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DEFINITIONS

Solvent consumption is the quantity of organic compounds used nationwide annually
as solvents and is expressed in gg/y  or 10 lbs/y. When used as solvents, the com-
pounds are not chemically modified in the course of their application. They almost
always evaporate during or after their application. Solvent consumption consists
of identified and unidentified consumption, as defined below.

Identified solvent consumption represents that portion of solvent consumption which
takes place in specific identified end uses.

Unidentified solvent consumption represents that portion of solvent consumption
which, due to insufficient information, cannot be attributed to any specific end
uses. Estimates of the unidentified solvent consumption and the methods used to
arrive at these estimates are presented in Section 6, Part I.

Solvent production is the annual quantity of organic compounds produced domestically
and/or imported, minus exports, which are at least partially used as solvents. Solvent
production equals the sum of solvent and non-solvent end uses.

Solvent end uses are those manufacturing and non-manufacturing activities which
lead to solvent evaporation. In solvent end uses, compounds do not undergo chemical
modifications. They almost always evaporate during or after their application.
Thus, solvents are distinguished from e.g., chemical raw materials which may be
used in a reaction in which they are chemically irreversibly changed.

Non-solvent end uses are those applications in which the organic compounds undergo
chemical modification, such as in chemical synthesis or combustion.

Solvent is an organic compound which is at least partially consumed in solvent end
uses as defined here. Even though some compounds are predominantly applied in
non-solvent end uses they are still referred to as solvents as long as they are consumed
in any solvent end uses.

Units for measurement of solvent production and consumption are gg/y  (gigagrams
per year) or lbs/y. One gigagram is equal to one thousand metric tons or to one
million kilograms, or to 2.2 million pounds.
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1.0 SUMMARY AND CONCLUSIONS

Background, Problem Definition

Emissions of volatile organic compounds (VOC) are one of the major targets of

the control programs being developed by the EPA Office of Air Quality Planning and

Standards. Organic solvents are a major part of these emissions. In the current EPA esti-

mates, the sources of much of these emissions are not known. Knowledge of the end

uses of these solvents provides an important clue as to the ways in which solvents are

emitted to the atmosphere. The objective of this project was to determine total domestic

solvent consumption and to provide as complete an end use breakdown of this consumption

as possible.

I
.

Methodology

Recently published information on production and end uses of individual solvents

was reviewed in the initial phase of the project. When this published information was

found to be incomplete, it was supplemented through interviews with solvent producers

and marketers. A rapid laboratory method for determination of the approximate solvent

content in consumer products was developed to complement the findings of the solvent

survey. The method was applied to products from sixteen product categories.

The solvent survey provided information about major uses for major solvents.

The information on those end uses, in which solvents are used in minor quantities was

frequently not available. This unidentified solvent consumption was determined by

subtracting the total identified consumption from the total quantity of solvent produced.

Adjustments were made for the non-solvent uses in which the compounds are chemically

modified (e.g. chemical raw materials, fuels, etc.). The methods used for determination

of unidentified solvent consumption are presented in Section 6.2.

l-1



Findings Summary

End Uses

The findings are summarized and compared with current EPA estimates in

Table 1.

TABLE 1

SUMMARY OF SOLVENT END USE CLASSIFICATION

Consumption
RSIY

Current EPA
TRC Estimates

(this study) (ref.1) Difference(b)

TOTAL IDENTIFIED SOLVENT USES 6,900* 5,500H 25%

Industrial Uses (Point Sources) 5,530 4,540 22%

Consumer/Commercial Uses (Area Sources) 1,100 320 - 240%

Other Uses (Special Sources)(cl 230 660 -65%

TOTAL UNIDENTIFIED SOLVENT USES 900 2,900 - 6 9 %

TOTAL SOLVENT USES(a) 7,800”c 8,400m -7%
L . .

*gg  = 10’  mt = 1O”kg  = 2.2* 10”  lbs.

**rounded off to 2 significant figures.

(a) Non-solvent uses in which compounds are chemically modified (e.g. chemical raw
materials, fuels) are not included. For discussion on non-solvent uses please refer to
Section 6.0.

(b)(TRC  - EPA)/EPA.

(clSpecial sources consist of cutback asphalt and pesticdes.
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To facilitate application of the findings in VOC control programs and especially in the

VOC emission inventories, the solvent end uses were classified in industrial and consumer/

commercial sectors. The industrial sector corresponds to point sources which are covered

by solvent emission questionnaires, used by the air pollution control agencies for emission

inventory purposes. Conversely, the consumer/commercial sector corresponds to area

sources which actually represent an assembly of smaller sources dispersed in a given

region. These sources can not be effectively inventoried by means of emission question-

naires, and are therefore, treated collectively (e.g. on a “per  capita”  basis).

Total annual domestic solvent consumption, which excludes non-solvent uses such

as raw materials for chemical synthesis, fuels, etc., was estimated at 7800 gg/y  (17,000 x

Significant progress was realized in reduction of unidentified solvent consumption.

The presently unidentified consumption of 910 gg/y  represents a 69% reduction with respect

to the unknown consumption in the current EPA estimates. Industrial processes account

for most of the previously unidentified solvent consumption. Adhesives, aerosol products,

and household products are some of the other solvent end uses underestimated or over-

looked in previous studies.

Solvents

One single group of solvents, special naphthas, account for 55% of the total solvent

consumption, with the next most used solvent, methanol, accounting for 5%. Special

naphthas is a common name for all petroleum distillates used as solvents. Published

information on these solvents is very incomplete and an extensive interviewing program

involving producers and marketers was required. Due to their exceptional importance,

special naphthas are discussed separately in Section 9.



Completeness ofStudy

Perhaps the best way to estimate the completeness of this study is to compare

the results with those obtained by application of a different methodology. This study,

which is based on survey of individual solvents, could for instance be compared to a survey

of solvent usage by individual industries. The agreement between the results would indi-

cate that the estimates were accurate. This is because it is unlikely that the same error

would be committed using two sufficiently different and independent approaches. EPA

has conducted independent surveys of some major solvent end uses. Good agreement

of their findings’ with our results, as shown in Section 8.0, indicates good degree of com-

pleteness of this survey.

ConsumerProduclConsumerProducl

A rapid method for determination of the approximate solvent content in variousA rapid method for determination of the approximate solvent content in various

products was developed and applied on samples from 16 product categories. The results,products was developed and applied on samples from 16 product categories. The results,

presented in Table 11, Section 10, provide additional perspective on solvent consumptionpresented in Table 11, Section 10, provide additional perspective on solvent consumption

patterns by complementing and verifying the findings based on the survey of solvent produc-patterns by complementing and verifying the findings based on the survey of solvent produc-

tion and end uses.tion and end uses.



2.0 RECOMMENDATIONS

1. It is recommended that the study of solvent content in consumer products

be expanded to correct for some of its present deficiencies related to its

limited scope. For instance, regional and seasonal variations in the types,

brands and quantities of the products displayed on supermarket shelves, should

be taken into account. The number of surveyed and analyzed products should

be increased to achieve a statistically valid representation of’ the individual

product categories.

2 . The laboratory method for determination of solvent content of various pro-

ducts should be further refined and more extensively tested. Its potential

for wider applicability, e.g., as an enforcement tool, should be explored.

3 . Prediodic updating of production and end use consumption for major solvents

and solvent groups is recommended. Since the major solvent group, special

naphthas, which represents 55% of the total domestic solvents comsumption,

is also a subject of close attention by the Department of Energy and other

agencies of the government, it is suggested that the ways of conducting a

periodic revision of end uses of these solvents be explored as a combined effort

of the involved agencies and departments. The computerized solvent data

system developed by TRC for this study could be used in this effort.

4 . Further refinement and verification of the solvent usage data base created

in this study could be achieved by incorporating the growing fund of knowledge

of solvent emissions gained directly from the extensive ongoing and recently

c-
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conducted source evaluation program. It is therefore recommended that the

already accumulated information be reviewed and incorporated into the solvent

usage data base. Communication channels should be opened and means devel-

oped to continuously include new source testing results into this base.
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3.0 INTRODUCTION

Organic solvents constitute one of the major contributors to volatile organic com-

pounds emisssions. In the course of application of a solution, the solvent will eventually

evaporate and thus possibly contribute to the volatile organic emissions. Knowledge

of the ways in which organic solvents are used is needed by the Office of Air Quality

Planning and Standards of the EPA in their effort to develop control programs for these

emissions.

According to current EPA estimates, total domestic annual solvent consumption

amounts to 8,400 gg/y  (19,000 x lo6 lbs/y).  Sixty five percent of this amount was consumed

in various identified industries, processes, products and other end uses. The remaining

thirty five percent was also used as solvent, but no specific information about the ways

in which it was used was available.

The objective of this work was to identify end uses for as large a part of the total

solvent consumption as possible, using the most recent information available. The pro-

blem was approached in three ways:

0 By survey of secondary information;
0 Through gathering of primary information;
l By determination of solvent content in consumer products using an analytical

method especially developed for this purpose.

At the outset of the study, it was realized that thorough advantage should be taken

of the already accumulated and organized statistical information on solvent production

and end uses. Such information is referred to here as secondary. It is compiled by govern-

ment agencies ‘and private market research and analysis firms.

It was soon realized that for the major group of solvents, special naphthas, which

accounted for more than 50% of total solvent consumption, the available secondary infor-

mation was inadequate. Thus, an effort was made to obtain as strong an insight as possible

into the production and end uses of special naphthas by means of contacts with the pro-

ducers and marketers of these solvents. Such effort is referred to here as gathering of

primary information.
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The methodology developed and applied in this work is described in Section 4. Secon-

dary and primary information gathering and techniques employed in the consumer product

survey are discussed individually.

Section 5 contains the results presented both in a summary and an expanded tabular

form. Classification of end uses into industrial, commericial and consumer sectors is

presented. Factors found to affect the reliability of the results are discussed.

