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With respect to source types, this study included all source types for which air
toxics emissions could be estimated. The inventory included point sources,
area sources, and mobile sources, and further included volat111zat1on from
i,_k- e - An‘-_h-\‘_A -% & . [ ol R T e e . R N S Ei i*h—.-ﬂ

expected to become available in the next few months. It must be noted that






Table 1. Substances included in inventory

NON-CHLORINATED vOC (22) CHLORINATED VOC (17) INORGANIC (8)

Acrylamide Allyl Chloride - Arsenic
Acrylonitrile Benzyl Chloride Ashestos

Benzene Carbon Tetrachloride Beryllium
Butadiene Chloroform Cadmium

Coke Oven Emissions NDioxin Chromium
Diethanolamine Fpichlorohydrin Nickel
Nimethylnitrosamine Fthylene Dibromide* Titanium Dioxide
Dioctylphthalate Ethylene Dichloride Radinnuclides
Ethyl Acrylate Methyl Chloride

Ethylene Methylene Chloride NON-CARCINOGENS (4)
Fthylene Oxide Pentachlorophenol Tt T T
Formaldehyde Perchloroethylene Acetone
Gasoline Vapors PCB's Mercury

i
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Melamine Trichloroethylene Xylene
Nitrobenzene Vinyl Chloride
Nitrosomorpholine Vinylidene Chloride

Polycyclic Organic Matter

Propylene Oxide
Styrene
Terephthalic Acid

*Although ethylene dibromide is not, strictly speaking, chlorinated, it is halogenated
and is included among chlorinated compounds due to chemical similarity.
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identified here as polycyclic organic matter, is actually a class of aromatic
compounds. Three of the lightest such compounds, namely napthalene (a two ring
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ring structure), are both among the most highly emitted and among the least
toxic of this class of compounds. In order to focus on the more significantly
toxic compounds, this inventory includes not only an estimate of total polycyclic

nrganic matter hut alsn an estimate of "peavv® pplvevclic oroanic matter ghat |
pucludes ihese fhree cgmoounds. A fourgbh nollutant. chromium. algg in a2 sense :

represents a class of pollutants. In this case the different forms are diffe-
rent valence states, mcludmg'Cr+6 (such as found in chromic acid), Cr+3D and
neutral (metallic) chromium. It is known that Cr*® is the most toxic form, but
it is usually not clear what mix of valence states is present in any set of
emissions. Generally, this 1nventory conservatively assumed that all chromium
in the most toxic valence.
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matter for each operation of each facility. The second step of the method is
to obtain species fractions representing the fractions of the total VOC or the
TSP that are emitted as the various individual species. For example, in this
study, the fugitive emissions from purging operations at refineries were esti-
mated to be 2.4% benzene. These fractions are thpn mult1p11ed times the vocC
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The two main sources of species fraction information were the Volatile Organic
Compound (VOC) Species Data Manual and the Receptor Model Source Composition

A |I-Iﬂgﬂm_a-...:-aa-.;;-#_g m._.g ;’:g{i-!ﬁ ‘r,h.t H[ﬁr E--H;] iﬂs!

Manual (i.a., which sets of species fractions) should be applied to which SCC's
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P
Species fraction information for formaldehyde from utility fuel combustion and
from industrial coal combustion was derived from the formaldehyde "locator
document” (Locating and Estimating Air Emissions from Sources of Formaldehyde,
ref. P.de). This document provided emissions factors in units of grams per
Joule of heat input, which was multiplied times the heat content of typical

1acally used fuels and compared aacainst the standard VOC emissioo factor £0

derive the formaldehyde species fraction.

Area Source Inventorying Methods

As with point sources, the most commonly used method for developing area
source emissions estimates was the species fraction method. The categories
— e LT f PO .
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information was a county-by-county estimate of emissions from each category

being assessed. This information was generally derived by the State from the
[ —— e — = : =




Table 2. Particulate Matter Species Fractions
(Taken from Reference P.3. A1l data in percent)

Species Fraction* Applicable

2 e Mamaian. A2 L1 vf%

lh._ ~ P o e o Bt A1

1
- |

0i1 combustion .015 .001 .089 1.622

-01-004-01, .
-02-004-01,-04
-02-005-01,-04
06-001-03***

1
1
1
3
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For d sing, county level emissions estimates were derived from a national
study that estimated total usage of each of the compounds., diyided ths tofal
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Cs) relevant to the respective compound, and musglgllgg_;he_nesul%aat
lEEl2ﬂ_féS;LL_;;ﬂ;__;ﬂ___~£4.__4__*_. pp he ifications emp

in_fhe nf i io_the i} ' : 3. County emissions were then

d1str1buted according to tota] manufactur1ng employment, since spatial distri-
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for dry cleaning, national emissions data were distributed to county level
estimate using employment data far relevant SICs, which were in turn distributed
to grids 1n the study area using commercial employment data. For comfort
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Table 3. Species Fractions used in Area Source Inventory
(except as noted, units are % of VOC emissions)

