitative
estimates from the validation study.

Commuting Pattern Errors--

There are also time-dependent aspects of the exposure problem. The
exposure program uses a time-averaged concentration pattern for each
source, so that the time dimension is ignored in the computations. If the
population distribution were essentially constant over the averaging time
period, the resulting estimates would be true averages. However, popula-
tion distributions are constantly changing as people commute to work, go
shopping, and take longer trips. Particularly 1in urban industrial cen-
ters, the shifts in populations and concentrations throughout the day may
be highly correlated; thus, the actual exposure may differ considerably
from the value obtained by matching time-averaged concentrations with
population distributions based on census addresses. Whether the exposure
is over- or underestimated depends on whether populations in the vicinity
of a source are drained (e.g., because people leave residences near the
source for work in an urban center) or are augmented (e.g., because of
employment near the source).

A quantitative estimate of this source of error would require a
detailed study of commuting patterns for each major SMSA.
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Population Growth and Migration Errors--

The final source of error considered here arises from the age of the
population estimates, which are based on the 1970 census. Migration and
suburban development since April 1970 have affected population distribu-
tions around certain sources. The Human Exposure Program does take into
account county-level changes in population from 1970 to 1978, but other-
wise i1t leaves the intra-county distributions unaffected. As in the case
of commuting patterns, errors arising from migration patterns can be quan-
tified only through detailed studies of the affected regiens.

A Simple Model of the Discretizing Error--

Although a full characterization of the uncertainties in the exposure
estimates is a very complex job, certain important properties of some of
these error sources can be derived from simplified mathematical models.

To analyze the discretizing error with a simple one-dimensional,
time-independent model, let c(x) be the concentration and p(x) the popu-
lation density per unit length. Dosage is given by

D= -/rc(x)p(x) dx . (33)

The discretizing error involves replacing the concentration c(x) with
the constant c(x,) over some ED/BG with centroid at x,. The Taylor
formula for c(x) about x, is

clx) = clx ) + €' (x) (xexg) + 1/2e"(t) (xx )%, (34)
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where t, is between x and x, and depends on x. Then, for this ED/BG,

D =f c(x)p(x) dx = c(xo)P + c'(xo)/(x-xo)p(x) dx

+ 1/2/ c"(tx) ()(-xo)2 p(x) dx , (35)

where P {s the total ED/BG population. The second term is zero, by the
definition of x, as the population centroid. The third term is the dis-
cretizing error in dosage made by computing dosage as the product of the
concentration at the centroid and the total population. For a typical
concentration pattern, c"(x) 1s negative along a radial direction near the
source and positive farther away. The error term changes sign in the same
fashion. This suggests that "discretizing” the concentration pattern
leads to a systematic underestimation of dosages at low concentrations and
overestimating dosages at high concentrations. The size of the error
depends on the value of c"(x) and 1s, therefore, dependent on the relative
locations of sources and ED/BG centroids.

Sensitivity Analysis of Location Errors--

To assess the effect of location errors on exposures and dosages, we
reran the computations for Denka Chemical Corporation in Houston, Texas,
for the eight possibie shifts in the source location obtained by changing
the source location by one minute of latitude, longitude, or both, in
either direction (N/S or E/W, respectively). Selected results from these
runs are shown in Tables 39 and 40. Note that a minute of latitude repre-
sents about 1.9 km and a minute of longitude represents about 1.6 km at
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TABLE 39.  PERCENTAGE OF CHANGE IN DOSAGE FRCM BASE CASE

RESULTING FROM LOCATION SHIFT

Changes
Latitude Shift +1' -1' 0 0 +1' +1' -1 -1'
Longitude Shift 0 0 +1'  -1'" +1' 1" +1' -1
Concentration Level
ppb
10 -54 -92 210 172 711 -71 50 107
1 -44 -6 189 l44 23 -75 97 119
0.1 -27 20 65 30 7 -51 48 45
.0 ~15 11 40 17 12 <31 29 23
.001 -11 7 33 12 10 -26 22 15
0 -11 7 33 12 10 -26 22 15
Source: Minimax Research Corporation computations.
TABLE 40. PERCENTAGE OF CHANGE IN EXPOSURE FROM BASE CASE
RESULTING FROM LOCATION SHIFT
Changes
Latitude Shift +1' -1' 0 0 +1' +1' -1 -1'
Longitude Shift 0 0 <+l -1' +l -1' +1' -1'
Concentration Level
_ppb
10 60 -90 200 170 70 -70 50 100
1 235 42 178 127 7 -18 114 132
0.1 -7 9 34 -20 16 -64 27 11
0.01 4 4 12 -6 21 -3 12 -
.001 3 -4 6 -7 -4 1 -12
0 3 -4 6 -7 -4 2 -12

Source: Minimax Research Corporation computations.
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Houston. These shifts produce very large variations in exposures and
dosages estimated for high concentrations. At low concentrations, the
dosage variations are still farily large, but exposure counts are rela-
tively stable.

Summarx

We have described seven sources of error that can affect the accuracy
of the exposure results. Available information was insufficient to sup-
port any numerical estimates. Further insight has been gained by studying
analytical models and carrying out sensitivity tests, but it is difficult
to generalize such results to an entire group of sources.

A fruitful approach in future projects would be to select a small
number of sources representing a variety of demographic settings and then
to carry out detailed quantitative error analyses for each of these
sources, based on information about local conditions. Such a study should
provide a better understanding of the error components in human exposure
estimates.
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Each chemical was studied as one of a set pf 35 chemicals. A com-
plete description of the program is given in the parent document to this
attachment. The table of contents of the parent report is presented as
Figure 1 here. Specific questions that the reader may have about pre-
sentations 1n this attachment are most probably addressed in the relevant
section or sections as described in Figure 1.

This attachment consists of the following elements:

> A table of physical and chemical properties of the chemi-
cal.

A sumary of emission sources, modes, and rates.

A map showing major, specific point sources.

Input parameters for dispersion calculations.
Exposure/dosage tables for each type of source 2nalyzed
and & summary for all sources.

v VvV VvV Vv

A

A reference list for the emissions study.

A few definitions--described more completely in the main text--are
presented here as an aid to the reader.

> EXPOSURE - The number of people in the United States esti-
mated to experience annual average atmospheric concentra-
tions equal to or greater than the stated level.

> DOSAGE - The sum over the population of the product of con-
centration (ugm/ma). times number of people exposed at that
concentration. This {s a potential concentration, and
does not represent material actually ingested or absorbed
into body tissues.

> EMISSIONS ANALYSIS - A review by one or more of various
methods including surveys of literature or state and
federal data, communication with, or visits to, staff of
the operator of the sources to determine sources and
source locations, and to estimate
- emission rates-adjusted to 1978

Ad



type of source (e.g. chimney, vent, open surface, etc).

> DISPERSION ANALYSIS - Use of a computer program to compute
annual average concentration patterns given wind, turbu-
lence and emissions data.

> POPULATION ANALYSIS - Use of a computer program to extract
site-specific population patterns at the finest resolution
available from U.S. Census Bureau 1970 census files.
Populations are scaled to 1978 levels.

> SOURCE TYPE - Three source typeg_are defined:

Major, specific point sources, each emitting a signifi-
cant fraction of the total emissions of a studied
chemical. These sources are treated using paraﬁéters
appropriate to each specific source.

General point sources - other point sources warranting
a detailed dispersion analysis but which are members of
a group of sources too numerous to treat

individually. For such sources, a prototype analysis
is done, and results are multiplied by the estimated
number of sources.

Area Sources - sources which are so small and numerous
that their concentration patterns are inseparable. Such
sources are treated as emissions per unit area over
identified areas.
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APPENDIX A-1 ----- Acetaldehyde

. 235
ACETALDEHYDE CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 75.07-0

Synonyms: Acetic Aldehyde; Ethyl Aldehyde; Ethanal

Chemical Formula

Molecular Weight: 44.05
Molecular Formula: C2H40.
Molecular Structure:
_0
CHy—C T )

Chemical and Physical Properties

Physica) State at STP: |Liquid - flammable, pungent odor
Boiling Point: 20.8°C at 760mm

Melting Point: -121°C

Density: 0.7834 at 18°C/4°C

Vapor Pressure: 923 Torrs at 25°C

Vapor Density: 1.52

Solubility: Infinite (hot HZO)

Log Partition Coefficient (OctanollHZO): 0.43

[

Atmospheric Reactivity

Transformation Products: Peroxyacetyl Nitrate; Formaldehyde

Reactivity Toward OH-: 4 x Butane
Reactivity Toward 03: No reaction
Reactivity Toward Photolysis: = 0.5 x Formaldehyde

Major Atmospheric Precursors: Hydrocarbons (C3 +)

Formation Reactivity: Equilibrium concentration < 53 NMHC



1-5

I. SOURCES

PRODUCTION

Acetaldehyde (C,H 0) is produced by ethylere oxidation processes, such as the
Wacker process, or by vapor phase oxidation and dehydrogenation of ethanol.
The latter method has declined rapidly since the ethylene oxidation facilities

have come on-stream. Publicker is the only company that uses the ethanol process.!

In the ethanol process, ethanol vapors and preheated air are mixed. The exit

gases, containing ethanol and acetaldehyde, are scrubbed and the solution is
rectified in a column to produce acetaldehyde. 1In the direct oxidation of ethylene,
air or oxygen can be used. A water solution of cupric chloride and a small

amount of palladium chloride is generally used as a catalyst. The gaseous reaction
mixture containing steam and unreacted ethylene in addition to reaction product

gases goes to a water scrubber, where acetaldehyde is removed in solution.!

There are currently four companies at five locations that produce acetaldehyde
in the United States. The locations of the plants and the 1978 estimated capacity
and production levels for each site are shown in Table 1-1.%'%  An estimated

1000 million lb of acetaldehyde was produced in 1978.1!°2

USES
Acetaldehyde is used exclusively as a chemical intermediate to produce other
chemicals. The largest end-use is in acetic acid manufacture, which accounts
for an estimated 690 million lb of production. The second largest end-use is
for peracetic acid production, which consumed an estimated 100 million lb in
1978. Other uses of acetaldehyde include pentaerythritol (80 million 1lb),
pyridines (40 million 1lb), glyoxal (40 million 1lb), 1,3-butylene glycol (20 million
1b), and miscellaneous uses (remaining 30 million lb). There were no reported
exports of acetaldehyde in 1978. Acetaldehyde end-uses are summarized in
Table 1-2.1-%

I
Acetic acid is produced by two companies at three locations by the catalytic

oxidation of acetaldehyde. Source locations are shown in Table 1-3_3"

2 3
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Table 1-1. Acetaldehyde Producers®

1978 1978
b Capacity Proguctionc Geogrgphical Lo?ation
Company Location (10° 1b/yr) (10™ 1b/yr) Latitude/Longitude
Celanese Bay City, TX 300 204 28 51 45/96 01 00
Clear Lake, TX 600 408 29 37 17/95 03 51
Texas Eastman Longview, TX 500 340 32 25 55/94 41 06
Publicker Industries Philadelphia, PA 65 44 39 53 30/75 12 18
Shell Chemical Norco, LA 5 __ A 30 00 11/90 23 42
Total 1470 1000

aSee refs. 1 and 2.

b . .
Union Carbide shut down 200 million 1lb of capacity at Institute and S. Charleston, WV, in the
Eirst quarter of 1978.

Crotal production distributed over individual sites based on site capacity compared to total
industry capacity.

9-1
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Table 1-2. 1978 Acetaldehyde End-Use Distribution*
Usage Acetaldehyde Use
End-Use (%) (million lb/vr)
Acetic acid 69 690
Peracetic acid 10 100
Pentaerythritol 8 80
Pyridenes 4q 40
Glyoxal 4 40
1,3-Butylene glycol 2 20
Miscellaneous _ 3 __30
Total 100 1000

*See refs. 1 and 2.

23%
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Table 1-3. Acetic Acid Producers®

1978 1978
RAcetic Acid Acetaldﬁpyde
Capacity Usage Geographical Location
Company Location (106 1b/yr) (10° 1b/yr) Latitude /Longitude
Celanese Bay City, TX 110 68 28 51 45/96 01 00
Clear Lake, TX 600 373 29 37 17/95 03 51
Tennessee Eastman Kingsport, TN 400 249 36 31 27/88 32 29
Total 1110 690

aSec refs. 3 and 4.

b
Total acetaldehyde

usage distributed over all three sites based on acetic acid capacity.

8-
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Peracetic acid is manufactured by the liquid-phase catalytic oxidation of
acetaldehyde at three sites in the United States. Source locations are

shown in Table 1-4.3

Pentaerythritol is produced by the aldol condensation of acetaldehyde and for-
maldehyde in the presence of lime or caustic at ambient temperature and pressure.

The four manufacturing sites are shown in Table 1-53'5

Synthetic pyridenes are produced as a co-product with beta-picoline by the vapor
phase reaction of acetaldehyde, ammonia, and formaldehyde by two companies in

the United States. Source locations are shown in Table 1-6.3'6

Glyoxal is produced by two companies by the nitric acid oxidation of acetaldehyde

in an autoclave at two locations as shown in Table 1-7.3

1,3-Butylene glycol is produced by the catalytic hydrogenation of acetaldol which
is made by the liquid-phase condensation of acetaldehyde. The three companies

at three sites which produce 1,3-butvlene glycol are shown in Table 1-8.3

II. EMISSION ESTIMATES

PRODUCTION s
Acetaldehyde emissions from production sites are presented in Table 1-9,7:8:9:10-21
Total estimated emissions from these sites for 1978 were 270,000 lb. Emission
factors, derived from state files, used to develop process, storage, and fugitive
emission estimates are shown in Table 1-9. Process vent emissions originate pri-
marily from the off-air absorber vents. Other associated emissions would include
ethylene and ethane. Storage emissions represent the losses from both working

and final product storage tanks. Fugitive ‘emissions are those which result

from plant equipment leaks. For the purpose of this report, the emissions of

acetaldehyde from the ethanol process used by Publicker were assumed to be the

same (emission factor) since no data were available from that site.

Vent parameter data for the production sites!! as well as the end-users are
shown in Table 1-10.

a2%0
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Table 1-4. Peracetic Acid Producersa
1978 1978
Peracetic Acetaldehyde
Acid Capacity Used Geographic Coordinates
Company Location (million 1b) (million 1lb) Latitude/Longitude
FMC Buffalo, NY NAS 33.33 42 59 10/78 50 10
High Point Chemical High Point, NC NA 33.133 35 59 10/80 00 30
Union Carbide Taft, LA NA 33.33 29 58 00/90 27 00
Total NA 100.00

aSee ref. 3.

bTotal acetaldehyde used distributed evenly over all three sites in the absence of capacity data.

cNot available.
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Table 1-5. Pentaerythritol Producers”

1978 1978
Pentaerythritol Acetaldehyde
Capacity UsedD Geographical Location

Company Location (106 l1b/yr) (10° lb/yr) Latitude/Longitude
Celanese Bishop, TX 75 33 27 34 06/97 49 27
llercules Louisiana, MO 47 21 39 26 24/91 03 37
IMC (CSC) Seiple, PA 25 11 40 38 12/75 31 58
Perstorp AB Toledo, OH 35 15 41 43 10/83 31 28

Total 182 80

aSee refs. 3 and S.

bTotal acetaldehyde usage distributed over all four sites based on pentaerythritol capacity.
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Table 1-6. Pyridenes Producers’

1970 Pyridenc

1978

Productionc

(10° 1b/yr)

Geographical Location
Latitude /Longitude

Capacityl
Company Location (10° 1b/yr)
Nepara Chemical Harriman, NY >25
Reilly Tar & Indianapolis, IN 35
Chemical
Total >60

17
23

40

41 16 45/74 08 24
39 42 00/86 14 00

a
Sce refs. 3 and 6.

b . . . . . . .
Capacity includes pyridenes, picolines, and pyridenc derivatives.

“Total acetaldehyde usage distributed over both sites based on pyridenes’' capacity.
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Table 1-7. Glyoxal

a
Producers

1978
Estimated
1978 Glyoxal Acctaldehyde
Capacity Uscdb Geographic Coordinates
Company Location (million 1b) (million 1b) JT.atitude/longitude
American Cyanamide Charlotte, NC NA© 20 35 12 16/80 S50 32
Union Carbide Taft, LA NA 20 29 58 00/97 27 00
Total NA 40

aSee ref. 3.

'

bTotal acetaldehyde used distributed equally over both sites in the absence of

CNot available.

i

capacity data.
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Table 1-8. 1,3-Butylene Glycol Producers”

1978 1978
1,3-Butylene Acetaldehyde ,
Glycol Capacity Used Geographic Coordinates

Companv Location (million 1b) (million 1lb) Latitude/Longitude

Celanese Bishop, TX NR® 6.67 27 34 06/97 49 27

Eastman Rochester, NY NA 6.67 43 12 01/77 37 58

Mallinckrodt  Lodi, NJ NA 6.67 40 52 56/74 05 46
Total NA 20.00

aSee ref. 3.

b'rotal actaldehyde used distributed evenly over all three sites in the absence of
capacity data.

cNot available.
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‘ Table 1-9. Acetaldehyde Emissions from Production Sites

Emissions (1bh/yr) Total Emissions®
Company Location Process Storage Fugitive (1b/yr) (g/sec)b
Celanese - Day City, TX 46,510 5,915 2,650 55,080 0.79
Clear Lake, TX 93,025 11,830 5,305 110,160 1.59
Tennessee Eastman Longview, TX 77,520 9,860 4,420 91,800 1.32
Publicker Industries Philadelphia, PA 10,030 1,275 570 11,880 0.17
Shell Chemical Norco, LA 910 115 50 1,080 0.02

Total 228,000 29,000 13,000 270,000

3; aBased on the following emission factors (lb acetaldehyde emitted per 1b produced). See refs. 7, 8,
3

9, 10, and 11.

Process 0.000228 B - (derived from state air emission files)
Storage 0.000029 B - (derived from state air emission files)
Fugitive 0.000013 B - (derived from state air emission files)
Total 0.000270

bBased on 8760 hr/yr operation.
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Table 1-10. Acetaldehyde Vent Parameters

Number Vent Vent Discharge Distribution
of Height Diamcter Temperature Velocity Area
Source Stacks (ft) {ft) (°F) (ft/sec) (ft X ft)

Production

Process 4 36 1.0 70

Storage 3 24 0.17 80

Fugitive 400 X 800
Acetic acid

Process ] 30 1.2 75 190

Storage 4 24 0.17 80

Fugitive 300 X 300
Peracetic acid

Process 1l 30 1.0 a0 110

Storage 2 24 0.17 a0

Fugitive 300 X 300
Pentaerythirtol

Process 3 140 1.5 140 175

Storage 2 20 0.33 70

Fuglitive 100 X 200
Pyridenes

Process 1 30 0.5 100 10

Storage 2 16 0.17 80

Fugitive 100 X 200
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Table 1-10. (Continued)

Number Vent Vent Discharge Distribution
of Height Diameter Temperature Velocity Arca
Source __Stacks (ft) (ft) (°F) (ft/sec) (ft X fv)
Glyoxal
Process 2 20 0.08 70 5
Storage 2 16 0.17 70
M Fugitive 100 X 100
é; 1, 3-Butylene glycol
Process 2 20 0.08 65 414
Fugitive 100 X 100
Note: building cross-section for production and end-uses - 50 m2.

LL-1



USES
Emission estimates for the end-users of acetaldehyde in 1978 are summarized in
Table 1-11. They are based on the emission factors tabulated in Table 12.

Acetaldehyde emissions from acetic acid production were estimated to have been
2,801,550 lb. Other associated emissions would include acetic acid and ethyl

acetate.

Acetaldehyde emissions from peracetic acid production were estimated to have
been 450,000 lb. Other associated emissions would include ethyl acetate and

peracetic acid.

Pentaerythritol production contributed an estimated 688,000 lb of acetaldehyde.

Other associated emissions would include formaldehyde, ammonia, and pentaerythritol.

Pyridenes manufacture release an estimated 300,000 lb of acetaldehyde. Other

emission components include picoline, formaldehyde, and pyridene.

Glyoxal production contributed an estimated 180,000 1lb of acetaldehyde. Other

associated emissions besides blyoxal are unknown.

1,3-Butylene glycol manufacture contributed 27,000 lb of acetaldehyde emissions.

Other associaged emissions include ethanol, dioxane, and 1,3-butylene glycol.

Miscellaneous uses of acetaldehyde were estimated to have contributed 153,900 1lb.
These uses are too diverse and numerous to specify or location. Emissions were
estimated by taking a weighted average of all the other acetaldehyde end-uses
and multiplying by the 30 million lb used.

The total nationwide emissions of acetaldehyde in 1978 were estimated to have
been 4,870,450 1b. A tabulation of the losses is shown in Table 1-13.
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Table 1-11.

Acetaldehyde Emissions from End-Users

Emissions (1b/yr)

Total E:missionsEl

Company Localion End-Use Process Storage Fugitive (1b/yr) ngsec)b
Celanese Bay City, TX Acetic acid 180,880 22,440 10,200 213,520 3.07
Clear Lake, TX Acetic acid 992,180 123,090 55,950 1,171,220 16,86
Eastman Kingsport, TN Acetic acid 1,197,690 151,890 67,230 1,416,810 20.40
FMC Buffalo, NY Peracetic acid 135,000 7,330 7,670 150,000 2.16
lligh Point High Point, NC Peracetic acid 135,000 7,330 7,670 150,000 2.16
Union Carbide Taft, LA Peracetic acid 135,000 7,330 7,670 150,000 2.16
Celanese Bishop, TX Pentaerythritol 241,230 29,040 13,530 203,800 4.09
Hercules Louisiana, MO Pentaerythritol 153,510 18,480 8,610 180,600 2.60
IMC Seiple, PA Pentaerythritol 80,410 9,680 4,510 94,600 1.36
Perstorp Toledo, OH Pentaerythritol 109,650 13,200 6,150 129,000 1.86
Nepara Harriman, NY Pyridenes 108,460 10,880 8,160 127,500 1.84
Reilly Indianapolis, IN Pyridenes 146,740 14,720 11,040 172,500 2.48
American Cyanamide Charlotte, NC Glyoxal 81,000 4,400 4,600 90,000 1.30
Union Carbide Taft, LA Glyoxal 81,000 4,400 4,600 90,000 1.30
Celanese Bishop, TX 1,3-Butylene glycol 8,135 0 865 9,000 0.13
Eastman Rochester, NY 1,3-Butylene glycol 8,135 0 865 9,000 0.13
Mallinckrodt lodi, NJ 1,3-Butylene glycol 8,135 0 865 9,000 0.13
Total 3,802,155 424,210 220,185 4,446,550

a ) .
Derived from the emission factors shown in Table 12.

bBased on 8760 hr/yr operation.
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Table 1-12. Acetaldehyde End-Use Emission Pactors

End-Use Process Derivatjon® Storage Derivation Fugitive Derivation Total
Acetic acid -~ Celanese 0.00266 B 0.00033 B 0.00061 B 0.00314b
Acetic acid - Eastman 0.00481 B 0.00015 B 0.00027 B 0.00569°
d
Peracetic acid 0.00405 B 0.00022 B 0.00023 B 0.00450
e
Pentaerythritol 0.00731 C 0.00088 C 0.00041 C 0.00860
e
N Pyridenes 0.00638 C 0.00004 C 0.00048 C 0.00750
f
JU Glyoxal 0.00405 D 0.00022 D 0.00023 D 0.00450
1, 3-Butylene glycol 0.00122 B 0 B 0.00013 B 0.00013°
3 - Basis: site visit data
B - Basis: state emission files
C - Basis: published literature
D - Basis: Hydroscience estimate
bSee refs. 7 and 6.
cSee ref. 10.
d

See ref. 12.
®see ref. 13.
nydroscience estimate.

I5ee ref. 14.
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Table 1-13. 1978 Acetaldehyde
Nationwide Emissions

Natio?wide
Emissions
Source (lb/yr)
Production 270,000
Acetic acid 2,801,550
Peracetic acid 450,000
Pentaerythritol 688,000
Pyridenes 300,000
Glyoxal 180,000
1,3-Butylene glycol 27,000
Miscellaneous* 137,400
Total 4,853,950

*Based on a weighted average of emission
factors for other user categories.
Factor: 0.00458 1b lost/lb used.
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FIGURE 1-1.

SPECIFIC POINT SOURCES OF ACETALDEHYDE EMISSIONS
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TABLE 1-14. EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC
POINT SOURCCS OF ACETALDEHYDE

> + ENISSIONS (GWSEC)
, STAR  PLART SOURCE ----=—-—=—--—=—=—=——m—————oeee-
SITE. LATITUDE LONGITUDE STATION TYPE  TYPE PNOCESS STOMGE  FUGITIVE
DAY CITY, TX 28 31 45 96 01 00 12927 I i .669744  .0B3176 .AIBI6O
2 2.604672  .921136 . 146088
CLEAN LAKE, TX 29 37 17 95 03 51 12906 1 1 1.339560 . 170352  .076392
2 142071192 1.772496  .105600
LONGVIEVW. TX 32 23 35 94 41 06 13972 2 1 1. 116208 . 141904  .063640
PHILADELPINIA, PA 39 53 30 75 12 10 13739 2 i .144432  .013360  .0e8200
RORCO. LA 30 00 11 90 23 42 12950 2 I .013104  .091656  .000720
KIRGSPONT. TN d6 31 41 02 12 22 19077 3 2 17.246736 2.187216 .968112
BUFFALO, RY 42 59 10 70 50 90 14747 4 3 1.944000  .105552 . 110448
fIGN POIRT, NC 35 59 10 00 00 37 93007 4 a 1.944000 . 105552 . 118440
TAFT, LA 27 50 00 97 27 60 13970 5 9 1.944000 . 105532 . 110348
6 1.166400  .063360  .066240
BISHOP, TX 27 04 06 97 49 27 12925 6 4 3.474712  .410176 . 194032
7 .117144  O. 012456
LOVISIARA, MO 39 26 24 91 03 37 93989 7 4 2.210544 .266112 . 123904
SEIPLE, PA 40 30 21 75 91 30 14737 7 4 1.157984  .139392  .064944
TOLEDO, Of 41 43 10 03 J1 20 94850 ? $ 1.573960  .190000 .0BB560
HARRIMAR, RY 41 16 40 74 00 24 14757 (] 3 1.561024  .15552@ . i17504
"IRDIARAPOLIS. IN 3942 00 06 14 0 93819 o 5 2.113656 .211968 .130976
CNARLETTE, RC a3 12 16 09 50 32 134G 9 6 1.166406  .063760 .066240
NOCNESTEN, RY 43 12 @1 77 37 58 14717 10 7 Li17144  ©. 012436
Looi, RJ 40 52 56 74 05 46 94741 10 7 .117144  @. 012456

18

MALL INCKNODT
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TABLE 1-14 (Concluded)
* Plant Types: t+ Source Types:
Type 1: Plant produces acetaldéhyde and Type 1: Acetaldehyde production
acetic acid
Type 2: Acetic acid production
Type 2: Plant produces acetaldehyde
Type 3: Peracetic acid production
Type 3: Plant produces acetic acid
Type 4: Pentaerythirtol productiion
Type 4: Plant procudes peracetic acid
Type 5: Pyridenes production
Type S5: Plant produces peracetic acid .
and glyoxal Type 6: Glyoxal production
Type 6: Plant produces pentaerythirtol Type 7: 1, 3-butylene glycol
and 1, 3-butylene glycol
Type 7: Plant produces pentaerythirtol
Type 8: Plant produces pyridenes
Type 9: Plant produces glyoxal
Type 10: Plant produces 1, 3-butylene glycol

bi-1



TABLE 1-15. EMWISSIONS PARAMETERS FOR SPECIFIC POINT SOURCES OF ACETALDEHYDE

vent Building Cross Vent Vent Vent
Height Section Diameter Velocity Temperature

Source Type Emissions Category (m? (m?) (m) (m/sec) (°k)

Acetaldehyde production Process 10.8 50 0.3 -- --

Storage 7.2 50 0.05 -- --

Fugitive 0 50 -- -- --

Acetic acid production Process 9.0 50 0.36 57 --

Storage 7.2 50 0.05 -- --

Fugitive 0 50 -- -- -

Peracetic acid production Process 9.0 50 0.3 33 --

N Storage 7.2 50 0.05 -- --

n - - -
~ Fugitive 0 50

Pentaerythirtol production Process 42 50 0.45 52 333

Storage 4.8 50 0.10 -- --

Fugitive 0 50 -~ -- .-

Pyridenes production Process 9 50 0.15 3 mn

Storage 4.8 50 0.05 -- --

Fugitive 0 50 -- -- -

Glyoxal production Process 6 50 0.02 1.5 -

Storage 4.8 50 0.05 -- .-

fFugitive 0 50 -- -- --
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Source Type

TABLE 1-15 (Concluded)

1,3-Butylene glycol
production

Vent  Building Cross Vent Vent Vent

i Height Section Diameter Velocity Temperature
Emission Category  (m) (m?) (m)  (m/sec) (°k)
Process 6 50 0.02 13 --
Fugitive 0 50 -- -- --
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TABLE 1-16.  EXPOSURE AND DOSAGE OF ACETALDEHYDE RESULTING
FROM -SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(ug/m3) (persons) [(ug/m3) - persons]
1,000 2 2,160
500 5 4,650
250 13 7,210
100 28 9,430
50 83 13,200
25 317 21,100
10 1,835 44,600
5 5,579 70,700
2.5 14,296 99,4n0
1 41,267 140,000
0.5 88,591 173,000
0.25 169,691 201,000
0.1 418,584 239,000
0.05 836,572 268,000
0.25 1,574,194 294,000
0.01 3,170,624 320,000
0.005 4,132,507 327,000
0.0025 _12% 5,448,040
2.12X10 12,423,341 © 337,000

*The lowest annual average concentration occurring within 20 km of the
specific point source.
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TABLE 1-17.  MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING
FROM AREA SOURCE EMISSIONS OF ACETALDEHYDE

Parameter Value
Daytime decay rate (K,) 7.3 x 10°° sec-]
Nighttime decay rate (Kn) 0
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH 0
Nationwide nonheating stationary source emissions (EN) 1.98 gm/sec
Nationwide mobile source emissions (EM) 0

254



TABLE 1-18. ACETALDEHYDE EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIORS

DOSACGE PERCENTACE OF CONTRIBUTIORN PERCENTACE OF DISTRIBUTION
EXPO LEVEL  POPULATION (UG (M) 3= oo e e
(UG (M 3) (PERSOM) PERSON) HEATING STATIONARY MOBILE CITY TYPE | CITY TYPE 2 CITY TYPE 3
.9100080 646932 4769.0 o 100.0 0 100.0 o 0.
. 083000 0es 140 8263.7 ) 100.0 ) 160.90 e o.

v . 002500 9149730 37317.9 e 100.0 e 160.0 ) °.

