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TECHNI CAL DI SCUSSI ON OF PER CAPI TA EM SSI ON FACTORS FOR
SEVERAL AREA SOURCES OF VOLATILE ORGANIC COVPOUNDS

OVERVI EW

The purpose of this paper is to docunent the devel opnent of several per
capita emssion factors to be used in 1982 State Implementation Plan (SIP)
Volatile Organic Conpound (VOC) emssions inventories. The per. capita VOC
em ssion factors were released to local, State, and Regional control program
offices through three vehicles: (1) Final Enmission |nventory Requirenents
For 1982 (zone State Inplenentation Plans'; (2) Procedures For The Prepa-
ration O Emissions Tnventories, Volume I, 2nd Editiom%; and (3) tnhree
Regi onal workshops.' Inventories which wll use the recommended factors are
to be conpiled for calendar year 1980 and submitted conpleted to the Environ-
mental Protection Agency by December 31, 1981. By assuring agencies that
these factors are the best available, the application of uniform per capita
factors in SIP VOC em ssion inventories can be pronoted.

EM SSI ONS PER CAPI TA | NVENTORY METHOD:

VOC em ssion inventory methods identify emssions from individual point
sources using permt files, plant visits and questionnaires nailed to facil-
ities. However, several enissions categories cannot readily be inventoried
by point source nethods. Sources such as service stations, drycleaners
cold cleaning degreasing and architectural surface coating are better inven-
toried collectively as area sources.

Area source inventory methods include a ganut of techniques. Consider-
abl e enphasis is placed on nmethods which obtain |ocal data specific to an
inventory area. Still, certain source categories remain which are difficult
to inventory using solvent distribution data, and enploynent, and tax sta-
tistics. For the difficult to inventory source categories, emssions per
capita factors have been devel oped using national emssions data and nationa
popul ation statistics.

Em ssions per capita factors are relatively easy to develop. Research-
ing several references produces emssions data on source categories of
interest. The data can be segregated into two types: (1) national enissions
or national consunption data from which national emssions can be derived
and (2) locally derived emssions data usually nodified to a per capita
factor using the local population base. National enissions are converted to
a per capita factor by dividing the emssions, by the appropriate data base
year national population. To conpute area source enissions with the factor,
multiply the inventory area population by the per capita factor which produces
total emission. Then point source emissions are subtracted fromtota
emssions to arrive at the area source emssion totals for use in a VOC
eni ssi ons inventory.
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An alternative approach is to identify national em ssions from sources
which are readily identifiable using point source inventory methods and then
to divide the remaining national emssions' by national population. The
resulting per capita emssion factor would apply to only smaller sources.

Em ssion estimates derived with the factor would be added to point source
em ssions data to arrive at the total emission estimate for the particular
source category.

FACTOR DATA BASE

Several problens are inher?f with emssion data which hinder the desig-
nation of factors for specific source categories. First and forenost is
determ ning which emssion data should be used in developing factors.
National emssions data are nore representative of all national urban areas
as a whole but nmay not be directly applicable to |ocal conditions. Local |
derived factors reflect local conditions, but may be unacceptable nationalyy
due to being unrepresentative. A range of locally derived factors would be
acceptable but is often unavailable on a nationw de basis. Thus, the ten-
dency is to enploy factors based on national emissions or consunption data

Determ ning which national emssions or consunption data to use is
itself a problem The two nost reliable information sets from which nationa
em ssions or consunption data can be derived are (1) docunents devel oped for
or in support of New Source Performance Standards (NSPS) and Control Techniques
Gui del i ne (CTG doc:mnent:s,“'10 and (2) End Uses O Sol vents Cont ai ning
Vol atile Organic Compounds.l! These dafa sefs differ by O50 percent for
the four source categories that both cover. |n addition, both data sets
have several specific limtations in estimating solvent use. Therefore
there is considerable uncertainty over which data set is a better basis for
the devel opnent of per capita factors.

"END USES"

Reference 11, referred to as "End Uses", has three nmgjor drawbacks.