Contribution of the individual solvents to the total unidentified consumption and

reasons why the unidentified consumption could not be further reduced for the leading

solvents is reviewed in Section 6. Discrepancies among the data from various studies

are used to demonstrate the uncertainties in the production and end use estimates in

Section 8.

Special attention is devoted to the presentation of the findings of the primary infor-

mation gathering regarding production and end uses of special naphthas in Section 9.

The basis used to arrive at the final estimates is discussed.

The results of the consumer product survey are presented in Section 10. The factors

limiting the universality of these findings are discussed.



I 4.0 METHODOLOGY

4.1 Secondary Information

The assessment of end uses of most solvents was achieved by using secondary infor-

mation sources. Secondary information is compliled  by the government and specialized

research agencies directly from production, marketing and purchasing personnel in industry.

The information may be collected with regular periodicity, or it may be a one time special-

ized study. Some of the information is published and easily available. Many specialized

studies, however, are not publicly available and some of the results of these studies may

be obtained from the researchers at their discretion.

The two sources of secondary information found to be the most helpful were the

Chemical Marketing Reporter2 and the Chemical Economics Handbook.3

Secondary information on production and end use of organic chemicals is most often

organized by individual compounds or groups of compounds. The search was conducted

for those compounds which are either known to be used as solvents, or were likely to

be used as solvents because of their properties.

In quite general terms, organic solvents are relatively stable compounds, which

are normally separated from solution by evaporation and thus must have reasonably high

volatility. Major factors determining the suitability of a solvent for a given application

or end use are its capability to form a required solution, lack of reactivity, volatility,

environmental impact of its emission and cost. Very often a mixture of solvents, repre-

senting a compromise of the above factors is used instead of a single solvent.

Information received from various sources of ten differed in the degree of complete-

ness. It ranged from only the yearly production to a complete breakdown of all end uses.

Information from more than one source was often available for a given solvent. In such

l - 9



cases certain uses may have been identified by only one of these sources. The information

from all the sources was then combined into the final end use assessment. In doing this,

priority was given to the most recent information which was then supplemented as needed

from the older sources with finer end use breakdown.

iMost compounds used as solvents may have many other uses as well. Such other

uses include chemical processing, fuel etc. Some information sources would explicitly

state the total solvent use for a given compound. In such cases, solvent consumption

in various unidentified end uses was calculated as the difference between the total solvent

use and the sum of the identified solvent uses. However, occasionally, total solvent use

would not be stated explicitly. It was then estimated from the available information.

The unidentified end uses for a given compound would most often be expressed

as a fraction of total consumption, entitled “other uses.” The unidentified solvent uses

constitute a fraction of these “other  uses.” Whenever the source indicated that most

of the “other uses” category could be attributed to solvent use, the entire amount of

“other use” consumption was reported.as  “unidentified solvent uses.” When no information

was available the fraction of solvent use in the “other use” category was assumed to be

equal to the fraction of solvent use in all the identified end uses.

4.2 Primary Information

When the search of secondary information failed to further reduce the unidentified

end use consumption, primary information sources were contacted. Primary information

sources are people engaged in production and marketing of solvents and of the products

containing solvents. Major factors found to affect the reliability of the estimates and

the difficulty of information gathering were:
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product distribution pattern - Direct sales to end users by a few major producers
facilitate extrapolation of partial information; also, more complete and detailed
information on end uses is likely to be available. However, if the solvent
is marketed by many small distributors, the process of gathering primary
information may become forbiddingly complex.

solvent’s share of the manufacturer’s total production - If the solvent repre-
sents only a minor fraction of the manufacturer’s total business, it is likely
that less attention will be devoted to its marketing and the associated end
use studies.

familiarity with end uses - The person supplying the information may not
be sufficiently familar with some end use to correctly distinguish between
solvent and “nonsolvent” use.

precision of product definition - A solvent mixture may be marketed by various
manufacturers or distributors under different names. The chemical composition
or the key physical properties of the mixture, which may allow its classifica-
tion, may not be known to the person supplying the information.

the proprietary character of information - Producers and distributors are
reluctant to supply information which they deem proprietary.

Many other factors were found to contribute to the success or failure of the primary

information gathering. These included the general courtesy of the person supplying the

information, how readily the requested information was available to the person supplying

it, etc.

4.3 Methodology for Determination of Solvent Content of Consumer Products

With an increasing number of identified solvent end uses in this study, it became

evident that many of them could not be clearly classified into industrial, commericial

or consumer categories. Since it was felt that knowledge of solvent consumption in these

sectors might be helpful for regional allocation of the volatile organic emissions, a survey

of the solvent content in consumer products was conducted.

In order to arrive at the solvent content of consumer products it was necessary

to determine:

the average solvent content of the individual consumer product categories, and
the annual consumption of those consumer products which contain solvents.
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4.3.1 Determination of Solvent Content of Individual Consumer Product Categories4.3.1 Determination of Solvent Content of Individual Consumer Product Categories

The development of a rapid method of determination of the solvent content of Con-The development of a rapid method of determination of the solvent content of Con-

sumer products was initiated after numerous attempts to arrive at the solvent contentsumer products was initiated after numerous attempts to arrive at the solvent content

information directly from the manufacturers of consumer products failed. The majorinformation directly from the manufacturers of consumer products failed. The major

reason stated by the manufacturers of the indivdual products for refusal to reveal thereason stated by the manufacturers of the indivdual products for refusal to reveal the

solvent content of their products was the proprietary nature of such information.solvent content of their products was the proprietary nature of such information.

From an analytical standpoint consumer products fall in three general categories:From an analytical standpoint consumer products fall in three general categories:

waxes, liquids, and aerosols. The method employed for analysis of waxes consisted ofwaxes, liquids, and aerosols. The method employed for analysis of waxes consisted of

simple forced evaporation of the product in the laboratory hood over a heated plate.simple forced evaporation of the product in the laboratory hood over a heated plate.

The temperature of the inner surface of the watch glass containing the product was aboutThe temperature of the inner surface of the watch glass containing the product was about

40°C.  The method is similar to the ASTM method for determination of solvents in paints.440°C.  The method is similar to the ASTM method for determination of solvents in paints.4

However, the determination of water in the products as specified in the method was notHowever, the determination of water in the products as specified in the method was not

conducted in this study. Thus, the results may show too high a solvent current for someconducted in this study. Thus, the results may show too high a solvent current for some

of these products.of these products.

Solvent content of liquids was determined by the direct injection of liquid into aSolvent content of liquids was determined by the direct injection of liquid into a

modified gas chromatograph. The gas chromatographic column was replaced by a manifold,modified gas chromatograph. The gas chromatographic column was replaced by a manifold,

illustrated in Figure 1. The major purpose of the manifold was to allow the introductionillustrated in Figure 1. The major purpose of the manifold was to allow the introduction

of samples with large solvent content directly into the instrument without exceedingof samples with large solvent content directly into the instrument without exceeding

the linear range of the flame ionization detector, which for most solvents is about 106.the linear range of the flame ionization detector, which for most solvents is about 106.

The absence of a gas chromatographic column provided a quick response for all the organicThe absence of a gas chromatographic column provided a quick response for all the organic

compounds which, after evaporation in the injection port and dilution in the manifold,compounds which, after evaporation in the injection port and dilution in the manifold,

reached the detector. The injection port was maintained at 200°C and the gas chromato-reached the detector. The injection port was maintained at 200°C and the gas chromato-

graph oven at 15OOC.  Nitrogen was used as a carrier gas at a rate of 20 ml/min.graph oven at 15OOC.  Nitrogen was used as a carrier gas at a rate of 20 ml/min.

The contents of those products which are used in aerosol form were transferredThe contents of those products which are used in aerosol form were transferred

quantitatively into a plastic bag. The resulting gas and liquid phases were analyzed sepa-quantitatively into a plastic bag. The resulting gas and liquid phases were analyzed sepa-

rately by direct injection into the above described modified gas chromatograph.rately by direct injection into the above described modified gas chromatograph.
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FIGURE 1. Schematic presentation of the modified gas chromatograph used
in determination of solvent content of various products.
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Hexane was used for calibration of liquids and propane was used for gases. The

differences in specific detector responses (response of the detector to the unit weight

of the analyzed material) were neglected, much in the same way these differences are

neglected in the conventional “Total Hydrocarbon” analysis. As a consequence, the solvent

content may, in these experiments, be understated because the specific detector responses

are somewhat lower for substituted hydrocarbons than for unsubstituted hydrocarbons.

4.3.2 Consumption Estimates for Categories of Consumer Products

Published information on consumption of consumer products in the individual cate-

gories was expressed in terms of dollars per year. Information on actual total weight.

of products consumed and on average prices for the individual categories was not available.

It was thus decided to conduct a price survey on a limited scale by inspecting the prices

for the products displayed on supermarket shelves.

To arrive at as realistic an average price as possible it was necessary to assign

statistical weights to the individual brands and product sizes. Again, information about

national market shares of consumer product manufacturers for individual product categories

was not available either in published form or from direct contacts with the manufacturers.

The contacted manufacturers considered market share information proprietary or unavail-

able.

The assignment of the relative “weights” to individual brands and product sizes

was thus accomplished by observing the relative quantities of these products displayed

on the shelves in the surveyed supermarkets. It was recognized that this limited scale

approach suffered from shortcomings related to individual store policies and practices.

In addition, the limited scope of the study required that geographical and seasonal fluctu-

ation of the prices and product displays be neglected.

During supermarket surveys, the most representative products were bought for

analysis by the above described methods. The relative proportions of display products

were also used in assigning relative weights to the results of the analysis.
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5.0 CONSUMPTION OF SOLVENTS BY END USE

As illustrated in Figure 2, annual production of surveyed solvents amounts to 22,500 gg/y.