8 . 601009 35688437 75128.7 0. 100.0 e. 1€0.0 o °.
.000300 89470782 116094.3 e 100.0 0 97.2 1.2 1.6
.000230 133836014 127481.4 0 100.0 ) 94.90 2.6 3.4

o. 150679 133 131504.0 0 100.0 e 92.4 2.8 4.8
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TABLE 1-19. EXPOSURE AND DOSAGE SUMMARY OF ACETALDEHYDE
Population Exposed Dosage
(persons) [(ug/m3)-persons]
Concentration Specific General Specific General
Level Point Point Point Point
(pg/mj) Source Source Area Source 11.S. Total Source Source Area Source U.S. Total
1,000 2 0 0 2 2,160 0 0 2,160
500 5 0 0 5 4,650 0 0 4,650
256 13 0 0 13 7,210 0 0 7,210
100 28 0 0 28 9,430 0 0 9,430
50 83 0 0 83 13,200 0 0 13,200
25 K} 0 0 37 21,100 0 0 21,100
10 1,835 0 0 1,835 44,600 0 0 44,600
5 5,579 0 0 5,579 70,700 0 0 70,700
2.5 14,296 0 0 14,296 99,400 0 0 99,400
1 41,267 0 0. 41,267 140,000 0 0 140,000
0.5 88,591 0 0 88,591 173,000 0 0 173,000
0.25 169,691 0 0 169,691 201,000 0 0 201,000
0.1 418,584 0 0 418,584 239,000 0 0 239,000
0.05 836,572 0 0 836,572 268,000 0 0 268,000
0.025 1,574,194 0 0 1,514,194 294,000 0 0 294,000
0.01 3,170,624 0 446,952 3,617,576 320,000 0 4,760 324,760
0.005 4,132,507 0 505,140 4,637,647 327,000 0 5,260 332,260
0.0025 5,448,040 0 9,149,730 14,597,770 331,000 0 37,300 368,300
0.001 -- 0 35,008,457 -- -- 0 75,100 --
0.0005 -- 0 89,470,782 -- -- 0 110,000 --
0.00025 -- 0 135,836,014 .- -- 0 127,000 --
0 12,423, 341 0 158,679,135 -- 337,000 0 132,000 469,000
NOTE: The use of -- as an entry Indicates that the incremental E/D is not significant

(relative to last entry or relative to entry in another column at the same row)

or that the exposure of the same population may be counted in another column,

0t-1
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APPENDIX A-2 =-=--- Acrolein

ACROLEIN CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 107-02-8

Synonyms: 2-Propenal; Acrylic Aldehyde;, Allyl Aldehyde;
Acrylaldehyde; Acraldehyde

Chemical Formula

Molecular Weight: 56.06
Molecular Formula: C3H40

Molecular Structure:

Chemical and Physical Properties

Physical State at STP: Liquid - flammable, pungent odor
Boiling Point: 52.5°C

Melting Point: -86.95°C

Density: 0.8410 at 20°C/4°C

Vapor Pressure: 28B8.2 mm at 25°C

Vapor Density: 1.94

Solubility: very soluble, (400 g/1 of H20)

Log Partition Coefficient (Octanol/HZO):

Atmospheric Reactivity

Transformation Products: Formaldehyde

Reactivity Toward OH-: 1/2 Propylene

Reactivity Toward 03: 1/2 Propylene

Reactivity Toward Photolysis: = 5 x Formaldehyde
Major Atmospheric Precursors: N/A

Formation Reactivity: N/A
264



ACROLEIN
All acrolein is currently produced in the United States by the direct oxidation

of propylene.! The specific processes vary significantly, depending primarily

. 3:4
on the by-product distribution desired and on the end-use requirements.

Acrolein is currently produced by four companies at four locations in the United
States.! The plant locations and the 1978 capacity and estimated production
level for each plant are shown in Table 2-1. An estimated 350 million 1lb of arcrolein

was produced in 1978.°

The largest end-use of acrolein is as an unisclated intermediate in the produc-
tion of acrylic acid and its derivatives.! This end-use consumed an estimated

87% of production in 1978 amounting to 308 million 1lb.°

The end-uses of refined, or isolated, acrolein are small compared to its use as

an unisolated intermediate in acrylic acid production. Synthetic glycerin con-
sumed an estimated 24 million lb (7% of total acrolein production) in 1978.°
Refined acrolein is also used in the manufacture of methionine and methionine
hydroxy analogue (poultry feed supplements) which consumes 20 million lb. Mis-
cellaneous applications consume the remaining 2 M 1b and include 1,2,6-hexanetriol
(a humectant used in flexible polyurethane foam manufacture), glutaraldehyde

(used in leather tanning), and others.! Total consumption of acrolein in chemical
intermediate applications is estimated to have been 22 million 1lb (6%) in 1978.

End-uses are summarized in Table 2-2.°
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Table 2-1. Production of Allyl Chloride, Epichlorohydrin, and Acrolein®
1978 Estimated l‘roductlnnb 1978 Estimated Capaclty
(% 1b) (1 Jb)
Allyl Epichloro- Allyl Eqichloro- Geographic Coordinates

Source Lncation Chloride.- hydrin Acrolein Chloride hydrin Acrolein Latirude/Longituie
Dow Chemical Co. Frecjort, TX 176 166 265 250 28 59 30/95 23 135
Shell Chemlcal Co. Deer Park, TX 77 7 117 110 29 42 55/95 07 34
Shell Chemlical Co. Norco, LA 77 73 24° 117 110 55° 30 00 11/90 23 42
Unlon Carblde Corp. Talt, La 22° &0 29 58 00/90 27 00
Celancse Corp. Clear Lake, TX B')d 167d 29 237 17/95 03 51
Rohm arnd Reas Co. Decr Park, TX 146d 21Jd 29 41 10/95 06 15
Unlon Carblide Corp. Taft, LA _ . 1 _ _ 137 29 58 00/90 27 00

Total 130 32 154 499 470 692

®cce refs 1 and 2.
b

The distribution of production for each producer is detcrmined by the ratio of total U.S. production to total U.S. capacity as compared to indlvi-

dual plant capacity.

clsoluted scrolain.

dm:mleln produced a3 an unisolated intcrmedlate Ln the propylene oxidatlon process for acrylic acid and dorivitives.

Ny
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Table 2~2. 1978 Acrolein Consumption by End-Use"

End-Use
Usage Consumption

End-Use - (%) (M 1b)

Acrylic acid and estersb 87 308
Glycerin 7 24
Methionine and methionine 6 20

hydroxy analogue

MiscellaneousC >1 2
Total 100 354

aSee refs. 1 and 2.

Acrolein produced as an unisolated intermediate in
the propylene oxidation process used to produce

acrylic acid and esters.

CIncludes glutaraldehyde, 1,2,6-hexane triol and

others.

2o 1
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Estimated production losses are shown in Table 2-3 for each of the four producing
locations. Total emissions of acrolein from production faclities are estimated
to have been 76,300 1b in 1978. In the production of acrylic acid and derivatives
(three locations) acrolein occurs only as an unisolated intermediate. Refined
acrolein is produced at two locations. (One plant produces beth acrylic acid

and refined acrolein.) The emission sources and resulting emissions are signifi-

cantly different for the two types of processes.

The predominant source of acrolein emissions from plants producing acrylic acid
is the off-gas from the quench-absorber.! Other associated emission components
include propane, propylene, acrylic acid, ethyl acrylate, acetone, and acetic
acid. Emissions from this source are normally controlled by thermal oxidétion.‘
With acrolein occurring only as an unisolated intermediate, storage emissions
are negligible.®'’ Fugitive emissions are those which result from plant equip-

ment leaks.

The predominant sources of acrolein emissions from plants producing refined
acrolein are the acrolein absorber vent (Union Carbide Procese) and the condenser
vents from tﬁe distillation columns. Other associated emission components include
propane, propylene, and acetaldehyde.?® With the use of pressurized tanks for

Btorage the emissions of acrolein from storage sources are negligible.

Vent stack data for acrolein are shown jn Table 2-4. Dpata for plants producing
refined acrolein are also given in Table 2-4. Both types of production facilities
are usually "open-air' structures without walls and solid floors (i.e., steel

grating). Only the control room area is enclosed.

Uses

The acrolein produced by acrylic acid manufacturers (308 million lb in 1978),
which accounts for 87% of acrolein productionk occurs as an unisolated inter-
mediate. End-ugse emissions are included in production emissions. Similarly,
thg enissions of acrolein from the production of glycerin (7% of total acrolein
consumption) are included in the produdtion emissions since the glycerin is
produted in the same plint.

2(-%
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Table 2-3. 1978 Acrolein Production Emissions
rocess | Sterise RIS to mmissions
Company Location (1b/vr) (1b/yr) (1b/yr) (1b/yr)  (g/sec)®

Shell Norco, LA 26,400 0 2,640 29,040b 0.418
Union Carbide Taft, LA 24,200 (0] 2,420 26,620b 0.1383
Celanese Clear Lake, T¥ 5,520 0 445 5,965  0.086
Rohm and Haas Deer Park, TX 9,050 0 730 9,780°  0.141
Union Carbide Taft, LA 4,530 0 365 4,895° 0.071

Total 69,700 0 6,600 76,300
®pased on 8760 hr/yr operation.
bIsolated acrolein emission factor (lb lost per 1b produced). See ref. 3.

Process 0.00110 A - Derived from site visit data

Storage 0] A - Derived from site visit data

Fugitive 0.00011 N -~ Derived from site visit data

Total 0.00121
cUnisolated acrolein emission factor (lb lost per 1lb acrolein produced). See ref. 4.

Process
Storage
Fugitive

Total

264

0.000062 A - Derived from site visit data
0] A - Derived from site visit data
0.000005 A - Derived from site visit data
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Table 2-4. Acrolein Vént Parameters
Number Vent Vent Discharge
of Height Diameter Temperature Velocity
Source Stacks (ft) (ft) (°F) (ft/sec)
a,b,c
Production
(acrylic acid mfgs)
Process 1l 50 2.7 70 50
. ' C
Production
(refined acrolein)
Process l 120 0.3 70 72
End-use b.d
(Methionine) '
Process 1 40 0.6 70 5
aIndividual process vents are collected and fed to a single thermal oxidizer.

b . .
Storage emissions are negligible.

CBuilding cross-section 10 m2.

dBuilding cross-section 100 m2.
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Emissions resulting from the use of acrolein in the production of methionine

and its derivatives, and in miscellaneous uses, were estimated by using the refined
(isolated) acrolein production emission factor. Specific source locations for
methionine manufacturers are shown in Table 2-5. Acrolein usage was distributed
evenly over all four sites since capacities were not known. Specific locations

for miscellaneous uses could not be identified.

Total nationwide emissions of acrolein in 1978 from all sources are estimated

to have been 102,920 1b. A tabulation of the losses is shown in Table 2-6.

2,1\
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Table 2-5. 1976 Emissions of Acrolein from Methionine Productiona

1978 Estimate Process Fugitive Total Emissionsb'c

Acrolein Used Emissions Emissions ) Geographic Coordinates
Company Location (M 1bs) (1b/yr) {lb/yr) (1b/yr) (g/sec) Latitude/Longitude
Degussa Theodore, AL 5.0 5,500 550 6,050 0.087 30 33 06/88 10 35
NAPP Lodi, NJ 5.0 5,500 550 6,050 0.087 40 52 30/74 06 14
Dupont Beawnont, TX 5.0 5,500 550 6,050 0.087 30 00 51/94 01 40
Monsanto Nitro, WV 5.0 5,500 550 6,050 0.087 38 24 26/81 51 26

Total 20.0 22,000 2,200° 24,200

aSee ref. 1.
b

cStorage emissions negilible.

dBased on 8760 hr/yr operation.

Based on i1solated acrolein production emission factor.

eFugitive losses are distributed over a 100 ft X 100 ft area.

el-¢
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Table 2-6. 1978 Estimated Acrolein Nationwide
Emission Losses

Estimated National

Emissions
Source (1b/yr)
Production
Acrylic acid intermediate 20,640
Refined acrolein and glycerin 55,660
Chemical intermediate®
Methionine 24,200
Miscellaneous 2,420
Total 102,920

*Based on emission factor of 0.00121 determined for
isolated acrolein production.
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FIGURE 2-1.

SPECIFIC POINT SOURCES OF ACROLEIN EMISSIONS
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TABLE 2-7.  EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC
POINT SOURCES OF ACROLEIN

* + FRIESIONS (CA/NEC)

STAR  PLANT SOURCE' ——=——m--—we=—-——=momcm—————-

No. COMPARY FITE LATITUDF, LORCITUDE STATION TYPE  TYPE,  PROCESS NTORACE  FUCITIVE
1 SMELL NONCO. LA 30 00 11 090 23 42 12938 | ' 388160 0. . 938916
2 URION CARDIDE  TAFT, LA 29 50 00 099 27 60 13978 2 1 048400 ©. .#14848
2 863202 . . 005236

3 CELARFSE CLEAR LAKE, TX 29 37 17 895 63 61 12966 3 2 979408 8. . 006400
4 RONMAND HAAS DEER PARK, TX 29 43 30 €93 86 30 12966 2 2 . 136320 ®. .010812
8 DEGURSA THEODOR. AL 29 33 66 688 16 33 #3633 4 3 979208 . . 007929
6 NAPP LobDi, NT 49 352 J0 074 066 14 94741 4 | .030400 0. .007928
? DUTORT DEAUMONT, TX 30 00 31 694 A1 40 12917 4 3 079200 ®. . 897920
8 FONSARTO MITRO. WV I0 24 26 OD1 51 26 17866 4 3 .879200 @, 7920

'» Plant Types:

Type 1: Plant produces refined acrolein

Type 2: Plant produces refined acrolein and acrylic acid

Type 3: Plant produces acrylic acid and acrolein is the intermediate

Type 4: Plant produces methionine

+ Source Types:

Type 1: hefined acrolein production
Type 2: Acrylic acid production
Type 3: Methionine production,

Gl-¢
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TABLE 2-8. [EXPOSURE AND DOSAGE OF ACROLEIN RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Lev§1 Exposed Dosage
(ug/m3) (persons) [(ug/m3) . persons]
] 129 141
0.5 671 491
0.25 1,985 955
0.1 8,034 1,730
0.05 13,169 2,080
0.025 25,183 2,530
0.0 58,727 3,060
0.005 121,420 3,490
0.0025 287,635 4,060
0.001 813,153 4,860
0.0005 1,256,386 5,190
6.3x10-13+ 6,692,103 5,290

————

*The Towest annual average concentration occurring within 20 km of the
- specific point source. -



TABLE 2-9. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING

FROM AREA SOURCE EMISSIONS OF ACROLEIN

Parameter Yalue
Daytime decay rate (Kd) 1.6 x 10'4 sec']
Nighttime decay rate (Kn) 5.0 x 1076 sec"1
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) 0
Nationwide nonheating stationary source emissions (EN) 0.0348 gn/sec
0

Nationwide mobile source emissions (EM)

pPRRl
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TABLE 2-10. ACROLEIN EXPOSURE ARD DOSAGE RESULTIKG FR(GE? AREA SOURCE ERISSIONS

e v, rorourion  (ooiSh, _TERCENIACE 47 CONTAIBOTION _ PENCIFTACE OF DISTRISTTION
(S (DD ( PERSOR) PERSON) NEATIKG STATIONARY NOBILE CITY TYPE 1 CITY TYPE 2 CITY TYPE 3
. 069100 880 140 ®.0 o 100.0 ® 100.8 e.

. 000880 9149730 889.8 ® 100.0 @ 100.0 o.

. 002029 20442787 928.3 9. 190.0 0. 100.0 ®.

. 008010 65204348 1442.06 0 100.06 0 97.4 9 1.7
. 060058 137380799 1967 .4 ] 162.0 e 94.2 2.6 3.2
e. 188679138 2093.0 ] 100.0 @ 91.8 3.0 5.9

gL-2



TABLE 2-11. EXPOSURE AND DOSAGE SUMMARY OF ACROLEIN
I )
Population Exposed Dosage
(persons ) [(va/m3)-persons]
Concentration Specific General Specific  General
Leve Point Point Point Point
{uq/m?) Source Source Area Source 1).5. Total Source Source Area Source U.S. Total

1 129 0 0 129 141 0 0 141
0.5 671 0 0 671 49 0 0 491
0.25 1,985 0 0 1,985 955 0 0 955
0.1 B,034 0 0 8,034 1,730 0 0 1,730
0.05 13,169 0 0 13,169 2,080 0 0 2,080
0.025 25,183 0 0 25,183 2,530 0 0 2,530
0.01 58,727 0 0 58,727 3,060 0 0 3,060
0.005 121,420 0 0 121,420 3,490 0 0 3,490
0.06025 287,635 0 0 287,635 4,060 0 0 4,060
0.001 813,153 0 g 813.1%3 4,860 0 Q 4,860
0.0005 1,256,386 0 0 1,256,386 5,190 0 0 5,190
0.0001 - 0 509,140 -- -- 0 9N --
0.00005 -- 0 9,149,730 -- -- 0 590 -
0.000025 -- 0 20,443,737 -- -- 0 925 --
0.00001 -- 0 55,204,345 -- -- 0 1,44) --
0.000005 -- 0 127,350,709 -- -- 0 1,987 --

0 6,692,103 0 158,679,135 -- 5,290 0 2,094 7,384

NOTE:

The use of -- as an entry indicates that the incremental E/D is not significant
(relative to last entry or relative to entry in another co!umn at the same row)
or that the exposure of the same population may be counted in another column.

6L-2
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APPENDIX A-3 ----- Allyl Chloride

ALLYL CHLORIDE CHEMICAL DATA

Nomenclature
Chemical Abstract Service Registry Number: 107-05-1

Synonyms: 3-Chloroprene; AC; Chlorallylene; 3-Chloro-1-propene;
1-Chloro-2-propene; 3-Chloropropylene

Chemical Formula

Molecular Weight: 76.53
Molecular Formula: C3H5C1

Molecular Structure: CHZ e CH - CH2C1

Chemical and Physical Properties

Physical State at STP: Liquid, pungent odor
Boiling Point: 44.6°C

Melting Point: -134.5°C

Density: 0.938 at 20°C/4°C

Vapor Pressure: 359 mm at 25°C

Vapor Density: 2.64

Solubility: Soluble (33 g/1 of H,0) at 20°

Log Partition Coefficient (0ctano1/H20):

Atmospheric Reactivity

Transformation Products: <-Chioroacetaldehyde; Formaldehyde
Reactivity Toward OH-: 2 x Butane

Reactivity Toward 03: 15% of propylene

Reactivity Toward Photolysis: NAPP

Major Atmospheric Precursors: N/A

Formation Reactivity: 23\



ALLYL CHLORIDE

Rll allyl chloride currently produced in the United States by the chlorination
of propylene is consumed in the production of epichlorohydrin.}',? RAllyl
chloride is first reacted with hypochlorous acid to form dichlorohydrin:
dichlorohydrin is then reacted with sodium hydroxide or calcium hydroxide

to form crude epichlorohydrin.?

Crude epichlorohydrin can be used directly for the production of synthetic
glycerin.? For other end-uses (primarily expoxy resins) the crude product is

further refined by distillation.?

Allyl chloride and epichlorohydrin are both produced by two companies at three
locations.? The plant locations and the 1978 capacities and estimated production
levels for each plant are shown in Table 3-1.'/? The estimated quantities of
allyl chloride and epichlorohydrin produced in 1978 were 330 million 1lb and 312
million 1b respectively.?

The primary end-uses of epichlorohydrin are for the manufacture of epoxy resins
and synthetic glycerin. An estimated 53% of epichlorohydrin production amounting
to 165 million 1b was consumed to produce epoxy resins and 25%, or 78 million

1b, was consumed in the manufacture of synthetic glycerin.'(?

Most of the other applications of epichlorohydrin are relatively minor. Epichloro-
hydrin elastomers consumed an estimated 6 million 1b (2%) in 1978. An esti-

mated 47 million 1b (15%) was used to produce a variety of products in relatively
small volume including glycidol ethers, some types of modified epoxy resins,

wet strength resins for the paper industry, water treatment resins, surfactants,
and ion-exchange resins. Exports of epichlorchydrin are estimated to have been

16 million 1b (5%) in 1978. End-uses are summarized in Table 15-2.'/? specific

source locations of the epoxy resin producers are shown in Table 15-3."2
EMISSIONS ESTIMATES

Production

Estimated production losses are shown in Table 3-2 for each of the three producing
locations. Total emissions of allyl chloride and epichlorohydrin from production
facilities are estimated to have been 1,112,100 1b and 146,640 1lb respectively

in 1978.7 Process emissions originate primarily through the condenser vents

23 2



Table 3-1. Production of Allyl Chloride, Epichlorohydrin, and Acrolein®
1976 Estimated Produ:tlonb 1970 Estimated Capacity
(M 1b) {M_1b)
Allyl Epichloro- Allyl Eqichloro- Geographic Coordinates

Source Location Chloride - hydrin Acrolein Chloride hydrin Acrolein Latitude/Longltude
Dow Chemical Co. Preeport, TX 176 166 265 250 28 $9 30/95 23 3%
Shel) Chemical Co. Deer Park, TX 77 73 117 110 29 42 55/95 07 )4
Shell Chemical Co. Korco, LA 77 73 24° 117 110 5s° 30 00 11/90 2) 42
Union Carbide Corp. Taft, la 22° 60 29 S8 00/90 27 00
Celanese Corp. Clear Lake, TX esd 161d 29 37 17/95 03 Sl
Rohs and Haas Co. Deer Park, TX 1463 27119 29 43 30/95 06 15
Unlon Carbide Corp. Taft, LA - _ _ZJ_d_ _ _ _lli 29 58 00/90 27 00

Total 330 N2 354 499 470 692
“See rafs 1 snd 2.
bThn distribution of production for each producer ie datermined by the ratlo of total VU.5. profuction to total U.S. capacity as compared to indivi-

dual plant capacity.

“Isclated acrolein,

d
+ "Acroleln produced as an unisolated

interzedlate in the propylene oxidation process for acrylic acid and derivitlves.
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Table 3-2. 1978 Allyl Chloride and Epichiorohydrin Production Emissions

Process Emissions Storage Exlssions Fugitlve Emissions Total Bwelssions
Chlcelds hydrin Chloride  mporin Chiorids hydres  — il Chlocige’ Epichiorohydein®
Company location (1b/yr) (1b/yr) {1b/yr) (Ob/yr) (1b/yr) (1b/yr) {1b/yr) (9/3¢cc)€ (lb/yr}  (g/sec)®
Dow Preeporet, TX 515,660 69,720 24,640 1,660 52,600 6,640 593,120 8.54 78,020 1.12
Shell Deer Park, TX 225,610 30,660 10,780 730 23,100 2,920 259,490 3.74 34,310 0._29
Rorco, LA 225,610 30,660 10,7860 730 23,100 2,920 259,490 1.74 14,310 0.4%
Total 966, 900 131,040 46,200 . 3,120 99,000 12,400 1,112,100 146,640

*Based on allyl chloride emisslon factor (1b lost/lb produced). See refs. 7—9.
Process 0.0029) B - From state flles
Storage 0.00014 B - From state files
fugitive 0.00020 D - Engineering estimate
Total 0.001317

bBased on eplchlorohydrin emission factor (1b lost/lb produced). See reis. 6, B, and 9.
Process 0.00042 P - Fron state (lles
Storage 0.00001 B - From state flles
Fugitive 0,00008 D - Engineering estlmate
Total 0.00047

c!nsed on 8760 hr/yr operstion.

Lt
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from the distillation columns.? Other associated emissions include C, hydro-
carbons and other C5 chlorinated hydrocarbons.? Storage emissions, which repre-
sent total losses from storage tanks and loading and handling, are generally
controlled by the use of pressurized tanks and/or refrigerated vent condensers
and account for less than 5% of allyl chloride losses and less than 3% of epi-
chlorohydrin losses.%:” Fugitive emissions are those which result from plant

equipment leaks.

Vent stack data are shown in Table 3-3. Typically, there are four process vents
that emit allyl chloride and three process vents that emit epichlorohydrin.
Bnissions from banks of storage tanks are normally collected and discharged
from common vent stacks. Usually allyl chloride/epichlorohydrin production
facilities are "open-air" structures without walls and solid floors (i.e., steel

grating). Only the control room area is enclosed.

Uses
For the purpose of this report, emissions resulting from the export of epichloro-

hydrin are assumed to be negligible.

Since the only significant end-use for allyl chloride is in the production of
epichlorohydrin, allyl chloride end-use emissions are included in the allyl
chloride/epichlerohydrin production emissions.

More than half (53%) of the epichlorohydrin produced is used in the production

of epoxy resins. The current domestic producers of epoxy resins, plant locations,
and estimated emissions of epichlorohydrin are given in Table 15-6. Vent parameter
data relative to epichlorohydrin emissions from epoxy resin production are shown

in Table 3-3.

Emissions of epichlorohydrin resulting from the production of glycerin, the

next largest end-use of epichlorohydrin (25%), are included in the listed epi-
chlorohydrin production emissions. (Glycerin and the required epichlorohydrin
are produced at the same location.) Emiesions resulting from the use of epi-
chlorohydrin in the production of miscellaneous products vere estimated by using
the epoxy resin (epichlorohydrin use) emission factor. Specific source locations

for miscellaneous chemical intermediate use could not be identified.