First, the document reports consunption of solvent by end use, not enissions
data. This technicality can be side stepped by naking some appropriate
assunptions on solvent release to the atnosphere to estimate national em ssions.
, The second problem i s that 910 X 106 kg# (2006x 108 lps{/yr} are considered

\ (unaccountable in " End Uses". TRC beliéves éhag ocating this unaccountable
use to identified uses will lead to less errors in inventories. The rationale
for allocation is based on the assunption that unidentified solvent consunption
‘primarily ends up as minor conponents in solvent mixtures in the industria

(80 percent) and Lonsumer/commercial\l?n nercent) lsectors. !l Thi s appears

to be a logical assunption which provides a solution tO0 the problem  Lastly

"End Uses" suffers froma lack of "hard" docunmentation and bases nost of its
estlmates on 31mp1e ‘discussion w1th ~industry. However, thereport does ~ .= - .
approach sol vent use by attenpting to identify the end product or use of al

the organic solvents produced/for use in the United States. This docunent

al so represents the nost current EPA work on identifying organic solvent

use. \

e LR K0l s A A B e
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CTG NSPS Dat a

Control Technology Guidelines (CTG docunents and reports supporting
New Source Performance Standards (NSPS) for the respective area source
categories also have several advantages and drawbacks. These docunents are
oriented towards specific subsections of a particular industry thus allow ng
anal ysis of emssions at the subcategory level , as in the drycleaning industry.
One problem however, is that gaps in-emssions information may result from
the narrow perspective of CTGNSPS work. -This is the case for graphic arts
where data nust be augnented with information from other sources.  Another
problemis that em ssions data were not obtained with the idea of a closed
| oop mass bal ance. Enissions data were obtained to identify the nost inpor-
tant sources of VOC enmissions, not all VOC emissions. Third, the emssions
estimates in some CTG NSPS documents are up to 12 years old. On the other
hand, CTG NSPS docunments are the result of considerable research and are a
foundation of VOC regulations nationw de.

Both data bases were used in deriving per capita factors. Factors
derived from CTG/NSPS data were recomended for use in four'of the six
source categories. Factors derived from "End Uses" were recommended in tte

remaining two categories. Specific reasons on why one reference was used
over another are given with each derivation.

DI SCUSSI ON_ AND DERI VATI ON_OF FACTCRS:

National emissions data that are proposed for use in inventory guidance
are listed in Table 1, The table lists per capita emssion factors that are
derived from national emssions totals, as well as a range of per capita
factors included for conparison with selected values. Al recomended
factors are derived and conpared with the data range in the discussion of
this Section.

TABLE 1. VOC EM SSIONS AND PER CAPITA VOC EM SSI ON FACTORS

FOR THE U.S.2
Reconmended Val ue Range of
for National Em ssions Per Capita Factors

Cat egory X 10° kg/yr kgl cap-yr kgl cap-yr
Drycl eani ng

Coi n- op 48 0.2, 0.1 -0.3

Comrer ci al 130 0..6b 0.3 ~0.8
Cold cleaning degreasing 285 1.4 1.3 = 1.7
Architectural surface 446 2.1 1.7 - 3.8

coat 1 ng
Auto refinishing 160 0.8 0.2 - 0.8
G aphici erés small 75 0.4 ; 0.3 = 0.4
Consumer / comrer ci al - 618 o 2.9° N/a%

solvent use . Qa(,'%gz,.(:‘:’x ;‘c’*%“«i}_ :
3References 4 - 27?.1{”'“' (TR X0 kg

‘(':I ncl udes adjustments to exclude compounds exenpted under EPA policy.
Only two val ues.
Onf'y one val ue.
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The discussion and derivation of factors presented in Table 1 is
organi zed by source categories to allow 'independent review of factors for
each category. However, for all categories, two equations are used
repetitively throughout the review and for cényinenceHare defined here.

""(\v' T
E SC

PF = 5 X EAF (Equation 1) PF = §p X AF x RF x EAF (Equation 2)

Where: PF Per capita factor, kg/cap-yr

E = Emssions in kg/yr

P = Population for area where emission estimates are
appl i cabl e.

SC = National solvent consunptlon kg/yr

NP ‘= National population, x 108 people

A??= Adjustment factor which allocates unknown consunption

into identified solvent end use categories as previously
discussed. For industrial categories (AF = 1, 13 and for
consumer/commercial categori es&F = 1,17.:

RF= Release factor to convert consunption data into

em ssi on data.