Of this amount, 6,900 gg/y  is consumed annually in strictly solvent uses in which com-

pounds evaporate during or after the application of the solution and do not change chemi-

cally.

In addition to being used as solvents, some compounds find applications in various

“non-solvent” uses. These non-solvent uses are characterized by chemical changes of

the, compound in question. Thus, a use of a compound as a chemical raw material or fuel

does not constitute solvent use. The survey revealed that 15,000 gg/y  of organic com-

pounds are consumed in such non-solvent uses.

It should be noted, however, that this amount does not include non-solvent uses

of petroleum derivatives and is, therefore, drastically understated. Petroleum derivatives

find use primarily as fuels and chemical raw materials. Only a minor fraction is used

as solvents. Nevertheless, due to a very large scale of production of petroleum derivatives,

even this minor fraction constitutes more than one half of the total domestic solvent

consumption. The non-solvent consumption is up to two orders to magnitude higher for

petroleum derivatives than for all other surveyed compounds combined.

The available information was insufficient to identify end uses for 590 gg/y  of surveyed

solvents. The unidentified solvent consumption is actually larger because some solvents

used in minor quantities are likely to have escaped identification. Thus, the identified

solvent consumption was augmented by 325 gg/y  to a total of 910 gg/y, in accordance

with the analysis presented in Section 6.2.

Consumption of the nine most used solvents in the nine major end uses is summarized

in Table 2. Both the solvents and the end uses are listed in decreasing order of domestic

annual consumption.
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UNIDENTIFIED CONSUMPTION OF
SURVEYED SOLVENTS

590 gg/y  (c.f. Section 6.1)

)J

IDENTIFIED SOLVENT
CONSUMPTION
6,900 99/Y.
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325 ig/y~  (c.f. Section 6.2)
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FIGURE 2: Summary of solvent consumption breakdown into identified,
unidentified, and non-solvent categories.
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TABLE2

SUMMARYOFTHEDOMESTIC ANNUALSOLVENTCONSUMPTION BY END LISE

SO1 VENTS. .

Sp”cJ  a l  Naphthas

EthanoL \--,
-^.___....._  - - - __.___  __.__-  - ..----  ------.- __-

5 4 0 . 3
Perchlnrocthvlene (120)
.--- -.-- .--

1,l.  1  , 1  Trlcliloro- I I I 195 I 29. I I I I I

I 3.7%
I

1.6”’
I

1 .5 ’, o
I

2.0%
I

21.9%



One single group of solvents, special naphthas, accounts for 55% of the tota ,I solvent

consumption with the next most used solvent, methanol, accounting for 5%. “Special

naphthas”  is a common name for all petroleum distillates used as solvents. Published

information on these solvents is very incomplete and an extensive interviewing program

involving producers and marketers was required. Due to their exceptional importance,

special naphthas are discussed separately in Section 9.0.
,

Table 3 complements Table 2 by providing salient statistics for the same nine solvents.

Consumption in the identified, unidentified and total solvent uses is presented for each

solvent along with the total consumption which includes the combined “non-solvent” uses

such as chemical synthesis, fuel, etc.

The information summarized in Tables 2 and 3 is expanded in Tables Al and A2,

presented in the Appendix. Table Al lists end uses in decreasing order of total annual

solvent consumption. Consumption of individual solvents is provided for every end use.

Solvents are listed in Table A2 in decreasing order of annual usage. End use breakdown

is given for each solvent. The year to which the individual solvent end use refers is also

given.

5.1 Classification of Solvent Consumption Into Industrial and Consumer/Commercial
Sectors

Many solvent end uses can be easily classified into what are conventionally consi-

dered industrial, commercial and consumer use sectors. However, many end uses are

insufficiently clearly defined for such classif ication. These end uses can be classified

only with the help of specific criteria. These criteria naturally depend on the use for

which the classification is intended.

The major purpose of solvent end use classification in this study is to serve as a

tool in the development of VOC control programs. Solvent end use information is espe-

cially helpful in preparation of regional VOC emission inventories. The most difficult
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TABLE3

SUMMARYOFTHEDOMESTICANNUALSOLVENTCONSUMPTION

SOLVENTS YEAR

Methanol

Isopropanol

Ethanol 1975

Perchloroethylene
t-

1974

Methylethyl Ketone 1973

l,l.l,l  Trichloro- 1975
ethane

Acetone 1977

Methelene Chloride 1976

Other Solvents

Total

7

(
4,319
'9,501)

389
(856!

315
(693)

295
(649)

291
(642)

247
(545)

209
(461)

186
(410)

ANNUAL DOMESTIC CONSUMPTION (gg/yearf/(lbX106/year))  **

As SOLVENT IN IDKNTIFIKD  END USES IN UNIDENTIFIED END USES

Y(a) =v(h, ua' D

4.0 36 (4l.3) 2.9 64 :250) 12.5

295
3.8 49 (649) 4.3 100 (8.0, 0

t  3 6 .

0.0

3.7 88 (627) 4.1 97 (15) 0.8 2.3

27
3.2 100 (St51 3.6 100 LO) 0 0.0

209
2.7 80 (461) 3.0 100 (8.0, o 0.0

I

152
2.4 20 (335) 2.2 81 3.8 18

kl,% 1 11.6 1 58 64.2 1 42
1.383
3.043) 17.7

7,810 6,900 910
(17,200: 100 :15,200) 100 ,2,000) 100

IOLVENT"  KND  USES

3,000
~~ I ~-:6,600) 13.2

877
:1.930) I 3.8

593
:1,3051 1.2

- t

330
(728) 0.7

931
2.050)

250
(550) 0.5--I--2,000 58.7

* gg = lo6 kg = 2.2 x lo6 lb.
** The maximum number of significant digits justified by the reliability of the data is 2.

However, some data are presented with more than two significant digits to avoid the incon-
venience due to round-off error.

(a) Consumption of the individual solvent expressed as a percentage of the total for the column.
(b) Percentage of consumption used in strictly solvent uses.
(c) Consumpti.on  in identified uses as percentage of total solvent consumption.
(d) Consumption in unidentified end uses as percentage of total solvent consumption.



step in such inventories is data collection. Mail survey represents the most common

technique used by air pollution control agencies for gathering emission inventory data.

Mail survey questionnaires are typically addressed to the so called “point sources.” Point

sources are larger sources for which individual records are kept in the inventory files.

They represent physical locations where significant quantities of WC are released. Thus,

they largely correspond to what is conventionally considered the industrial sector.

Conversely,the so called “area sources” do not correspond to any specific location

but cover a wider area. They form an assembly of smaller sources dispersed in a given

region. These smaller sources, therefore, largely correspond to the conventional consumer

sector and to some extent to the commercial sector. An emission inventory treats them

collectively.

In order that the solvent end use information can be effectively utilized in VOC

control programs it was decided that the classification of end uses into industrial and

consumer/commercial sectors should correspond to point source - area source classifi-

cation. Thus, the industrial sector (point sources) woul,d  be covered by a typical emission

inventory questionnaire, as described in reference 5, while the consumer/commercial

sector (area sources) would not. Discussion of the relationship between the questionnaire

point sources and industrial and commercial use sectors in presented is more detail in

the Part III of this report.

5.2 End Use Classification

Classification of solvent end uses is presented in Table 4. Several of the end uses

in Table 4 appear to overlap. Some narrowly defined uses appear to be already fully con-

tained in other, more general end use categories. Thus, for example, “Extraction, Vegetable

Oil, ‘* “Extraction Solvent, I’ “Extraction, Rare Metals” and “Industrial Uses” are listed

as separate end uses in the industrial sector in Table 4. Obviously, vegetable oil extrac-

tion and rare metals extraction are both extraction processes and would thus appear already

contained in the “Extraction Solvent” category. The “Extraction Solvent” category appears

in turn already contained in the more general “Industrial Processes” category.
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T A B L E  4

CLASSIFICATION OF SOLVENT END USES INTO
INDUSTRIAL AND CONSU~MER/CO~~~MERCIAL  USAGE SECTORS

Nationwide
Consumption

nn/y (Ibs  x 106,‘v)*

INDUSTRIAL USES

Industrial Surface Coatings
Metal Cleaning
Adhesives, Industrial Use
Industrial Processes
Dry Cleaning
Plastics
Graphic Arts
Rubber
Resins
Textiles
Extraction Vegetable Oil
Auto Body Refinishing
Paint Removing
Cleaning
Acetaldehyde Process
Cellulose Acetate Solvent
Pharmaceutical Industry
Lube Oil Refining
Phillips Low Pressure Polyethylene
Solvent

Extraction Hardwood Pulping
Electrolytic Solvent in Grignard
Reaction

Inks
Foam Blowing
Extraction, Udex
Extraction Solvent
Toluene Diisocyanate Process
Solvent for Acetylene
Extraction, Butadiene
Extraction, Rare Metals

CONSUMER/COMMERCIAL

Architectural surface coatings
Aerosol Products
Household
Toiletries
Rubbing Compound
Windshield Washing
Polishes and Waxes
Adhesives, non-industrial use
Space Deodorant
Moth Control
Laundry Treatment

OTHER USES

Pesticides
Cut-back asphalt

SUBTOTAL, IDENTIFIED USES**

UNIDENTIFIED USES**

TOTAL**

‘E =  10’  mf : lo6  kg
-rounded off to two significant figures

1,820
660
465
380
290
280
270
210
210
180
160
160
7 5
7 4
71
46
29
25

5,534 (12,200) (71%)

(4,000)

Ii:%;
(836  I
(638)_~~
(621)
(5951

:::s;
(400  I
(342)

I:::;
(1621

1 8 (39)
1 5 (331

1 5
I5
1 3
1 2
11
1 0
1 0

5
5

(33)
(32)

I::;

I:;,’
(211
(11)
(10)

320
292
160
113
53
52

;:

::
3

1,086 (2,400) (14%)

Ii::;

I:%
(117)

‘ti:;
(551

I::;
(71

140
90

230 (508) ( 3%)

(307)
(201)

6,900  (15,OOOI m

900- (2,000) (12%)

7,800  (17,0001  ( 1 0 0 % )



This apparent overlap results from the method employed in solvent consumption

estimates. The available end use information was much more detailed for some solvents

than for the others. Solvents for which only less detailed breakdown was available were

by necessity classified into more general categories.