Total nationwide emissions of allyl chloride and epichlorohydrin in 1978 from
all sources are estimated to have been 1.11 million lb and 0.479 million 1b

respectively. A tabulation of the losses is shown in Table 3-4.
285



3-9

Table 3-3. pl1yl Chloride and Epichlorohydrin Vent Parameters

Number Vent Vent Discharge
of Height Diameter Temperature Velocity
Source Stacks (ft) (ft) (°F) (fps)
; Production®’®
Process vents
Allyl chloride 2 es 0.6 80 Intermittent
2 40 0.167 220 5.5
Epichlorohydrin 3 50 0.34 90 13.8
Storage vents
Allyl chloride 2 15 - 20 0.6 86
Epichlorohydrin 2 15 - 20 0.6 80
Usec'd
Epoxy resins, elas-
tomers and misc.
products
Process
Column vent 1 50 0.33 115 5.3
Recovery vents 3 135 0.83 110 10.0
Storage 7 20 0.17 80

aBuilding cross=-section 5 m2.
bFugitive emissions distributed over a 300 ft X 300 ft area.
cBuilding cross-section 100 mz.

dFugitive emissions distributed over a 100 ft X 200 ft area.
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Table 3-4. 1978 Estimated Allyl Chloride and Epichlorohydrin
Nationwide Emission Losses

Estimated National Emissions

Allyl Chloride Epichlorohydrin

Bource (M 1b/yr) (M 1b/yr)
Production (allyl chloride, 1.11 0.147
epichlorohydrin, and glycerin)
Onmodified epoxy resins - use 0.251
Chemical intermediate - use 0.081
Export o 0
Total 1.11 0.479

*Based on emission factor of 0.00152 1lb lost per lb used derived
for epoxy resin manufacture.
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TABLE 3-5.  EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC
POINT SOURCES OF ALLYL CHLORIDE

* . ENIGNIONA (CR/BED)
8TAR PLART GOURCE ——o-——-——m- ———-

PO. COMPARY aITE LATITUDE LOWCITUDE BTATION TYPF. TVPE PROCFRS STORACE POTITIVE
I Dow FRFEPORT. TX 20 89 90 €93 23 20 12929 ' 1 7.423792 .3%4816 .760329
2 L DEFR PARK, TX 29 42 33 093 o7 34 12996 (! ' 3.348764 .185232 332648
9 MmIrLL MONCO, LA 70 68 11 099 27 42 12938 1 1 09.248784 .163232 .332649
* Al1 allyl chloride currently produced in the United States is consumed in the production of

epichlorohydrin. Therefore, the only emissions Sources are the allyl chloride production facilities.
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TABLE 3-6. EXPOSURE AND DOSAGE OF ALLYL CHLORIDE RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population

Level Exposed Dosage

(ug/m3) (persons) [(ug/m3) - persons]

25 9 285
10 59 1,060
5 137 1,620
2.5 298 2,220
1 937 3,160
0.5 3,009 4,540
0.25 4,744 5,130
0.1 17,436 6,800
0.05 33,654 ‘ 7,860
0.025 62,662 9,020
0.00 75,858 9,240
1.61x1078+ 940, 365 9,770

*The lowest annual average concentrstion occurring within 20 km of the
specific point source. 290
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APPENDIX A-4 ----- Benzyl Chloride

BENZYL CHLORIDE CHEMICAL DATA

Nomenclature
Chemical Abstract Service Registry Number: 100-44-7

Synonyms: a-Tolylchloride, Chloromethylbenzene; a-Chlorotoluene

Chemica)l Formula

Molecular Weight: 126.5
Molecular Formula: CyH,Cl

Mplecular Structure:

Cnemical and Physical Properties

Physical State at STP: Liquid - very refractive, irritating odor
Boiling Point: 179°C at 760 mm

Melting Point: -39°C

Densfty: 1.1026 at 18°C/4°C

Vapor bressure: 1.4 mm at 25°C

Vapor Density: 4.36

Solubility: Insoluble (H?O)

Log Partition Coefficient (Octanol/HZO):

Atmospheric Reactivity

Transformation Products:

Reactivity Toward OH-: 2 x Butane

Reactivity Toward 03: No reaction

Reactivity Toward Photolysis: No photochemical degradation
Major Atmospheric Precursors: N/A

Formatfon Reactivity: p X
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I. SOURCES

PRODUCTION

Benzyl chloride (CgHgCH,Cl) is currently produced in ‘the United States by the
direct chlorination of boiling toluene. In this process, boiling toluene 1is
chlorinated in the absence of light until the proper weight increase is achieved.
The reaction mixture is then agitated with mild alkali and distilled. Benzyl
chloride and benzotrichloride are formed as by-products. Other processes for
producing benzyl chloride which are not in use in the U.S. today include chlori-
nation of toluene using sulfuryl chloride and the chloromethylation of benzene

using formaldehyde and hydrogen chloride.

There are currently three producers of benzyl chloride at four locations in the
United States. The site locations of the plants and the 1978 capacity and esti-
mated production levels for each plant are shown in Table 4-1." In 1978 an esti-

mated 115 million lb of benzyl chloride was produced.

USES

The major use of benzyl chloride is for the production of butyl benzyl phthalate,
a plasticizer used in the manufacture of polyvinyl chloride (PVC) for floor
coverings. An estimated 75% (86.25 million 1lb) of benzyl chloride production
was consumed for this end-use. Butyl benzyl phthalate is produced by reacting
butyl alcohol, benzyl chloride, and phthalic anhydride in the presence of an
acid catalyst. The site locations of the butyl benzyl phthalate producers are
shown in Table 4-2.2

Quaternary ammonium compounds are the second largest outlet for benzyl chloride.
They are formed by reacting benzyl chloride with dimethyl alkyl amines and are
used primarily as germicides. Approximately 10% (11.5 million lb) was consumed
for this end-use. Source locations of the major quaternary ammonium compound

manufactures are shown in Table 4-3.2

Benzyl alcohol production consumed 7% of benzyl chloride production (8.0 million
1b). Benzyl alcohol is made by the hydrolysis of benzyl chloride with an alkali.
Benzyl alcohol is used primarily as a textile dye assistant. Source locations

of benzyl alcohol producers are shown in Table 4-4.°
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Table 4-1.

Benzyl Chloride Producers?

1978 1978
Capacity Production Geographic Coordinates
_Company Location (106 1b/yr) (106 1b/yr) Latitude/Longitude
Mnnsanto Bridgeport, NJ 80 52.5 39 47 33/75 213 45
Sauget, IL 80 52.5 38 35 31/90 10 11
Stauffer Cdison, NJ 12 8.0 40 29 23/74 23 03
UoP, Inc. East Rutherford, NJ 3 2.0 40 49 46/74 05 10
Total 175 115.0

aSee ref. 1.

b . . -
Based on ratio of production to capacity of 66% (see ref. 1).
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Table 4-2. Butyl Benzyl Phthalate producers?

1970
Butyl Benzyl 1978
Phathalate Benzyl ChlorideP
Capacity Used Geographic Coordinates
Company Location (106 1b/yr) (10° 1b/yr) Latitude/Long1tude
Monsanto Bridgeport, NJ NAC 413.125 39 47 33/75 23 45
Sauget, IL NA 43.125 38 35 31/90 10 11
Total 86.25

a
See ref. 2.

bTotal benzyl chloride use of B86.25 million 1lb was distributed evenly over both
data were not available.

C .
Not available.

sites since capacity
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Table 4-3. Quaternary Ammonium Compounds Producersa

Quaternary

Ammonium Compround Benzyl Chlorideb Geographic Coordinates
Company Location Capacity (lb/yr) Used (1b/yr) Latitude/Longitude
Mkzona McCook, IL NAC 92,500 41 48 17/87 49 41
Morris, IL NA 92,500 41 24 24/88 18 10
Lonza Mapleton, IL NA 92,500 40 34 00/89 43 01
llexcel Lodi, NJ NA 92,500 40 52 00/74 06 50
Witco Houston, TX NA 92,500 29 34 45/95 26 00
Ashland Janesville, WI NA . 92,500 42 41 56/89 00 10
Gulf 0il Jersey City, NJ NA 92,500 40 43 02/74 06 14
Rohm & Haas Philadelphia, PA NA 92,500 39 54 50/75 11 30
Sterling Cincinnati, OH NA 92,500 39 05 15/84 33 09
National Starch Salisbury, NC NA 92,500 35 43 36/80 28 19
Total 9,250,000

9see ref. 2.
bTotal benzyl chloride usacge distributed evenly over all 10 sites.

c .
Not available.
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Table 4-4. Benzyl Alcohol Producersa

1978 1978b
Capacity Benzyl Chloride
Benzyl Alcohol Use Geographic Coordinates
Company Location (106 1b/yr) (109 1b/yr) Latitude/Longitude
Stauffer Chemical Edason, NJ 5 2.7 40 29 23/74 23 07
uvorP, Inc. E. Rutherford, NJ 2 1.0 40 49 46/74 05 30
Velsicol Chattanooga, TH S 2.7 30 36 31/85 16 36
Orbis Newark, NJ 1.5 0.8 40 41 16/74 12 17
Norda Boonton, NJ 1.5 0.8 40 54 13/74 24 44
Total 15 8.0

a
Sece ref. 3.

b . .
Based on 7% of benzyl chloride that is used to make benzyl alcohol (sse ref. 1).
BA capacity
Benzyl alcohol used = ~ 15 X 0.07 (115 x 10° 1b/yr benzyl chloride produced).

b-%
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The remaining benzyl chloride production (8%) representing 9.25 million lb was
used in a variety of small diverse chemical intermediate end-uses. Benzyl

chloride end-uses are summarized in Table 4-5.

II. EMISSION ESTIMATES

PRODUCTION

Benzyl chloride emissions from production sites are presented in Table 4-6.

Total estimated emissions from these sites for 1978 were 58,860 lb. Emission
factors derived from state files?®'5 included both benzyl chloride production
emissions and benzyl alcohol consumption emissions. They apply only to Stauffer

at Edison, NJ and UOP at E. Rutherford, NJ. Emission factors used to develop
process, storage, and fugitive emissions from Monsanto's two facilities were

taken from published data.® Both factors are shown in Table 4-7. Process emissions
originate primarily from scrubber vents and vacuum jets. Other associated

emission components would include toluene, hydrochloric acid, and chlorine.

Storage emissions represent the losses from both working and final product
storage as well as loading and handling losses. Fugitive emissions are those

that are result from plant equipment leaks.
Vent parameter data are reported in Table 4-8 for both producers and end-users.

USES
Emission estimates for end-users of benzyl chloride are summarized along with
production emissions in Table 4-6. They are based on the emission factors

tabulated in Table 4-7.

Benzyl chloride emissions from butyl benzene phthalate production are estimated
to have been 27,168 1b. Other associated emissions would include phthalic

anhydride and butanol.
Benzyl chloride emissions from benzyl alcohol production are estimated to have

been 2150 1b. However the emissions from benzyl alcohol manufactured at Stuaffer

and UOP are already included in the benzyl chloride production emission losses.

24



Table 4-5. Benzyl Chloride End-Uses 1978*

Usage Usage

Use (10° lb/yr) (%)

Butyl benzyl B86.25 75
phthalate

Benzyl alcohol B.O 7

Quaternary ammonium 11.5 10
compounds

Miscellaneous 9.25 8

Total 115 100

*See ref. 1.
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Table 4-6. Benzyl Chloride Emissions from Producers and Users

Emissions (1b/yr) Total Emissions®
Company Location Source Process Storage Fugitive (1b/yr) (g/sec)
Monsanto Bridgeport, NJ Production 20,633 1785 3833 26,250 0.378
Sauget, IL Production 20,633 1785 3833 26,250 0.378
Stauffer Edison, NJ Production 4,000 344 744 5,088 0.073
voP E. Rutherford, NJ Production 1,000 86 186 1,272 0.018
Monsanto Bridgeport, NJ BBP 10,178 1078 2329 13,584 0.196
Sauget, IL BBPr 10,178 1078 2329 13,584 0.196
Velsicol Chattanooga, TN Benzyl alcohol 945 108 291 1,350 0.019
Orbis Newark, NJ Benzyl alcohol 280 32 B8 400 0.006
Norda Boonton, NJ Benzyl alcohol 280 32 88 400 0.006
%hAkzona McCook, IL QAC 322 46 92 460 0.007
Morris, IL ORC 322 46 92 460 0.007
Lonza Mapelton, IL QAC 322 46 92 460 0.007
llexcel Lodi, NJ QAC 322 46 92 460 0.007
Witco Houston, TX QOAC 322 46 92 460 0.007
Ashland Janesville, W1 QAC 322 46 92 460 0.007
Gulf 0il Jersey City, NJ QAC 322 46 92 460 0.007
Rohm & Haas Philadelphia, PA OAC 322 46 92 460 0.007
Sterling Cincinnati, OH QAC 322 46 92 460 0.007
National Starch Salisbury, NC QAC 322 46 92 460 0.007

Total 71,347 6788 14,647 92,778

aBased on emission factors shown in Table 7.

bBased on 8760 hr/yr operation.
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Table 4-7. Benzyl Chloride Emission Factors

Emission Factor (lb lost/lb produced) (used)

Source Process Derivation' Storaqe Dcrivation Fugitive Derivation Total

Benzyl chloride production 0.000393 C 0.000034 C 0.000073 C .000500°

(Monsanto sites)

d

Benzyl chloride productionb 0.000500 B 0.000043 n 0.000093 B .0006 36

(Stauffer/U0OP)
Butyl benzyl phthalate 0.000236 C 0.000025 C 0.000054 C .000315C
Benzyl alcohol 0.000350 C 0.000040 C 0.000110 C .000500C
Quaternary ammonium compounds 0.000280 D 0.000040 D 0.000080 D .000400e

?A - basis site visit data

B - basis state emission files
C - basis published data

D - basis Hydroscience estimate

b. . .
Emission factor represents benzyl chloride

CSee ref. 6.
d
See refs. 4 and 5.

e . .
llydroscience estimate.

production and benzyl alcohol use loss.

=1
1
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Table 4-8, Benzyl Chloride Vent Paremeters

Number Vent Vent Discharge
of Height Diamcter Temp. Velocity Distribution
Stacks (ft) (ft) (°F) (ft/sec) Area
Production
Process 2 is 1.0 78 0.02
Storage 6 24 0.17 70 0.02
Fugitive 300 X 300
Butyl benzyl phthalate
Process 1 [ 0.6 20 S
Storage 4 24 0.33 :e}
Fugitive 200 X 300
Quaternary NHJ compounds
Process 1 20 0.313 75 14
Storage 1 8 0.17 70
Fugitive 100 X 100
Benzyl alcohol
Process 2 36 0.33 a0 10
Storage 2 20 0.17 70
Fugitive 300 x 300

Building cross-section for all sources - S50 m

2
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Quaternary ammonium compounds manufacture contributed an estimated 4600 1lb

of benzyl chloride emissions. Other emission components would likely be

amines. Miscellaneous uses of benzyl chloride were estimated to have contrib-
uted 7493 1b of emissions. These uses are extremely-small and too diverse and
numerous to locate and specify individual emission quantities. Emissions were
estimated by taking a weighted average of the other benzyl chloride end-uses and

multiplying by the 9.25 million 1lb used.

The total nationwide emissions of benzyl chloride in 1978 were estimated to have

been 100,271 1b. A tabulation of the losses is shown in Table 4-9.
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Table 4-9. Benzyl Chloride Nationwide Emissions

Ngtionwide
Emissions
Source (lb/yr)
Production 58,860%
Butyl benzyl phthalate 27,168
Quaternary ammonium compounds 4,600
Benzyl alcohol 2,150a
M.iscellaneousb 7,493
Total 100,271

aEmissions from the use of 3.7 million 1b of benzyl
chloride to produce benzyl alcohol are included in
production.

bBased on a weighted average emission factor for all
benzyl chloride uses of 0.000405 1lb lost/lb used.

3ot
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SPECIFIC POINT SOURCES OF BENZYL CHLORIDE EMISSIONS
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TABLE 4-10. (Concluded) ,

* Plant Types:
Type 1: Plant produces benzyl chloride and butylenzyl phthalate
Type 2: Plant produces benz:'? chloride
Type 3: Plant procudes benzyl alinhol
Type 4: Plant produces quaternary ammonium compounds

+ Source Types:

Type 1: Benzyl chloride production

Type 2: Butylbenzyl phthalate production

Type 3: Benzyl alcohol production

Type 4: Quaternary ammonium compounds production

bl-v
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TABLE 4-11. EXPOSURE AND DOSAGE OF BENZYL CHLORIDE RESULTING
FRO™ SPECIFIC POINT SOURCE EMISSIONS

Concentration Population

Level Exposed Dosage

(ug/m3) (persons) [(ug/m3) - persons)
18.5 1 13.2
10 7 101
5 26 227
2.5 44 286
1 209 521
0.5 858 963
0.25 3,312 1,810
0.1 10,606 2,990
0.05 18,356 3,620
0.025 39,47 4,340
0.01 102,126 5,320
0.005 216,455 6,110
0.0025 449,991 6,900
0.001 1,229,667 8,110
0.0005 2,265,842 8,840
0.00025 4,270,619 9,530
0.0001 11,982,073 11,704
3.74x10-11+ 33,270,545 11,600

30%

*The lowest annual average concentration occurring within 20 km of the
specific point source.
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TABLE 4-12. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING
FROM AREA SOURCE EMISSIONS OF BENZYL CHLORIDE

Parameter Value
Daytime decay rate (Kj) 2.8 x 107° sec”)
Nighttime decay rate (Kn) 0
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) 0
Nationwide nonheating stationary Source emissions (EN) 0.108 gm/sec
Nationwide mobile source emissions (EM) 0

2309
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TABLE 4-13. BENZYL CHLORIDE EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS

DOSACE PERCENTAGE OF CONTRIDUTION . PERCENTACE OF DISTRIBUTIOR
POPULATION  (UGC/ (M 3- SR

(PERSON) PERSON) HEATING STATIORARY MOBILE CITY TYPE | GITY TYPE 2 CITY TYPE 3

446932 261.9 0 160.0 o 100.0

503140 289. 4 e 100.0 e 100.0 ° °
17351646 3678.7 0 100.0 ° 109.90 ° o.
38996868 4881.0 0. 100.0 3 99.2 1 .7
90035253 6617.0 0 100.0 ) 97.0 1.4 1.8
140607011 7811.9 0 100.0 o 93.4 2.6 4.6
150679 133 7577.7 0 100.0 0 92.7 2.7 4.6
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TABLE 4-14. EXPOSURE AND DOSAGE SUMMARY OF BENZYL CHLORIDE

\we

! Population Exposed Dosage |
(persons) |{uq{n3[-gprsonsl
Concentration Specific General pecific Genera
Leve] Point Point Point Point
(vg/e3) Source _ Spurce Area Source _11.S. Total Source Source Area Source U.S. Total

18.5 1 0 0 1 13 0 0 13
10 7 0 0 7 jiH)) 0 0 101
5 26 0 0 26 227 0 0 227
2.5 44 0 0 44 286 0 0 286
1 209 0 0 209 521 0 0 521
0.5 858 0 0 858 963 0 0 963
0.25 3,312 0 0 3,312 1,810 0 0 1,810
0.1 10,606 0 0 10,606 2,990 0 0 2,990
0.05 19,356 0 0 19,356 3,620 0 0 3,620
0.025 39,471 0 0 39,471 4,340 0 0 4,340
0.01 102,126 0 0 102,126 5,320 0 0 5,320
0.005 216,455 0 0 216,455 6,110 0 0 6,110
0.0025 449,991 0 0 449,991 6,900 0 0 6,900
0.001 1,229,667 0 0 1,229,667 8,110 0 0 8,10
0.0005 2,265,842 0 446,952 2,712,794 8,840 0 261 9,101
0.00025 4,270,619 0 505,140 4,775,759 9,530 0 289 9.819
0.0001 11,982,073 0 17,551,646 29,533,719 10,704 0 3,080 13,784
0.00005 -- 0 38,996,868 -- -- 0 4,550 --
0.000025 -- 0 98,835,255 -- -- 0 6,520 --
0.0000 -- 0 148,607,011 -- -- 0 7.510 --
0.0 33,270,545 0 158,679,135 -- 11,600 0 7,580 19,180

NOTE: The use of -- as an entry indicates that the incremental E/D 1s not significant
(relative to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.
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APPENDIX A-5 ----- Beryllium

BERYLLIUM CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 744-04-17

Synonyms: Glucinium

Chemical Formula

Molecular Weight: 9.012 (atomic)
Molecular Formula: Be - atomic number: 4

Molecular Structure: Gray metal, close-packed hexagonal structure,
anisotropic

Chemical and Physical Properties

Physical State at STP: hard, non-corrosible gray metal
Boiling Point: 2970°C at 5 mm

Melting Point: 1278°C

Density: 1.848 at 20°C/4°C

Vapor Pressure: N/A

vapor Density: N/A

Solubility: Insoluble

Log Partition Coefficient (0ctano1/H20): N/A

Atmospheric Reactivity

Transformation Products: (depend upon aerosol size range and growth char-
acteristics) Metal resistant to attack by acid due to the formation of a thin
Reactivity Toward OH-: oxide film.
Reactivity Toward 03: unreactive

Reactivity Toward Photolysis:

Major Atmospheric Precursors: ' N/A

Formation Reactivity: 2\3



I. SOURCES

PRODUCTION ‘
Bertrandite ore is the major source for beryllium mineral produced in the United
States. Production data for beryllium have not been reported in recent years

in order to avoid disclosing individual company confidential data.!

Only one site, Brush Wellman, Inc., in Millard County, Utah, processes bertrandite
ore and converts it to beryllium hydroxide. Brush Wellman processes both domestic
bertrandite ore, mined at its delta facility, and imported beryl ore for
Kawecki-Berylco. The beryllium hydroxide resulting from the processing of the
imported beryl ore is then upgraded by RKawecki-Berylco at its plants in Hazelton
and Reading, Pennsylvania.!’? Small quantities of beryl ore have reportedly been

mined in South Dakota and Arizona.

In 1976, the last year for which data are available, 7.5 million 1lb of beryllium
was used in the United States. Of this quantity, approximately 2.1 million 1lb
was imported from other countries, and the remaining 5.4 million lb was obtained

from stockpiles and production.?

USES

The primary end-use of beryllium is in the manufacture of beryllium-copper alloys.
An estimated 75% (5.6 million lb) is consumed for this end-use. Beryllium metal
production consumed an estimated 18% (1.35 million lb), and beryllium oxide con-
sumed the remaining 7% (0.55 million lb). Uses are summarized in Table 5-1.2 There
have been no reported exports of beryllium since 1964. Source locations for the
major beryllium metal and alloy sites are shown in Table 5-2.34 Total beryllium
use in metal and alloy manufacture was allocated based on the number of employees

at each site.

INCIDENTAL SOURCES

Incidental sources of beryllium emissions include coal- and oil-fired boilers,

coke ovens, and the gray iron foundry industry. The boilers include industrial,
power plant, commercial, and residential types. Beryllium emissions originate

as impurities from oil and coal when they are burned in the boilers or in coke
ovens or as diesel fuel. Table 5-3 shows the estimated consumption of oil and coal
in 1978 by category. Table 5-4 indicates, by region, the percent of coal and oil

used by power plants.
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Table 5-1. Beryllium End-Use 1978a

Usage Usage

Use (10 1v/yr) (%)
Beryllium-copper alloys 5.6 75
Beryllium metal 1.35 18
Beryllium-oxide ceramics 0.55 7
Total 7.5 100

aSee ref. 2.
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Table 5-2. Beryllium Metal and Alloy Producers®
Beryllium Mctal/ Berylléum
Alloy Capacity Used Geographical Location
Company J.ocation {Ib/yr) (1b/yr) Latitude/Long1itude
Brush Wellman Elmore, OH NA 2.39 41 28 0G/83 16 17
Reading, PA NA 0.57 40 46 45/73 11 10
Hampton, NJ NA 0.28 40 42 32/74 57 41
Kawecki Berylco Industries llnzelton, PA NA 2.16 40 21 28/75 57 10
Reading, PA NA 1.55 40 47 32/73 11 S0
Total 6.95

aSee refs. 3 and 4.

bTotal beryllium usage distributed over the s

ites based on the number of people employed.

L-S
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Table 5-3. 1978 United States Oil and Coal Consumptiont*

User

Coal Consumption
(million tons)

0il Consumption
(million bbls)

Electrical utilities
Industry

Coke ovens

Residential commexrcial

Diesel fuel

Total

480
55
75

e

618

646
671
707
327

2351

*See refs 5 and 6.
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Table 5-4.

(8]
[
=

Electrical Utility Power Plant Locations and

Usage of Coal and 0il by Geographic Region*

Percentage of

Percentage of

Number of Total U.S. Coal Number of Total U.S. 0il

Region Sites Consumption Sites Consumption
New England 9 0.7 35 9.4
Middle Atlantic 51 11.3 70 27.9
East North Central 156 33.° ll0 5.9
West North Central 111 9.4 85 0.7
South Atlantic 61 19.6 97 31.4
East South Central 44 16.3 26 2.0
West South Central 3 1.3 100 4.8
Mountain 38 6.8 44 2.2
Pacific 1 0.7 33 15.7
474 100.0 600 100.0

Total

*See ref. 7.
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IT. EMISSION ESTIMATES

PRODUCTION

The primary source of emission data for this summary was the Survey of Emissions

and Controls for Hazardous and Other Pollutants prepared for the Environmental

Protection Agency by the Mitre Corp.® 1In this report, it is estimated that
emissions resulting from ore mining and processing, use as beryllium oxide, and
use in beryllium metal fabrication are negligible due to control techniques.
The only significant sources of beryllium emissions are in beryllium alloy and

compound manufacture and from the incidental sources noted in Section I.

USES

Beryllium emissions from beryllium metal and alloy manufacture are shown in
Table 5-5.3¢4¢% 7ota) emissions were derived by multiplying the emission factor
of 0.000785 1b beryllium lost per lb used from the Mitre report® times the beryllium
used. Total beryllium emissions from this end-use are estimated to have been
5455 1b.

INCIDENTAL

Beryllium emissions resulting from gray iron foundry operations are shown in
Table 5-6 by geographic region. They totaled 8,000 lb. Emissions were estimated
by multiplying the emission factor 0.000444 lb/ton® times the estimated pro-
duction of 18,000,000 tons of metal. The total emissions were then distributed

by region based on the total number of employees in gray iron foundry operations
in each region.®

Berylliwn emissions resulting from electrical utility power plants are shown

for coal-fired cperations ir Table 5-7 and for oil-fired operations in Table 5-8.
Coal-fired plants had emissions of 240,000 lb, and oil-fired plants had emissions
of 9500 1b.

These emissions were calculated by multiplying the emission factors shown in
Tables 5-7 and 5-8 by the coal and oil usad shown in Table 5-3. The emissions were
distributed by region according to the usage percentages shown in Table 5-4.

MY
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Table 5-5. Beryllium Cmissions from Beryllium Metal and Allyol Production®

Beryllium Used Beryllium Emissions€®
Company Location (1b/yr)b (1b/yr) (g/secFH
Brush Wellman Elmore, Ol 2.39 1875 0.027
Reading, PA 0.57 450 0.006
Hamp ton, NJ 0.28 220 0.003
Kawecki-Berylco Hazelton, PA 2.16 1695 0.024
Reading, PA 1.55 1215 0.017
Total 6.95 5455

d5ee refs. 3 and 4.
bTotal beryllium usage allocated per site bascd on the number of employees at each site.

“Based on emission factor of 0.000785 1b beryllium lost per 1b used. C -~ derived from published source.
See ref. 8.

dAssumes 8760 hr/yr operation.
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Table 5-6. Beryllium Emissions from Gray Iron Foundry Operations®

Average Emissions/Site

Number of Beryllium Emissions

Region Sites (lb/yr) (lb/yr) Lg/sec)b
New England 13 200 15.4 0.0002
Middle Atlantic . 42 735 17.5 0.0003
East North Central 129 4170 32.3 0.0005
west North Central 29 455 15.7 0.0002
South Atlantic 22 590 26.8 0.0004
East South Central 37 944 25.5 0.0004
West South Central 19 400 21.0 0.0003
Mountain S ©5 23.8 0.0003
Pacific 28 4086 14.5 0.0002

Total 324 , 8000°

®See ref. 9.
bBased on 8760 hr/yr operation.

“Based on an emission factor of 0.000444 1b beryllium lost per ton of metal produced.
C - derived from published data. See ref. B.
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Table 5-7. Beryllium Emissions from Electrical Utilities
Power Plants Coal-fired@

Average Emissions/Site

Number of Beryllium Emissions

Region Sites (1b/yr) (1b/yr) (g/sec)b
New England 9 1,680 190 0.003
Middle Atlantic 51 27,120 530 0.008
East North Central 156 Bl, 360 520 0.007
West North Central 111 22,560 200 0.003
South Atlantic 6l 47,040 770 0.011
East South Central 44 39,120 890 0.013
West South Central 3 3,120 1040 0.015
Mountain 38 16,320 430 0.006
Pacific 1 1,680 1680 0.024
Total 474 240,000° 506

aSee ref. 7.
bBased on 8760 hr/yr operation.

“Based on 0.00000025 1b beryllium emitted per 1lb coal burned. C =~ derived from
published data. See ref. B.
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Table 5-8.

Power Plants Oil-fired®

Beryllium Emissions from Electrical Utility

Average Emissions/Site

Number of Beryllium Emissions
Region Sites {(lb/yr) (1b/yr) (g/sec)b
New England 35 893 25.5 0.0004
Middle Atlantic 70 2650 37.9 0.0005
East North Central 110 560 5.1 nil
West North Central 85 67 0.8 nil
South Atlantic 97 2983 30.8 0.0004
Bast South Central 26 190 7.3 0.0001
West South Central 100 456 4.6 nil
Mountain 44 209 4.8 nil
Pacific 33 1492 45.2 0.0007
Total 600 9500 15.8

aSee ref. 7.

bBased on B760 hr/yr operation.

CBased on 0.00000035 1b beryllium emitted per gallon oil burned.

published data.

See ref. 8.

3273
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Beryllium emissions from coke oven operations were estimated to be 37,500 lb as
shown in Table 5-9. This estimate is based on the coal emission factor derived
for power plants.® Total emissions were distributed by the number of sites in

each region.!?

The remaining incidental sources of beryllium emissions are from other sources
that burn oil or coal. The emission factors used were the same as for power
plant emission estimates. Emissions from oil- and coal-fired industrial boilers
were estimated to have been 27,500 1b and 9870 1lb respectively. Emissions from
residential and commercial oil and coal heating were estimated to be 4,000 lb
and 10,400 1b respectively. Diesel fuel consumption generated an estimated

4810 1b of beryllium emissions. Source locations for all these incidental cate-
gories are considered too numerous and too diverse to pinpoint regional distribu-

tions.
Vent parameter data for all beryllium emission sources are shown in Table 5-10.