Exempt conpound adj ustment fraction

:

Equation 1 enploys emissions data to conpute a per capita factor while
Equation 2 uses national solvent consunption data

TABLE 2. LI ST OF COVPOUNDS EXEMPT -FROM EFA's VOC POLICY28,29

Met hane Et hane
‘Trichlorothrifluoroethane Met hyl ene chloride
Trichl orof | uor onet hane Di chl orodi f| uor onet hane
Chl or odi f | uor onet hane Tri fl uoronet hane

Di chl orot et raf | uor oet hane Chl or opent af | uor oet hane

1,1,1-Trichloroethane( met hyl chl or of orm

The adjustnent factor (AF) was determned by taking an adjusted najor
category consunption, such as industrial uses, and dividing by the respective
unadjusted major category total. The adjustnent to mmjor categories was
_undertaken in "End Uses" by addlng 80 percent of the unknown solvent to

i ndustrial uses, ori?ZO‘x 10 ‘ﬁﬁfnd allocating 20 percent to consuner/ A
g

_commercial uses, o;,80 X lp k Equation 2 is prinarily used on data
extracted from "End Uses". The EAF nul tiplier excludes the exenpt conpounds
listed in Table 2 and are considered nonreactive as defined by EpA'sVOC

policy. For nost solvent use categories EAF will be equal to 1.

These two equations will apply for nmost of the derived factors bel ow
Where other equations are used to develop per capita factors, a note is
included in the derivation discussion.

. 1( [zr
Ae. Vadu "]"“‘:.‘rt 5 dic oA IE f/7

: 'Z%Q oo qeckiet ky g O Prge = 7 ‘ ‘fuz, e
A g BELK = pROmsE Ay 4/#*“’;{7
‘nw 6 ta ( 57(} ‘qy.x/cw 1,,',} S 1% 4T =z o T . 7_‘("{!?!/‘[)& /‘% g /s //L :
4 oS e YA e ,4A v L . {d ;
7hen ,7!./3‘ o Teew O My 2 L g0 parxilisy s
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DRYCTXANI NG

Recomended factors = The reconmended factors were derived from data
devel oped for CTG NSPS docunents.  Emissions from perchloroethyl ene (perc)
drycleaning plants were derived from national consunption data in Reference
20 and allocated to commercial and coin operated (coin-op) plant categories
from emssion rate data for typical plants contained in Reference 9. Ems-
sions from commercial petroleum solvent drycleaning plants are derived in
Reference 21 based on data in References 8 and 22 on the nunber of plants,
clothes throughput per year, and emssion rate. By Equation 1, for coin-op
pl ants:

48 x 108 kg/vyr _
220 x 106 = 0.2 kg/cap-yr

For commercial drycleaning, Equation 1 is applied to perc and petrol eum
solvent (PS) emssions with summation producing a conbined factor.

_ Eperc + Eps _ 130 x 105 kg/yr_
i P N 220 x 105 - 0-6kg/cap-yr

An estimated population of 220 mllion was used for the late 1970's,
the data base tine of reference. These factors were considered to be superior
because the data base is recent and because enissions can be cal cul ated
separately for commercial and coin-op facilities as area sources, inde-
pendent of industrial drycleaning plants which should be inventoried as
poi nt sources.?

Per Capita Factor (PF) =

O her Factors = Three additional data sources conplete the range of per
capita enmission factors for drycleaning.

"End Uses" = A factor was calculated from national consunption data
presented 'on page 1-21 of Reference 11 and a recomended popul ation figure
on page 3-23. The industrial adjustment factor (IF) of 1.13 was used to
allocate unidentified solvent use. By Equation 2:

Per Capita Factor (PF) = 290 x 106 kg[§r x 1.13 x 1.0 x 1.0 _ 328

15 x 10° VAL
= 1.5 kg/cap-yr

This factor includes solvent consunption at industrial drycleaning
plants. Assuming that industry profile data in support of CTG NSPS applies
55 percent and 20 percent of above factor can be attributed to commercia
and coin-op facilities.

- _ 328 -
PF coi n-op = 575 X 0.20 = 0.3 kg/cap-yr
. _ 328
PF comercial = 315 X 0.55 = 0.8 kg/cap-yr

These factors include petroleum solvents and perchloroethyl ene but no
compounds which are exenpt under EPA's nonreactive policy (see Table 2) so
that EAF = 1. Because little destructive emssion control is practiced
within the industry it was assumed that solvent em ssions would equal solvent
consunption, making the release factor 1.
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These factors are inferior since a direct association cannot be made
between sol vent consunption and the commercial and coin-op dry cleaning

subcategories. In addition, "End Uses" data are older (1974 and 1977) than
the CTG NSPS data (1979).