Spatial dbn
":*naﬂr\l 1l entf e————r rartions Dynzamtne e _Dnfronmen
-
-
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Marketing Toluene .64%

Xylene .18%
Ship and Benzene ' . .63% Distributed A.3
Rarge Transfer Tnluene ithin nart

Architectural Benzene .18% Dwelling units A.3
Surface Methyl Chloride 27%
Coating Methylene Chloride 3.37%
Toluene 7.60%
Xylene 1.36%

Heating Chromium .047%* falad P.4
(0il-fired) Nickel 5.36%*

* Heating fractions are fractions of total suspended particulate emissions.

** Spatial distribution parameter for industrial distillate oil use was
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Tahla 4 _Fmissinns Factors used jn Area Source Tnyeptorv

Source Category Pollutant Emission Factor Spatial dbn. Ref.
-~
Heating
Resid. oil: Comm/Inst* Formaldehyde .069 ng/J (10.8 mg/gal) Population P.de

Dist. oil: Industrial .10 ng/J (14.5 mg/gal) Mfg. emp. "

Comm/Inst o Population "
Residential " , " " Population "

Gas: Industrial " .038 ng/J ( 41 g/mmcf) mfg. emp. "
Comm/Inst " .095 ng/J (103 g/mmcf) Population .
Residential " .43 ng/Jd ( 464 g/mmcf) Population "

fdoat g pvpo—Tdangrad M. = (- it i} el § '-\-f:

n< 3 ' . ~ H - *h¥ nAan 3 n " |
Mt lil ] ter~rr) 8 7 rrdl (1 4 mola-l*u iirins, ;
|
y
i
Gas (2] users). o 11.2 natd (12 almmcf\***  ponulation __*
l
Per Capita Emissions
Aerosol Cans Methylene Chloride .50 #/capita-yr population A.10
Paint Stripping Methylene Chloride .59 " " A.10
Mipr Dardicetr cs"ﬂxﬁlfﬁ_‘h"!‘ N ‘%
y
T
2,1 )

Drinking Water

i A N —

Miscellaneous _

Hospital sterilizing Ethylene oxide 2.8#/year/bed (> 200 beds) ool Author's
.2#/year/bed (< 200 beds) survey

fhrame pljters Cheomium 82 54/veac per known facility  *** 4.14
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The emission factor is der1ved from data glven in a draft POM “1ocator document"
s
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phenanthrene) and then a numerical averaging over all uncontrolled wood stoves
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yery approximate. Nevethe]ess, the survey suggested that small hospitals are

\ ;

o
o

érbitrari]y set at 200 beds.) Also, obviously not all hospitals use ethylene
oxide for sterilizing. Thus. a large hosp1ta1 emission factor was estimated
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the Indiana vehicle mix, translating to an emission factor of .652 tpy/1000

daily miles. The same adjustments as.in I1linois were made to reflect possible

undermeasurement of exhaust em1ss1ons and underca]culatmn of evaporatwe
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Category

Gasoline
Marketing

Ship & Barge
Transfer

Degreasing

Architectural
sf¢c. coating

Aerosol cans

Paint stripping methylene chloride

Table 7. Area Source Emissions Totals

Total

emissions (tons/year)

Pollutant

benzene 32.9
toluene 33.4
xylene 9.4
gasoline vapors 5221.8
benzene . 3.0
toluene ; 3.1
xylene .9

perchloroethylene - 242.2
trichloroethylene 401.4

methylene chlioride 295.4
benzene 8.0
methyl chloride 12.0

methylene chloride 150.2

toluene. 338.8

xylene

methylene chloride 590.3

Cook DuPage Wil Lake, In.
30.1 .2 1.4 1.2
30.5 .2 1.5 1.2
8.6 .05 .4 .3
4771.6 30.8 230.0 189.4
1.4 0 .1 1.5
1.4 0 .1 1.5
.4 0 .04 .4
194.2 1.2 3.1 43,7
332.4 2.3 4,7 62.1
277.8 2.0 3.3 12.2
6.7 .04 .2 1.1
10,1 .06 .3 1.6
126.3 .7 3.4 19,8
284.8 1.6 1.7 44.7
51.0 .3 1.4 8.0
502.2 12.5 15.4 60.2
364.7 9.8 9.4 70.5

aa s

Drinking water chloroform

Heating
(except wood

£ aynr \—“—h"ﬂ"“mr"