Table 5-11 presents a summary of beryllium emissions. Total nationwide beryllium

emissions are estimated to have been 357,035 lb in 1978.
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Table 5-9., Beryllium Emissions from Coke Oven 0perationsa

Number of Beryllium Emissions

Region Sites {(l1b/yr)
New England 0 0
Middle Atlantic ‘ 15 9,220
East North Central 25 15,370
West North Central 3 1,845
South Atlantic q 2,460
East South Central 9 5,530
West South Central 2 1,230
Mountain 2 1,230
Pacific 1 615

Total 61 37,500 ¢

aSee ref. 10.

bBased on an emission factor of 0.00000025 1b leost/lb coal
burned. See ref. 8.

cAverage emission per site 615 1lb/yr (0.009 g/sec).
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Table 5-10. Beryllium Vent Parameters
Vent Discharge
Number of Vent Height Diameter Temperature Velocity
Source Stacks (ft) (ft) (°F) (ft/sec)
Power plants 1 400 16 200 20
Gray iron foundry 1 150 2 200 40
Alloy manufacture 2 40 1 140 10
Coke oven 2 30 1 300 15
*Building cross-section for all sources - 200 m~.
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Table 5-11. 1978 Beryllium Nationwide Emissions

. Estimated
Nationwide Emissions
Source (1b/yr)
Producers Negligible
Beryllium metal, alloys, and compounds 5,455
Beryllium fabrication Negligible
Beryllium oxide-ceramics Negligible
Gray iron foundries 8,000
Electrical utility
Power plant boilers
Coal 240,000
0il 9,500
Industrial boilers
Coal - 27,500
0il 9,870
Residential/commercial boilers
Coal 4,000
0il 10,400
Coke ovens (coal) 37,500
Diesel fuel (o0il) 4,810
Total 357,035
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FIGURE 5-1.

SPECIFIC POINT SOURCES OF BERYLLIUM EMISSIONS
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TABLE 5-12, EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC
POINT SOURCES OF BERRVLLIUM

PNUSHA WELLMAN FLMOR, ON
BRYCTI WELLAAN NEADING, PA
NNUSH WELLIHAN naAm-TonN, ANJ
KAWECKI-DENYLCO READIR, PA
KAVECKI-DENYLCO NAZELTU1, PA

40

40

o6 681 16
43 676 11
92 074 37

72 876 11

7
10

41

STAR

.4/00
14712
94741

14712

ENINRNIONR (CW/APD)

i PLART ROURCES —cccmcmmmccmmmmmmmmcmmm e
LATITUDP. LORCITUDE ETATION TYFE.  TV'F.  PROCESR  FTORACE  FUGITIVE.
( ( 927000 @ °
1 1 00640 ® °
' f .en3168 ®. ..
' 1 824490 @ o
' ' .017496 @ o

an

* A11 the emissions of berryllium are from

following emissions parameters:
Vent height = 12 m
Building cross-section = 200 m
Vent diameter = 0.3 m
Vent velocity = 3 m/sec
Vent temperature = 333 °K

2

20 e73 67

metal and

14707

alloy production sites with theé
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TABLE 5-13. EXPOSURE AND DOSAGE OF BERYLLIUM RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(ug/m3) (persons) [(ug/m3) - persons]

0.394 0 132
0.25 N 18.6
0.1 795 126
0.05 2,387 235
0.025 5,794 346
0.01 23,622 585
0.005 61,062 849
0.0025 117,120 1,050
0.001 275,165 1,300
0.0005 367,850 1,370
0.0025 494,748 1,420
0.000 619,837 1,440
8.01x10-6+ 720,769 1,440

*The lowest annuai average concentration occurring within 20 km of the
specific point source.
330
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TABLE 5-14,

Gray lron l‘% r Plant {Coel Power Plant {00V
sslon [ sslﬁ!l[ li falss Tony/STie I&

Reqion _(gm/sec)
fiew Inglond 0.00022
Middle Atlamtic 0.0002%5
Cast Roerth Cemtrel 0.00047
West Morth Central 0.0002)
Sowth Atlmmtic 0.000)9
East Sowth Centrsl 0.0003?
West Sowth Central 0.000%
FMountain 0.000)4
Pacific 0.00021

toloOnn

EMISSIONS RATES AND NUMBER OF GENERAL POINT SOURCES OF BERYLLIUM

Qf Sites (gm/sec) of Sttes _ (gm/sec) of Sites ]ﬂ!nl of Slites

13
a2
129
9
{4
k)
19
S
28

0.00274
0.00763
0.00749
0.00288
o.M
0.0128
0.0150
0.0062
0.00242

9
H))
156
n

0.000Y7
0.00055
0.00007)
0.000012
0.00044
0.00011}
0.000066
0.000069
0.00065

n
4]
1o
s
”
b )
100
(] ]
»

—un‘.uaaﬂ
22-5
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TABLE 5-15. EXPOSURE AND DOSAGE RESULTING FROM EMISSIONS FROM GENERAL POINT SOURCES OF BERYLLIUM

=

Popu]gtion Exposed Dosage

(10° persons) [103(ug/m3).persons)

Concentration Gray Power Power Gray Power  Power

Leve] Iron Plant Plant U.s. Iron Plant Plant Coke U.S.

(ug/m3) Foundry (Coal) (0i1) Coke Oven Total Foundry (Coal) (0i1) Oven Total
0.5 0 0 0 0.127 0.127 0 0 0 0.08 0.08
0.25 0 0 0 4.37 4.37 0 0 0 1.6 1.6
0.10 0 0 0 27.5 27.5 0 0 0 5.0 5
0.05 0 0 0 70.3 70.3 0 0 0 8 8
0.025 0 0 0 181 181 0 0 0 11.6 11.6
0.010 0 27 0 702 729 0 0.4 0 18.8 19.2
0.005 0 538 0 1,620 2,160 0 3.7 o] 24.8 28.5
0.0025 0 1,800 0 3,170 4,970 0 8. 0 30.2 38.4
0.0010 -- -- -- -- -- 0.04 20 0 38.5 58.9
0.0005 -- -- -- -- -- 0.3 29 0 47.2 76.5
0.00025 -- -- -- -- -- 1.1 38 0.4 56.5 96.1
0 -- -- -- -- -- 7.4 82 3.2 67.4 160

NOTE: The use of -- as an entry indicates that the incremental E/D is not significant (relative
to last entry or relative to entry in another column at the same row) or that the exposure
of the same population may be counted in another column.
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TABLE 5-16. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING

FROM AREA SOURCE EMISSIONS OF BERYLLIUM

Parameter Yalue
Daytime decay rate (Kd) 0
Nighttir_m decay rate (Kn) 0
Hanna-Gifford coefficient (C) 225
Kationwide heating source emissions (E.) 0.203 gm/sec
Residential/cormercial coal buriing 0.058 gm/sec
Residential/commercial 0i1 burning 0.145 gm/sec
Natfonwide nonheating stationary source emissions (Ey) 0.538 gm/sec
Coal-burning 0.396 gm/sec
011-burning 0.142 gm/sec
Nationwide mobile source emissions (EH) 0.0693 gm/sec
Ratio of truck emissions to auto emissions (Pﬂ) 3.0
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TABLE 5-18. _EXPOSURE AND DOSAGE SUMMARY OF BERYLLIUM

o Te

Population Exposed Dosage
(persons) r_‘T'__Ge_[qu-_’Lw_!l_____
Concentration Specific General pecific nera

Leve Point Point Point Point

(pq/m?) Source Source Area Source 11.S. Tota) Source Source Area Source U.S. Total
0.5 0 127 0 127 0 80 0 80
0.25 n 4,370 0 4,49 19 600 0 619
0.1 795 27,500 0 28,295 126 5,000 0 5,126
0.05 2,387 70,300 0 72,687 235 8,000 0 8,235
0.025 5,794 181,000 0 186,794 46 11,600 0 11,946
0.01 23,622 725,000 0 752,622 585 19,200 0 19,785
0.0G5 61,062 2,160,000 0 2,221,062 849 28,500 0 29,349
0.0025 117,129 4,970,000 505,140 5,592,269 1,050 36,400 1,759 41,255
0.001 275,165 -- 9,149,730 - 1,300 58,900 16,754 75,954
0.0605 367,850 - 28,601,329 - 1,370 76,5C3 30,552 167,052
0.00025% 494,748 -- 73,351,092 -- 1,220 95,000 45,257 --
0.000 619,837 -- 135,654,758 - 1,440 -—- 56,841 --
0 726,769 -- 158,679,135 - 1,440 160,000 58,100 219,650

NOTE: The use of -- as an entry indicates that the incremental E/D {s not significant
(relative to last entry or reiative to entry in another column at the same rov)
or that the exposure of the same population may be counted in another column.
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AFPENDIX A-6 -=---- Carbon Tetrachloride

CARBON TETRACHLORIDE CHEMICAL DATA

NKomenclature
Chemica) Abstract Service Registry Number: 56-23-5

Synonyms: Tetrachloromethane; Perchloromethane; Methane Tetrachloride;
Necatorina;, Benzinoform

Chemical Formulea

Molecular Weight: 153.82
Molecular Formula: CC14

Molecular Structure: o
i

C'l-Cl—Cl
C1

Chemical and Physical Properties

Physical State at STP: Liquid - coloriess, nonflammable
Boiling Point: 76.54°C at 760 mm

Melting Point: -22.99°C

Density: 1.5940 at 20°C/4°C

Vapor Pressure: 115.2 mm at 25°C

Vapor Density: 5.32

Solubility: Soluble (0.77 g/) of HZO)

Log Partition Coefficient (0ctano1/H20): 2.64

Atmospheric Reactivity

Transformation Products:  None - NAPP

Reactivity Toward OH.: Extremely slow

Reactivity Toward 03: Extremely slow

Reactivity Toward Photolysis: NAPP

Major Atmospheric Precursors: Chlorinated hydrecarbons

Formation Reactivity: 337
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I. BOURCES

methylene chloride, chloro-
cals ccmmonly referred

Four volatile organic compounds—methyl chloride,
form, and carbon tetrachloride—comprise the group of chenmi

to as the chloromethanes.

Carbon tetrachloride (CCl,) can be produced by a variety of processes including
the chlorination of carbon disulfide, methane, and methyl chloride, or the chlori-

nolysis of mixed hydrocarbons.

In 1978 six companies at ten locations in the U.S. produced an estimated 750 million
1b of carbon tetrachloride. The locations of the plants, the type of production
process used, and the 1978 capacity and estimated production level for each

plant are shown in Table 6-1 4<%°

The major end-use for carbon tetrachloride is in the production of the fluoro-
carbon gases trichlorofluoromethane (F-11) and dichlorodifluoromethane (F-12).
An estimated 55% (412.5 million lb) of carbon tetrachloride was used to make

F-12 and an estimated 255.0 million 1b was used to make F-11 in 1978.

The remaining carbon tetrachloride production (60.0 million 1lb) was used in
solvent applications as an o0il, wax, and fat extractant; in rubber cement; in
shoe and furniture polishes; in paints and lacquers; in printing ink; in floor

wvaxes; in stains; and in pesticide manufacture.

An estimated 3% of the total production amounting to 22.5 million 1lb of carbon
tetrachloride was exported. End-uses for carbon tetrachloride are summarized
in Table 6-2.¢

II. EMISSION ESTIMATES

PRODUCTION

Estimated emission losses from the production of carbon tetrachloride for each
location is shown in Table 6-3.'?2 Total emissions of methylene chloride,
chloroform, and carbon tetrachloride from production facilities are estimated

to have been 1,351,580 1b, 351,280 1b, and 4,557,160 lb respectively in 1978.
These estimates are based on the emission factors generated for each of the

four processes used in the industry.'/2/10 Other associated emission components
include methyl chloride and hydrogen chloride from the methyl chloride and

methane chlorination processes and perchloroethylene, ethylene source locations

333
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TABLE 6-1. Production of Carbon Tetrachloride”
1978 1978
Estimated Estimated
50urceb . _ Proguction Cagacity Geogréphic Coor@inates
cation (10° 1b/yr) Process (10° 1b/yr) Latitude/Longitude
Allied Chemical Corp. Moundsville, WV 4 A,B° 8 39 54 24/80 47 51
Dow Chemical Freeport, TX 70 B 135 28 59 15/95 24 45
Pittsburg, CA 42 C 80 37 59 34/121 54 56
Plaquemine, LA 65 C 125 30 19 00/91 15 00O
Du Pont Corpus Christi, TX 213 C 410 27 53 00/97 15 00
FMC Corp. S. Charleston, WV 156 D 300 38 22 10/81 40 03
Stauffer Chemical LeMoyne, AL 104 D 200 30 53 50/87 58 50
Louisville, KY 18 C 35 38 12 09/B5 51 49
Vulcan Materials Co. Geismar, TA 47 C 90 30 10 00/90 59 00
Wichita, KS§ 3 C __60 37 36 55/97 18 30
Total 750 1443

aSee refs. 4, 8,and 9.

bFMC Corp. has announced that it is shutting down its 300 million pound per year plant in S. Charleston, WV, in

September 1979,

“bistribution of the 750 million pounds per year for each producing location has been made as a direct ratio of
total production/total capacity X plant capacity.

d(A) - Methyl chloride chlorination.
(B) - Methane chlorination.

(C) - Chlorinolysis of mixed HC feed with perchlor co-product.

(D) - Carbon disulfide chlorination.

e . . .
5% methane chlorination, 95% methyl chloride chlorination.

9-9



6-7

TABLE 6-2. 1978 Carbon Tetrachloride Consumption by End Use*
End Use
Percent of Consumption
End Use Total Consumption (M 1b)
Dichlorodifluoromethane (F-12) 55 412.5
Trichlorofluoromethane (F-11) 34 255.0
Solvents and miscellaneous 8 60.0
Export _3 22.5
Total 100 750.0

*See ref. 6.
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TABLE 6-3. 1978 Carbon Tetrachloride Production Emissions

Total mlsslons.

Proces3 Vex: Enlsclons Storzage Vent Emlsslone Fugitlve Bmisslions
Cocmpany ‘ocatien {1b/yr) _(g/sec)b (1b/yr) (':;/su:c)b (1b/yr) (g/sec)b (1b/vr) (g/sec)b
Allied Chemical Moundsville, WV 20 Nal 5106 0.007 290 0.004 820 0.012
Dow Chemlcal Crecport, TX 370 0.005 8,060 0.128 5,030 0.072 14,260 0.206
Plttsburg, CA 3%0 0.C95 70,140 1.010 20,580 0.29%6 91,070 1.311
Plaqucoine, LA 550 0.006 ica,550 1.56) 31,850 0.459 140,950 2.029
Dupont Corpus Chrlstl, TX 1,750 Q.026 355,710 5.121 104,370 1.50) 461,870 6.649
FMc South Charleston, WV 1,560,000 22.458 530,400 7.636 91,600 1.3417 2,184,000 31.441
Stauffer Lemoyne, AL 1,040,000 14.972 353,600 5.091 62,400 0.698 1,456,000 20,961
Loulsville, KY 150 0.002 30,060 0.43) 8,820 0.127 39,010 0.562
Vulcan Gelsmar, LA 400 0.006 76,490 1.130 23,030 0.332 101,920 1.467
Wichita, KA 260 0.004 51,770 0.745 15,190 0.219 67,220 0.968
Total 2,603,890 1,5A8,110 365,160 4,557,160

aDerived from the emlgsion factors shown in Table 10.

bBased on 8760 hr/yr operatlon.
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source locations for fluorocarbons 11 and 12 manufacture are shown in Table ¢-4."°
Also shown in that table are the production quantities for fluorocarbons 11 and

12 and the corresponding carbon tetrachloride manufacturing requirement.

Emission estimates of carbon tetrachloride from these sites are shown in Table &5.'*
Total estimated emissions of carbon tetrachloride from fluorocarbon 11 and 12
production sites are estimated to have been 446,200 lb in 1978. Other associated
emissions from these sites would incude other halocarbons used as feed materials

and the various fluorocarbons produced. Vent parameter data relative to carbon
tetrachloride emissions from fluorocarbons 11 and 12 production are shown in

Table 9-7. Carbon tetrachloride emissions originate from two process distillation

vents and four storage tanks.

The remaining carbon tetrachloride (60.0 million 1lb) consumed for solvent appli-
cations 1s eventually released to the atmosphere. Specific source locations

could not be identified. Emissions from exports were assumed to be negligible.
Total nationwide emissions of carbon tetrachloride in 1978 from all sources are

estimated to have been 65,030,000 lb. A tabulation of the losses is shown in
Table 6-6.
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Table 6-4. Users of Carbon Tetrachloride and Chloroform to Produce Pluorocarbons

Carbon
AT et e memerton e, TR T
Capacity r-11 r-12 F-22 Totals Used Used Geographic Coordinates
(10% 1b) (10° 1) (108 1b) (105 1b) (106 1b) (105 1b) {108 1b) Lat1tude /Longitude

Allied Chemical )

Paton Rouge, LA Assumed ghut down

Danville, IL 10 28.5 40.6 87.1 40 08 X3/B7 33 4S

Elizabeth, W 28.5 40.6 37.8 282.9 817.3 $5.7 40 40 45/74 1) 51

El Segundo, CA 28.5 40.6 17.6 87.13 $5.7 33 56 J0/118 26 35
Du Pont

Antioch, CA 36.8 52.13 112.6 37 59 17/121 52 GO

Deepwater, MJ J6.8 52.13 48.8 112.6 71.9 39 41 25/75 30 35

Montague, M1 400 36.8 52.) 164.9 112.6 4) 24 10/8BE 23 40

Louisville, KY 48.8 71.9 38 11 51/85 54‘13

Corpus Christi, TX 27 53 00/97 15 00 oS
Pennwaltr Corp. L

Calvert City, XY 80 22.1 1.4 19.5 73.0 67.6 28.€ 37 03 18/68 19 40 <

Thorofare, NJ a5 ARssv=ed shutdown
Union Carbide

Institute and E. Charleston, WY  Not listed Agssumed shutdown
Essex Chemical Corp. (Racon)

‘“ichita, KS 20
Kaiser Aluminum & Chemlcal Corp.

Gramercy, LA _8o0

Total 925 218 310.1 192.7 720.8 667.5 283.8

*Sce rel. 11,

Che



6-11

Table 6-5. Emissions from Carbon Tetrachloride and
Chloroform Users for Flurocarbon Production®

F-11/F-12 Carbon

Tetrachloride F-22 Chloroform
Emissions Emissions
Source Location - (1p/yr)b (g/sec)? {lb/yr)€ (g/sec)d
Allied Danville, IL 58,460 0.84 0
Elizabeth, NJ 58, 460 0.84 115,200 1.56
El Segundo, CA 58,460 0.84 115,200 1.66
Du Pont Antioch, CA 75,420 1.09 0 0
Deepwater, NJ 75,420 1.09 148,800 2.14
Montague, MI 75,420 1.0% 0] 0
Louisvalle, KXY 0 148,800 2.14
Pennwalt Calvert City, KY 45,240 0.65 59,410 0.86
Total 446, 200 587,410

aSee ref. 14.

bBased on the
Process
Storage

Fugitive

c

Based on the
Process
Storage

Fugitive

following emission factor:
0.000449 A - (derived from
0.000442 A - (derived from
C.000178 A -~ (derived from
0.001069

following emission factor:

0 A - (derived from
0.00374 A - (derived from
0.00Q75 A - (derived from
0.0044°

dAssumes 8760 hours/year operation.
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Table é-6. 1978 Estimated Carbon Tetrachloride Nationwide Emission Losses

Estimated National

Source Emission (M 1lb/yr)
Production 4.56
Dighlorodifluoromethane (F-lz} 0. 47
Trichlorofluoromethane
Solvents, miscellaneous 60.0
Export 0
Total 65.03
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FIGURE 6-1.

SPECIFIC POINT SOURCES OF CARBON TETRACHLORIDE EMISSIONS
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TABLE 6-7. EMISSIONS AND METEOROLOGICAL STATIONS NF SPECIFIC
POINT SOURCES OF CARBON TETRACHLORIDE

* + EMISSIONS (CW/SEC)

STAR  PLANT SOURCE  —-—-—-- e oo mmmm e

o emAy T _______ UATITUDE LORGITUDE STATIORN TYWE  1YPE  PNOCESS  STORACE = FUCITIVE
! ALLIED CHEMICAL MOUNDSVILLE, MV 39 34 39 689 44 49 13736 1 [ .000288 .907344 .004176
2 DOW CEEMICAL FRFEPORT, TX 28 39 32 895 23 35 12921 2 2 .895328 . 127872  .072432
3 DOW CHEMICAL PITTSBURG, CA 37 39 34 121 34 B6 23202 3 3 .006040 1.6196016 .2963082
4 DOW CIEMICAL PLAQUEMIRE, LA 30 19 00 091 15 00 13970 d] H] .007920  1.563120 . 458648
3  DUPONT COMPUS CRISTI, T{ 27 33 00 697 15 00 12925 3 3 .025776  5.122224  1.50:2928
6 STAUFFEN LOUISVILLE, XY 30 12 09 085 51 49 93020 ] ] L002160 . 4320064 . 127668
7 VULCAN CEISXMAR, LA 36 10 G0 096 59 69 12950 a2 3 .005760 1.130256  .331632
8 VULCAM WICHITA, KA 37 26 55 697 10 30 93920 3 a3 .0013744  .745308  .218736
3 FHC 50 CHANLESTON, WV 38 22 10 o081 40 03 130566 4 % 2D _464C00 T.6U776€ |.347EI®
18 STAUFFER LEROYNE, AL 20 53 56 007 S5U 50 93641 4 4 14.976000 5.091840 .B9US60
11 ALLIED DANVIILLE, IL 40 00 30 007 33 45 14006 5 5 .35352¢ 048848 . 139602
12 ALLIED ELIZABE T, M) 40 40 4B 874 12 S1 04739 5 8 .3B3820  .34E5248 | i9%¢E®
12 ALLIED EL SEGUNDO, CA 33 36 32 118 26 35 23129 5 8 .353826 .348048 . 139669
14 DUPONT DEEPWATER, NJ 39 41 25 073 30 35 13799 3 5 .456192 .44B992 . 18886%
13 DUPONT HORTACH, T 33 2) 10 8LO 25 40 1440 v b 155040 4RI - 1R0ORH 4
16  DUPONT ANTI0CI, CA J7 59 A2 121 52 0 20202 4} D 456192 . 2<U0992 10864
17 PENNWALT CALVERT CITY, KY 37 03 11 O 1Y <0 0354016 1] 0 275000 269240 . 1084902

vL-9
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TABLE 6-7 (Concluded)

* Plant Types:

Type 1: Plant produces carbon tetrachloride by using the methyl chioride
chlorination process

Type 2: Plant produces carbon tetrachloride by using the methane chiorination
process

Type 3: Plant produces carbon tetrachloride by using the chiorinolysis process

Type 4: Plant produces carbon tetrachloride by using the carbon disulfide
chlorination process

Type 5: Plant produces flurocarbons

+ Source Types:

Type 1: Methyl chloride chliorination process
Type 2: Methane chlorination process

Type 3: Chlorinolysis process

Type 4: Carbon disulfide chlorination processes
Type 5: Flurocarbons production process

SL-9



TABLE 6-8. EXPOSURE AND DOSAGE OF CARBON TETRACHLORIDE RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(ug/m3) (persons) [(ug/m3) - persons)
1,580 15 24,100
1,000 97 127,000
500 475 399,000
250 1,098 627,000
100 3,803 1,020,000
50 7,409 1,270,000
25 18,319 1,650,000
10 36,196 1,930,000
5 61,634 2,110,000
2.5 102,689 2,260,000
1 209,428 2,420,000
0.5 335,559 2,500,000
B.79x10-5+ 7,979,115 2,880,000

349

——

*The lowest annual average conceniraiion occurring within 20 km of the
specific point source.



TABLE 6-9. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING
FROM AREA SOURCE EMISSIONS OF CARBON TETRACHLORIDE

Parameter Value
Daytime decay rate (Kd) 0
Nighttime decay rate (Kn) 0
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) 0
Nationwide nonheating stationary source emissions (EN) 864 gm/sec
Nationwide mobile source emissions 0
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TABLE 6-10.

B3219764
14292£333
196679133

CARSON TETRACHLO2IDE IXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIOWS

NOSACE l PERCENTACZ OF CORTRIBUTIONR PERCERTAGE OF DISTRIBUTION

‘PERSON)  DRATING STATIONARY MOLILE CI7Y TYPE | CITY TYPE 2 CITY TYPE 9
2327334.7 o. 100.9 e. 100.90 [
179187064.9 » 100.0 0. 100.0 o
83194€25.6 ® 100.0 0. 100.9 L
81528254. 4 0. 190. 0 0. 98. ) .7 1.2
61079681.9 0 190.0 0. 94.6 2.0 d
6292620%9.6 © 100.0 0. 02.9 2.6 %

8L-9



TABLE 6-12.

EXPOSURE AND DOSAGE SUMMARY OF CARBOW TETRACHLORIDE

1%

' Popuiation Exposed Desage ;
(persons ) [(vg/e3)-persons]
Concentration Specific General Specific  General
Leve Point Point Point Point
(pq/m3) Source Source Area Source 1.S. Total Source Source Arez Source U.S. Total
1580 15 0 0 15 24,100 0 0 24,100
1000 97 0 0 97 127,000 0 0 127,000
500 475 0 0 475 399,000 0 0 399,000
250 1,098 0 0 1,098 627,000 0 0 627,000
100 3,803 0 0 3,803 1,020,000 0 0 1,020,000
50 7,409 0 0 7,409 1,270,000 0 0 1,270,000
25 18,819 0 0 18,819 1,650,000 0 0 1,650,000
10 36,196 0 0 - 36,196 1,930,000 0 0 1,930,000
5 61,634 0 0 61,634 2,110,000 0 0 2,110,000
2.5 102,689 0 505,140 606,829 2,260,000 0 2,327,400 4,587,400
1 209,428 0 9,149,730 9,359,158 2,420,000 0 17,913,784 20,333,784
0.5 335,559 0 33,072,205 33,407,764 2,500,000 0 35,194,859 -
0.25 -- 0 83,219,704 -- -- 0 51,528,284 -
0.1 .- 0 142,928,535 -- - 0 61,879,083 --
0 7,979,115 0 158,679,135 -- 2,880,000 0 62,926,300 65,806,200
NOTE: The use of -- as an entry indicates that the incremental E/D is not significant

(relative to last entry cr relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.

6L-9
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APPENDIX A-7 ----- Chlorobenzene (p-Dichlorobenzene
and o-Dichlorobenzene)

THLOROBENZENE (MONO) CHEMICAL DATA

Nomenclature

Chemica) Abstract Service Registry Number: 108-80-7

Synonyms: Phenyl Chloride; Monochlorobenzene; Chorobenzol; Benzene
Chloride

Chemical Formula

Molecular Weight: 112.56

Molecular Formula: C6H5C1

o

Chemical and Physical Properties

Molecular Structure:

Physical State at STP: Liguid-colorless, very refractive
Boiling Point: 131.7°C at 760 mm

Melting Point: -45.6°C

Density: 1.1053 at 20°C/4°C

Vapor Pressure: 12.14 mm at 25°C

Vapor Density: 3.88

Solubility: [Insoluble (HZO)

Log Partition Coefficient (Octanol/H,0): 2.84

Atmospheric Reactivity

Transformation Products:
Reactivity Toward QK-: 1/3 Butane
Reactivity Toward 03: No reaction

Reactivity Toward Photolysis: No photochemical degradation

Major Atmospheric Precursors: N/A

Formation Reactivity:
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0-DICHLOROBENZENE CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 95-50-1

Synonyms: DCB; Dichlorobenzol; 1,2-Dichlorobenzene; o-Dichlorobenzol;
0ODB; ODCB; Chloroben; Cloroben; Dizene; Dowthern E

Chemical Formula

Molecular Height: 147.0
Molecular Formula: CBH4C12
Molecular Structure: 1

: //C1

Chemical and Physical Properties

Physical State at STP: Liquid - colorless
Boiling Point: 180.5°C at 760 mm

Melting Point: -17°C

Density: 1.305 at 20°C/4°C

Vapor Pressure: 1.45 at 25°C

Vapor Density: 5.05

Solubility: Slightly soluble (0.145 g/1 of H,0)

2
Log Partition Coefficient (Octanol/Hzo): 3.38

Atmospheric Reactivity

Trensformation Products:

Reactivity Toward OH-: 1/2 Butane
Reactivity Toward 03: 5% Propylene
Reactivity Toward Photolysis: NAPP
Major Atmospheric Precursors: N/A

Formatfon Reactivity: 356



p-DICHLOROBENZENE CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 95-50-1

Synonyms: DCB; Dichlorobenzol; Paradichlorobenzene; Parazene; Paramoth;
Di-chloricide; Paracide; Paradi; Paradow; Santochlor ‘

Chemical Formula

Molecular Weight: 147.0
Molecular Formula: C6H4CIZ

Molecular Structure: ¢

Chemical and Physical Pererti%L

Physical State at STP: Monoclinic crystals - volatile
Boiling Point: 174.12°C

Melting Point: 53.5°C

Density: 1.288 at 20°C/4°C

Vapor Pressure: 2.28 at 25°C

Vapor Density:

Solubility: Nearly insoluble (0.079 g/1 of H20)

Log Partition Coefficient (0ctan01/H20): 3.39

Atmospheric Reactivity

Transformation Products:

Reactivity Toward OH-: 1/2 Butane
Reactivity Toward 03: 5% Propylene
Reactivity Toward Photolysis: NAPP

Major Atmospheric Precursors: N/A 257
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I. SOURCES

PRODUCTION

This report summarizes emissions of chlorobenzenes including monochlorobenzene
and the two dichlorocbenzene isomers (o-dichlorobenzene and p-dichlorobenzene).
Monochlorobenzene is produced by the direct chlorination of benzene using iron
as a catalyst. When only monochlorobenzene is desired, the temperature is

kept near the lower end of a 40 to 60°C range, and only 60% of the theoretical
amount of chlorine is added to lessen the formation of dichlorobenzenes. When
dichlorobenzenes are desired, higher chlorine quantities and temperatures are
used. The chlorinated benzene is neutralized with aqueous caustic soda, allowed
to separate, and the dichlorobenzene-rich sludge that forms is removed. The
chlorobenzene layer is then distilled to obtain a fraction containing unreacted
benzene and some monochlorobenzene, which is recycled, and chlorobenzene. The
higher chlorinated fractions and residues from a number of batches are combined
and then distilled to recover para-dichlorobenzene in the distillate and ortho-

dichloraobenzene residues which are then purified.