The two remaining data sets are based on |local surveys in Tulsa
Gl ahonma and Florida, For conparison, enissions have been allocated to
comrercial and coin-op subcategories applying the 55/20 splits described
above,

Tul sa - Reference 12 uses Equation 1 to develop a factor for Tulsa
&l ahoma.  Both the enissions and popul ation data are 1977 base year.
_ 1,183,000 lbs/yr

PF comerical = 428,700 X 0.45 kg/lb x 0.55 = 0.7 kg/cap-yr

PF coin-op = ++183,000_1be/YE 4 45 kg/1b x 0.2 = 0.3 kg/cap-yr

Florida -« Reference 13 provides no calculations but rather summarizes
em ssion data which nust be manipulated to derive per capita factors.
Factors are for five urban counties in Florida

PER CAPITA FACTORS FOR SEVERAL FLORI DA COUNTIES, kg/cap-yr

Subcat egory Br owar d Dade Duval Orange Pal m Beach
coi n-op 0.1 0.2 0.2 0.3 0.1
Conmrer ci al 0.3 0.5 0.5 0.8 0.4

Reference 13 also nentions an independent survey in Duval County which
produces conflicting factors of 0.4 kg/cap-yr and 0.1 kg/cap-yr for commrercia
and coin-op subcategories respectively.

The locally derived factors cause some concern in that they are consider-
ably less than the recomended val ues of 0.8 kg/cap-yr and 0.3 kg/cap-yr for
comercial and coin-op drycleaning, respectively. However, the lower Florida
val ues may be the result of climte on clothing usage. Al'so, to base a
national factor on data fromonly two regions of the county would not be
sound. Thus , the larger national value is still reconmended.

COLD CLEANING DEGREASING:

Reconmended Factor - A CTG docunent, Reference 5, was used in devel op-
ing a per capita emssions factor for cold cleaning degreasing. The ration-
ale in selecting the CIG docunent was that it contained a breakdown of
degreasing emssions by type of operation, such as vapor degreasing, cold
cleaning and conveyorized degreasing. COher references did not provide a
breakdown of emission by process. Enissions data are from Appendi x B of
Reference 5 while population is a 1974 interpolation from Statistical Abstract.

Equation 2 is used to calculate a factor.
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. 380 x 106 kg/yr _ .
PF = 511 % 10° = 1.8 kg/cap-yr

However, this factor includes exenpt conpounds according to the breakdown on
page 2-5 of the CTG docunent.

TABLE 3. EM SSIONS SPECI ES DATA FOR COLD CLEANI NG DEGREASI NG

Sol vent Consunption 10® kg/yr

Nonexenpt Exenpt
Hal ogenat ed:
Tri chl oroet hyl ene 25
1,1,1 Trichloroethane 82
Per chcl or oet hyl ene 13
Met hyl ene chl ori de 23
Trichlorotrifluoroethane . _10
38 115
Aliphatics 222
Aromatics
Benzene I
Tol uene 14
Xyl ene 12
Cycl ohexane 1
Heavy aromatics 12 -
46
xygenat ed
Acet one 10
Methy ethyl ketone ( 8
_Butyl Thiw in ded%ﬂr}ﬂfkl Jﬁ ’ 5
Ef her's ‘r_g;«:‘fa 54 tiujlt; A 6 _
L 29
TOTALS 335 115
PERCENTAGE 75% 25%

Based on the species data in Table 3, nonexenpt conpounds are only 75
percent of the cold cleaning solvent consunption. Therefore the EAF = 0.75
and a reactive per capita factor can be cal cul ated:

PF =18 x 0.75 = 1.4 kg/cap-yr
This is the value which appears in Table 1 as the recomended factor for
estimating cold cleaning em ssions.

Qther Factors - Two additional factors are derived for conparison wth
the CTG document based factor
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"End Uses = Reference 11 can also be used to develop a per capita
factor but requires that an assunption be nade. "End Uses" provides total
solvent use for netal cleaning which includes all types of degreasing. On
page 2-7 of Reference 5 the cold cleaning fraction of degreasing em ssions
Is 55 percent. Assuming that this fraction applies to the solvent consunption
from "End Uses" the per capita factor can then be derived from Equation 2.