Wood stoves

Clrmama m) ad s mnm

34,2 29.1 0.7 .9 3.5
formaldehyde 65.7 54,3 1.0 1.1 9,2
nickel 16.3 10.8 o2 .2 5.0

4.llllllllllllL---------:====L-:;;;;;;;;%%======ég;lii%%%%iiiii%%%iiiiiii%%%iiiiiiiiiiii

"Heavy POM" 3.4 2.2 .04 .05 1.1
Total POM 3.4 2.2 .04 .05 1.1
“Heavy POM" 9.1 7.8 .1 .2 1.0
Total POM 15.2 13.0 .2 .3 1.7
Al AR T 1 m 2 2 N N fa}



Table 8. Highway Vehicle Emissions Totals (in tons/year)

Pollutant Arterial Exhaust Freeway Exhaust Evaporative Total

Benzene 823.6 116,7 173.1 1113.4

EEHE _ (p: L T i
L; .

Ethylene 1871.7 2660 e 2127 7
4
- Formaldehyde 201.2 28.3 eee-- 229.5
Ethylene dibromide .7 .07 .3 1.0
31..;-.;.-1-"- Ammans aa an r

Toluene 1731.4 240.2 1006.1 2977.6
Xylene 1520.8 214.5 608.3 2343.6




Table 9. Wastewater Treatment Plant Emissions Estimates

Pollutant Calumet West-Southwest
Benzene 1.7 .3
Methylene chloride 3.3* 20,3*
Perchloroethylene 1.4 15.0*
Trichloroethylene .8 4,4*
Chloroform JI* 1.3*
Vinylidene chloride .03 --
Ethylene dichloride - .4 1.6
Methyl chloride .2 --
Styrene 4.6 2.0
Chlorobenzene .7 3.0*
Toluene 12.0 6.9
Xylene 8.7 34.6
Acetone 301.0 206.3

*Because contaminant quant1t1es in the treated effluent are a significant
fraction of the quantities in the raw influent (suggest1ng limited

,-.1.'11.-1 -nbian) SlhAarA ~maiia dm mAmamnan - e b dree. PR L R

and effluent quantities.



Table 10, Fmissions Estimates for Facilities Receiving Questionnaires

Nalco Chemical PMC
Methyl chloride .0016 tpy Formaldehyde .N015 tpy
Benzyl chloride .048 Toluene

Pentachlorophenol .003 Trichloroethylene 6.55
Methylene Chloride 5,68

Desoto ' Renzene 1.09

Titanium dioxide .20 tpy Toluene 3.09

Acrylamide .025 Xylene 1.45

Ethylacrylate .375 Acetone 1.17

Melamine .25

Propylene oxide 075 Clark 0i1

Styrene 1.9 Benzene 15. tpy

Formaldehyde .080 -

Toluene 2.7 McKesson Chemical

Xylene 2.1 , Trichloroethylene 2.9 tpy

MORECO (Formerly Motor Qil Refining) Toluene 7.2
Arsenic .047 1b/yr. Xylene 5.7
Beryllium .0011 Acetone 6.8

r
= |

’ :

Chromium .32 Union 011 .
Nickel .015 Benzene 3.59 tpy
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TAELE 34, POINT SOURCS EMISSIONS ESTIMATES SORTED BY
STANOARD CLASSIFICATION CODE (SCC)
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One finding from a review of emissions and dose-response data is ironically and
y unfortunatelv that the compounds that appear most significant are associated

L 3 - a»,.-—

with widely varying toxicities, and measurement of emission factors for this
spectrum of compounds is difficult and has been done only a small number of
times for any given source category. Emissions of polycyclic organic matter,
which emanate most]y as products of incomplete combustion, are estimated to be
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The results in Tables 15-and 16 indicate that total emissions according to
questionnaire responses in general were found to be substantially lower than
total emissions estimates using the specres fractTOn approach. In some cases,
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formaldehyde by a factor of 566. Also, the species fraction approach estimated
some emissions of severa] compounds which were not found in the questwnnmres°
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surprisingly good correspondence between species fraction results and quest1on-
naire results and sometimes shows firms est1mat1ng zero emissions where species
fractions indicate substantial emissions. It is possible in some of these
latter cases that the firms use solvents for example that are mixtures which,
unknown to the firms, contain the compounds of interest,.