There are currently 6 monochlorobenzene producers in the United States. The
locations of the plants and the 1978 capacity and estimated production for each
plant are shown in Table 7-1.' 2 ? 1In 1978, an estimated 355 million 1b of mono-

chlorobenzene was produced.

Table 7-2 ? * 5 presents the producers of o-dichlorobenzene in the United States.
There are currently 7 sites which produced an estimated 59 million lb of

o-dichlorobenzene in 1978.

Table 7-3 ? 4 ¢ presents the producers of p-dichlorobenzene in the United States.
There are currently 7 sites which produced an estimated 55 million 1lb of
p-dichlorobenzene in 1978.

USES

Table 7-4 summaries the chlorobenzene end-use distribution. The various uses,
quantities, and percent usage of monochlorobenzene, o-dichlorobenzene, and
p-dichlorobenzene are shown. Approximately 49% of the monochloobenzene pro-

duced is used in solvents and 30% is used in nitrochlorobenzenes. Other uses

35%
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Table 7-1. Monochlorobenzene Producersa

1978 1978
Estimated Estimated
Production Capacity Geographic Coordinates
Source Location (10° 1b/yr) (10° 1b/yr) Latitude/Longitude
Dow Midland, M1 101 220 43 35 28/84 13 08
ICC Niagra Falls, NY S 10 43 03 33/79 00 55
Monsanto Sauget, IL 69 150 38 35 31/90 10 11
Montrose Henderson, NV 32 70 36 03 32/114 58 34
b
PPG New Martinsville, WV 79 172 39 47 22/80 51 27
Standard Chlorine Delaware City, DE 69 150 39 33 54/75 138 47
Total 355 772

aSee refs. 1, 2, and 3.

b
Total production was distributed per site based

on site capacity.

8-
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Table 7-2. o-Dichlorobenzene Producers?®
1978 1978
Estaimated Estimated
ProductiorP Capacity Geographic Coordinates
Source Location (10 lb/yr) (10° 1b/yr) Latitude /Longitude
Dow Midland, M1 12 30 43 35 28/84 13 08
Monsanto Sauget, IL 6 16 38 35 31/90 10 111
PPG New Martinsville, WV 15 38 39 47 22/80 51 27
Standard Chlorine Delaware City, DE 19 50 39 33 54/75 38 47
Specialty Organics® Irwindale, CA 1 2 34 06 30/117 55 48
Montrose Henderson, NV ] 7 36 03 32/114 58 34
ICcC Niagara Falls, Ny 3 8 43 03 33/79 00 55
Total 59 151

3See refs. 3, 4, and 5.
bTotal production was distributed per site

c )
Processes dichlorobenzenes from Montrose.

based on capacity.
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Table 7-3. p-Dichlorobenzene Producers®

1978 1978
Estimated Estimated
P1oductionb Capacity Geographic Coordinates
Source l.ocation (10 1b/yr) (100 lb/yr) lLLatitude /Longitude
Dow Midland, MI . 9 30 43 35 28/84 113 08
Monsanto Sauget, IL 4 12 38 35 31/90 10 11
PPG New Martinsville, WV 13 40 39 47 22/80 51 27
Standard Chlorine Delaware City, DE 24 75 39 33 54/75 38 47
Specialty OrganicsC Irwindale, ChA 1 2 34 06 30/117 55 48
Montrose Henderson, NV 2 7 36 03 32/114 58 34
ICC Niagara Falls, NY 2 ] 43 03 313/79 00 55
Total 55 174

aSee refs. 3, 4, and 6.

b . ) . . .
Total production was distributed per site based on capacity.

c .
Processes dichlorobenzenes from Montrose.

0l-¢



7-11

Table 7-4. Chlorobenzenes End-Use Distribution 1978a

Usage Usage

Source (million lb/yr) (%)
Monochlorobenzene - 358 100
Pesticide/degreasing solvents 174 49
Nitrochlorobenzene 107 30
DDT 25 7
Diphenyl oxide 28 8
Miscellaneous, others 21 6
o-Dichlorobenzene 59 100
3,4 dichloroaniline 38 65
Toluene diisocyanate solvent 9 15
Miscellaneous solvents (paint 6 10

removers, engine cleaners, etc.)

Dye manufacturing 3 5
Pesticide intermediate 3 5
p-Dichlorobenzene 55 100
Space deodorant 27.5 50
Moth control 22 40
Pesticide intermediate 5.5 10

a
See ref. 3.
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of monochlorobenzene include DDT and diphenyl oxide. Approximately 65% of the
o-dichlorobenzene produced is used for dichloroaniline manufacture, which is

then used as an intermediate in pesticide manufacture. Other uses include solvents,
dyes, and as a pesticide intermediate. Approximately. 50% of the p-dichlorobenzene
1s used in the manufacture of space odorants and 40% is used in moth control.
Pesticide manufacture, as a chemical intermediate, accounts for 10% of the

p-dichlorobenzene usage.

Specific identified source locations of monochlorobenzene users are shown in
Table 7-5.7 They include nitrochlorobenzene, DDT, and diphenyl oxide producers.
Monchlorobenzene usage was distributed based on the individual plant's produc-
tion capacity. In the case of diphenyloxide, capacity numbers were not available
so the usage vas distributed evenly between both sites.

Specific identified source locations of o-dichlorobenzene users are shown in
Tables 7-6 and 7-7. They include TDI production sites where o-dichlorobenzene is
used as a solvent (Table 7-67) and dichloroaniline sites where it is used as an
intermediate (Table 7-77). Total o-dichlorobenzene usage was distributed over the
TDI sites based on TDI site capacity.

o-Dichlorobenzene usage for dichlorocaniline manufacture was divided evenly over

the four gites in the absence of capacity figures.

All other uses of chlorobenzenes are presented by a geographic region distribution

in the emissions Section II of this report.

I1. EMISSION ESTIMATES

PRODUCTION

Table 7-8 ghows the monochlorobenzene emissions from production sites. Total
estimated emissions from the 6 sites were 1,136,000 1b in 1978. Emission factors
used to develop process, storage, and fugitive emission estimates are shown in
Table 7-8. Process vent emissions originate primarily from distillation processes.
Storage emissions represent losses from both working and final product storage

tanks as well as loading and unloading losses. The number of tanks at a facility
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Table 7-5. Monochlorobenzene End-Users-

Monochloro-
End-Use Capacity benzene Used Geographic Coordinates
Company Location (million 1lb/yr) (million 1lb/yr) Latitude/Longitude

Nitrochlorobenzene Producers

Du Pont Deepwater, NJ 45 34 - 39 41 25/75 30 35
Monsanto Sauget, IL 90 73 38 35 31/90 10 11
Total 140 107

DDT Producer

Montrose Torrance, CA 60 25 33 46 58/118 22 06

Diphenyl Oxide Producers

Dow »  Midland, MI NAb 14 43 35 28/84 13 08
Monsanto Chocolate Bayou, TX NA 14 29 14 55/95 12 45
Total 28

aSee ref. 7.

bNot available.

El-L
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a
Table 7-6. ©O-Dichlorobenzene Solvent Users
(Manufacturers of Toluene Diisocyanate (TDI))

1978
TDI 1978 o-Dichloro-
Capacity benzene UseP Geographic Location
Company Location (106 1b/yr) (1b/yr) Latitude/Longitude
Allied Chemical Moundsville, WV eo 894,410 39 54 39/80 44 49
BASF Wyandotte Geismar. LA 100 1,118,010 30 11 34/°1 00 42
Dow Chemical Freeport, TX 100 1,118,010 28 59 12/95 24 05
Du Pont Deepwater, NJ 70 782,610 39 41 25/75 30 35
Mobay Chem. Corp. Baytown, TX 130 1,453,416 29 45 130/94 54 25
New Martinsville, WV 100 1,118,010 39 44 50/80 50 50
0lin Corp. Ashtabula, OH 30 335,405 41 53 07/80 45 SO
Lake Charles, LA 100 1,118,010 30 13 55/93 15 57
Rubicon Chems. Inc. Geismar, LA 40 447,205 30 12 00/91 11 30
Union Carbide S. Charleston, Wv _55 614,905 38 19 35/81 40 29
Total 805 9,000,000

aSee ref. 7.

bTotal o-dichlorobenzene use is distributed per site based on TDI capacity.
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Table 7-7. o-Dichlorobenzene Chemical Intermediate User Locations*

Source

Location

Geographic Coordinates
(latitude/longitude)

2,4-Dichloroaniline
Eastman Kodak Company

2,4-Dichloroaniline
Blue Spruce Company

Du Pont

Monsanto

Rochester, NY

Bound Brook, NJ
Deepwater, NY
Luling, LA

43 12 01/77 37 58

40 32 10/74 29 18
39 41 25/75 30 35
29 55 10/90 22 30

[ ]
See ref. 7.
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Table 7-8. Monochlorobenzene Emissions from Production Sites

-

. Emissions (1b/yr) Total Emissions®

Company Location Process Storage Fugitive (1b/yr) (g/sec)
Dow Midland, MI 208,060 45,450 69,690 323,200 4.65
ICC Niagara Falls, NY 10, 300 2,250 3,450 16,000 0.23
Monsanto Sauget, IL 142,140 31,050 47,610 220,800 3.18
Montrose Henderson, NV 65,920 14,400 22,080 102,400 1.47
PPG New Martinsville, Wv 162,740 35,550 54,510 252,800 3.64
Standard Chlorine Delaware City, DE 142,140 31,050 47,610 220,800 3.18

Total 731,300 159,750 244,950 1,136,000

a .
Based on the following emission factors (l1b emitted per 1lb produced). See ref. B.

Process 0.00206 A - (derived from site visit data)
Storage 0.00045 A - (derived from site visit data)
Fugitive 0.00069 A -~ (derived from site visit data)

Total 0.00320

bBased on 8760 hr/yr operation.
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are a function of the production and tank sizes. Fugitive emissions are those
that result from plant equipment leaks. Emission estimates are based on a plant

operation schedule of 24 hr/day, 7 days/week, 52 weeks/yr.

Table 7-9 shows the o-dichlorobenzene emissions from production sites. Total
estimated emissions from the 7 sites were 209,450 1b in 1978. Emission factors

used to develop the process, storage, and fugitive emissions are shown in Table 9.

Table 7-10 shows the p-dichlorobenzene emissions from production sites. Total
estimated emissions from the 8 sites were 398,200 lb in 1978. Emission factors

used to develop the process, storage, and fugitive emissions are shown in Table 7-10.
USES

Monochlorobenzene

It was estimated that 75% of the chlorobenzene used as solvent was consumed in
cold cleaning operations. Total emissions of 130,500,000 lb were derived by
assuming that all chlorobenzene consumed was lost. The total number of cleaners
in service and the average emission rate per unit are shown in Table7-11. Distri-

bution of the cold cleaners by geographic region is shown in Table 7-12.

The remaining chlorobenzene was used as a solvent in pesticide manufacture.
The entire amount used (43,500,000 lb) was assumed to be lost. The total emis-
sions that are shown in Table 7-13 by geographic region were distributed by the

number of sites in each region.

Emissions from chlorobenzenes used as chemical intermediates are summarized in
Table 7-14. They were derived from the emission factors shown in Table 7-15. Emis-
sions from nitrochlorobenzene, DDT, and diphenyl oxide were estimated to be

171,200 1b, 12,500 1b, and 28,500 lb respectively. |

Miscellaneous uses of chlorobenzene were estimated by using an average emission
factor derived for all other chlorobenzene uses of 0.00133 lb lost/lb used times
the usage. Emissions from miscellaneous uses were estimated to have been 27,930 1lb.

Source locations could not be identified for regional distribution.
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Table 7-9. o-Dichlorobenzene Emissions from Production Sites

Emissions (lb/yr)

a
Total Emissions

Company Location Process Storage Fugitive (1b/yr) (g/sec)
Dow Midland, MI 27,840 5,640 9,120 42,600 0.61
Monsanto Sauget, IL 13,920 2,820 4,560 21, 300 0.31
PPG New Martinsville, WV 34,800 7,050 11,400 53,250 0.77
Standard Chlorine Delaware City, DE 44,080 8,930 14,440 67,450 0.97
Specialty Organics Irwindale, CA 2,320 470 760 3,550 0.05
Montrose Henderson, NV 6,960 1,410 2,280 10,650 0.15
ICC Niagara Falls, NY 6,960 1,410 2,200 10,650 0.15

Total 136,880 27,730 44,840 209,450

®Based on the following emission factors (1b emitted per lb produced).

Process 0.00232 A - (derived from site visit data)
Storage 0.00047 A - (derived from site visit data)
Fugitive 0.00076 A - (derived from site visit data)

Total 0.00355

b
Based on 8760 hr/yr operation.

See ref. 8.
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Table 7-10. p-Dichlorobenzene Emissions from Production Sites
Emissions (1b/yr) Total Emissions"
Company Location Process Storage Fugitive (lb/yr) (g/sec)
Dow Midland, MI 52,290 3,690 9,180 65,160 0.94
Monsanto Sauget, IL 23,240 1,640 1,080 28,960 0.42
PPG New Martinsville, WV 75,530 5,330 13,260 94,120 1.35
Standard Chlorine Delaware City, DE 139,440 9, B840 24,480 173,760 2.50
Specialty Organics Irwindale, CA 5,810 410 1,020 7,240 0.10
Ej Montrose Henderson, NV 11,620 820 2,040 14,480 0.21
Q 1cC Niagara Falls, NY . 11,620 820 2,040 14,480 0.21
Total 319,550 22,550 56,100 398, 200
aBased on the following emission factors (1lb emitted per 1lb produced). See ref. B.

Process 0.00581
Storage 0.00041

Fugitive 0.00102

Total 0.00724

A ~ (derived from site visit data)
A - (derived from site visit data)

A - (derived from site visit data)

b
Based on 8760 hr/yr operation.
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Table 7-11. Chlorobenzene Emissions from Solvent

a
Degreasers

Estimated Estimated A Emi .
National Number of V:r:ge ml:S}:n
Emissio Units in ate per .ni
Type Degreaser (M lb/yr) Service {(lb/yr) (g/sec)c
Cold cleaners 130.5 197,428 661 0.04

aSee refs. 3 and 9.

bAssumes all chlorobenzene used in cold cleaners is lost.

CBased on 2250 hr/yr operation.
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Table 7-12. Estimated Number of Degreasers Using Chlorobenzene in 1978 by Geographic Location*
East West East West
North Mid North North South South South
Degreaser Type East Atlantic Central Central Atlantic Central Central Mountain Pacific Total
Cold cleaners 11,869 30,780 52,272 17,309 23,817 11,678 19,166 7,164 23,374 197,428

*See ref. 10.
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Table 7-13.

1978 Chlorobenzene Emission Estimates from Pesticide Hanufacturersa

Number of Monochlorobenzene o-Dichlorobenzene p-Dichlorobenzene
Sites per Emissions as Solvent Emissions Emissions
Region Region (1b/yr)b (1b/yr) € (1b/yr)d
New England q 1,251,800 43 80
Middle Atlantic 37 11,579,115 400 730
East North Central 19 5,946,045 205 375
West North Central 15 4,694,245 160 295
South Atlantic 17 5,320,145 185 335
East South Central 14 4,381,295 150 275
West South Central 15 4,694,245 160 295
Mountain 5 1,564,750 55 100
Pacific 13 4,068, 345 140 _255
Total 139 43,500,000 1500 2750
3see ref. 10.
b

Average per site 312,950 1lb/yr (4.51 g/sec).

CAveraqe per site 10.8 1lb/yr (0.0002 g/sec).

d
Average per site 19.8 1b/yr (0.0003 g/sec).
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Table

7-14.

Emissions from Chlorobenzene End-Users (Chemical Intermediate)

, Emissions®
Process Storage Fugitive Total
Company Location {(lb/yr) (lb/yr) (1b/yr) lb/yr g/sec

Monochlorobenzene

Du Pont Deepwater, NJ 37,400 6,800 10,200 54,400 0.78

Monsanto Sauget, IL 80, 300 14,600 21,900 116,800 1.68

Montrose Torrance, CA 10,000 1,250 1,250 12,500 0.18

Dow Midland, MI 9,800 1,400 2,800 14,000 0.20

Monsanto Chocolate Bayou, TX 9,800 1,400 2,800 14,000 0.20
o-Dichlorobenzene

Eastman Rochester, NY 9,975 1,425 2,850 14,250 0.21

DBlue Spruce Bound Brook, NJ 9,975 1,425 2,850 14,250 0.21

Du Pont Deepwater, NY 9,975 1,425 2,850 14,250 0.21

Monsanto Luling, LA 9,975 1,425 2,850 14,250 0.21

a .. .
Based on emission factors shown in table.

b .
Based on 8760 hr/yr operation.
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Table 7-15. Chlorobenzenes End-User Emission Factors
Emission Factor (lb lost/lb used)
End-User Process Storage Fugitive Total Derivationa

Monochlorobenzene

DDT 0.0004 0.00005 0.00005 0.00050 Cb

Nitrochlorobenzene 0.0011 0.00020 0.00030 0.00160 b

Diphenyloxide 0.0007 0.00010 0.00020 0.00100 <
o-Dichlorobenzene

4-Dichloroaniline 0.00105 0.00015 0.00030 0.00150 b

Dye manufacturing 0.0004 0.00005 0.00005 0.0005

Pesticide intermed. 0.0004 0.00005 0.00005 0.0005
p-Dichlorobenzene

Pesticide intermed. 0.0004 0.00005 0.00005 0.0005 D

aA - Basis: site visit data
B - Basis: state air files
C - Basis: published data

D

bSee ref. 1ll.
cSee ref. 12.

- Basis: Hydroscience estimate
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o-Dichlorobenzene
Emissions resulting from the use of o-dichlorobenzene as a solvent in TDI manu-

facture were estimated to be 9,000,000 1lb by assuming that all usage is lost.

Table 7-16 summarizes TDI o-dichlorobenzene emissions which were distributed based

on TDI capacity.

Emissions from chemical intermediate use of o-dichlorobenzene are shown in Table
for dichloroaniline manufacture (57,000 lb). Total emissions were distributed
evenly per site since capacity data were not available. Emission factors used

to derive o-dichlorobenzene emissions are shown in Table 7-15,

Pesticide intermediate uses of o-dichlorobenzene were estimated to have been
1500 1b and were distributed by region in Table 7-13. Dye manufacturing losses
were also estimated to be 1500 lb, but locations by region could not be identi-
fied.

Miscellaneous solvents primarily consumer types, (i.e., paint cleaners, engine
cleaners, etc.) contributed 6,000,000 lb of o-dichlorobenzene emissions. Losses

were considered too widespread to model.

p-Dichlorobenzene emissions from its use as a space deodorant were estimated as
27,500,000 1b and as 22,000,000 1lb for moth control by assuming that total

usage is lost. Losses were considered too widespread to model.

Emissions from p-dichlorobenzene used as a chemical intermediate in pesticide
manufacture (2,750 lb) are shown in Table 13 by geographic region. Emissions
wvere derived from the emission factors shown in Table 7-15 and distributed by the

number of sites in each region.
Vent parameter data for producers and users of chlorobenzenes are shown in Table
Total emissions of all three chlorobenzenes are summarized in Table 7-18. Total

nationwide emissions of chlorobenzene, o-dichlorobenzene, and p-dichlorobenzene

were 175,376,130 1b, 15,269,240 1b, and 49,900,950 1lb respectively in 1978.

Total emissions of all chlorobenzenes vere estimated to have been 240,546,530 1b.

376
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Table 7-16. o-Dichlorobenzene Emissions from Solvent Use in TDI Production

. . a
Total Emissions

Company Location (lﬁ/yr) (g/sec)b
Allied Chemical Moundsville, WV 694,410 12.88
BASF Wyandotte Geismar, LA 1,118,010 16.10
Dow Freeport, TX 1,118,010 16.10
Du Pont Deepwater, NJ 782,610 11.27
Mobay Baytown, TX 1,453,416 20.92

New Martinsville, WV 1,118,010 16.10

Olin Ashtabula, OH 335,405 4.83

Lake Charles, LA 1,118,010 16.10

Rubicon Geismar, LA 447,205 6.44

Union Carbide S. Charleston, WV 614,905 8.85
Total 9,000,000

aBased on total o-dichlorobenzene used as solvent lost as process emission.

bBased on 8760 hr/yr operation.
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Table 7-17. cChlorobenzenes Vent Parametersa

Number Vent Vent Discharge
of Height Diamcter Temp. Velocity Distribution Area
Stacks (fr) (fr) (°F) (fr/sec) (ft x ft)
Production '
Process m,o,p 3 60 0.125 104 20
p 5 30 0.80 120 12
Storage 5 36 0.33 80
o 8 12 0.33 170
P 5 16 0.33 80
Fugitive 300 x 600
Degreasing 1 15 0.5 70 0.6
End-Usesb
Process 1 20 0.17 140 12
Storage 2 20 0.17 80
Fugitive 100 x 100
Pesticide/DDT
Process 1 30 0.17 100 15
Storage 2 20 0.17 80
Fugitive 300 x 300
TDI :
Process 1 90 0.9 110 40
aBuilding cross-section Production - 50m2
Degreasing - SOm2
End-uses - 100m2
Pesticide --100m2
2

TDI - 200m

bIncludes dichloroaniline, nitro chlorobenzene, diphenyl oxide.
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Table 7-18. 1978 Nationwide Emissions of Chlorobenzenes

Nationwide
Emissions
Source (lb/yr)
Monochlorobenzene

Production 1,136,000
Pesticlde/degreasing solvents 174,000,000
Nitrochlorobenzene 171,200
DDT 12,500
Diphenyl oxide 28,500

Miscellaneous, other

Sub-total

o-Dichlorobenzene

Production
J,4-Dichloroaniline

Toluene diisocynnate solvent
Miscellaneous solvents

Dye manufacturing

Pesticide intermediate

Sub-total

p~Dichlorobenzene

Production

Space deodorant
Moth control
Pesticide intermediate

Sub-total

Total -~ all chlorobenzenes

27,930
175,376,130

209,450
57,000
9,000,000
6,000,000
1,500
1,500
15,269,450

398,200
27,500,000
22,000,000

2,750
49,900,950

240,546,530

aBased on an emission factor of 0.001323 1lb lost/lb used derived
froam weighted average of all other monochlorobenzene uses.
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FIGURE 7-1.

SPECIFIC POINT SOURCES OF CHLORCBENZENE(MONO) EMISSIONS
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POINT SOURCES OF CHLOROBENZENE(MDONO)

TABLE 7-19.

SITE LATITUDE
NIBLARD, HI 43 38 28
GAUCEZT, IL 38 38 31
FIACAMA FALLS, NY 49 03 83
BENDERBOR, RV 38 ® a2
NEV FARTIESVILLE, WV 39 47 22
PZLAVARE CITY, DX 39 33 64
DEEPVATER, NJ 39 41 25
TORRARC, CA 33 46 88
CRCTOLATE BAYDT, TX 29 14 83
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TABLE 7-19 (Concluded)

+ Source Types:

* Plant Types:

Type 1: Plant produces chlorobenzene{(smono) and diphenyl oxide

Type 2: Plant produces chlorobenzene(mono) and nitro
chlorobenzene

Type 3: Plant produces chlorobenzene(mono)
Type 4: Plant produces nitro chlorobenzene
Type 5: Plant produces DDT

Type 6: Plant produces diphenyl oxide

LE-L

Type 1: Chlorobenzene(mono) production
Type 2: Nitro chlorobenzene production
Type 3: DDT production

Type 4: Diphenyl oxide production
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TABLE 7-20.  gxpQSURE AND DOSAGE OF CHLOROBENZENE (MONO) RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population

Leve) Exposed Dosage
(ug/m3) (persons) [(ug/m3) . persons]
100 12 1,450

50 48 3,910
25 228 10,010
10 1,808 33,200

5 5.627 58,500

2.5 12,867 83,600

1 53,490 142,000

0.5 155,559 212,000

0.25 353,475 282,000

0.1 841,655 356,000

0.05 1,421,298 397,000

0.025 1,909,743 415,000

0.000432+ 4,065,898 430,000

233

*The lowest annual average concentratfon occurring within 20 km of the
specific point source.



TABLE 7-21. EXPOSURE AXD DOSAGE RESULTING FROM EMISSIONS FROW GENERAL
POINT SOURCES OF CHLOROBENZENE (MOWO)

! Popuiation Exposed Dosage
Concentration (103 persons) 4[105(ug/mj)-persons]
Lev;} Degreasing Pesticide Degreasing Pesticide
(pg/m?) Operation Production U.S. Total Operation Production U.S. Total
100 0 1.1 1.1 0 0.14 0.14
50 0 1N 1 0 0.81 0.8)
25 0 46 46 0 2.0 2.0
10 0 213 213 0 4.81 4.81
5 0 394 Jo4 0 5.26 5.26
o) 2.5 0 913 913 0 7.00 7.01
4 1.5 0 2,640 2,640 0 9.62 9.62
0.5 0 5,700 5,700 0 11.8 11.8
0.25 -- - -- 1.06 12.6 13.7
0.10 -- -- - 5.5 14.5 20.0
0.05 -- -- -- 9.4 15.3 24.7
0.025 -- -- -- 13.0 5.9 29.9
0.010 - -- -- 19.9 16.7 36.6
0 -- -- -- 55.3 17.4 72.6

NOTE: The use of -- as an entry indicates that the incremental E/D is not significant
(relative to last entry or relative to entry in another co!umn at the same row)
or that the exposure of the same population may be counted in another column.
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TABLE 7-22. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING
FROM AREA SOURCE EMISSIONS OF CHLOROBENZENE (MONO)

Parameter Value
Daytime decay rate (K,) 4.67 x 1076 sec”!
Nighttime decay rate (Kn) 0
Manna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) 0
Kationwide nonheating stationary source emissions (EN) 0.402 gm/sec
Nationwide mobile source emissions (EH) 0

255
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(relative to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.

TABLE 7-24. EXPOSURE AND DNSAGE SUMMARY OF CHLOROBENZENE (MONOD)
: Population Exposed Dosage '
- (persons) [(vg/m3)-persons]
Concentration Specific nera Specific  General
Leve Point Point Point Point
(pa/m?) Seurce Source Area Source 1.5. Total Source Source__ Ares Source U.S. Totei
100 12 1,100 0 1,112 1,450 140,000 0 141,450
50 a8 13,000 0 11,048 3,910 810,000 0 813,910
25 228 46,600 0 46,223 10,010 2,000,000 0 2,010,010
10 1,808 213,060 0 218,398 32,200 4,810,006y 0 4,842,200
5 5,627 354,079 0 396,627 58,500 5,260,000 0 5,318,509
2.5 12,867 13,600 G 25,867 63,600 7,010,000 0 7,850,800
1 53,490 -- 0 142,000 0
0.5 155,559 5,700,000 5 5,855,359 272,000 1N,El5,0u 0 12,002 ,CL3
0.25 353,475 -- G -- 252,000 13,700,0.v 0 13,582,000
C.1 E81,655 -- 0 -- 356,000 2G,0%G,C.0 0 20,355,000
C.05 1,421,258 == 0 -- 397,000 24,74G,G33 0 25,097 ,CH0
0.025 1,903,763 -- 0 -- 475,000 23,64U,C.3 0 29,618,002
0.01 .- -- 0 -- 430,000 36,600,062 C --

W 0.001 -- -- 505,140 -- -- -- 1,082 --

% 0.0005 -- -- 9,149,730 -- -- -- 8,281 --
0.00025 -- -- 27,819,25% -- -- -- 14,972 --
0.0001 -- -- 95,892,857 -- -- -- 25,169 --
0.00005 -- -- 140,093,202 -- -- -- 28,469 .-

0 4,065,896 -- 158,679,135 -- 430,000 72,600,000 29,100 73,659,160
NOTE: The use of -- as an entry indicates that the incremental E/D 15 not significant
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FIGURE 7-2.