660 x 10% kg/yr) x 0.55 x 1.13 x 1.0 x 0.75 _ 1 ,°
PF=( g/yr) 515 x 105 = " 4 kg/cap-yr

The population is recommended by "End Uses" and the industrial appor-
tioning adjustment factor is used. Since few facilities utilize destructive
control techniques, the release factor is assumed to be 1.0. The exenpt
conmpound adj ustment factor is based on the CTG species data. This factor
was not recommended in that the assunption nade in applying the cold cleaning
fraction may not be valid. Thus, the CTG based factor is recomended over
the TRC based factor.

Gkl ahoma Inventory - An additional apgtoach yi el ds another factor by
combining data from Reference 5 and AP-42.'® This nethod is used in the
Okl ahoma inventory assistance to estimate area source emission from cold
cl eani ngoperations."

PF =NU%EF: Wiere NU is the estimated nunber of units in operation

nationally from Reference 5, EF is the emssion factor
from AP-42, and NP is national population.

_ 1,220,000 x 300 kg/yr _
PF = 511 X 10° = 1.7 kg/cap-yr

Then the factor nust be adjusted to exclude exenpt conpounds using the
CTG speci es data.

PF= 1.7 x 0.75 = 1.3 kg/cap-yr

Thi s approach is based on data devel oped in CTG docunents and thus the CTG
based factor is recommended over this indirectly derived factor.

ARCH TECTURAL SURFACE COATI NG

Recormended Factor - A CTG draft document was used to develop a per
‘capita factor for architectual surface coating emissions. Emssions include
solvents contained in paint fornulations as well as thinning and cleanup
sol vent associated with the use of paints. From Reference 6, page 4 and
Equation 1:

_ 340 x 10° kg/yr + 106 x 106 k 446 x 106
PF = e T = T = 21 kgl capyr

Em ssion tonnage is for the respective coatings and associate solvent use.
Popul ation is for 1975 from Statistical Abstract,!*
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Under the exenpt conpound list, no solvents used in architectural
surface coatings are classified as unreactive. A |ist of conpounds is
included in Reference 6 which was'used to derive the per capita em ssion

factor. The |ist IS summaried in Table 4.

TABLE 4. ORGANIC SPECIES DATA FOR ARCH TECTURAL SURFACE
COATI NG EM SSI ONS

X 10% kg/yr Per cent

Ali phatic Hydrocarbons 224.7 66
Aromatics 20.3 6
Al cohol s 10.7 3
Acet one 6.2 2
Met hyl Ethyl Ketone (MEK) 5.1 2
Met hyl 1sobutly Ketone (M BK) 4.5 1
Acet at es 4.9 1
O her ketones/esters 5.9 2
dycols 34.1 10
dycol ethers/ether esters 21.9 6
O her mscellaneous 1.5 >1

TOTAL 340 n100

Since nonreactives are included, the exenpt conpound adjustment fraction
(EAF) is 1.0 and the per capita factor is unchanged.

O her Factors « A number of data points are available for comparison
with the recomrended val ue.

"End Uses" ~ From Reference 11, using Equation 2, the follow ng factor

is derived:
by

6 |
820 X_10° Ke/VT \ 4 17 y 1.0 x 1.0 = 1.7 &8/ cap-yr

215 x 10°

The release factor is assuned to be one as is the exenpt adjustnent
fraction. The apportioning factor of 1.17 for the consumer/commerci al
sector is used. This factor does not specify if associated solvent use is
included with coating solvent use. Thus, the CTG derived factor is pre-
ferred over the TRG~based factor.

W Bl Une B

California = Several values are available for California urban areas
and the entire State. The State value is particularly well derived while
the other values are primarily present for conparison.

PF =

Per Capita State- San Franci sco/ San Diegol5 LA/ Orange Co.l7
Fact or widel® Oakland!®
kg/cap-yr 3.0 2.9 3.8 3.2
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These val ues are higher than the reconmended factor which may be a
result of a greater rate of housing construction in California relative to

the rest of the country. Therefore, the recommended factor is still supported

AUTO REFI NI SHI NG

Recomended Factor = Limited data are available on which a per capita
factor can be devel oped. The only data easily obtained is fromthe "End
Uses".1! Using Equation 2 a factor can be conputed

160 x_10% kg/yr
PF = =7 10554y x 113 x10= 0.8 kg/cap-yr

An apportionment factor of 1.13 for the industrial sector is used. The
rel ease factor is assumed to be 1.0 since little known destructive contro
Is-practiced in this industry.