It is important to realize that these more general categories, as presented in Table 4,_. ____.---.  - - -

do not contain any of the solvents from the more specific categories. Reference to Tables Al

and A2 in the Appendix will resolve any ambiguities. Thus, in the above example of extrac-

tion solvents, Table A2 will show that the 11 gg/y  of solvent consumed in the “Extrac-

tion Solvent” category consists exclusively of trichloroethylene. Also, all of the 4 gg/y

of solvent consumed in the “Rare  Metal Extraction” category correspond to a single solvent,

methylisobutyl ketone, while special naphthas account for all of the 160 gg/y  of solvent

consumed in the vegetable oil extraction. Obviously, neither special naphthas nor methyl-

isobutyl ketone are included in the more general category of “Extraction Solvents,” which

consists entirely of trichloroethylene.

Similar problems of end use overlap can be noticed in the consumer/commericial

category. Thus, solvent use in “Toiletries” and Cleaning” appears to overlap with the
___ --

“Aerosolsl’  category and all of these categories are in an apparent overlap with the “House-

hold” category. Again, reference to Table Al will show that although many other solvents

are contained in household products, the 160 gg/y  of solvent from the “Household” category

in Table 4 consists exclusively of special naphthas (120 gg/y) and isopropanol (40 gg/y).

The information on solvent end uses published in literature is based primarily on

surveys of solvent manufacturing and marketing establishments. This information refers

largely to the quantities of solvent sold to various industries. In some cases the sale/pur-

chase information is insufficient to identify those processes, industries or products which

are directly associated with actual solvent use and release to the atmosphere. Thus,

the primary purchaser of solvents could manufacture a solvent containing product and
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sell it to other industrial establishments where the solvent would actually be released.

He could also sell his product to retail distributors for use by consumers. In these cases

identification and classification of the solvent releasing step requires thorough knowledge

of all the industries involved.

As in every attempt at classification, a few borderline cases were found which

in a certain sense could not be considered purely solvent uses. The following four cases

illustrate the point:

/“aerosol  products

I foam blowing
space deodorants

b moth control

(312 gg/year; 687 lbs x lob/year)
( 13 gg/year; 28 ,lbs x 106/year)
( 15 gg/year; 27 lbs x 106/year)
( 12 gg/year; 27 lbs x 106/year)

Aerosol products, by far the largest in the above group do, in a chemical sense,

represent a solvent system in which the propellant is in solution (occasionally partial

solution - emulsion) with the other active and inactive ingredients of the product, although

its primary function may not be to serve as a solvent.

5 .3 Variation in Annual Solvent Consumption

As explained in the Methodology section, the solvent end use estimates were occasion-

ally arrived at by combining information from several sources. This information may

have referred to a few different years. The most recent consumption and end use data

were complemented, when needed, with older information.

Such updating of end use data obviously presupposes that the usage pattern has

not significantly changed during the period in question. For certain solvents, such as

those subject to emission restrictions imposed by environmental protection agencies (e.g.,

the widely applied Los Angeles Rule 66),6  the usage pattern may have changed considerably.

An indication of such change in usage pattern can sometimes be found in the changes

in the annual consumption. For the solvents subject to environmental emission restrictions

the total consumption rate may decline. This decline may be offset by a corresponding

increase in consumption of another solvent.
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This is illustrated by the following changes in the annual consumption of trichloro-

ethylene and trichlorethane as cleaning solvents:

YEAR CONSUMPTION (j&y)
1971 1974

trichloroethylene 200 160

trichloroethane 1 1 0 1 7 0

A more recent example is offered by the replacement of fluorocarbons with saturated

low molecular weight hydrocarbons as aerosol propellants. This change was precipitated

by a finding that due to their chemical inertness, fluorocarbons could resist oxidative

changes in the atmosphere long enough to reach the ozone layer in the stratosphere.

This may have resulted in a depletion of ozone which provides an essential shield against

the sun’s ultraviolet radiation.

Whenever possible in the process of interpolation, data were reviewed for possible

indications of changes in solvent consumption patterns. Changes of consumption for

major solvents through the years 1974 to 1978 and the anticipated changes until 1982

are shown in Figure 3.
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As illustrated in Figure 2, the unidentified solvent consumpion  consists of two parts:

unidentified consumption of surveyed solvents and unidentified consumption attributed

to the unknown solvents used in minor quantities. The total unidentified consumption

is estimated to be 910 gg/y  (2,000 x lo6 Ibs/y).  Of this amount, 590 gg/y  (1,300 x lo6

lbs/y) belongs to unidentified consumption of the surveyed solvents.

6.1 Surveyed Solvents

Consumption in unidentified uses was determined individually for each surveyed

solvent on the basis of the available information of that solvent’s end uses, often from

more than one source. Literature information on end use breakdown for individual solvents

would sometimes be complete. Frequently, however, the breakdown would list only the

major end uses, describing the remaining consumption as “other uses.” Ethyl acetate

and methylethyl ketone provide examples of such incomplete end use breakdown in Tables 5

and 6.

The “other  uses” clearly constitute unidentified consumption. However, not all

of this unidentified consumption does necessarily correspond to strictly solvent use as

defined in this report (cf. Definition Section). Some of it may be in non-solvent end uses.

Therefore, decision had to be made regarding the character of the unidentified consump-

tion. Clearly, grouping all of the unidentified consumption into either strictly solvent

or non-solvent uses would produce an error.

One possible solution to this problem, which in our opinion reduces the overall error,

is to allocate the unidentified consumption as shown in Figure 4. This figure shows end

use breakdown for methylene chloride. 2 Sixty five percent of total methylene chloride

produced is consumed in identified solvent end uses: paint removing, aerosols, metal

cleaning and pharmaceuticals manufacture. Twenty five percent is consumed in various

l-26



TABLE 5

ILLUSTRATION OF INCOMPLETE SECONDARY INFORMATION
ON END USE BREAKDO%‘N  - ETHYL ACETATE*

Solvent

Surface Coatings
Plastics
Miscellaneous

Chemical Synthesis

65%
12%
20%
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TABLE 6

ILLUSTRATION OF INCOMPLETE SECONDARY 1NFORMA;ION
ON END USE BREAKDOWN - METHYLETHYL KETONE

Vinyl Coatings

Nitrocellulose Coatings

Adhesives

Acrylic Coatings

Miscellaneous Coatings

Lube Oil Dewaxing

Miscellaneous and Exports

34%

14%

14%

12%

7 %

7%

12%
e
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UNIDENTIFED USES 10%

NON-SOLVENT USES 25%

:DENTIFIED  SOLVENT USES
65%
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1 LITERATURE DATA
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PHARMACEUTICALS llgg/y

METAL CLEANING 25gq/y
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AS REPORTED IN THIS REPORT

FIGURE 4: Illustration of a breakdown of unidentified consumption
into solvent and no - olvent
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methylene chloride. 2



non-solvent end uses, leaving ten percent unidentified. This 10% is most likely consumed

in both solvent and non-solvent uses. It was now assumed that the fraction of the unidenti-

fied consumption which corresponds to strictly solvent end uses is equal to the fraction

of the identified consumption in solvent end uses.

In the above example, 72% of the total identified consumption takes place in solvent

end uses and 28% in non-solvent end uses. Therefore, it is assumed that 72% of the unidentified

25 gg/y  also takes place in solvent end uses. This amounts to 18 gg/y. Thus, the final

end use breakdown for methylene chloride, as presented in this report, consists of a total

of 160 gg/y  of identified solvent consumption and 18 gg/y  of unidentified solvent consump-

tion.

Table 7 lists the solvents in decreasing order of the unidentified consumption. Through-

out the study this table underwent numerous revisions. The unidentified solvent usageI

is currently very large for isopropanol. On the basis of secondary information the unidenti-

fied solvent usage for this alcohol was found to be 20 gg/y  (450 lbs x 106/y).  This number

was reduced to the current value of 110 gg/y  (250 Ibs x 106/y)  on the basis of the informa-

tion supplied by the major producers of isopropanol. Further reduction of the unidentified

usage for this solvent by means of marketing information would be very difficult due

to a) numerous end uses and b) the fact that most of the alcohoi  destined to ‘lmiscellaneous”

usage is distributed by a large number of distributors.