SPECIFIC POINT SOURCES OF o-DICHLOROBENZENE EMISSIONS
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TABLE 7-25.
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EMISSIONS AND MrTEOROLOGICAL STATIONS OF SPECIFIC POINT SOURCES OF o-DICHLOROBENZENE

EMISSIONR (CA/REC)

. 131028
. 860604
. 164160
. 207926
010944
. 032032
. 032892

2 9 33 9 9 3 9 3 O

.04 1049

. 941040
. 041049

“PROCESS | STOMACE  FUGITIVE

. 499096 o01216

. 200440 940680

.301126 .101020

.634732 . 120392

. 933400 . 006760

. 160224 . 020304

. 189224 . 020366
11.269304 O.

. 143640 . 020320
12.879354 O.
16.6955044 O.
16.675344 O.
20.92519¢6 0.
16.699044 0.
4.829832 0.
16.699344 O.
6.435702 O,
0.874632 4.

. 147640 . 920028

. 143640 .020320

. 143640 .020320

. 041049

BE-L



Qbt

TABLE 7-25 (Concluded)

* Plant Types:
Type 1: Plant produces o-Dichlorobenzene
Type 2: Plant produces Toluene diisocyanate and 3,4-Dichloroaniline
Type 3: Plant produces Toluene diisocyanate
Type 4: Plant produces 3,4-Dichloroaniline

+ Source Types:

Type 1: o-Dichlorobenzene production
Type 2: Toluene diisocyanate production
Type 3: 3,4-Dichloroaniline production

6E-L




TABLE 7-26. EXPOSURE AND DOSAGE OF o-DICHLORO BENZENE
FRO™ SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(ug/m3) (persons) [(ug/m3) - persons)
100 2 175
50 38 2,520
25 4,258 147,000
10 16,315 349,000
5 25,406 407,000
2.5 57,100 509,000
1 159,047 658,000
0.5 352,618 790,000
0.25 655,976 897,000
0.1 955,490 952,000
0.05 1,210,194 968,000
0.000158* 6,442,16) 1,010,000

*The Towest annual average concentration occurring within 20 km of the 3¢
specific point source.



TABLE 7-27. EXPQOSURE AND DOSAGE RESULTING FROM EMISSIONS FRON GENERAL poywy SOURCES
‘ OF o-DICHLOROBENZENE (PESTICIDE PRODUCTION)

Concentration
Level Population Exposed Dosage
(ug/m3) (103 persons) (103 (ug/m3) -persons ]
0.010 0.2 0.002
0.0050 4 0.03
0.0025 25 0.10
W 0.0010 -- 0.23
}3 0.00050 -- 0.34
0.00025 -- 0.47
0 -- 2.02
NOTE: The use of -- as an entry indicates that the incremental E/D is not significant

(relative to last entry or relative to entry in another co!umn at the same row)
or that the exposure of the same populaticn may be counted in another column.
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TABLE 7-28. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING

FROM AREA SOURCE EMISSIONS OF o-DICHLOROBENZENE

Parameter Value

Daytime decay rate (Kd) 7.5 x 'IO'6 .f.ec'1
Nighttime decey rate (K ) 5.0 x 1077 sec”!
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (E) 0
Natfonwide nonheating stationary source emissions (EN) 86.42 gm/sec

Dye production 0.02 gm/sec

Miscellaneous solvents 86.4 gm/sec
Nationwide mobile source emissions (EM) 0
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TABLE 7-29.
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TABLE 7-30.  EXPOSURE AND DOSAGE SIMMARY OF o-DICHLOROBENZENE

' Population Exposed Dosage !
(persons) [(vg/m)-persons]
Concentration Specific General Tpecific General
Leve Point Point Point Point
(pg/m) Source Source Area Source 1.S. Total Source Source Area Source U.S. Total
100 r4 0 0 2 175 0 0 175
50 k) 0 0 38 2,520 0 0 2,520
25 4,258 0 0 4,258 147,000 0 0 147,000
10 16,05 0 0 16,315 349,000 0 0 349,000
5 25,406 0 0 26,406 407,000 0 0 407,760
2.5 57,100 0 0 57,100 509,000 ] 0 509,000
1 159,087 ¥ 0 159,047 658,000 0 0 658,000
0.5 352,618 0 0 352,618 750,000 0 o 790,000
0.25 655,976 0 505,140 1,161,116 897,000 0 232,45 1,129,451
0.1 955,490 0 9,149,730 10,105,220 952,000 0 1,772,052 2,724,052
0.05 1,210,194 0 33,072,205 34,282,399 968,000 0 3,479,775 4,447,775
0.025 -- 0 81,759,648 -- -- 0 5,056,481 --
0.0 .- 2,000 142,928,535 -- - 2 6,121,101 --
0 6,442,161 -- 158,679,135 -- 1,010,000 2,020 6,225,594 7,238,000

NOTE: The use of -- as an entry indicates that the incremental E/D 1s not significant
(relative to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.

W
o
U
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39

EMISSIONS

SPECIFIC POINT SOURCES OF p-DICHLOROBENZENE

FIGURE 7-3.
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TABLE 7-21.

COMPARY

rPPC

SfTARD CALORINE
SIECIALTY ONCAN
FONTNOSE

1CC

EMISSIONS AND METEOROLOGICAL

BITF,
MIDLARD,
AAUCET, 1L

NEW MARTINSVILLE, WV
DFELEVANRE. CITY, DR
INWINDALE, €A
MERDERSON, AV

RIAGCARA FALLS, nYy

LATUTUDF,

47
1}

A9

a9

a6
J6
43

STATIONS OF SPECIFIC POINT SOURCES Of p-DICHLOROBENZENE

FHIRKIONS (CH/SFC)

STAR  PLANT SOMCE ===-oe- e cm e mmmme e -——

LORCITUDF. STATION TYI'E 1VUF, PROCFS]  RTONACE  FUCITIVE
on4 12 A0 14043 t 1 732976  .637196 . 122192
o9 16 11 13994 { { .334686 .023616 .e88782
B0 B1 27 13736 1 1 1.6A7632 .676732 . 190944
073 IR 47 94741 ' 1 2.007906  .14169¢ 382812
117 85 40 292193 1 1 .8NJ6G64  .005904 . 0814668
114 30 34 20112 ' I .167020  .01109D  .629376
079 00 55 14747 1 ' .167320 011800  .879376

9%-L



TABLE 7-32.

Concentration
Level
(uo/m3)

7-47

EXPOSURE AND DOSAGE OF P-DICHLOR
FROM SPECIFIC POINT SOURCE EMISSIONS

Population
Exposed
(persons)

2

8

30

125

342

1,233
3,747
9,714
18,980
94,145
259,561
552,574
1,151,587
1,663,080
2,341,103

349

OBENZENE RESULTING

Dosage

[(Y9/m3) . persons]

239
662
1,360
2,780
4,380
7,360
11,300
15,000
18,900
29,500
40,400
51,200
60,600
64,300
66,000



TABLE 7-33.  EXPOSURE AND DOSAGE RESULTING FROM EMISSIONS FROM GENERAL POINT SOURCES
OF p-DICHLLOROBENZENE (PESTICIDE PRODUCTION)
/

Concentration Bos
Leve Population Exposed age
(ug/é) (103 _persons) [103(ug/m3) -persons]
0.010 2 0.03
0.0050 21 0.15
W 0.0025 58 0.29
o 0.0010 -- 0.54
0.00025 -- ©0.77
0 -- 3.36

NOTE: The use of -- as an entry indicates that the incremental E/D 1s not significant
(relative to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.

8y-L
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TABLE 7-34. MAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING

FROM AREA SOURCE EMISSIONS OF p-DICHLOROBENZENE

Parameter Value
Daytime decay rate (Kd) 7.5 x 10'6 sec-]
Nighttime decay rate (Kn) 5.0 x 10'7 sec']
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) -0
Nationwide nonheating stationary source emissions (EN) 713 gm/sec
Space deodorant 396 gm/sec
Moth control 317 gm/sec
0

Nationwide mobile source emissions (EM)

1400
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TABLE 7-35.

POPULATIOR

(FERSON)

61582693
133037386
130679138

1917817.8
19620149._2
20029910.4
I7147988.3
49G90010. 2
31363670.0

100.0
100.0
100.0
90.3
94.7
92.9

(&)
[ 3

|
[

[E)
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TABLE 7-36.

EXPOSURE AND DOSAGE SUMMARY OF p-DICHLOROBENZENE

' Population Exposed Dosage )
_(persons) [{ q/m3)-persons]
Concentration Specific General Specific feneral
Leve Point Point Point Point
(pa/m?) Source Source Area Source 1).5. Total Source Source Area Source U.S. Totel
100 F4 0 0 2 2139 0 0 219
50 8 0 0 8 662 0 0 662
25 30 0 0 30 1,360 0 0 1,360
10 125 0 0 125 2,780 0 0 2,780
5 342 0 0 Ja2 4,380 0 0 4,380
2.5 1,233 0 505,140 505,373 7,360 0 1,917,818 1,925,178
1 3,747 0 9,149,730 9,153,477 11,300 0 14,620,149 14,631 ,449
0.5 9,714 0 26,976,292 26,986,006 15,000 0 26,029,918 26,044 918
0.25 18,980 0 67,583,693 61,682,671 18,900 0 37.167,988 37,186,888
0.1 94,145 2,000 133,037,356 133,639,503 29,500 30 49,590,816 49,620,346
0.05 259,561 21,000 -- -- 40,400 150 -- -
0.025 552,574 -- -- -- 51,200 -- -- -
0.01 1,151,587 -- -- -- 60,600 -= -- .-
L 0.005 1,663,080 -- -- -- 64,300 -- -- --
E} 0 2,341,103 -- 158,679,135 -- 66,000 3,360 51,363,678 51,430,000
NOTE: The use of -- as an entry indicates that the incremental E/D 1is not significant

(relative to last entry or relative tc entry in another column at the same row)

or that the exposure of the same population may be counted in another column.

L5-¢
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APPENDIX A-8 ----- Chloroform

CHLOROFORM CHEMICAL DATA

Nomenclature

Chemical Apstract Service Registry Number: 67-66-3

Synonyms: Trichloromethane; Methenyl Chloride, Trichloroform; Metheny)
Trichloride;, Formyl Trichloride; Methyl Trichloride

Chemical Formula

Molecular Weight: 119.39
Molecular Formula; CHC13

Molecular Structure:
Q
1
Cl=-C-H
|

{1
Chemizal and Physical Properties

Physical State at STP: Liguid - highly refractive, nonflammabie, heavy,
very volatile ’

Boiling Point: 61.25°C

Melting Point: <-63.5°C

Density: 1.49845 at 15°C

Vapor Pressyre: 200 mm at 25.9°C

Vapor Density: 4.12

Solybility: Soluble (8.15 g/1 of HZO)

Log Partition Coefficient (Octano1/H20): 1.17

Atmospheric Reactivity

Transformation Products: Easily hydrolyzed by aqueous alkali to formic acid.
When exposed to air and 1ight, breaks down to phosgene, HC1, and chlorine.
Reactivity Toward OH-: Same as methane, 1/4% Butane

Reactivity Toward 03: No reaction
Reactivity Toward Photolysis: No photochemical degradation
Major Atmospheric Precursors: N/A

You

Formation Reactivity:



8-5
I. SOURCES

Four volatile organic compounds—methyl chloride, methylene chloride, chloro-
form, and carbon tetrachloride——comprise the group of chemicals commonly ref&rred

to as the chloromethanes. Emission losses for all except methyl chleride are
assessed in this summary.

CHLOROFORM

Chloroform (CHCl;) is a clear, vater-white, heavy, volatile, nonflammable liquid
at ambient conditions and is manufactured by the chlorination of either methyl
chloride or methane. The chlorination of methane is the predominant route for

the manufacture of chloroform.

In 1978 five companies were operating plants at seven locations in the U.S.
The locations of the plants, the type of production process used, and the 1978
capacity and estimated production level for each plant are shown in Table g-1.4'87

An estimated 330 million lb of chloroform was produced in 1978.

The largest end-use for chloroform is in the manufacture of chlorodifluoromethane,
commonly referred to as fluorocarbon 22 or F-22. Fluorocarbeon 22 is used primarily
as a refrigerant with an estimated 61% of the chloroform production (201.3 million
lb) consumed for this application. In addition an estimated 82 S million 1b of
chloroform was consumed to produce fluorocarbon 22 that was subsequently used

as a chemical intermediate to produce fluorocarbon resins.

The remaining 1978 chloroform production was either exported (23.1 million 1lb)
or used as an industrial solvent to produce pharmaceuticals or pesticides

(23.1 million lb). End-uses of chloroform are summarized in Table g-2.8

For the purpose of this report emissions resulting from the export of chloroform
are assumed to be negligible The remaining chloroform produced (23.1 million

1b) 1s used as a solvent in a variety of end-use applications and is eventually
released to the atmosphere. Individual source locations could not be identified

for this broad category. Esctimated emissions losses for each producing location

are shown in Table 8-3.
Total nationwide emissions of chloroform in 1978 from all sources are estimated

to have been 24,040,000 lb. A tabulation of the losses is shown in Table 8-4.

YOS
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The most significant end-use for chloroform is as a chemical intermediate in
the production of fluorocarbon 22. 1Identified source locations for fluorocarbon 22
manufacture are shown in Table 8-5.1% Also shown in that table are the 1973

fluorocarbon 22 production and the corresponding chleroform requirement for its

manufacture.

Emission estimates of chlorofrom from these sites are shown in Table 8-6.'%

Total estimated emissions of chloroform from fluorocarben 22 production sites

are estimated to have been 587,000 lb in 1978. Additional associated emissions
from these sites would include other halocarbons used and the various fluoro-
carbons produced. Vent parameter data relative to chloroform emissions from
fluorocarbon production are shown in Table 8=7. It is estimated that an average
of five tanks per site contribute chloroform storage emissions. Process emissions

were reported as negligible.l¢

nobG
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Table 6-1. Production of Chloroforma

1978 1978
Estimated Estimated
Productijion c Capacity Geographic Coordinates
Source Location (106 1b/yr) Process (1(3‘JP 1b/yr) Latitude/Longitude
d
Allied Chemdcal Corp. Moundsville, WV 19 A,B 30 39 54 24/80 47 51
Diamond Shamrock Belle, WV 26 A 40 38 14 09/81 32 38
Dow Chemical Freeport, TX 64 B 100 28 59 15/45 24 45
Plagquemine, LA 604 A 100 30 19 00/91 15 00
Stauffer Chemical Co. Louisville, KY 49 A 75 38 12 09/85 51 49
Vulcan Materials Co. Geismar, LA k] A 60 30 10 00/90 59 00
wichita, XS 70 A,BS 110 37 36 55/97 18 30
Total 330 515

(-8

aSee refs. 4, 6, and 7.

bDistribution of the 330 million pounds per year for each producing location has been made as a direct ratio of
total production/total capacity X individual plant capacity.

c . ) . . ,
(A) - Methanol hydrochlorination process or methyl chloride chlorinatjion process.
(B) - Methane chlorination process.

d .
5% methane chlorination 95% methyl chloride chlorination.

€104 methane chlorination 90 % methyl chloride chlorination.
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Table 8-2. 1978 Chloroform Consumption by End Use*
End Use
Percent of: Consumption
End Use Total Consumption (M 1b)
Chlorodifluoromethane (F-22) 61 201.3
refrigerants
Chlorodifluoromethane (F-22) 25 82.5
resin intermediates
Export 7 23.1
Solvent/miscellaneocus 7 23.1
Total 100 330.0

*See refs. 6 and 7.

Yo%



Table B8-3. 1978 Chloroform Production Emissions

Process Vent Storage Vent Fugitive a
Emissions Emissions Emissions Total Emissions
. b b b b
Company Location {(1b/yr) {g/sec) (1b/yr) {g/sec) (1b/yr) (g/sec) (1b/yr) (g/sec)
Allied Moundsville, WV 140 0.002 17,870 0.257 4,630 0.067 22,640 0.326
Chemical
D1iamond Belle, WV 200 0.003] 25,350 0.2365 6,420 0.092 31,970 0.460
Shamrock
Dow Freeport, TX 260 0.004 18,470 0.266 11,500 0.166 30,230 0.435
Chemical
Plaquemine, LA 480 0.007 62,400 0.898 15,810 0.228 78,690 1.133
Stauffer Louisville, KY 370 0.005 47,780 0.668 12,100 0.174 60, 250 0.867
Vulcan Geismar, LA 290 0.004 37,050 0.533 9,390 0.135 46,730 0.673
Wichita, KA 500 0.007 63,450 0.913 16,820 0.242 80,770 1.163
Total 2,240 272,370 76,670 351,280

a . .
Derived from the emission factors shown in Table 10.

b
Based on 8760 hr/yr operation.

bQh
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Table 8-4. 1978 Estimated Chloroform Nationwide Emission Losses

Estimated National
Source Emission (M lb/yr)

Production 0.35

Chlorodifluoromethane (F-22)
(refrigerants)

Chlorodifluoromethane (F-22) 0.39
resin intermediates

Solvent, miscellaneous 23.1
Export
Total 24.04

4O



Table 8-5. Users of Carbon Tetrachloride and Chloroform to

Produce Fluorocarbons

Carbon
LUOIC _ eatimated 1978 produesion DU e T
Capacity r-11 F-12 F-22 Totals Used Used Geographlc Coordinatas
110° 1b) 1108 1b) (106 1b) (10® 1b) {106 1b) (10 1b) {108 1b) Latitude /Longttude
Allled Chemical
Saton Rouqe, LA Asaumed shut down
Danville, IL 310 28.5 40.6 87.) 40 0B 10/67 3} 45
Elizabeth, NJ 20.5 40 6 37 8 282.9 871.) 55.7 40 40 45/74 1) 51
E1l Segundo, CA 20.95 40.6 J7.8 87.1 55.7 1) 56 30/118 26 15
Du Pont
Antioch, CA 6.0 52.3 112.6 37 59 37/121 52 00
Decpwater, NJ 6.8 52.) 46.8 112.6 71.9 39 41 25/75 30 15
Montagua, Ml 400 36.8 52.3 364.9 112.6 4) 24 10/086 23 40
Louvisville, KXY 48.8 71.9 38 11 51/85 54\1]
Corpus Chriatl, TX 27 5) 00/97 15 00
Pennwalt Corp.
Calvert City, KY 80 22.1 1.4 19.5 73.0 67.6 28.6 17 0) 18/88 19 40
Thorofare, NJ 35 Aspu=ad ghutdown
Unjon Carblde
Institute and 5. Charledton, WV Hot listed Assured shuidown
Essex Chemicsl Cerp. (Racon)
Wichita, XS 20
Xalser Aluminum ¢ Chemlical Corp.
Grarercy, LA _6a
Total 925 218 310.1 192.7 720.0 667.5 28).86
*Sce ref. 13,

iy
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Table 8-6. Emigsions from Carbon Tetrachloride and
Chloroform Users for Plurocarbon Production?

F-11/F-12 Carbon

Tatrachloride P-22 Chloroform
Emiseions Emissions
_Source Location __(1n/ye)b (g/sac)d (1b/yr)C (c_I/un:)"'l
Alljed Danville, IL 58,460 0.84 o]
Elizabeth, NJ 38,460 0.84 115,200 1.66
El Segundo, CA 58,460 0.84 115,200 1.66
Du Pont Antioch, CA 75,420 1.09 o o
Deepwater, NJ 75,420 1.09 148,800 2.14
Montague, MI 75,420 1.09 0 0
Louisville, KY 0 148,800 2.14
Pennwalt Calvert City, K¥ 45,240 0.65 59,410 0.86
Total 446,200 587,410

%see raf. 14.

bB.ued on the following emission factor:
Process 0.000449 A -~ (derived from site visit)
Storage 0.000442 A - (derived from sits visit)
Pugitive 0.000178 A - (derived from sits visit)

0.001069
“Based on the following emission factor:
Process Q0 A - (derived from site visit)
Storage 0.00374 A - (derived from site visit)
Fugitive 0.00075 A - (derived from sitae visit)
0.00449

dhm.m.s 8760 hours/year operation.



Table 8-7. Chloromethane Vent Parameters’
Number Vent Vent Discharge
of Height Diameter Temperature Velocity
source Vents (ft) (ft) ("F). (fps)
b
paon
y-1 chloride chlo-
~At10n
' process 3 35 0.08 95 5.0
swrage 10 20 0.17 80
r2ae chlorination
Prrocess 2 a5 0.08 100 270
Storage 10 20 0.17 80
s disulfide and
-=21 chlorination
Sxcesses
Mrocess 2 45 0.17 100 9.0
storage 7 20 0.17 g0
: ene chloride end-usec
wld cleaner 1l 15 0.5 70 0.6
NWaipor degreaser 1 15 0.5 150
-:arbons 11/12‘:1
Process 2 30 0.33 90
Storage q 20 0.17 eo
-;arbon 22':I
Process® 0 a 0 0
Slorage 20 0.17 -[o]

e ———

‘i1, 2, 10, and 4.
-19 cross~-saction - S m
-29 cross-section - SO m

~-Iy cross-section - 20 m

2

2
2

"dre no process vent losses of chloroform from f£-22 manufacture.

N3
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FIGURE 8-1.

SPECIFIC POINT SQURCES OF CHLOROFORM EMISSIONS
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TABLE 8-8. EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC
POINT SOURCES OF CHLOROFORM

* + ENISSIORS (CM/REC)

STAR  PLANT SOURCE —=—~——--—m-—-—mommmmem e

no. corpany AITE LATITUDFE LONCITUDE. STATION TYUE TYIE PROCFSS STORAGE FUCITIVE
I ALLIED CIEHICAL MOUNDSVILLE, WY 19 54 39 AN6 44 49 13736 | ' .882816  .237328 865572

2 DIAMND SHANMRGCKX RELLE, WV 30 15 09 801 92 IG5 1IR66 1 I .882089 .063%240  .892430

3 Dov PLAQUEZHINE, LA an 19 GO 091 1% @D 13570 | 1 .885912 . R9[368  .Z27664
4 STAUFFEN LOVISVILLE, KY B 12 09 003 31 49 93020 1 1 .889320 .60RN9N2 . 174240

3 VuLCAN CEIEMAN, LA 99 10 69 @9C 89 €0 1293Q ' ' .804176  .03332e . 138216
® VULCAN VICHITA, KA 37 36 33 €97 18 26 61928 f ' .007209 .9136R6 242260
7 bow FREZPSIT, T 28 0% 26 €90 23 38 12922 2 3 .884744 2608960 . 168648
8 ALLIED ELIZARET!, NT 49 46 47 074 13 31 04739 3 2 o. .661824  .277006
9 ALLIED EL SBECURADO, CA 33 86 20 118 26 18 23129 3 2 . 1.7A1A24  .277686
16 DUPONT DEEPYWATER, ANJ 39 41 23 @73 30 33 13739 3 2 o. 1.704736  .387984
11  DUI'ONT LOVISVILLE, KY 30 1 B 603 54 13 13067 3 2 . 1.704796  .337984
12 PENRWALT CALVERT CITY, KXY 37 92 19 00R 19 40 ©3BI16 3 2 .. .7120080 . 142060

SL-8
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TABLE 8-9. (Concluded)

* Plant Type: )
Type 1: Plant produces chloroform by using the methylchloride chlorination
process

Type 2: Plant produces chloroform by using the methan chlorination process
Type 3: Plant produces flurocarbon 22

t Source Type:

Type 1: Methyl chloride chlorination process
Type 2: Methane chlorination process
Type 3: Flurocarbon 22 production

al-8




TABLE 8-10.

Concentration

Level

__Eug/m3)

67.

50
25
10

5

—

2
1
0
0
Q.
0
0
0
0

6

.25

.05
.025

00719+

EXPOSURE AND DOSAGE OF CHLORQFOQRM RESULTING

FROM SPECIFIC POINT SOURCE EMISSIONS

Population
Exposed

(persons)

]
2

21

1M

224

679
2,513
4,684
13,630
68,319
217,703
447,556
826,081
866,290

Dosage
[{ug/m3) - persons]

34.7

87.6
736
2,110
2,910
4,430
6,830
8,370
11,500
19,000
29,200
37,400
43,400
43,800

*The lowest annual average concentration occurring within 20 km of the
specific point source.

R
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TABLE 8-11. mMAJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING

FROM AREA SOURCE EMISSIONS OF CHLOROFORM

Parameter Value
Daytime decay rate (Kd) 0
Nighttime decay rate (Kn) 0
Hanna-Gifford coefficient (C) 225
Nationwide heating source emissions (EH) 0
Nationwide nonheating stationary source emissions (Ey) 332.6 gm/sec
Nationwide mobiie source emissions (EM) 0

W3



TABLE B-12.

POPULATISY
(PER3G#)

TU609387
129495038
1830679130

CHLOROFORM EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS

DOSACE
(US/ (M G-
PERSOH)

89852y.

9
6890977 .8
110185935.3
19384669 . 4
233221696. 1

242213700.2

PERCEHTACE OF CONTRIBUTION

STATIONANLY MNODILE CITY TYPE |

100.0
190. 0
100.0
i00.0
100.0

169.0

PERCERTACE OF DISTRIEBIUTICGR

CITY TYPE 2 CITY TYPE 3

to
4]

[
>
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TABLE 8-13. EXPOSURE AND DOSAGE SIRMARY OF CHLOROFORN

0Z-g

! Population Exposed Dessge '
(_perso_ns) Iiﬂlljl'[’e_ rSOﬂSJ
Concentration DSpecific  (General Tpecific  Ceneral
Level Point Point Point Point
(pg/m’) Source Source Area Source _1l.S. Total  Source Source Area Source U.S. Tots!
S0 2 0 0 2 A1 0 0 88
25 21 0 0 21 736 0 g 736
10 1 0 0 m 2,110 0 0 2,110
5 224 0 0 224 2,910 0 o 2,910
2.5 679 0 0 679 4,430 0 0 4,430
1 2,51] 0 505,140 507,653 6,R50 0 895,925 802,775
0.5 4,604 0 9,149,730 -- 8,370 0 6,895,977 6,904,347
0.25 13,630 0 21,839,30) -- 11,500 0 11,010,193 11,021,69)
0.} 68,319 0 78,609,557 -- 19,000 0 19,384,869 19,403,869
0.05 217,703 0 129,499,835 -- 29,200 0 23,221,696 23,250,896
£ 0.025 447,556 0 -- -- 37,200 0 -- --
r 0.0l 826,081 - -0 -- -- 43,400 0 -- --
0.005 -- 0 -~ -- -- 0 -~ --
0 866,290 0 158,679,135 -- 41,800 0 24,223,708 24,267,508
NOTE: The use of -- as an entry indicates that the incremental E/D is rot significant

(relative) to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column,
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APPENDIX A-9 ----- Crloroprene

CHLOROPRENE CHEMICAL DATA

Nomenclature
Chemical Abstract Service Registry Number: 126-99-8

Synonyms: 2-Chlorobutadiene-1,3; 8-Chloroprene; Chloroprene;
2-Chloro-1,3-Butadiene

Chemical Formula

Molecular Weight: 88.54

Molecular Formula: C4H5C1,

Molecular Structure:
C1

|

2

Chemical and Physical Properties

Physical State at STP: Liquid-celorless, flammable, pungent ethereal odor
Boiling Point: 56.4°C at 760 mm

Melting Point:

Density: 0.9583 at 20°C/4°C

vapor Pressure: 215.4 mm at 25°C

Vapor Density: 3.0

Solubility: Slightly soluble (<10.0 g/1 of HZO)

Log Partition Coefficient (0ctano1/H20):

Atmospheric Reactivity

Transformation Products: 2-Chloroacrolein, Chloroacrolein
Reactivity Toward OH-: 4 x Butane
Reactivity Toward 03: 2 x Propylene
Reactivity Toward Photolysis: NAPP
' ha 3
Major Atmospheric Precursors:

Formation Reactivity:
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I. SOURCES

Chloroprene is currently produced in the United States by chlorination, isomeri-
zation, and caustic dehydrochlorination from butadiene. Until the late 1960s,
chloroprene was also produced from acetylene, but that process has been discon-

tinued because the cost of acetylene is much higher than that of butadiene.

Only two companies at three locations currently produce chloroprene in the United
States. Dupont shut down its Louisville, KY, chloroprene facility and expanded

its Laplace, LA, facility. Dupont's Victoria, TX, facility has also begun produc-
tion of chloroprene. The locations of the plants and the 1978 capacity and

estimated production for each site are shown in Table 9-1. An estimated 277.2 million
1b of chloroprene was produced in 1978.1’2

All chloroprene produced is captively consumed to manufacture polychloroprene
(neoprene) synthetic rubber by polymerization of the chloroprene. Neoprene is
used in wire and cable covers, gaskets, automobile parts, caulks, and other

applications requiring chemical, oil, and weather resistance.

II. EMISSION ESTIMATES

Emission estimates for the three sites listed in Table 9-1 include the total emis-
sions of chloroprene, and toluene from the Dupont sites, for both the production

of chloroprene and its captive use to make neoprene.

Emission factors used to calculate the emissions of chloroprene and toluene are

shown in Table 9-2, along with vent parameter data.