In summary, the species fraction approach often given reasonable screening
estimates of emissions, but the results sometimes differ substantially from the
emissions estimates made by the firms themselves. Particularly for chemical
plants, the use of national default species fraction cannot be expected to pre-
dict what chemicals are used at local facilities. For other facilities, however,
the species fraction are generally at least comparable to source estimates, and
in fact the species fraction may in some cases he more accurate than the source's
own estimation of its emissions mix.,. In some cases, inaccuracies were a result
of inaccurate VOC/TSP emissions data in NEDS. In general, though, in the

context that this inventory is intended as a screeening inventory, the species

—— 20 A, AN ICh=C g o 0 1R N 0 ol REEC PoLi=akas s fiag .

this purpose.

General Observations

Substantial interest has arisen in the urban air toxics problem. The inventory
described in this report is part of a unique project to assess one urban air
toxics "hotspot". It is anticipated that this inventory will facilitate the
development of other, similar urban area 1nventor1es. Therefore, it is

m’ﬁnia“n_*'n AS mmiinn~ rthn mmam~nna~ ,,é .......... I PPN, B A w ;']W‘.F
[




37
. ~
1 fn priw_‘:i ri*f%!mftg] ]!'fﬁra*i":LP roaviow wae naracearvy ae nandt Af +hie

4project, but the result appears to be a fairly complete and seemingly relatively
LT | * PRY VR VPR oS “?m‘d WEAES - Al 3. ardopPrpeanpa-o

relatively complete (with the notable exception that emissions out of sewers

,W?Qd\ thpagh, tha 2cecnmntinn of 112 valaridizatine and tha

reliance on a handful of influent samples leads to questions about reliability.
For treatment, storage and disponsal facilities, the estimates here, despite
being the best available estimates. must he considered highly uncertain, due to
uncertainties in waste composition, waste quantities, propensities to volatilize,
and the insurmountable difficulties of addressing "special waste" landfills and
unauthorized landfills.
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One surprising aspect of-the process of completing this inventory was the effort
associated with the questionnaires. Numerous companies misplaced the question-
naire. For some companies, plant personnel were unable to process the question-
naire, and we had to send another copy of the .questionnaire to company head-
quarters. We attached to each questionnaire the NEDS information on the company,
thinking this would simplify their response, since the companies could just
confirm the accuracy of NEDS. This was a mistake: companies felt obliged to
have accurate information on every detail on NEDS, and often needed information
to decipher which point of their facility corresponded to which point on NEDS.
Finally, substantial follow-up work was necessary, particularly where responses
appeared incomplete or where compan1es did not know the composition of the
materials they processed.

This report would not be complete without discussion of needs for further
investigation. The goal of this project was to obtain a comprehensive inven-
tory of air toxics emissions, so almost by definition any element of the
inventory could be improved through further investigation. WNevertheless, it
is possible to identify specific elements of the inventory for which further

. i ?m ign wanld narticularly imnrnve the Averall inventnarvu f rhane tha
L1

most important need identified in this study is the need for improvement of
point source species fractions. Part of an investigation of this issue would
be a more detailed investigation of the cause of the discrepancy found here
between species fraction-based emission estimates and questionnaire responses,
which would presumably help identified means of improving the reliability of
the species fractions. Even apart from this investigation, it is clear that
significant improvement to the inventory could he obtained by performing a
broader set of species fraction measurements and doing the collateral work of
assessing which operations (e.g.., hy SCC) can he characterized with which sets
of species fractions. A second important need is the development of more area
source emission fractors (e.g., metals from electroplating and butadiene from
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Tnformation on T11innis and Tndiana emissinns/activity levels

T.1. Mational Fmissions Nata System (NFNS) - a computer data base maintained by
"n,S, Fpa cnnra1n1ng data on pOTnf sources (1nc1ud1nq npnraf1ng characfar-
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Point Source References

.1. Volatile Organic Compound (VOF) Species Data Manual, Office of Air Quality

dﬁ ﬁé‘ﬂwf’_n“ ﬂnwﬁn b Ay —

" contains 174 profiles and 134 organic species., including 19 species from
this study.

P.?. Compiling Air Toxics Emissions Tnventories, Office of Air Quality Planning
and Standards. FPA Report #450/4-86-006, June 1986 - contains an index
of which species profiles to use for which standard Classification Code
(SCC), and contains a variety of other useful types of information.

P.3. Receptor Mode] Source Compos1t1on Library. Office of Air Quality Planning
and Standards. EPA_RQDQQL # FPA-450/4-85-002. Nqvember 1984 - covers

beryllium, cadmium, chromium, mercury and nickel).