No speciation data is presented in this reference for auto refinishing
coatings but is only available for coatings in general. Thus the distri-
bution for architectural coatings in Table 4 may be used or a breakdown can
be found in Appendix A of Reference 11. Both distributions show that no
exenpt solvents are included in the derived emssion factor. Accordingly
the per capita factor is unchanged since EAF is equal to 1.

Qther Factor - One other factor is presented for conparison with the
recommended factor.

Florida = A per capita factor derivation based on older data in Reference
13 is shown bel ow:

52 x 103 tons x 2000 Ib/ton x 0.45 kg/lb
PF = /yr 515 x 105 g = 0.2 kg/ cap-yr

This value is based on a simlar data base discussed in Reference 16 and is
considered an under estimate. The estimate nmay be affected by regiona
variations in autonobile finish wear. Therefore the factor based on "End
Uses is preferred over this factor.

GRAPH C_ARTS:

Recormended Factor = Gaphic arts traditionally has been inventoried as
a point source category. However, a large nunber of snmall source do exist
in this category in addition to major printing plants. Thus, an area source
per capita factor has been suggested. Using data devel oped for use in
CTG NSPS work a per capita factor for small graphic arts operations (less
than 250 kg/day or 100 tons/year) was derived in Reference 26. Equation 1
was enpl oyed, however the emssion input was nodified to exclude major
sources. National graphic arts emssions from Reference 7 are reduced by
maj or publication and packaging em ssions from References 10, 23 and 24.
Non-em ssions from letterpress and web offset printing are also excluded
based on Reference 25. By Equation 1:

75 x 108 kg/3
PF = mbg/yr‘ = 0.4 kg/cap-yr -

10




81-12.5

Popul ation used in conputing the factor is assumed to be representative
of the data base devel opnent period. Wile requiring numerous assunptions,
this factor is considered superior due to the availability of industry
profile data.

QG her Factor - Another factor was developed and is presented for
comparison. Using "End uUses"!! a factor can be devel oped with Equation 2.

PE = 1215%/%13 = 1.4 kgl cap-yr

This factor would applied to both nmajor and mnor graphic'arts sources.
By applying industry profile data from the CTG NSPS data base, the factor
can be reduced to represent shall graphic arts sources for conparison wth
the reconmended factor.

PF=1.4x 0.2 = 0.3 kg/cap-yr

An apportionment factor of 1.13 for industrial solvent use is enployed
with popul ation data also from "End Uses". Speciation data in Appendix A of
this report indicates that special napthas represent 98 percent of solvent
used in graphic arts. Another 1 percent consists of glycol esthers.
Therefore, EAF = 1.0 and the factor is-unaltered since no exenpt conpounds
are included. This factor is not preferred due to incompatability with
industrial profile data. \Wen emission adjustnents from the CTG NSPS data
are subtracted from national solvent consunption data in Reference 11, a
negative emssions value results.

CONSUMER/ COWERCI AL SCLVENT:

Reconmended Factor - "End Uses" provides the nost conprehensive break-
down of consuner/commercial solvent. National consunpt-ion data is excerpted
from page |-21 of the report.l!!

TABLE 5.  NATI ONWDE CONSUVER/ COMMERCI AL SCLVENT USE

Nat i onwi de Consunpti on

kg x 10° yr.

USE Unadj ust ed Adj ust ed
Aerosol products 292 342
Househol d products 160 183
Toiletries 113 132
Rubbi ng conpounds 53 62
Wndshi el d washing 52 61
Pol i shes and waxes 41 48
Noni ndustrial adhesives 25 29
Space deodor ant 15 18
Moth control 12 16
Laundry detergent 3 4

TOTAL 765 895

11
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6
PF = 89525513 lgﬁ/yr = 4.2 kgl cap-yr (including exenpt compounds)

The unadjusted colum represents only identified consunption data while
the adjusted colum includes unidentified solvent use allocated using a
factor of 1.17 which has been discussed previously. The already adjusted
total em ssions are then used in Equation 1 to conpute a per capita factor.
A release factor of 1.0 is assumed since no control of these enmissions is
practiced. Speciation data indicates that a considerable quantity of the
factor em ssions consists of exenpt compounds. Using Appendix A of the
report, the follow ng breakdown can be constructed.