Total emissions of chloroprene from its production and use are estimated to
have been 3,523,090 1b, and those of toluene are estimated to have been

895,433 1b. There were no identified toluene emissions associated with chloro-
prene or neoprene manufacture at the Denka facility. Total emissions are shown
in Table 9-3 by site location.

) 4ot
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Table 9-1. chloroprene Producers and Captive Users®

19786 1978
Capacaty Proguction e Geographic Coordinates
Company Location (M 1b) (M 1p)P Latitude/Longitude
Du Pont Laplace, LA 190 169.4 30 04 00/90 32 00
Victoria, Txc 60 53.9 28 40 29/96 57 21
Denka Houston, TX 60 53.9 29 41 31/95 15 12
Total 310 277.2

%See refs. 1 and 2.
bTotnl production distributed over all sites based on capacity.

cTotal capacity and estimated production have been determined by the difference
in overall U.S. capacity and overall U.S5. demand for neoprene.

H15



9-7
Table 9-2. Chloroprene/Toluene BEmission Factors and Vent Parameter Data
Emission Factor lb Lost per lb Produced/Used
Source Chemical Process Storage Fugitive Total
Emission Factors
] a b c -
Du Pont sites Chloroprene 0.014000 0.000004 0.001000 0.015004
Toluene 0.00347% 0.00004% 0.00050° 0.00401
b b
Denka site Chloroprene 0.002200 0.000004 0.001000° 0.003204
Vent Parameter Data
Vent
Number Vent Vent Discharge Vent Discharge
of Height Diameter Temperature Velocity Area
Source vents (ft) (ft) (°F) (ft /sec) (ft X ft)
All sitesd
Process 6 56 1.25 100 85
Storage q 16 0.33 75
Fugitive 400 X 600

aSee ref. 3.
n
See ref. 4.

“Hydroscience estimate.

L I .
Building cross section all sites -~ 100 m

2

L2,
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Table 9-3. Chloroprene and Toluene Emissions from Chloroprene Production and Use

. ) a
Emissions (lbjxy)a Total Emissions

S b
Company Location Process Storage Fugitive (lb/yr) (g/sec)

Chloroprene Emissions

Du Pont Laplace, LA 2,371,600 678 169,400 2,541,678 36.59

Victoria, TX 754,600 216 53,900 808,716 11.64

Denka Houston, TX 118,580 216 53,900 172,696 2.49
Total 3,244,780 1,110 277,200 3,523,090

Toluene Emissions

Du Pont Laplace, LA 587,818 6,776 84,700 679,294 9.78
tand Victoria, TX 187,033 2,156 26,950 216,139 3.11
Total 774,851 8,932 111,650 895,433

naased on emission factors shown in Table 2.

bBased on 8760 hr/yr operation.

U2l
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Process emissions originate from the chloroprene reactor vent scrubber, the
neoprene strippers, and the neoprene dryer exhausts. Storage emissions repre-
sent the losses from both working and final product storage as well as loading

and handling losses. Fugitive emissions as those that result from plant equip-
ment leaks.

w2 g
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FIGURE 9-1.

SPECIFIC POINT SOURCES OF CHLOROPRENE EMISSIONS

aL-6



TABLE 9-4. EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC POINT SOURCES OF CHLOROPRENE

FHISSIORS (CM/SFC)

STAR  PLART SOURCE  =—== == - mmmmcmmm e e mmemem

NO. COMPANY SITE LATITUDE LORGITUDE SFATION TYPE TYPE PROCFSS  RTORAGE  FUGITIVE
1 DUTONT LAPLACE, LA 70 04 00 093 20 81 2950 I ] 24.131940  .6869763 2.439360

2 DpuronmT VICTORIA, TX 20 40 29 096 57 21 12923 ' 1 10.066240 . 0A11190 776160

3 DERKA NOUSTON, TX 20 41 91 095 15 12 12906 | 1 1.707552 .6001186 .776160

LL-6
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TABLE 9-5. EMISSIONS PARAMETERS FOR SPECIFIC POINT SOURCES OF CHLOROPRENE

" Yent Building Cross Vent Yent Yent
Height Section Diameter VYelocity Te-ngratur!
Source Type ' Emissions Category (mg (w?) (m) (m/sec) (°k)
Process 17 100 0.38 26 mn
Storage 100 -- -- --
Fugitive 0 100 -- -- -~

NOTE: The use of -- as an entry indicates that the incremental E/D is not significant
(relative to last entry or relative to entry in another column at the same row)
or that the exposure of the same population may be counted in another column.

lz &
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TABLE 9-6.

Concentration
Level
(vg/m3)

EXPOSURE AND DOSAGE OF CHLOROPRENE RESULTING
FRO¥ SPECIFIC POINT SOURCE EMISSIONS

Population
Exposed
(persons)

1

55

292

2,038
5,170
9,136
29,573
48,326
92,173
227,457
454,997
989,679
1,369,545
1,411,458

1,414,691 .

[(ug/m3)

Dosage
- persons])

75.4

3,340
11,000
34,200
54,600
60,300
100,000
121,000
126,000
146,000
162,000
181,000
188,000
188,000
188,000

*The lowest annual average concentration occurring within 20 km of the
specific point source.

W32



9-14

REFERENCES

Sara L. Soder, "Butadiene Marketing Research Report," Chemical Economics Handbook,

Stanford Research Institute, June 1977.

Chemical Marketing Reporter, Chemical Profiles Neoprene, August 16, 1976.

D. D. Wild, Louisiana Air Control Commission, Emission Inventory Questionnaire

for Dupont Chemical, March 3, 1977.

M. Z. Woskow, Texas Air Control Board Emissions Inventory Questionnaire for
Petrotex Chemical, Aug. 26, 1976.

N33



APPENDIX A-10 ----- Cresol

m-CRESOL CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 10B-39-4

Synonyms: 3-Methylphenol; m- Hydroxyltoluene

Chemical Formula

Molecular Weight: 108.1
Molecular Formula: C7HBO
Molecular Structure: OH

Chemical and Physical Properties

Physical State at STP: Liquid - colorless or yellowish, phenolic odor
Boiling Point: 202.8°C

Melting Point: 12°C

Density: 1.034 at 20°C/4°C

vapor Pressure: 1 mm at 52.0°C

Vapor Density: 3.72

Solubflity: Slightly soluble (H,0)

Log Partition Coefficient (0ctano1/H20): 2.37

Atmospheric Reactivity

Transformation Products: |
Reactivity Toward OH-: 12 x Butane
Reactivity Toward 03: 10% Propylene
Reactivity Toward Photolysis: NAPP
Major Atmospheric Precursors: Toluene

Formatfon Reactivity: Small formation pathway (<10% from all cresols)’
: from toluene decay . 34
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0-CRESOL CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 95-48-7

Synonyms: o0-Cresylic Acid; o-Hydroxyltoluene; 2-Methylphenol

Chemical Formula

Molecular Weight: 108.1

Molecular Formula: C7H80

Cra
O

Chemical and Physical Properties

Molecular Structure:

Physical State at STP: Solid crystals - non volatile phenolic odor
Boiling Point: 190.8°C

Melting Point: 30.9°C

Density: 1.047 at 20°C/4°C

Vapor Pressure: 1 mm at 38.2°C

Vapor Density: 3.72

Solubility: Soluble (31 g/} of H,0)

2
Log Partition Coefficient (0ctano1/H2Q): 3.40

Atmospheric Reactivity

Transformation Products: Reacts with oxidizing materials to yield quinones and
benzenes (<1 day in air, <10 days in water). HMethyl quinone, methyldihydroxy
Reactivity Toward OH-: 10 x Butane benzenes

Reactivity Toward 03: 10% Propylene
Reactivity Toward Photolysis: N/A
Major Atmospheric Precursors: Toluene 435
Formation Reactivity: See m-Cresol
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p-CRESOL CHEMICAL DATA

Nomenclature

Chemical Abstract Service Registry Number: 106-44-5

Synonyms: 4-Cresol; 4-Methylphenol; p-Hydroxyltoluene

Chemical Formula

Molecular Weight: 108.1
Molecular Formula: C7H80

Molecular Structure:
(O

Chemical and Physical Properties

Physical State at STP: Solid crystals - phenolic odor
Boiling Point: 201.8°C

Melting Point: 35.26°C

Density: 1.0341 at 20°C/4°C

Vapor Pressyre: 1| mm at 53.0°C

Vapor Density: 3.72

Solubility: Slightly soluble (HZO)

Log Partition Coefficient (Octanol/H,0): 2.35

Atmospheric Reactivity

Transformation Products:

Reactivity Toward OH-: 10 x Butane
Reactivity Toward 03: 10% Propylene
Reactivity Toward Photolysis:

: Toluene
Major Atmospheric Precursors eV

Formation Reactivity: See m-Cresol
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I. SOURCES

PRODUCTION

The cresol isomers include para-cresol, ortho-cresol, and meta-cresol. Produc-
tion and capacity information is normally expressed in terms of total cresols

and cresylic acid rather than the individual cresol isomers. Cresols typically
occur as mixture of the cresol isomers and are defined as the compounds in the
mixture with boiling points below 204°C. Cresylic acids are the compounds with
boiling points above 204°C. Cresols and cresylic acid are produced as by-products

of either coal tar distillation or petroleum naphtha cracking.

As a by-product of ceoal tar distillation, cresols and cresylic acids are obtained
from the middle light o0il cut of the distillation and from the filtrate remaining
after crystallization of the naphthalene, which is also present in the middle
light o01l1. Extraction of the filtrate with sodium hydroxide removes phenols,
cresols, and xylenols. After separation in an agueous layer, the phenols are
acidifed to yield an organic layer which is then distilled to yield natural
phenol, cresols, and xylenols. The crude cresol cut is further purified by
fractional distillation to yield ortho-cresol and a mixture consisting of meta-
and para-cresol In the thermal cracking of naphtha and gas oil fractions,
petroleum acids are obtained which can be processed by methods similar to the

cresol recovery processes used by the coal tar distillation.!
p-Cresol is also produced synthetically by methylation of phenol.

There are currently six producers of mixed cresols. The locations of the plants
and the 1978 capacity and estimated production level for each plant are shown

in Table 10-1.! 1In 1978 an estimated 32 million 1b of mixed crescls was produced.
The average composition of the three isomers in the mixed cresols produced is

estimated to have been 26% p-cresol, 31% o-cresol, and 43% m-cresol.2’3

There are also currently eight producers of cresylic acid. The locations of the
plants and the 1978 capacity and estimated production of each are shown in Table 10-1.
In 1978 an estimated 52 million lb of cresylic acid was produced. The average

composition of the three isomers in the cresylic acid produced is estimated to

137
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Table 10-1. Mixed Cresols and Cresylic Acid Producers’
Cresols or
Tar Acids Cresylic Acid
Capacity Produced Geographic Coordinates
Company Location (million 1b/yr) (million 1lb/yr) (Latitude/Longitude)
Mixed Cresols Producers
Continental 01l Newark, NJ 50 6 40 43 34/74 07 26
Falleck Tuscaloosa, AL 20 2 33 11 00/87 34 50
Ferro Sante Fe Springs, CA 30 q 33 56 30/118 04 18
Koppers Oil City, PA 35 4 41 29 30/79 43 20
Merichem Houston, TX 100 12 29 45 36/95 10 48
Stimson Anacartes, WA _Ja 4 48 28 31/122 32 48
Total 265 32
Cresylic Acid Producers
Continental 0il  Newark, NJ 50 9 40 43 34/74 07 26
Crowley Tar Houston, TX 10° 5 29 43 50/95 14 20
Products
Fallek Tuscaloosa, AL 20 3 33 11 00/87 34 50
Ferro Sante Fe Springs, CA 30 5 33 56 30/118 04 18
Koppers Follansbee, WV a5 6 40 23 10/80 35 07
Merichem Houston, TX 100 17 29 45 36/95 10 48
Mobil 0il Beaumont, TX 10 2 34 04 14/94 03 40
Stimson Anacortes, VA _30 5 48 28 31/122 32 48
Total 305 52

a
Sece ref. 1.

b .
Hydroscience estimate.

8-01
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have been 35% p-cresol, 3% o-cresol, and 34% m-cresol. The remaining 28% of

cresylic acid 1s made up primarily of xylenols.!

Some of the cresols/cresylic acid manufacturers also produce individual 1isomers,
with o- and m-cresols removed by extraction and distillation of the coal tars

and petroleum fractions p-Cresol isomer 1s produced synthetically.

There are currently six producers of o-cresol isomer in the United States. The
locations of the plants and the 1978 capacity and production levels are shown

in Table 10-2.! An estimated 30 million 1b of o-cresol was produced in 1978.

Sherwin Williams at its Chicago, Illinois, plant produced an estimated 21 million

1b of p-cresol synthetically in 1978 The plant location is shown in Table 10-2.

There were tuo m-cresol isomer producers in 1978 that manufactured an estimated

1.5 mrllion lb. Source locations are shown in Table 10-2.1

A summary of the estimated cresol isomer composition of mixed cresols, cresylic

acids, and a mixture of the two as used in 1978 is given in Table l0-317273

USES

Table 10-4'"* shows the end-use distribution of the individual cresol isomers, the

mixed cresols, and cresylic acid.

The manufactaure of 2,6-ditert butyl-p-cresol (BHT), which is used as a food
preservative, consumed half of the o-cresol isumer production (15 millien 1lb).
Antioxidant manufacture consumed an estimated 10 million lb with the remainder

being exported (5 million 1b).

The majority of the p-cresol isomer produced was exported. Estimated exports
in 1978 were 10.5 million 1lb, representing 50% of production. An estimated
5.5 million lb was consumed in phenolic resin manufacture, and 5.0 million 1b

was used to produce pesticides.

m-Cresol isomer production was used exclusively in the manufacture of pyrethroid

pesticides (1.5 million 1lb).

439



Qv

Table 10-2. Cresol.Tsomer Producersa

Company

Cresol Isomer
Capacity

Location (million 1b/yr)

Continental 0Oil
Fallek Chemical
Ferro Corp.
Koppers
Mcrichem
Stimson

Total

Sherwin Williams

Koppers
Merichem

Total

Cresol Isomer
IProduced
(million 1b/yr)

Geographic Coordinates

o-Cresol Producers

Newark, NJ 7.7
Tuscaloosa, AL 9.6
Sante Fe Springs, CA 4.5
0il City, PA 5.4
Houston, TX 15.1
Anacortes, WA _ﬂ;é

46.8

p-Cresol Producer

b
Chicago, IL NA

m-Cresol Producers

b
01l City, PA NA

b
Houston, TX NA

w w o wv
O o O o O o

w

s
o

0.75
0.75

1.50

(Latitude/Longitude)

40 43 34/74 07 26
33 11 00/87 34 50
33 56 30/118 04 18
41 29 30/79 43 20
29 45 36/95 10 48
48 28 31/122 32 48

0t-0!

41 43 04/87 36 30

41 29 30/79 43 20
29 45 36/95 10 48

aSee ref. 1.

bNot availlable.
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Table 10-3. cCresol Isomer Compositions*

In mixed cresol 3 (both product and emissions)
26% p-cresol
31% o-cresol

43% m-cresol

100%

In cresyvlic acid (both product and emissions)
35% p-cresol
3% o-cresol
34% m-cresol

28% otners, mainly Xylenols

In mixed cresol/cresylic acid end-use (combined) and emissions

31.€% g-ci1esol

ol

[
(G
~J
P

o-Crescl

37.4% m-

(9]

resol

17.3% otrers (meirly xylenols)

*See refs. 1, 2 and 3.

nuy
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Table 10-4. 1978 End Use Distribution of Cresol Isomers, Cresols
and Cresylic Acid*

Isomer, Cresols, or Cresylic Acid Used

End-Use {million 1lb/yr) (%)

o-Cresol Isomer

2,6-ditert butvl-p-cresol (BHT) 15.0 50 °

Entiox>dants 10.0 33

Export _5.0 17
Total 3.0 100

p~-Cresol Isomer

Prerolic res:irs 5.5 26
Pesticades 5.0 24
Exgort 10.5 _50

Total 21.0 100

m-Cresol Isomer

Pyrethroid pesticildes 1.5 100
Toral 1.5 100
Mixed Cresols/Cresylic Acics
(corbined)
Tricresyl phosphate (TCP) N
\
' 31.0 32
Cresyl diphenol phosphate (CDP) J
Phenolic resans 20.0 21
Wire cnamel solvert 20.0 21
Pesticides 8.0 8
Disinfectants/cleaning compound 3.0 3
Ore flotation 3.0 3
Miscellaneous other 7.0 7
Export 5.0 5
Total 97.0 | 100

*See refs. 1 and 4.
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The only available data on the end-uses of mixed cresols and cresylic acid are
in combined form. Total consumption of both mixed cresols and cresylic acid
was 97 million 1lb with the difference between production (84 million lb) and

use resulting from imports (13 million 1b).

The largest end-use® of mixed cresols/cresylic acid was in tricresyl phosphate
(plasticizer) manufacture (31 million 1lb), phenolic resins (20 million 1lb), and
wire enamel solvent (20 million 1b). Pesticide manufacture consumed 8 million

1b; use 1n cleaning compounds and disinfectants for consumer use consumed 3 million

1b; and use as an ore flotation agent consumed 3 million 1lb.

Other miscellaneous uses consumed 7 million lb, and exports accounted for 5 million
1b

Specific user locations for BHT producers, pyrethroid pesticide producers, and

tricresyl phosphate producers are shown in Table 10-5.%

INCIDENTAL SOURCES
The major incidental source of cresol isomer emissions is coke ovens. Coal

tars from coke ovens contain tar acids of 1.04% cresols.

Table 10-€© presents a list of coke oven plants in the U.S. Data to assign capacity
and production to each site were not available. The total estimated coke pro-

duction from these plants in 1978 was 107 billion lb.

II. EMISSION ESTIMATES

PRODUCTION
Emission factors used to develop production and end-use emission estimates for

the isomers, mixed cresols, and cresylic acid are shown in Table 10-7.

Emissions from the production of mixed cresols and cresylic acid are shown in
Table 10-8. Total cresol emissions from mixed cresol production were estimated to
have been 80,000 1b in 1978. Of this total 24,800 lb were o-cresol, 20,800 1b

were p-cresol, and 34,400 1b were m-cresol.

4y 3
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Table 10-5. 1Identified Source Locations

a
of Cresols End-Users

Production Cresol
Capacity Usage Geographic Coordinates
Company Location (1b/yx) (1b/yr) (Latitude/Longitude)
o-Crcsol Isomer

2,6 di-tert-buty-p-cresol (DHT) Producers
Ashland Fords, NJ 12 N S 10 31 20/74 20 50
Koppers Oil City, PA 9 4 41 29 32/79 43 20
Shell Nartinez, CA 10 4 33 00 05/122 06 40
Uniroyal Geismar, LA 5 2 30 13 30/91 N0 15

Total 36 15

m-Cresol Isomer
Pyrcthroid Pesticide Producers
b

CPC Intermational Lyndhurst, NJ NA 0.5 40 47 30/74 04 34
FMC Baltimore, MD NA 0.5 39 14 50/76 35 30
vertac West Helena, AR NA 0.5 34 36 10/90 33 45

Total 1.5

Miyed Cresols/Cresylic Acid

Tricresyl Phosphate/Cresyl Diphenyphosphate Producers
FMC Nitro, Wv 60 20 38 25 33/81 50 05
Stauffer Gallipolis Ferry, WV as 11 38 46 40/082 10 54

Total 95 31

aSee ref. 5.

bNot available.
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Table 10-6. Coke-Oven Plants in the United States*

Companv Location
Alabama By-Products Corporation Tarrant, Alabama
Alan YWood Steel Company Swedeland, Pennsylvania

Allied Chemical Corporation

Semet-Solvay Division Ashland, Kentucky
Detroit, Michigan

Armco Steel Corporation Hamilton, Ohio
Houston, Texas
Middletown, Ohio

Bethlehem Steel Corporation Bethlehem, Pennsylvania
Burns Harbor, Indiana
Johnstown, Pennsylvania
Lackawana, New York
Sparrows Point, Maryland

Chattanooga Coke & Chemical Co. Inc. Alton Park, Tennessee
Citizens Gas & Coke Utility Indianapolis, Indiana
Colorado Fuel & Iron Steel Corporation Pueblo, Colorado

Colt Industries Inc.

Crucible Stainless Steel and Alloy
Division Midland, Pennsvlvania

Cyclops Corporation
Empire-Detroit Steel Division Portsmouth, Ohio

Donner-Hanna Coke Corporation
(jointly owned by Republic Steel
Corporation and Hanna Furnace Corpo-
ration, a subsidiary of National
Steel Corporation) Buffalo, New York

Eastern Gas and Fuel Associates

Eastern Associated Coal Corp., subsidiary Philadelphia, Pennsylvania
Empire Coke Company Holt, Alabama ‘
Yord Motor Company

Steel Division Rouge, Michigan

Great Lakes Carbon Corporation

Missouri Coke and Chemical Division St. Louis, Missouri
Indiana Gas & Chemical Corporation Terre Haute, Indiana
Inland Steel Company Indiana Harbor, Indiana
Interlake, Inc. South Chicago, Illinois

Toledo, Ohio

“ao
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Table 10-6

(Cont1inued)

Company

Location

International Harvestor Company
Wisconsin Steel Division
Jones & Laughlin Industries, Inc.

(owvned by the LTV Corporation)
Jones & Laughlin Steel Corp., subsidiary

Kaiser Steel Corporation
Koppers Company, Inc.

Organic Material Division

Lykes Corporation

Youngstown Sheet and Tube Company,
subsidiary

McClouth Steel Corporation®
Milwaukee Solvay Colke Company

(affiliated with Pickands Mather &
Co., subsidiary of Moore and McCormick
Co., Inc.)

National Steel Corporation
Granite City Steel Division

Great Lakes Steel Division
B. F. Division

Weirton Steel Division
Northwest Industries, Inc.

Lone Star Steel Company, subsidiary
NVF Company

Sharon Steel Corporation, subsidiary
Republic Sceel Corporation

Iron and Chemical Division

*McClouth Steel Corporation purchased only the coking operations of Allied
Chemical Corporation's Ironton, Ohio, facility in 1977.

5t11) manufactured by Allied.

South Chicago, Illinois

Aliquippa, Pennsylvania
Pittsburgh, Pennsylvania

Fontana, California

Erie, Pennsylvania
St. Paul, Minnesota
Woodward, Alabama

Campbell, Ohio
Indiana Harbor, Indiana

Ironton, Ohio

Milvaukee, Wisconsin

Granite City, Illinois

Zug Island, Michigan

Weirton, West Virginia

Daingerfield, Texas

Fairmont, West Virginia

Chicago, Illinois
Cleveland, Ohio
Gadsden, Alabama
Massillon, Ohio
Thomas, Alabama
Warren, Ohio
Youngstown, Ohio

44
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Table 10-6 (Continued)

Companv

Location

Shenango Incorporated

(owned by The Shenango Furnace Company)
Tonawanda Coke Corporation
United States Steel Corporation

USS Agri-Chemicals Division and
USS Chemicals Division

Jim Walter Corporation
Jim Walter Resources, Inc., subsidiary
Chemical Division

Wheeling-Pittsburgh Steel Corporation

Neville Island, Pennsylvania

Buffalo, New York

Clairton, Pennsylvania
Duluth, Minnesota

Fairfield, Alabama

Fairless Hills, Pennsylvania
Gary, Indiana

Geneva, Utah

Lorain, Ohio

Birmingham, Alabama

East Steubenville, West
Virginia
Monessen, Pennsylvania

*See ref. 6.
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Table 10-7. Cresols Production and End-Use Emission Factors

10-18

1b Lost pPer lb Produced (Used)

Source Process Storage Fugitive Total Derivation®

Mixed cresol production 0.00190 0.00020 0.00040 0.00250 Bb
Cresylic acid production 0.00190 0.00020 0.00040 0.00250 Bb
P-Cresol production 0.0039 0.00030 0.00080 0.00500 D
BHT/antioxidants 0.0008 0.0001 0.0001 0.001 D
Phenolic resins 0.00400 0.0005 0.0005 0.00500 D
Pesticides 0.00040  0.00005 0.00005 0.00050 c®
Pyrethroid pesticides 0.00040 0.00005 0.00005 0.00050 D

TCP production 0.00035 0.00005 0.00010 0.0005 Cb
Miscellaneous, other 0.001d

ﬂBa51s: A - site visit data

B - state files

C - published da:a

D - Hydroscience estimate
bSee ref., 7.

cSee ref. B.

Based on a weighted average of al] of cresol uses.
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Table 10-8.

Cresol Emissions from Mixed Cresol, Cresylic Acid Producers

Total Cresol

Emissions (lb/yr) Emissions
Company Location Process Storage Fugitive {lb/yr) (g/sec)‘
Mixed Cresols Producers
Continental 0ijil Newark, NJ 11,400 6,400 2,400 15,000 0.22
Fallek Tuscaloosa, AL 3,800 400 800 5,000 0.07
Ferro Santa Fe Springs, CA 7,600 800 1,600 10,000 0.14
Koppers 0il City, PA 7,600 800 1,600 10,000 0.14
Merichem Houston, TX 22,800 2,400 4,800 30,000 0.43
Stimson Anacortes, WA 7,600 800 1,600 10,000 0.14
Total 60,800 6,400 12,800 80,000
Cresylic Acid Producers
Continental 0Oil Newark, NJ 17,100 1,800 3,600 22,500 0.32
Crowley Tar Products Houston, TX 9,500 1,000 2,000 12,500 0.18
Fallek Tuscaloosa, AL 5,700 600 1,200 7,500 0.11
Ferro Santa Fe Springs, CA 9,500 1,000 2,000 12,500 0.18
Koppers Follansbee, WV 11,400 1,200 2,400 15,000 0.22
Merichem Houston, TX 32,300 3,400 6,800 42,500 0.61
Mobil 0Oil Beaumont, TX 3,800 400 800 5,000 0.07
Stimson Lumber " Anacortes, WA 9,500 1,000 2,000 12,500 0.18
Total 98,800 10,400 20,800 130,000

*Based on 8760 hr/yr operation.
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Total cresylic acid production emissions were estimated to have been 130,000 1lb.
Of this total 3,900 lb were o-cresol, 45,500 1lb were p-cresol, and 44,200 lb were

m-cresol.

Since both mixed cresols and cresylic acid share common producing sites, and in
the absence of other emission data, the same emission factor of 0.00250 was
used to estimate emissions for both. It was assumed that the cres&l isomer
composition in the emissions was the same as in the product mixtures shown in
Table 1u-3.

Process vent emissions originate primarily from distillation and neutralizaton
processes. Storage emissions represent the losses from both working and final
product storage as well as loading and handling. Fugitive emissions are those

which result from plant equipment leaks.

Emissions from the individual isomer production are shown in Table 10-9. The emis-
sion factor used for m- and o-cresol production losses is the same that was
used for mixed cresols. The p-cresol emission factor used was 0.005 1b/1lb since

it is synthetically manufactured.

Emissions from o-cresol, p-cresol, and m-cresol individual isomer production

wvere estimated to have been 75,000 1b, 105,000 1b, and 3,750 1b respectiveiy.

USES

The emissions from specific end-user locations are shown in Table 10-10 for p-cresol
isomer used in BHT production, m-cresol isomer used in pyrethroid pesticide
production, and mixed cresols/cresylic acid used in TCP production Emission

estimates were developed using the emission factors shown in Table 10-7.

0-Cresol emissions from BHT production were 15,000 lb. Emissions resulting
from its use in antioxidant manufacture were estimated to be 10,000 1b. Specific
manufactures and locations for regional distribution of antioxidant emissions

wvere not available.

Emissions from m-cresol use were estimated to have been 750 1lb. Emissions were

distributed evenly over all three sites in the absence of capacity data.

WBo
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Table 10-9. Cresol Isomer Emissions from Cresol Isomer Producers

Emissions (lb/yr) Total Emissions

Company lLocation Process Storage Fugitive (lb/yr) (g/sec)*

o-Cresol Producers

Continental 0il Newark, NJ 9,500 1,000 2,000 12,500 0.18
Fallek Tuscaloosa, AL 11,400 1,200 2,400 15,000 0.22
Ferro Santa Fe Springs, CA 5,700 600 1,200 7,500 0.11
Koppers Oil City, PA 5,700 600 1,200 7,500 0.11
Merichem Houston, TX 19,000 2,000 4,000 25,000 0.36
Stimson Anacortes, WA 5,700 600 1,200 7,500 0.11
Total 57,000 6,000 12,000 75,000
p-Cresol Producer
Sherwin-Williams Chicago, IL 81,900 6,300 16,800 105,000 1.51
Total 81,900 6,300 16,800 105,000
m-Cresol Producers
Koppers 0il City, PA 1,425 150 300 1,875 0.03
Merichem Houston, TX 1,425 150 300 1,875 0.03

Total 2,850 300 600 l,750

*Based on 8760 hr/yr operation.
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Table 10-10. Cresol Emissions from Cresol Users

Company

Emissions (1b/yr) Total Bmissions

Location Process Storage Fugitive {1b/yr) (g/sec)*

2,6-Di-tert-buty-p~cresol
(BIIT) producers

Ashland
Koppers
Shell
Uniroyal

Total

L
ot B
™ Pyrethroid pesticide
producers
CPC International
FMC
Vertac

Total

Tricresyl phosphate/cresyl
diphenylphosphate producers

FMC
Stauffer

Total

o-Creso) Isomer

Fords, NJ 4,000 500 500 5,000 0.07

Oil City, PA 3,200 400 400 4,000 0.06

Martinez, CA 3,200 400 400 4,000 0.06

Geismar, LA 1,600 200 200 2,000 0.03
12,000 1,500 1,500 15,000

m-Cresol Isomer

Lyndhurst, NJ 200 25 25 250 0.004

Baltimore, MD 200 25 25 250 0.004

West Helena, AR 200 25 32 250 0.004
600 75 75 750

Mixed Cresols/Cresylic Acid

Nitro, Wv 7,000 1,000 2,000 10,000 0.14
Gallipolis Ferry, WV 5,500 550 1,100 5,500 0.08
12,500 1,550 3,100 15,500

*Based on 8760 hr/yr operation.
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Emissions from the use of cresols/cresylic acid to manufacture TCP were estimated
to have been 15,500 1b. Of that total 2120 lb were o-cresol, 4900 lb were p-cresol,

and 5800 lb were m-cresol.