P.4. "Locator documents" e.g.. Locating and Estimating Air-Emissions From Sources
of Farmaldehvde, EPA Report # FPA-450/4-84-0N7e. March 1984 - 3 series of
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documents provid1ng emission factor data and, for source types with a modest
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Area Source References

A.1. W.H. Lamason, "Technical Discussion of Per Capita Emission Estimates for
Several Area Sources of Volatile Organic Compounds", paper presented at
Air Pollution Control Association meeting, June 21-26, 1981 - this is the
fundamental source for most of the per capita emission factors.

A.2. End Use of Solvents Containing Volatile Organic Compounds, The Research
Corporation of New England (for OAQPS. USEPA), FPA Report # EPA-450/3-79-032,
May 1979 - provides additional information for calculating per capita emission
factors.

A.3 Improvement of the Emissions Inventory for Reactive Organic Gases and Oxides of
Nitrogen in the South Coast Air Basin, Systems Applications, Inc.., and Radian
Corporation (for Calfornia Air Resources Board), May 1985 - provided species
profiles for gasoline marketing, architectural surface coating (see especially
the main text chapter on "species profile development" and Appendix E).

A.4. "Locator documents" - see reference data and description under point source
references. Specific documents from which area source emissions factors
were used included the formaldehyde, chloroform, chromium, nickel and
draft polycyclic organic matter locator documents.

A.5. Hazardous Air Pollutants: Air Exposure and Preliminary Risk Appraisal for
35 U.S. Counties, Appendix E, "Area Source Emission Factor Documentation,"
Versar, Inc. and American Management Systems, September 1984 - although

L fogumerd e wd (0 0r lonl (G A0 g it 0F gyt jar vngigt i

. this _repoct provides useful species profjles fac, deapeasipa: other ocofiles
here were superseded by other references.

A.6. Steam Electric Plant Factors - see reference data under point source
references. Again, fuel heat content were used to convert from emissions
per Joule to.emissions/quantity fuel burned.

A.7. Fstimates. nf U.S. Wood Enerav Consumntion, 1949-1981. hv Aonlied Maoagement

= t s Yo ~ =R

A.8. Residential Energy Consumption Survey: Consumption and Expenditures April
1982 through March 1983, Energy Information Agency (Dept. of Energy) -
supplied regional wood usage information used to adjust from statewide to
urban wood usage,

A.9. R.L. Gay, W.T. Greene, J.J. Smith, "A National Assessment of Residential
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Attachment 3 13 a questionmaire which {destifies other infsrmatios aseded. |
general, this questionneire seeks amissions estimstes fer eack operationm im
your faciiity fer each of the listad compounds whiCh you may ewmit, and some
asditional iafermatioa helpful is assessing the pessibility of awmospheric
releases. Please fil]l eut a questionnaire for each cperatiea eor production
1ine in your facility as idestified (or as should be tdestifiea) in
Attachment 2.

Attaciment 4 requests additicsal tafermatiea on secondary air ewmissiess
eauitian from nlame n-mlenj_ lrm_- -_.“t‘L u’aid mastes. and cecald
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T e substasces
= Te Be lavemtoried

Senzese

' Senzy! chloride
Seryllien
1,3 Sutadiens
Comnium
Carbea tetracaieride
Chlereform
Qronten
Coke Oven Emissions
Otethanslamine
Dimathyla{tresawine
Diecty! phthaiate
Dlexia . . ‘
EpichloreRydrin .
Ethy! scrylate
Ethylems
Ethylena ¢ibromide
Ethyleas dichloride
Ethylene oxide
Forma ldehyde
4,4 1s0propepylidens diphemol
elanine
Mercary
fethy! chleride
Mathy lene chloride
4,4 Methylens diaailine
#ckel
¥itrebonzane
Ntrosomerphe!ine
Pentachl orephene!
Perchlervet)yions
PChs
Poiycyclic crganic matter
Progy lens dichleride
Prepylens oaide
Styrem
Terwphtihelic acid
Titanium dioxide

- ey
Yiayl Chleride

Tinylidane chleride
Xylens
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ATTACIENT 3 (continued)

Suring the 1904 calendar year di¢ you Mave any uascheduled releases resslting
] ] s310as of any of the substances identified ia part A?

For eoch such streas usuctat:l uith ah wnscheduled reloase list for the tatal
calendar year

compeund . Qantity emittea o air
(foentified 1o attachmest }) ’ directly/Indirectly
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