Although the unidentified usage for methanol is listed as only 30 gg/y  (67 lbs x 106/y),

it is important to note that a large portion of the usage of this solvent 300 gg/y  (660 Ibs

x 106/y)  is in the broad “industrial processes” category. Industry sources estimate that

80% of methanol reaches its end users through numerous distributors which makes any

finer categorization of its industrial usage extremely difficult.
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TABLE7

CONSUMPTION OF SOLVENTSIN UNIDENTIFIED END USES

Solvent
EdY”

(lb x 106/y) ,(a>0

Special Naphthas
Isopropanol
Butyl Alcohols
Chloro Benzene
Acetone
Glycol Ethers
Methanol
Tetrahydrofuran
Fluorocarbons
Ethyl Benzene
Isopropyl Acetate
Methylene Chloride
Triethylamine
Methyl Isobutyl Ketone
Triethylene Glycol
Perchloroethylene
Amy1  Acetates
Trichloroethylene
Ethylene Dichloride
0-Dichlorobenzene
P-Dichlorobenzene
Nitrobenzene
Diethylene Glycol
Furfural
Cyclclohexanone
Cylclohexanol
Butyl Acetates
Ethyl Acetate
Methyl Ethyl Ketone
1, 1, 1, Trichloroethane
Ethanol

Subtotal for All
Surveyed Solvents

126 (277) 13.9
114 (250) 12.5
4 5 (100) 5.0
4 5 ( 99) 5.0
3 4 ( 75) 3.8
3 0 ( 66) 3.3
3 0 ( 66) 3.3
2 2 ( 49) 2.5
2 1 ( 47) 2.4
1 8 ( 40) 2.0
1 8 ( 40) 2.0
1 5 ( 33) 1.7
1 3 ( 29) 1.5
9 ( 20) 1.0
8 ( 18) 0.9
7 ( 15) 0.8
5 ( 12) 0.6
5 ( 10) 0.5
4 ( 8) 0.4
3 ( 7) 0.4
3 ( 7) 0.4
2 ( 5) 0.3
1 ( 2) 0.1
0 ( 0) 0
0 ( 0) 0
0 ( 0) 0
0 ( 0) 0
0 ( 0) 0
0 ( 0) 0
0 ( 0) 0
0 (0)  ~~~  o--

589 11,275) ! 63.7

All Other Solvents 325 (725) 36.3

Total 910 [2,000) 100

(4 Percentage of total solvent consumption in unidentified end uses.
*
gg = lo3 mt = kg = 2.2 x lo6 lb.
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The unidentified solvent usage for special naphthas stands currently at 126 gg/y

(277  lbs x 106/y)-  As seen in Table 3, special naphthas account for 55% of total domestic

solvent consumption. For comparison, the second most largely consumed solvent, methanol,

represents only 5% of the total solvent usage, more than ten times less than the special

naphthas. This large consumption coupled with the fact that at the outset of this study

about 60% of it was classified into the unidentified usage category,’ resulted in a special

effort devoted to identification of end uses for special naphthas. The results are presented

in Section 9.0.

6.2 Unidentified Solvents

Due primarily to their small consumption , some solvents were not identified in

the survey. Therefore, the total unidentified consumption of all solvents is larger than

estimated on the basis of the surveyed solvents. The actual extent of this underestimate

is very difficult to assess.

Distribution of solvent consumption, graphically presented in Figure 5, provides

a helpful insight into the problem and offers some basis for its resolution. The solvents

in the figure are ranked by increasing consumption. The cumulative consumption is then

presented as a function of the number of solvents surveyed. The figure shows that the

first twelve solvents account for 280 gg/y. These twelve solvents represent 44% of the

total number of the surveyed solvents. If this 44% of the surveyed solvents were not

identified in the course of the survey, the total solvent consumption would have been

underestimated by only 280 gg/y, or about 4%.

Based on this analysis we used 325 gg/y  to approximate the underestimate of the

unidentified solvent consumption attributed to the unidentified solvents. It is likely that

these unidentified solvents are consumed in smaller quantities than the identified solvents.

Therefore, the number of unidentified solvents covered by our estimate of 325 gg/y  is

likely to be sufficiently large and consequently the unidentified solvent consumption

appears adequately approximated.
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6.3 Allocation of Unidentified Solvent Consumption Into Industrial and Consumer/Commercial
Set  tots

The unidentified solvent consumption poses a problem with regard to a solvent emis-

sion inventory. The question is whether this unidentified solvent consumption should

be treated as area sources (and allocated on a per capita basis) or as both area and point

sources. If this latter alternative is adopted, then the relative amount of solvent consump-

tion related to area and point sources must be determined. In addition, it must be decided

how to proportionate the unknown solvent consumption to the individual point sources.

The available solvent end use information is insufficient to answer these questions.

A partial solution to this difficult problem may nonetheless be possible. No matter

how the unidentified solvent consumption is treated, it will cause an error in solvent

emission inventory. The proper question to ask is therefore: How can this error be mini-

mized. When answering this question an important point should be kept in mind. In most

industrial as well as in most consumer/commercial applications, solvents are used as

mixtures. It is reasonable to assume that the unidentified solvent consumption largely

corresponds to minor solvent components in such mixtures both in industrial and consumer/

commercial applications. It is likely that in the average the unidentified minor components

of solvent mixtures are used in the industrial and consumer/commercial applications

in the same proportions as the major components of these mixtures. Therefore, the uniden-

tified solvent consumption should be proportioned between the area sources and the point

sources in ,the same way as the identified solvent consumption.

In reality, these proportions may be considerably different and the assignment of

the unidentified solvent consumption to the industrial and consumer/commercial sectors

in this manner will very likely produce an error. However, we believe that as far as an

emission inventory is concerned, this error will be significantly smaller than if the entire

unidentified solvent consumption was treated as an area source and allocated on a per

capita basis.
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Solvent consumption in pesticides and cutback asphalt should not be considered

in the above analysis because both of these end uses involve almost exclusively special

naphthas and, therefore, will not contain any portion of the unidentified solvent consumption.

According to Table 4, about 80% of the identified solvent consumption takes place

in the industrial sector, which corresponds to the point sources, and 20% in the consumer/

commercial sector corresponding to the area sources. By analogy then, 80% of the 900 gg/y

of the unidentified solvent consumption should also take place in the industrial sector.

This amounts to about 700 gg/y. The remaining 200 gg/y  should therefore be associated

with the consumer/commercial sector.

Solvent consumption in some of the industries and processes in the industrial sector,

presented in Table 4, is understated. This is because some of the solvents used in these

industries in minor quantities were not identified. A portion of the 700 gg/y  therefore

corresponds to these solvents. In addition, some of the minor industrial uses were not

identified. They account for the remainder of these 700 gg/y  of unidentified solvent

consumption.

The present data are insufficient to allocate the unidentified industrial solvent

consumption to specific industries and processes. Fortunately, this is not likely to interfere

with emission inventories since it is expected that most of the unidentified solvent con-

sumption will be adequately covered by the industrial solvent use questionnaires.

In summary, point sources will account for 80% of the total solvent consumption

and area sources for 17% as shown in Table 8. The remaining 3%,  corresponding to “Other

Uses” (pesticides and cutback asphalt) should be allocated by special techniques. One

way of obtaining information on regional levels of use of pesticides and cutback asphalt

is to contact regional agricultural and transportation government agencies or institutions.

Statistical information on sales of pesticides may prove valuable.
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TABLE 8

SUMMARY OF SOLVENT END USE CLASSIFICATION WITH
UNIDENTIFIED CONSUMPTION ALLOCATED TO INDUSTRIAL AND

CONSUMER/COMMERCIAL SECTORS

Industrial Uses (Point Sources)

Consumer/Commercial Uses (Area Sources)

Other Uses (Special Sources)

TOTAL

(a) gg = 10’  mt = 106kg

(b) rounded off to 2 significant figures

FTR/Y  (~~~~~,$a),  b)

6,200 (14,000) 80%

1,300 (2,900) 17%

200 (500  1 3%

7,800 (17,000) 100%
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7.0 COMPLETENESS OF SURVEY

Perhaps the best way to estimate the completeness of this survey is to employ metho-

dology different from the one used here and then compare the results. If the results

are in agreement, it is quite likely that the estimates by both approaches were accurate.

This is because it is unlikely that same error would be counted by the two sufficently

different and independent approaches. It appears that the most meaningful such comple-

mentary approach would start from the individual end uses, as compared to the individual

solvents as it was done here.

Solvents usage data would first have to be accumulated by a survey of a given in-

dustry. Regression analysis could then be applied on the data obtained from the individual

plants to provide some basic relationships characterizing the industry. The essence of

such a relationship is to correlate solvent consumption with convenient statistical para-

meters characterizing the industry. One such convenient relationship is solvent consumption

or emission per employee in a given industry. Other relationships have been developed

such as consumption of gas, electricity, water, etc., as related to solvent consumption.8

Once these relationships are determined, statistical data can be used to arrive at regional

or national solvent consumption in that industry. If these projections agree with the

consumption estimates based on solvent survey, it is quite likely that both estimates

are accurate.

The EPA has conducted independent surveys of some major solvent end uses. The

good agreement of their findings with ours, as shown in Section 8, is an indication that

the survey was complete.
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8.0 COMPARISON OF SOLVENT END USE STUDIES

Table 9 provides comparisions  of the results of four solvent end use studies.‘,‘, ‘9’

In addition to solvent consumption in the major end uses, the table lists total solvent

consumption and fractions of this consumption in identified and unidentified end uses.

Three of the four studies refer to the period before 1972.‘~  ‘3’  The fourth one’  appeared

in 1978 and contains recent EPA estimates on sources of volatile organic emissions.

These estimates were in part based on systematic studies by EPA of some selected major

end uses of solvents.

Comparision of the data in Table 9 reveals a varying degree of agreement from

one end use to another. The disagreement between various studies could be related to

the degree of their completeness. In studies based on surveys of solvent production and

marketing information, the disagreement between various studies can be expected to

increase for those uses where a small number of solvents are used. If any of the solvents

is overlooked, the resulting value will change considerably. Also, solvents with lower

total usage are most likely to be overlooked.

Those end uses employing large amounts of solvents, especially those solvents with

larger total consumption should show less variation from study to study. The variation

will then primarily reflect differences in end use estimates for the individual solvents.

Although a comparision  of only three estimates does not provide sufficient statistical

basis for evaluation of errors, some qualitative conclusions can still be drawn. Therefore,

the maximum range of the three older estimates for a given end use was expressed as

a percentage of their average, and also listed in Table 9. The disagreement between

the estimates measured in this way suggests that the results may very well contain an

error of 250%.
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TABLE Ya

COMPARISON OF SOLVENT END USE ESTIMATES

Annual Solvent Consumption (gg/y; (lbsxl06))*

Ref. 7
(Walden)

1971

Ref. 8
(MSA)
1972

Ref. 9
(Kirk-O.)