TABLE 6. ORGANIC SPECIES DATA FOR CONSUMER/ COMVERCI AL
SCLVENT USE EM SSI ONS

Nati onw de Consunption x 10° kg/yr

Conpound Exenpt Non- exenpt
Speci al napt has - 234
Fl uor ocar bons 74 -
Chl or ocar bons 102 -
Met hyl ene chloride 50
| sopr opanol - 89
Et hanol - 113
Met hanol , - 52
1,1,1-Trichloroethane 13
M BK - 3
MEK - 2
Butyl acetates - 1
P-Di chl or obenzene - 27
Per chl or oet hyl ene - 3
TOTAL 239 524
PERCENTAGE 31% !/ 69%

Since non-exenpt conpounds represent only 69 percent of the consumer/
comercial solvent consunption, EAF is equal to 0.69. Thus, the factor nust
be adj usted.

PF =4.2x 0.69 = 2.9 kgl cap-yr

This factor is based on the nost recent speciation data avail able.
However, conpound usage within the consumer/comercial category can rapidly
change over a period of only a few years. For exanple, the degree of substi-
tution of chlorinated/fluorinated hydrocarbons with parafins is unknown.

Thus, while the factor is recommended for inventory use, these substitution
trends nust be identified

SUMVARY
The above derived per capita emssion factors for release of organics

into the atnosphere represent the best available data for area source per
capita inventorying. However, while these factors are corrected for exenpt
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solvents, they do not reflect possible changes in substitution patterns
between the md 1970's and the present. Changes in consunption need to be
identified in the future to inprove the available data base. -In concl usion,
the factors should be used in emssion inventory devel opment as they repre-
sent an inprovement over per capita factors previously reconmended for use in
VOC emission inventories.

ACKNOALEDGEMENTS:

The author expresses his gratitude for the contributions of many indi-
viduals within the Mnitoring and Data Analysis Division and the Em ssions
Standards and Engineering Division of the US. Environmental Protection
Agency, Research Triangle Park, NC, in the conpiling of data necessary to
devel op these em ssion factors.

REFERENCES:

1. Final Emssion Inventory Requirenents for 1982 Ozone State |nplenent-
ation Plans, EPA-450/4-80-016, U S. Environnmental Protection Agency,
Research Triangle Park, NC Decenber 1980.

2. Procedures for the Prepartion of Emssion Inventories, Volume I,
Second Edition, EPA-450/2-77-028, U S. Environmental Protection Agency,
Research Triangle Park, NC Septenber 1980.

3. VOC/NOx Emission Inventory Requirenments for 1982 QOzone SIPs, Wrkshop
Vor kbook, Mnitoring and Data Analysis Division, US. Environnental
Protection Agency, Research Triangle Park, NC Qctober 1980.

4, Control of Organic Emi ssions from Perchloroethylene Dry C eaning
Systems, EPA-450/2-78-050, U S. Environnental Protection Agency, Research
Triangle Park, NC, Decenber 1978.

3. Control of Volatile Oganic Emssions from Solvent Metal O eaning,
EPA- 450/ 2-77-022, U.S. Environnental Protection Agency, Research
Triangle Park, NC, November 1977.

6. Control Techniques Guideline for Architectural Surface Coatings, Draft,
Em ssion Standards and Engineering Division, US. Environnental
Protection Agency, Research Triangle Park, NC, February 1979.

7. Control of Volatile Oganic Emssions from Existing Stafiaqnary,
Sources, Volune VITI, Gaphic Arts = Rotogravure and Flexography, EPA-
450/2-78-033, U.S. Environnental Protection Agency, Research iriangle «~
Park, NC, Decenber 1978.

8. Control of Volatile Oganic Emssions from Petroleum Dry C eaners,
Prelimnary Draft, Emssion Standards and Engineering Division, US.
Environmental Protection Agency, Research Triangle Park, NC February
1981.

13




81-12.5

9. Perchl oroethylene Dry Ceaners « Background Infornation Document For
Proposed Standards, EPA-450/3-79-029a, U.S. Environnental Protection -
Agency, Research Triangle Park, NC August 1980.