Other sources of cresol emissions had to be handled on a regional basis because

of their widespread use.

Emissions of p-cresol isomer and cresol/cresylic acid used to produce phenolic
resins are summarized in Table 10-11 by geographilc region. Euwissions from this
end-use were estimated to have been 13,700 1lb o-cresol, 37,400 1lb m-cresol, and
31,600 1b p-cresol. 1In addition, 27,500 1b of p-cresol was lost when used as
an individual isomer for phenolic resins production. Total emissions of all

isomers were distributed based on the number of sites in each region.

The emissions of p-cresol isomer and cresol/cresylic acid used to produce pesti-
cides are shown in Tabi: 10-12 by geographic region. Emissions from this end-use
were estimated to have been 1265 lb p-cresol, 550 1b o-cresol, and 2185 1lb m-cresol
from cresol/cresylic acid use. 1In addition, 2500 lb p-cresol was lost from its

use as an individual isomer in pesticide production. Total emissions were distri-

buted by the number of sites in each region.

The emissions of cresols in wire enamel solvents are shown in Table 10-13. Emissions
were developed by assuming that all cresols used in this solvent application

are lost and that the emission composition of cresol isomers is the same as the
end-use production shown in Table 10-3. Emissions were estimated to have been
2,740,000 1b o-cresol, 6,320,000 pcresol, and 7,480,000 m-cresol. Emissions

were distributed over the number of paint and lacquer sites in the U.S. in the

absence on any other distributable data.

Emissions from cresols/cresylic acid used in ore flotation were estimated to
have been 411,000 1b o-cresol, 1,122,000 1b m-cresol, and 948,000 p-cresol in
1978. Emissions are summarized and distributed in Table 10-14 by the number of

mining sites in the U.S.

Emissions from coke ovens were estimated to have been 796,080 1b o-cresol,

1,104,240 1lb m-cresol, and 667,680 1b p-cresol in 1978. Emissions were

N3



10-24

Table 10-11. cCresol Isomer Emissions from Phenolic Resin Producers by Regiona

_p-Cresol Emissions

Number o-Cresol From From Cresols/ m-Cresol
of Emissions Isomer Cresylic Acid Emissions
Region Sites (1b/yr) (1b/yr) (1b/yr) (1b/yr)
New England 6 660 1,320 1,500 1,800
Middle Atlantic 26 2,860 5,720 6,500 ' 7,800
East North Central 3l 3,410 6,820 7,750 9,300
West North Central 5 550 1,100 1,250 _ 1,500
South Atlantic 15 1,650 3,300 3,750 4,500
East South Central 6 660 1,320 1,500 1,800
West South Central 11 1,210 2,420 2,750 3,300
Mountain 1 110 . 220 250 300
Pacific _24 2,640 5,280 6,000 7.200
Total 125 13,700° 27,500° 31, 6002 37, 400°

*see ref. 9.

DAverage 110 1b/yr per site.
:Average 220 1lb/yr per site.
ilAverage 250 1b/yr per site.
EAverage 300 1lb/yr per site.
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Table 10-12. 1978 Cresol Isomer Emission Estimates from Pesticide Manufacturers

o0-Cresol m-Cresol
-Cresol in Mixed in Mixed
P Cresols/ Cresols/
Number In Mixed Cresols/ Cresylic Cresylic
of As Isomer Cresylic Acid Acid Acid
Region Sites (1b/yr) (1b/yr) (1b/yr) (1b/yr)
New England 4 72 36 16 63
Middle Atlantic 37 666 337 148 - 581
East North Central 19 342 173 76 298
West North Central 15 270 137 60 236
South Atlantic 17 306 155 68 267
East South Central 14 250 127 56 220
West South Central 15 270 137 60 236
Mountain S 90 46 20 79
Pacific 13 234 118 52 204
Total 139 2500° 1265° 550° 2185°

aSee ref. 10.
b

Average 18 1lb/yr per site.

CAverage 9.1 lb/yr per site.

dAverage 4.0 1lb/yr per site.

eAverage 15.7 1lb/yr per site.
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Table 10-13. Cresol lsomer Emissions from Mixed Cresols/Cresylic Acid
Used as Wire Enamel Solventa

Number o-Cresol p-Cresol m-Cresol
of Emissions Emissions Emissions
Region Sites (1b/yr) (lb/yr) (lb/yr)
New England 46 79,975 184,465 218,325
Middle Atlantic 339 589,380 1,359,440 1,608,960
East North Central 370 642,275 1,483,755 1,756,090
West North Central eq 146,040 336,855 398,680
South Atlantic 174 302,510 697,765 825,835
East South Central 44 76,500 176,445 208,830
West South Central 87 151,255 348,885 412,920
Mountain 258 448,555 1,034,620 1,224,520
Pacific 174 302,510 697,765 825,840
Total 1,576 2,740,000 6,320,000 7,480,000
%see ref. 11.
b

Average 1738.6 1lb/yr per site.
CAverage 4010.2 1b/yr per site.
d}‘{verage 4746.2 lb/yr per site.
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Table 10-14. Cresol Isomer Emissions from Mixed Cresol/Cresylic Acid

Used as an Ore Flotation Agent?d

Number

of o-Cresol m-Cresol p-Cresol

(Mining) Emissions Emissions Emissions

Region Sites (1b/yr) (lb/yr) (b/yr)
New England 6 4,382 11,957 10,103
Middle Atlantic 38 27,750 75,729 63,987
East North Central 85 62,075 169,392 143,128
West North Central 145 105,890 266,964 244,159
South Atlantic 62 45,275 123,557 104,399
East South Central 40 29,211 79,714 67,354
West South Central 21 15,336 41,850 35,361
Mountain 144 105,161 286,971 242,475
Pacific 22 16,066 43,843 37,045
Total 563 a11,000” 1,122,000  984,000°

%cee ref. 12.

b

Average 730 1lb/yr per site

CAverage 1993 1b/yr per site.

dAverage 1684 1b/yr per site.
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estimated by assuming that for 107 billion lb coke produced, 0.000024 lb of

cresols would be lost per pound of coke produced. Composition of the cresols

is the same as the mixed cresols product composition shown in Table 10-3. Emissions
are summarized and distributed in Table 10-15 by the number of coke oven sites in

each region.

Emissions from the solvent use of cresols/cresylic acid as a disinfectant/cleaning
compound were estimated to have been 411,000 1b o-cresol, 948,000 lb p-cresol,
and 1,122,000 m-cresol. Emissions are considered widespread in proportion

with population.

Miscellaneous uses as a chemical intermediate are too widespread to allow for
regional distribution. Emission estimates were made by using a weighted average
emission factor of 0.001 1b lost/1b use derived from all other isomers, mixed
cresols, and cresylic acid end-users. Emissions from miscellaneous uses were .
estimated to have been 1000 lb o-cresol, 2200 1b p-cresol, and 2600 lb m-cresol.

Vent parameter data for both production and end-uses of cresols are summarized
in Table 10-16.

The total nationwide emissions of o-cresol, p-cresol, and m-cresol are estimated
to have been 4,504,150 1b, 9,124,945 1b. and 10 959,325 1b respectively. Total
emissions are summarized in Tables 10-17, 10-18, and 10-19 for o-cresol, p-cresol and

m-cresol, respectively.

U5
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Table 10-15. cCresol Isomer Emissions from Coke Oven Operations’
Total
Number o-Cresol m-Cresol p-Cresol Cresol
of Emissions Emissions Emissions Emissions
Region Sites (1b/yr) (l1b/yr) (1b/yr) (1b/yr)
New England 0 0 0 0 0
Middle Atlantic 15 195,750 271,500 164,175 631,500
East North Central 25 326,250 452,500 273,625 1,052,500
West North Central 3 39,150 54,300 32,835 126,300
South Atlantic 4 52,200 72,400 43,780 168,400
East South Central = 117,450 162,900 28,505 378,900
West South Central 2 26,100 36,200 21,890 84,200
Mountain 2 26,100 36,200 21,890 84,200
Pacific 1 13,050 18,100 10, 945 42,100
Total 61 796,080C 1,104,240d 667,680e 2,568,000
aSee ref. 6.
bBasis: 107 billion lb coke produced; 0.000024 1b cresols emitted/lb coke produced;

cresol composition - 26% p-cresol, 31% o-cresol, and 43% m-cresol 1n mixed cresols
2mitted.

CAverage 13,050 1lb/yr per site.
dAverage 16,100 1b/yr per saite.
enverage 10,945 1b/yr per site.
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Table 10-16.

Cresol Vent Parameters

Number Vent Vent Discharge Discharge
of Height Diameter Temperature Velocity Area
Source Stacks (fr) (ft) (°F) (ft/sec) (ft X ft)
Production (all types)
Process 2 30 1 208 75
Storage 8 24 0.17 80
Fugitive 300 X 600
BHT/TCP production
Process 1 60 0.5 150 35
Storage 4 16 0.17 80
Fugitive 100 X 100
Phenolic resins
Process 1 60 0.33 150 20
Storage 1 16 0.17 80
Fugitiveii 100 X 100
Pesticides/pyrethroids
Process 1 30 0.17 100 15
Storage 2 20 0.17 a0
Fugitive 100 X 100
Wire enamel solvent
Process 1 40 0.25 120 10
Ore flotation
Process 1 20 0.25 120 10
2

Building cross-section: Production - 200 m

BHT/TCP - 100 m2;
Ore Flotation - 50 mz.

Pesticides - 100 m2; Wire Enamel Solvent 0O 200 m2;

Phenolic Resins - 50 m<;
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P N

Table 10-17.

VI N R
1978 Nation

e -in 1

wide o-Cresol Emissions

b iwnos o8

: Nationwide
1n0i2c L.
e\ dl) . _soxyne  Emissions
—t1i—’_ . -BOurce -- -— - -~ —_— e TIb/yr)
agn . 2t (S IIoJB01y Loa31- u
o-Cresol production ) , 75,000
abege ol -otm _Rorn LoozTtone
Mixed Ccresol production 24,800
N2 3w e miiFATy BRrme Al s
Cresylic acid production 3,900
BHT production 15,000
noirzubolq asbrorza3d
Antioxidants production 10,000
3tedgeadqg L[yes3aLxT
Tricresyl phosphate production 2,120 _
Phenolic resins 15,700_
JaEL L2 _ZTmELS 21 A
Wire enamel solvent 2,740,000
2obrortaey
Pesticides 550
solo\2tar 1091nre G
Disinfectants /cleaning compounds ~ 411,000
- ‘aps acitetoll 81N
Ore flotation agent 411,000
to .a2uognsllssaM
Miscellaneous, other . 1,000
2fava wioN
Coke ovens .796,080
TEYOT
Total — 4.%04,150
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Table 10-18. 1978 Nationwide p-Cresol Emissions

Nationwide

Bmnissions

Source (1b/yT)

p—Cresol production 105,000
Mixed cresol production 20,800
Cresylic acid production 45,500
Phenolic resins production (isomer) 27,500
Pesticides production 2,500
Tricresyl phosphate 4,900
Phenolic resins 31,600
Wire enamel solvent 6,320,000
Pesticides 1,265
Disinfectants/cleaning campounds 948,000
Ore flotation agent 948,000
Miscellaneous, other -2,200
Coke ovens 667,680
Total 9,124,945
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Table 10-19. 1978 Nationwide Emissions m-Cresol

Nationwide

Emissions

Source {1lb/yr)

m-Cresol production 3,750
Mixed cresol production 34,400
Cresylic acid production 44,200
Pyrethroid pesticide 750
Tricresyl phosphate 5,800
Phenolic resins 37,400
Wire enamel solvent 7,480,000
Pesticides 2,185
Disinfectants /cleaning compounds 1,122,000
Ore flotation agent 1,122,000
Miscellaneous, other 2,600
Coke ovens 1,104,240
Total 10,959,325

42
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FIGURE 10-1.

SPECIFIC POINT SOURCES OF m-CRESOL CMISSIONS .
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TABLE 10-20. EMISSIONS AND METEOROLOGICAL STATIONS OF SPECIFIC POINT SOURCES OF m-CRESOL

FMISSIONS (GM/SEQC)

*x

STAN  PLANT SOURGE ! oo LI L

NO. COMPARY SITF LATITUDE LONGITUDE STALION TYIL 1YL, PROCESS  STOHACE  FUCITIVE
1 KOPPENS OIL CITY, Pa 41 29 19 079 43 20 14160 1 I .020520 . 002100 W0an2e
] .947080 .004896 .009936

2 MEKICIIEM NOQUSTON. TX 29 45 06 695 10 40 12906 2 1 . 020520 .002160 . 004320
- sl 120 L0142 N IBUITTY: !

J 150112 L016704 .03J264

J CONTI .UUNTAL OIL NEWARK, NJ A0 &3 3} OT4 07T 2o 047q | J 2 070560 19600 014Ul
G . 009664 .000704 .017568

4 FALLEK TUSCALOOSA, AL 33 11 00 07 94 50 UM 111V J =S .03 Y22 . 00244510 Q05596
3 L027946 - 082u00 . bWH904

3 FEIMNO SANTA FII &, CA J3 56 30 11 04 1L 91106 J = 04703810 S 0V4£096 [HI DD MY Y
g L027936 .0020U0 .GV3904

6 STIMSON ANACONTES, WA 40 20 D1 22 02 48 24217 9 » L05TOGO L0O4090 UTUORT
o} 040312 . 004096 009792

7 CRUWLEY TAR HHOUSTON, TX 20 433 50 095 14 20 12906 4 | L0403 12 . 004896 L0792
8 MOLIL OI1L BEAUMONT, TX 90 04 14 094 03 40 12917 4 ! NI 016704 L0432649
KOPPERS FOLLANSHEE, WV 40 23 10 080 33 07 14762 4 3 .055872 .005904 .01 1b8ed

19 CPC LYNDHURST, NJ 49 47 10 074 04 34 94741 5 Y . 9026800 .000360 .600360
i1 FMC BALTIMORE, MD 39 14 56 076 15 10 93721 5 'y . 002800 .000360 .000360
12 VERTAC WES T HELENA, Al Gb L6 10 U0 55 4D 1YL Y 4 LU LY _O6UG6L LO0B0SuLY
19 FMC HITRO., WV 43 23 03 0GE 50 05 13066 v 5 L0U77T20 005320 . 010890

14 STAUFFER CALLIPOLIS FY, WV JO 46 0 042 10 54 13000 0 B .0Z2vue04 VU900 vuLYVe
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TABLE 10-20. (Concluded)

* Plant Types:

Type 1:

Type 5:

Plant produces isolated m-cresol and mixed cresols

Type 2: Plant produces isolated m-cresol, mixed cresols, and cresylic acid
Type 3: Plant produces mixed cresols and cresylic acid
Type 4: Plant produces cresylic acid
Type 5: Plant produces pyrethroid pesticide
Type 6: Plant produces tricresyl phosphate (TCP) and cresyl diphenyl
phosphate (CDP)
+ Source Types:
Type 1: Isolated m-cresol production
Type 2: Mixed cresols production
Type 3: Cresylic acid production
Type 4: Pyrethroid pesticide production

Tricresyl phosphate (TCP) and cresyl diphenyl phosphate (COP) production

9€-01
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TABLE 10-21. EXPOSURE AND DOSAGE OF m-CRESOL RESULTING
FROM SPECIFIC PDINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(ng/m3) (persons) [(ug/m3) - persons]
5 2 10.6
2.5 43 143
1 240 450
0.5 947 979
0.25 3,243 1,760
0.1 17,464 3,B50
0.05 40,501 5,460
0.025 111,091 7,840
0.01 508,466 13,800
0.005 1,273,154 19,000
0.0025 3,370,507 26,200
0.001 8,666,629 39,900
0.0005 11,188,566 36,800
3.12x10-6+ 21,040,904 37,800

Wbl

*The lowest annual average concentration occurring within 20 km of the
specific point source.
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TABLE 10-22. EMISSIONS RATES AND NUMBER OF GCNERAL POINT SOURCES OF m-CRESOL

Res ins Production Wire Enamel Solvent Pesticide Prodwction Ore Flotation Coke Oven

EmlssTondSTte Nusber [mTision/STte Nunber [mlssTony/STie Rumber ERlsslond/STte Wumber [mlasVony/STte Tumber

Reglon {gassec) of Sites _ {gm/sec) of Sites  (gm/vec) of Sites  {gm/svec) of Sites _ (gm/syec) of Sites
New England 0.00401 6 0.0683 "% 0.00015% ] 0.028? 6 0 0
Middle Atlsntic 0.00431 26 0.068) Rk, 0.000155 37 0.0287 3 0.261 15
Last North Central 0.00411 n 0.068) 70 0.000155 19 0.0207 a5 0.26! 25
West Rorth Central 0.0043) ) 0.068) 84 0.000155 15 0.0287 145 0.261 3
South Atlentic 0.0040 15 0.068) 174 0.000155 17 0.0287 62 0.26} 4
Cast South Central 0.00471 6 0.068) 44 0.000155 14 0.0287 40 0.281 9
West South Centra) 0.0041) " 0.0681 a7 0.00015% 15 0.0287 20 0.261 2
Mountain 0.0047) 1 0.068) 258 0.000155 ] 0.0287 144 0._26) 2
Pacific 0.0043) 24 0.068) 174 0.00015% 13 0.0287 22 0.261 1

8E-01
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NOTE :

TABLE 10-23.

EXPOSURE AND DOSAGE RESULTING FROM EMISSIONS FROM
GENERAL POINT SOURCES OF m-CPESOL

Populgtion Exposed 3
{10} persons) Jlo‘(,gjoﬂm"ml
Wire Wire

Resiny Cname ! Pesticide Ore Coke u.s. Resins Engme | Pesticide Ore Coke U.9.
Production Solvent Production Floatation Oven Total Production Solvent Production Floatation Oven Totel
0 0 0 0 8.0 a0 0 Q 0 o 0.08 0.08
0 n 0 0 2] 54 0 0.10 0 0 0.10 0.20

0 287 0 4 1 364 0 0.46 1] 0.004 g.19 0.6%

0 815 0 26 199 1,064 0 0.083 0 0.02 0.27 rn
0 1,960 (1] 101 449 2,510 0 1.2) 0 0.04 0.3 1.62
- - - -- -- - 0 1.86 0 0.08 0.52 2.4
-- - -- -- .- .- 0.002 2.70 (1} on 0.62 1.0
.- - - .- -- -- 0.004 3 0 0.14 0.74 4.20
-- - -- - .- .- 0.00? .3 0 0.20 0.9 5.4
.- -- .- -- -- -- 0.04 8.2 0. 0.%68 1.22 10.0

The use of -- as an entry indicates that the incremental E/D {s not significant
(relative to last entry or relative to entry in another column at the same row)

or that the exposure of the same population may be counted in another columm.

6€-01
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TABLE 10-24.  maJOR PARAMETERS FOR ESTIMATING EXPOSURE/DOSAGE RESULTING
FROM AREA SOURCE EMISSIONS OF m-CRESOL

Parameter Value

Daytime decay rate (K,) 1.68 x 1077 sec”!
Nighttime decay rate (Kn) 1.0 x 10'6 sec’1
Hanna-Gifford coefficient (C) 7 225
Nationwide heating source emissions (EH) 0
Nationwide nonheating stationary source emissions (EN) 16.20 gm/sec

Cleaning solvent 16.16 gm/sec

Miscellaneous 0.04 gm/sec
Nationwide mobile source emissions (EM) 0

%10
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TABLE 10-25. m-CRESOL EXPOSURE AND DOSAGE RESULTING FROM AREA SOURCE EMISSIONS

Dosa

Expo Level Population (g/ml/ _Percentage of Contribution ____ Perctentage of Distribution

_byel) _(person) ~ __ person)  Heating  Statjonary  Mobile Cliy Type I City Type 2 Cily Type 3
050000 505140 42138.5 0 100 0 u 100 0 0 0
025000 91497130 274137 2 0 - 100 0 0 100 0 0 0
010000 23617585 464245.9 0 100 0 0 100 0 0 0
005000 51757583 654161 0 0. 100 0 o] 97 8 ] 1.5
002500 123305988 914669.0 0 100 0 0 94 5 25 29

a. 158679135 9713892 7 0 100 0 0 91 8 1.0 5

Ly-0l
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TABLE 10-26.

EXPOSURE AND DOSAGE SUMMARY OF m-CRESOL

(relative to last entry or relative to entry in another column at the same row)

or that the exposure of the same population may be counted in another column.

TlLh

» Popul:tion Elsosed 7 Dosage ] '
persons -persons
- Concentration Specific General Specific (;ener'-'a,(d) pe
-0 Leve Point Point Point Point
(pg/md) Source Source _Area Source .S, Total Source Source Area Source U.S. Total -
L8 2 8,000 ~ 0 8,000 n 60,000 0 60,000
- 2.5 a3 54,000 0 54,04) 143 200,000 0 200,100
B 240 364,000 0 364,240 459 650,000 0 650,500
0.5 947 1,064,000 0 1,064,947 979 1,120,000 0 1,121,000
0.25 3,243 2,510,000 0 2,513,242 1,760 1,620,000 0 1,622,000
0.1 17,464 -- Y =" 3,850 2,450,000 0 2,454,000
-0.05 40,464 -—- 505,140 == 5,460 3,430,000 42,339 3,477,000
0.02% 111,091 -- 9,149,730 - 7,840 4,200,000 274,137 4,482,000
0.01 508,466 -- 23,637,585 == 13,800 5,480,000 464,246 5,958,000
0.005 1,273,154 - 51,757,583 == 19,000 == 654,161 -
0.0025 3,370,507 - 123,305,988 == 26,200 -- 914,669 -
0.001 8,666,629 .- .- == 34,900 == - -—
0.000S 11,188,566 -- -- = 36,800 -- -- --
0 21,040,904 -- 158,679,135 - 37,800 10,000,000 973,900 11,012,000
NOTE: The use of -- as an entry indicates that the incremental E/D 1s not significant
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FIGURE 10-2.

SPECIFIC POINT SOURCES OF o-CRESOL EMISSIONS
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TABLE 10-27. EMISSIONS AND METEQROLOGICAL STATIONS OF SPECIFIC POINT SOURCES OF o-CRESOL

* 4 FRISS 10N (GCR/ATC)

ETAR  PLART SOURCE ' —cmcmeo oo rmmme e v mccecee—-

NO. COMPARY T LATITUDY. LORCITUDFE, QTATION TYPF TVIF PWOCFSS HTORAGE  FUCITIVE
| CORTIRENTAL OIL REVARK, RJ 40 47 14 074 67 26 94741 i 1 .170000  .014400 . 02BAN9
2 .e8eI12 .e20012 .010aB6

a . 8071446 . AAN720 . 001904

2 FALLFK TUSCALOOSA, AL 39 11 00 007 34 GO 93006 ' ' .164168  .OIT208 614560
2 . 816992 .001728 N HEHT I

2 .024401  .AAAZ2NHN . AAOTT6

2 FEMNO SARTE FE SPRINGS,CA 39 06 90 110 04 (0 97106 [ [ .OR2NAN  .GNGA4N 017209
2 .87904 .090406 . N7200

2 .804002 - .00N412 . AOAHAY
& mEMICHEM IOUSTON, T 29 43 26 093 10 40 12906 1 t .273600 .O2R090 .037669
3 - - 2 . 1016860 .MINI6 021600
T - it L013%61  .0Ni440 .02
"8 ETIMSON ANACONTFR, WA 48 20 21 122 D2 40 24217 1 ' .OR2ONN . S0NC40  .017200
2 030904 .HN34706 . 007209

9 .894002 . 89042 090064

6 KOrrERS OIL CITY. PA 41 29 19 079 49 20 14060 2 ' .ON2AN0 .000640 .017209

- 2 .010904  .0R1456  .AAT20e

3 .0460080 .903760  .0A376M

7- CROWLEY TAR FOUSTON, TX 29 43 50 93 14 20 (2966 9 a .004032 .000064 . 000432
8 FKOrrens FOLLARSDEE, WV 40 23 10 009 37 #7 14762 3 3 .004096 .000876 .$01068
9 mODIL OIL DEAMONT, TX 39 04 14 094 03 40 12917 3 2 .001064 .000144 .00N2R8
19. ASMLAND FORDS, MJ 40 31 22 674 20 06 €4779 4 . .037600 007200 .007200
Il 8NELL MARTINEZ, CA 20 00 03 122 66 40 237202 4 . .046000 .008760 .MO5760
12 UNIROYAL CEISRAR, LA 30 12 70 €91 ®® I3 (2958 4 . .023040 G028 . 002809
19 FMC - A7 °RITRO, WV - 38 28 27 601 80 83 13866 o o .01382¢4 .092016 .#0IA0D
14 STAUFFER CALLIPOLIG FY. WV 90 46 40 On2 10 G4 (1841 8 o .010000 .00I000 .002168
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TABLE 10-27 (Concluded)

* Plant Types:
Type 1: Plant produces isolated o-cresol, mixed cresols, and cresylic acid
Type 2: Plant produces isolated o-cresol, mixed cresols, and 2,6-di(t-butyl)-p-
cresol (BHT)
Type 3: Plant produces cresylic acid
Type 4: Plant produces 2,6-di(t-butyl)-p-cresol (BHT)
Type 5: Plant produces tricresyl phosphate (TCP) and cresyl diphenyl phosphate (CDP)

t+ Source Types:

Type 1: o-Cresol production

Type 2: Mixed cresols production

Type 3: Cresylic acid production

Type 4: 2,6-Di(t-butyl)-p-cresol (BHT) production

Type 5: Tricresyl phosphate (TCP) and cresyl diphonyl phosphate (CDP) production

Gb-0L
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TABLE 10-28. EXPOSURE AND DOSAGE OF o-CRESOL RESULTING
FROM SPECIFIC POINT SOURCE EMISSIONS

Concentration Population
Level Exposed Dosage
(vg/m3) (persons) [(ug/m3) - persons]

0.05 70 4.55
0.025 215 9.47
0.01 1,318 26.3
0.005 4,166 51.5
0.0025 7,461 62.6
0.001 25,599 89.3
0.0005 48,734 106
0.00025 116,611 ‘ 129
0.0001 . 421,797 176
0.00005 907,944 210
6.96x10" 6+ 1,336,543 225

*The lowest annual average concentration occurring within 20 km of the N

specific point source.



TABLE 10-29. EMISSIONS RATES AND NUMBER OF GENERAL POINT SOURCES OF o-CRESOL

Resins Production Wire Enamel Solvent Pesticlide Production Flotat!

i TonTST e Rnber GATssTonsSTEE Neber™ ETes londETie Mo ERTTIIoeyTie Mder CaTTTTony ST e —

Reqlon _ (owsec) of Sltes sec of Sites (gm/sec) of Sites  {gm/iec) of Sitey  {gm/sec) of Sites
Rew England 0.00158 6 0.0250 a6 0.000057 q 0.010% (] 0.1e8 0
Middle Atlantic 0.00158 26 0.0250 1 0.000057 ” 0.010% 33 0.1688 15
€ast North Centra! 0.00158 n 0.0250 370 0.000057 19 0.010% as 0.188 2%
West North Central 0.00158 L1 0.0250 a4 0.000057 15 0.010% 145 0.188 b |
South Atlantic 0.00158 15 0.0250 174 0.000057 17 0.010% 62 0.188 4
€ast South Centra) 0.00158 6 0.0250 (1] 0.00005? 14 0.010% 0 0.188 ]
Vest Sowth Central 0.00)58 n 0.0250 a7 0.000057 15 0.0105 4! 0.1088 2
Mountain 0.00158 ) 0.0250 250 0.000057 5 0.0105 144 0.188 2
Pacific 0.001%8 24 0.0250 174 0.000057 1) 0.0105 22 0.188 1

LLb

Lv-0L



gLo

Concentration
L"!J
—Ara/e’)

5.0
A ]
1.0
0.50
0.2%
0.10
0.050
0.025
0.010
0.00%
0

NOTE :

TABLE 10-30.

EXPOSURE AND DOSAGE RESULTING FROM EM