1966 % (a)

Total Solvents Produced

Consumption as Solvent

Consumption, in
Identified Solvent Uses

Consumption in
Unidentified Solvent Uses

E?YD  USES

Surface Coatings

Metal Cleaning

Dry Cleaning

Graphic Arts

Plastics

Rubber

20,300
(44,700)

6,700
(14,800)

6,500
(14,270)

3,000
(6,700)

4,250-  5,750"*
(9,350-12,650)

3,700
(8,100)

740-  2,200**
(1,620-  4,920)

1,600 2,700-  3,600**
(3,600) (6,000-  8,000)

400
(870)

590- 860**
(1,300-  1,900)

440
(970)

400
(890)

160
(360)

230- 360**
(500- 800)

160- 200**
(350- 450)

540- 680**
(1,200-  1,500)

5,500
(12,000)

1,800 70%
(4,000)

450 21%
(1,000)

910 86%
(2,000)

76%

116%

* gg=103  mt=106  kg=2.2x106  lb

** Average used in calculation of % (a)

(a) Yaximum  range of values reported in Ref. 7, 8, 9, as percentage of the
average.

l
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Total Solvents Produced

Consumption  as Solveut

Consumption in Identified
Solvent Uses

Consumption in Unidentified
Solvent Uses

END USES

Indus tr ia 1 Uses

Industrial  Surface Coating

Metal Cleani.ng

Adhesives ,  Industr ia l  Use

Industrial  Processes

Dry Cleaning

Plastics

Graphic Arts

Rubber

Resins

Texti les

Other Identif ied Industrial  Uses

Consumer/Commercial

Architectural Surface Coatlugs

Aerosol Products

Household

Toiletries

other Identi f ied Uses

Other Uses

Pesticides

Cuttbark Aspha1.t

-3il3 = 1Oj mt =
_-

10” kg = 2.2 x 10”  lb. -

TABLE 9b

COMPARISON OF SOLVENT END USE ESTIMATES

-r

fJ,400** ( 1 8 , 6 0 0 )

5 . 5 0 0 ( 1 2 . 2 0 0 )

2 , 9 0 0 (6.400)

4 , 5 4 0 (9,990)

~-
Ref . 1 (Rgdian,
EPA Estimates)

1977

_

1.900

6 8 0

2 1 0

1,000

2 3 0

(cl
3 8 0

J40CC)

(cl

3 2 0

320 (700)

661l ( 1 , 4 5 0 )

6 6 0
___--

?*Y  Ludes
“non-solvent” volatile orgsnic  compounds emissions.

a Estimate from  this study minus estlmate from Reference 1.
{b{Dlfference  as percentage of estimate from Reference 1.
’ T111s  v a l u e  I s  iucludcd  In  t h e  iudustrial  p r o c e s s e s  total  of 1,000  gg/y.

-
Annual Solvent Consumption

- t=Je(lbrJ-x  106/Y)_*-----.-

This  Study

_---r
--.----_

1.820

6 6 0

4 6 5

380

2 9 0

280

2 7 0

210

2 1 0

IA0

7 6 5

320

2Y2

1 6 0

113

2 0 5

140

9 0

7 . 7 6 0

6 , 8 5 0

9 1 0

5 , 5 3 0

L  ,090

230

(50.100)

i ( 1 7 . 7 0 0 )

Dll---

-.-  _~-

errrice
+I

- 7 4 0 - 8

1 , 3 5 0 2 4

-0, 09

2 2

2 4 0

- 6 5

.-
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An important source of secondary information on solvent consumption places the

error of end use estimates closer to lo%.” It should be noted that reference 8 actually

lists a range of values for each end use consumption. An uncertainty ranging from 50%

to 110% is thus implied.

On the basis of the results of this study, we feel that the most significant cause

of the discrepancy between the end use estimates in various studies lies in the differences

in assessment of end uses of special naphthas. Special naphthas constitute the single

most dominant solvent in many end uses. Some of these end uses, however, may represent

a minor fraction of total consumption of special naphthas and are thus more likely to

be estimated with less reliability. While finding it too difficult to specify the error of

estimate, we believe that errors of 250%  for some end uses are possible.

The two more recent estimates in Table 9 (this study,and  the current EPA estimates’)

show good agreement for the major end uses. The estimates were at least partially obtained

in different ways (approach starting with individual solvent information vs. approach

concentrating on selected end uses). As expected, the agreement between the uses with

lower total consumption and those which are less clearly defined is not as good.

Reference 1 places total volatile organic emissions from industrial processes at 1,000

gg/y  (2,200 lbs x 106/y).  Solvent usage in the industrial processes is not stated explicitly.

The findings of this study indicate that a large fraction of the unidentified solvent con-

I sumption in the current EPA estimates may in fact belong to various industrial processes.
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I 9.0 SPECIAL NAPHTHAS

Since special naphthas account for such a large fraction of the total solvent consump-

tion, the accuracy in estimates of their total consumption and of its end use breakdown

will have a strong impact on the reliability of estimates for most solvent end uses. The

following factors make production, sales and end use assessment for special naphthas

especially difficult:

nature of production of special naphthas as a minor fraction of total produc-
tion of petroleum products;

absence of reported data on solvent uses;

inconsistent nomenclature which in turn makes it difficult to clearly and un-
ambiguously specify reporting requirements;

incomplete and inconsistent producer records on production and end uses;

marketing of a portion of the total production through distributions.

Some of these factors will now be discussed in more detail. *

Special naphthas constitute a part of naphtha, the major liquid fraction from the

primary distillation process. The fraction of naphtha diverted for solvent use is quite

variable. It depends on the market situation for major naphtha derived products such as

gasoline or raw materials for petrochemicals, since all of these compete for the same

stock. For instance, toluene and xylenes with their excellent antiknock properities are

now increasingly diverted into use as gasoline ingredients. This reflects the fact that

the U.S. automobile fleet contains an ever increasing number of vehicles requiring unleaded

gasoline. Special naphthas account for only less than 1% of the total annual consumption

of petroleum products. Thus, their marketing and the associated end use studies appear

to be receiving proportionately less attention by the producers.

Published data on special naphthas production and demand are almost entirely limited

to government reports. A few industry and industry association sponsored studies were
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also conducted but only a limited amount of this information is available. Some of these

studies were concerned only with a given portion of special naphthas such as aliphatic

naphthas or only with particular end use such as surface coatings.

The Department of Energy issues monthly reports on supply, demand and stock

of crude petroleum, petroleum products and natural gas liquids which include information

on domestic demand, production, stocks, imports, and exports for special naphthas.’ ’ No

end use breakdown for special naphthas is provided.

There are more than 100 individual solvent mixtures consisting of petroleum distillates

and marketed by various companies under different designations. For ease of communica-

tion, these products are loosely grouped into categories. These categories are not precisely

1 and universa,ldefined. It appears that the following three categories offer the most practica

categorization scheme for special naphthas:

aliphatic naphthas include those solvent mixtures which consist predominantly
of aliphatic hydrocarbons. More highly purified aliphatic hydrocarbons such
as hexanes, heptanes, mixture of hexanes and heptanes are not included, as
they form a separate group of paraffinic naphthas.

paraffinic naphthas consist of paraffins purified to a higher degree than the
aliphatic naphthas. Included here are hexane, heptane, pentane, butane, and
specified mixture of these compounds;

aromatic naphthas include primarily toluene and xylenes as well as solvent
mixtures in which aromatic hydrocarbons dominate.

Section A of the reporting instructions issued by the Department of Energy I2 requires

special naphthas to be reported as follows:

Special Naphtha Blending Agents. Components for special naphtha blending produced
within the refinery should be reported as production of individual components such
as butane, isobutane, pentane and alkylates. Report benzene, toluene, xylene as
a production of special naphtha at the time these stocks are physically blended
with special naphtha stocks or their final disposition is known to be that of a special
naphtha blending agent. Do not report benzene, toluene, xylene as a production
of special naphtha unless these conditions are met.
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Section 051 of the Product Description section of that document defines specia .I naphthas

as:

All finished products within the gasoline range, specially refined to specified flash
point and boiling range, for use as paint thinner, cleaners, and solvents, including
commercial hexane in conforming with ASTM Specification D1836 and cleaning
solvent conforming to ASTM Specification D484. Excludes naphthas to be blended
or marketed as motor gasoline, aviation gasoline, or used as petrochemical and
substitute natural gas (SNC)  feedstocks.

In our study the term special naphthas includes all of the petroleum distillates

used as solvents. Thus, aromatic naphthas other than toluene and xylenes, which are not

specifically mentioned in the above Department of Energy definition, are included in

our term. To avoid confusion, the individual constituents of the special naphthas such

as aliphatic, paraffinic, aromatic naphthas, xylene, toluene, hexane, heptane, cyclohexane,

etc., are reported together as special naphthas. Their individual consumption and end

uses are discussed in this section but in the major data tables (Tables 2, 3, Al and A2)

they are reported collectively as special naphthas.

Our contacts with numerous people in production and marketing of petroleum products

revealed some inconsistency and confusion regarding the term special naphthas. Although

naphtha was found universally recognized as the major liquid fraction in petroleum distilla-

tion, the term special naphthas, as a designation for strictly solvent use of naphtha fractions,

was less familiar.

,
9.1 Primary Information Gathering

TRC inquiry into end use breakdown for special naphthas proceeded through direct

contacting of producers and distributors. The producers and distributors were identified

from information publls  hed in various directories ’ ’ 9’ ’ and through direct contacts with

the already identified producers.
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About one third of the entire U.S. domestic consumption of special naphthas was

accounted for directly through detailed end use breakdowns supplied by some of the con-

tat ted companies. Other companies provided information on their total production and/or

sales  of aliphatic, paraffinic, and aromatic special naphthas. Some of the contacted people

were able to provide end use breakdown for the entire domestic production of certain

categories of special naphthas. This information originated in the studies conducted

or sponsored by industry. All of this information was incorporated into the final end

use breakdown reported in this study.