~.

10. ! Background Information Docunent for the Publication Rotogravure
Printing Industry, Draft, Emssion Standards and Engineering Division,
U S. Environmental Protection Agency, Research Triangle Park, NC,
November 1979.

11.  End Use of Solvents Containing Volatile Organic Conpounds;
EPA-450/3-79-032, U.S. Environnental Protection Agency, Research ,
Triangle Park, NC, My 1979.

12.  Emssion Inventories for Uban Airshed Mddel Application in Tulsa,
Gkl ahoma, EPA-450/4-80-021, U S. Environnental Protection Agency,
Research Triangle Park, NC Septenber 1980.

13.  Florida Oxidant SIP Assistance Phase |, VOC Enmissions |nventoLy,
EPA-904/9-79-029a, Ai r Prograns Branch, Region |V, US. Environmental
Protection Agency, Atlanta, GA February 1979.

14.  Inspection/Mintenance and Em ssion Inventories of Area Sources in
Oklahoma, Volume ||, EPA-906/9-79-004b, Region VI, U S. Environnent al
Protection Agency, Dallas, TX February 1979.

15.  Emssion Inventory/Factor Wrkshop, Volume |1, EPA-450/3-78-042b,
U S. Environnental Protection Agency, Research Triangle Park, NC, My
1978.

16. Residential and Commercial Area Source Emission |nventory Methodol ogy
for the Regional Air Pollution Study, EPA-450/3-74-078, US. Environ-
mental Protection Agency, Research Triangle Park, NC Septenber 1975.

17. Vol atile Oganic Conpounds Species Data Manual, Second Edition,
EPA- 450/ 4-80- 015, U.S. Environnental Protection Agency, Research
Triangle Park, NC July 1980.

18.  Conpilation of Ar Pollution Emssion Factors, Third Edition and
subsequent Suppl enents, AP-42, Ofice of Air Quality Planning and
Standards, U.S. Environmental Protection Agency, Research Triangle
Park, NC, August 1977.

19. Control Techniques for Volatile Organic Enmissions from Stationary
Sources, EPA-45072-78-022, US. Environmental Protection Agency, Research
Triangle Park, NC, My 1978.

20, Witten comunication from Robert C. Knipe, Laundry and Dry C eaners
Al'lied Trade Association, to Don Goodw n, Emnission Standards and
Engineering Division, US. Environmental Protection Agency, Research
Triangle Park, NC, My 1980.

15




81-12.5

21, Background Docunent for Section 4.1 of AP-42, Drycleaning, Mnitoring
and Data Analysis Division, US. Environmental Protection Agency,
Research Triangle Park, NC, March 1981.

22, Witten comunication from Steve Shedd, Emission Standards and
Engineering Division, to Bill Lamason, Mnitoring and Data Analysis
Division, US. Environmental Protection Agency, Research Triangle Park,
NC, February 1981.

23. Enforceability Aspects of RACT for the Rotogravure and Flexography -
Portion of the Gaphic Arts Industry, EPA Contract Number 68-01-4147,
PEDCo Environnental, Inc., Cincinnati, OH Mrch 1980.

24, Overview Assessment of Organic Emissions of the Flexible Packaging .

- Industry; Draft, EPA Contract Nunber 68-03-2580, WAPCRA, Inc., New York, !
NY.

25. Witten comunication from Edwin J. Vincent, Enission Standards and
Engineering Division to Bill Lamason, Mnitoring and Data Anal ysis
Division, US. Environnental Protection Agency, Research Triangle
Park, NC, August 1980.

//‘—"\

[ 26. < Background Docunent for Section 4.9 of AP-42, Gaphic Arts, A

- Mnitoring and Data Analysis Division, US. Environnental Protection --
Agency, Research Triangle Park, NC March 1981.

27. Statistical Abstracts of the United States, 100th Edition, Bureau of
the Census, Departnent of Commerce, Wshington, DC, Septenber 1970.

28. Recommended Policy on the Control of Volatile Organic Conpounds,

42 FR 35314, July 8, 1977.
29. Carification of Agency Policy Concerning Ozone SIP Revisions and

Solvent Reactivities, &44FR 32042, June 4, 1979, 45 FR 32424, My 18,
1980, and 45 FR 48941, July 22, 1980.