9 .2 Total Production of Special Naphthas

As mentioned earlier the most comprehesive  ongoing survey of production of special

naphthas is conducted by the department of Energy. l2 The information on the domestic

demand of special naphthas is received monthly from all major producers.

Our estimate of the special naphtha consumption was obtain independently from

the government data by combining information from several’sources. These include a

study on end uses of aliphatic and aromatic special napthas not containing xylene and

toluene by a private research firm,” industry estimates on consumption and end use

breakdown of paraffinic special naphthas, and the consumption and end use information

supplied to us by the individual producers and marketers of special naphthas.

Consumption of special naphthas was thus estimated at 4320 gg/y  (9500 lbs x 106).

This is 10% higher than the value reported by the Department of Energy. Considering

the ambiguities in definitions of special naphthas and other earlier discussed factors which

affect the reliability of the estimates for special naphthas, the agreement of our estimate

with the Department of Energy data can be considered good. The breakdown of special

naphtha consumption into aliphatic, paraffinic, and aromatic fractions is illustrated

in Figure 6.
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9.3 End Use Breakdown

The final end use breakdown for special naphthas reported in this study was based

on a combination of all the available information. Specifically, this information consisted

of the following:

1.

2.(a)

(b)

(cl

end use information obtained by TRC directly from the contacted manu-
facturers and marketers of special naphthas;

results of a nationwide study of end uses of combined aliphatic and aromatic
special naphthas which did not include toluene and xylenes, conducted
by a private research organization;”

information on nationwide consumption and end uses of paraffinic special
naphthas obtained from an industry source;

combined information from TRC primary survey and limited secondary
information on end uses of toluene and xylenes.

The end use breakdown for each of the above sources is presented in Table 10. Table 1 1

provides end use breakdown for three producers of different size.
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TABLE10

CONSUMPTIONOFSPECIALNAPHTHASBY ENDUSES+

Solvent End Use

Dry Cleaning

Graphic Arts

Rubber

Extr~crion,':egetable 311

Adhesives

Asphalt

Inseccfcides

Household

Polishes and Waxes

Industrial Processes

PFIarmaceuticnl  Industry

Resins

Aerosol Products

* r\OtC!:  %iS  fJlfO~tlcn  was combined with infornation  supplied by the individual producers into  the final end
use assessment for  special naphthas, presented ir. Table A.7 in the Appendex.

** aromatic naphtha5 not including toiuene and xylenas

(a) information from Reference 13
(b) industry esr.imace
(c) combined infomation  wpplied  by individual sl;rreyed  companies and secondary informatiOn
id) consumption in a given end :ise  as percentage of total ionsumpcion



TABLE11

E N D U S E B R E A K D O W N O F S P E C I A L N A P H T H A S A L E S B Y
THREEPRODUCERSOFDIFFERENTSIZE(%)

-

Solvent End Use

Surface Coatings

Metal Cleaning

Dry Cleaning

Graphic Arts

Rubber

Plastics

Vegetable Oil Extraction

Adhesives

Insecticides

Unidentified Uses

Total Sales
less than
2001bsx106

54.5

3.3

18.0

13.6

3.9

0.7

6.1

0.0

Total Sales

200-800 lbs x106

72.7

0.5

4.8

2.2

10.2

1 1 . 3

6.5

1.7

0.0

Total Sales
more than
800 lbsx106

64.8

0.4

21.2

0

8.5

4.6

0.4

0.0

Total 100 100 100
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10.0 SOLVENT CONTENT OF CONSUMER PRODUCTS

The results of the survey of solvent content in consumer products are summarized

in Table 12. The table lists consumer product categories and the corresponding annual

sales volumes.’ 6 An indication of the scope of the study may be obtained from the informa-

tion on the number of brands surveyed and pounds of the product displayed on the shelves

in the surveyed supermarkets. As explained in the Methodology section, the weight of

products consum@  annually in each category was not available and’had to be derived

from the average price. The average product price obtained by inspection of products

displayed on the shelves in the surveyed supermarkets is also listed in the table with the

calculated weight of the production consumed.

A total of 46 different brands appearing in 70 different size packages and covering

15 consumer product categories were surveyed in determination of the average price.

A total of 21 brands covering 14 product categories were analyzed in the laboratory for

solvent content by the fast approximate method developed especially for this purpose.

Since the method was not sufficiently tested and evaluated and the number of the

products tested was quite limited, the results should be taken as an approximation. Further

uncertainty stems from the fact that the average price, used in calculation of the consump-

tion by weight, was derived from a survey of a limited number of products and without

consideration being given to the geographical variation of prices, and to the seasonal

variation of the quantities of products displayed. Nevertheless, the results, placing the

total solvent consumption through consumer products in the neighborhood of 300 gg (600 lb

x 106)  annuall,y,  are in the same range as the estimate based on the survey of the end

uses of the individual solvents.

This consumer product study may be viewed as a potential starting point for a more

detailed and comprehensive effort. The results obtained here would be very helpful in

determining priorities for such work. The emphasis could be properly placed on those

products which appear to have the highest solvent content and which have the largest

annual consumption.
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TABLE 12

SOLVENT CONTENT OF CONSUMER PRODUCTS

Tirtal ?OCd

Domestic S‘Jl.lWlC
No. Brands Tocal A v e r a g e Consumption In Product 9: Solvent
Surveyed lbs Price $X10" dY* gglr* !lo. Brands in Product

x0. of Sizes 0isplayed (S/lb)  (a) (lbsx106/yj !lbsx106) Analyzed (by  -a)

Liquid Cleaners
and Clransrrs 5/11 830 0.67 324 220 160 1 64

(484) (310)

Rug Cleaners l/l 40 1.33 53.5 ii,

a0ma Dry  C l e a n e r s l/l 3 3 37.3 (1:;' CL
1 ;a

iilndov  Cleaners 3/10 808 0.6C 40.2 (36;)

Air Fresheners 313 124 1.48 140.3 $, 24 2 56
(53)

Furnitme  Polishes 7110 649 1.62 79.2 22 5 1 26
(LB) (12)

.4utonobile  Polishes ?I3 51 2.52 33.1 1; ,:5, 2 81
(37)

Ploor uaxes
and Polishes 7:11 636 1.09 266 120 & 3 5

(262)

Insecticides a/9 i47 2.15 60.1 &
A 3 22

Xnsect Repellants l/l 2 3 10.3 c:, ($' 1 L7

Shoe Polishes

Hair Care

!&IF1 Polish

!?a11 Polish Remover

Deodorant

Winshield Washers

3!4 61

213 36

l/l 3

l/l 15

l/l 56

6 198 c::, i0 2 57
(21)

3.65 ,248 (ii, 10 L 31
(21)

.zs li9 (2, (:I 1 65

2 24 (146) 4, 1 60

1.94 238 5i - 1 -

(148)

1 dl

81

82
J

Tocai 46/70 610 x0 21
(135C) (-90)

l gp- 103  nt - LO6 kg = 2.2~10~  lb

(a) data from :efetence 1L
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1.0 SUMMARY

Control programs for volatile organic compounds (VOC)  are presently being devel-

oped by the EPA’s Office of Air Quality Planning and Standards. Industries and processes

which represent major sources of VOC emissions were identified as part of this effort.

Many of these industry categories contain production establishments of widely dif-

ferent sizes, Sizes of VOC sources vary correspondingly. Control of VOC emissions from

smaller sources is frequently less cost effective. Factors such as capital availability,

capability to undertake research and development effort, etc., frequently favor larger

establishments.

Small sources within most industries outnumber the large ones. Therefore control

of small sources requires a disproportionate enforcement effort with regard-to the actual

amount of emission controlled.

The overall cost to benefit ratio of a regulation could be optimized with less stringent

control requirements for small sources. One way of achieving this would be by exempting

small sources from all control requirements. Alternatively, small sources could be exempt

from some control requirements imposed on larger sources.

The objective of this study was to formulate criteria which could be applied in devel-

opment of small source control strategies. The criteria summarized below, should prove

valuable in various stages of the regulatory process. They can be applied in the initial

industry screening studies for developing important background correlations between

process scale and the feasibility of the emission control for individual industries. The

criteria should also be of help in later stages, during development of actual regulations

when region specific factors must be considered.
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1 .1 Summary of Small Source Exemption Criteria

The small source exemption criteria are grouped into four categories, depending

on whether they are primarily related to emission control economics, process technology,

distribution of sources by size or other factors.

1.1.1 Economics of Small Source Emission Control

A. Cost effectiveness of VOC control is expressed as the capital and/or
annual operating cost per ton of VOC controlled, as a function of source
size. It allows control cost comparisons for different types of sources
and for various emission control alternatives.

8. Differential cost effectiveness measures the rate at which cost effective-
ness deteriorates for small sources. Mathematically it represents a
derivative of the cost effectiveness criterion as defined in A.

C . Unit cost represents the capital and/or operating cost of VOC control
per unit size of control equipment, as a function of source size.

D. Differential unit cost measures the rate at which the unit cost increases
for smaller sources. In the mathematical sense, it represents a derivative
of the unit cost as defined in C.

E. Economic impact of the VOC control regulation on the industry and
specifically on small sources can be measured using the following ratios:

1. Capital expenditures required for control/company’s total assets,
as a function of company size (company size can be measured
e.g. by volume of sales, number of employees, etc.).

2 . Capital expenditures required for control/company’s productive
assets, as a function of company size.

3 . Annual cost of control/income before taxes, as function of com-
pany size.

F. Additional economic factors affecting the company’s control program
and having a particular impact on smaller establishments are:

1. Availability of funds (interest rate).

2 . Feasibility of solvent and/or heat recovery as affected by prices
of solvents and fuel.
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3 . Cost of acquiring new, low d solvent or no - solvent technologies
may be higher for small sources. Smaller establishments may
have fewer production lines and may be less able to absorb losses
of material and production time as well as the associated potential
loss of business or customers. They are also less likely to have
the required highly qualified personnel.

1.1.2 Technological Process Characteristics

ProcessCharac&dstics

A.

B.

C .

D.

E.

Distribution of process batch size as related to process scale (e.g. dura-
tion of shortest, average, longest batch). Short batches imply frequent
discontinuities in the emissions with the associated changes in concentra-
tion which tend to reduce the efficiency of the control equipment.

Number of different products, requiring different solvent mixtures,
as related to process scale. Different solvent mixtures reduce the technical
feasibility of recovered solvent reuse. They also inhibit the economy
of scale in solvent recovery.

Batch diversity as a function of process scale (e.g. number of batches
requiring different coating formulations). Frequent changes in composi-
tion of the emissions unfavorably affects the efficiency of solvent recovery
and reuse.

Number of functional requirements imposed on the product. Frequently
complex functional requirements, which the product must satisfy, make
substitution by low/no solvent technologies difficult or altogether imposs-
ible. These technologies may thus be beyond the reach of small establish-
ments which often cannot afford the required research and development
effort.

Dependence of operating and maintenance practices on process scale.
Small sources could be exempt from more costly control alternatives
by means of prescribed operation and maintenance standards. For instance,
metal degreasing for maintenance purposes often represents a small
scale intermittent operation. This operation can be effectively controlled
by observing proper operating procedures such as preventing the tank
cover from being open unnecessarily.

EmissionCharacteristics

Emission characteristics are strongly affected by the process characteristics

presented above. Complexity of the emissions, which can be related to source size, affects

technical feasibility of emission control. It depends on:
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A. Number of solvents used;
B. Frequency of change in solvent composition; and,
C . Variability of solvent concentration.

Energy Considerations

Criteria related to energy consumption in emission control are similar to

the ones related to the economics of control, which are presented under 1.1.1. Severa

examples of energy related criteria are listed below:

.l

A .
mr. c

Energy consumption for emission control as related to source size (e.g.
BTU/hr/SCFM,  or BTU/hr/lbs  solvent emitted/hr, etc.).

B. Unit energy consumption - energy consumption for emission control
per unit equipment size, as related to source size (e.g. BTU/hr /SCFM/lbs
solvent emitted/hr).

C . Differential unit energy consumption - mathematically, a der
of the unit energy consumption.

vative

1.1.3 Criteria Related To Source Distribution

A. Contribution of small sources to total regional VOC emissions for a
given industry. Significant contribution of small sources to total regional
VOC  emissions may require reduction in their emissions in order that
the overall regional VOC emission reduction objectives can be realized.
Thus a complete exemption of small sources from control requirements
may be precluded.

B. Distribution of sources by size. Knowledge of source size distribution
allows optimization of the regional control strategy. A large number
of sources may sometimes be included in or excluded from the emission
control exemption by a relatively small change in the definition of an
exempted small source.

C . Enforcement effectiveness rato. A quantitative or semi-quantitative
estimate of the required enforcement effort as a function of the number
and size of sources to be enforced is needed. VOC control strategy
can then be developed to achieve an optimum emission reduction per
unit cost of the enforcement effort (which can be expressed e.g. in man-
hours/source).

1.1.4 Other Considerations

A. Discouragement of circumvention of regulations. Reduced control require-
ments for small sources should not encourage tendencies to circumvent
the regulations by “slipping” into the exempt bracket.
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8. Health effects. Toxicity of emissions may preclude exemptions from
emission control regulations.

C . Certified testing. Emissions from certain standardized sources may
be tested by certified laboratories. This could eliminate a need for
the field testing of VOC emissions and thereby reduce the cost related
to permit procedures and enforcement for small sources.
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2.0 REGULATORY ASPECTS OF SMALL SOURCE EXEMPTIONS

Two basic types of exemptions can be used in a regulatory definition of a small

source: absolute and partial exemption. A source emitting volatile organic compounds

(VOC) at less than a given minimum rate could be exempt from all emission control require-

ments. This would constitute an “absolute” exemption. A “partial” exemption would

still require some degree of emission control from small sources although less than from

the larger ones. .The following types of regulations are either directly or indirectly con-

cerned with source size and thus constitute cases of complete or partial exemptions:

1. No controls required below certain emission rate;

2 . No controls, or less controls, required for certain types of equipment within
a given process;

3 . No control, or less controls, required below certain process rate; and,

4 . Specified type of control equipment and/or operating and maintenance practices
required for sources above given size.

2 .1 Absolute Exemptions

Assisting the states in revision of the States Implementation Plans, EPA developed model

regulations which provide examples of “absolute” exemptions of small sources. One such

example is presented below:’

“...These  regulations (referring to control of VOC emissions) will not apply to sources
whose emissions of volatile organic compounds are not more than 6.8 kilograms
(15 pounds) in any 1 day, nor more than 1.4 kilograms (3 pounds) in any 1 hour, pro-
vided the emission rates are determined and certified before March 1,1979  in a
manner approved by the Director.”

There are facilities, such as analytical laboratories, which intermittently emit small

amounts of VOC. Such facilities may be specifically exempt from emission control require-

ments. An example of such an exemption is also offered in the above mentioned model

regulation:’
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“...These  (VOC)  regulations will not apply to sources used exclusively for chemical
or physical analysis or determination of product quality and commerical acceptance
provided;

(i> operation of the source is not an integral part of the production process;
and,

(ii) the em’rssions  from the source do not exceed 363 kilograms (800 pounds)
in any calendar month; and,

(iii) the exemption is approved in writing by the Director.”

2.2 Partial .Exemption  of Small Sources

Advantages of the partial exemption of small sources have been recognized in EPA’s

m ode1 regulations. Model regulation for the metal cleaning industry provides a good

example of partial exemption of small soutces.1

This regulation has different control requirements for various metal cleaning pro-

cesses. The differences are related to technical process characteristics, operating and

maintenance practices and control economics. Many of these factors are related to source

size. Thus, stringency of the recommended control requirements decreases in order:

conveyorited degreasing, vapor degreasing and cold cleaning, reflecting decreasing source

size. Even within one metal cleaning process category, cold cleaning, less control is

required for solvents with lower vapor pressure. Lower vapor pressure results in lower

evaporation rate. Therefore, the regulation distinguishing between lower and higher

vapor pressure in this case, in fact, distinguishes between a smaller and a larger source.

The model metal cleaning regulation is listed below in its entirety. The sections

(d),  (e), and (f) illustrate the increasing stringency of control requirements with increasing

source size in the following order: cold cleaning, vapor degreasing and conveyorized

cleaning. The regulation also makes other distinctions of source sizes as illustrated by

the underlined sections in the text below.
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“Soivent Metal Cleaning.

(a) For the purpose of this section, the following definitions apply:

(1)

(2)

(3)

(4)

(5)

(6)

“Cold cleaning” means the batch process of cleaning and removing soils
from metal surfaces by spraying, brushing, flushing or immersion while
maintaining the solvent below its boiling point. Wipe cleaning is not
included in this definition.

“Conveyorized degreasing” means the continuous process of cleaning
and removing soils from metal surfaces by operating with either cold
or vaporized solvents.

“Freeboard height” means the distance from the top of the vapor zone
to the top of the degreaser tank.

“Freeboard ratio” means the freeboard height divided by the width of
the degreaser.

“Open top vapor degreasing” means the batch process of cleaning and
removing soils from metal surfaces by condensing hot solvent vapor
on the colder metal parts.

“Solvent metal cleaning” means the process of cleaning soils from metal
surfaces by cold cleaning or open top vapor degreasing or conveyorized
degreasing.

(b) Nothwithstanding  §XX.9102,  after December 31, 1978 this section will apply,
in accordance with § Xx.9300, to cold cleaning, open top vapor degreasing
and conveyorized degreased operations.

(c) The provisions of this section shall apply with the following exceptions;

(1) open top vapor degreasers with an open area smaller than 1 square meter
(10.8 square feet) shall be exempt from paragraphs (e) (3) (ii) and (e)
(3) (iv) of this section,

(2) conveyorized degreasers with an air/vapor interface smaller than 2.0
square meters (21.6 square feet) shall be exempt from paragraph (f)
(2) of this section,

(3) sources exempted under § XX,9 102(b).

(d) Except as provided under paragraph (c) of this section, the owner or operator
of a cold cleaning facility shall;

(1) equip the cleaner with a cover and the cover shall be so designed that
it can be easily operated with one hand; if,
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(i) the solvent volatility is greater than 2 kilo Pascals (15 millimeters
of mercury or 0.3 pounds per square inch) measured at 38OC  (lOOoF),
except that the drainage facility may be external for applications
where an internal type cannot fit into the cleaning system; and,

(ii) the solvent is agitated; or,

(iii) the solvent is heated; and,

(2) equip the cleaner with a facility for draining cleaned parts and the drain-
age facility shall be constructed internally so that parts are enclosed
under the cover while draining if the solvent volatility is greater than
4.3 kilo Pascals (32 millimeters of mercury or 0.6 pounds per square
inch) measured at 38OC  (lOOoF),  except that the drainage facility may
be external for applications where an internal type cannot fit into the
cleaning system; and,

(3) install one of the following control devices if the solvent volatility is
greater than 4.3 kilo Pascals (33 millimeters of mercury or 0.6 pounds
per square inch) measured at 38OC  (lOOOF),  or the solvent is heated above
50°C  ( 120’F);

(i) freeboard that gives a freeboard ratio greater than or equal to
0.7; or,

(ii) water cover (solvent must be insoluble in and heavier than water);
or,

(iii) other systems of equivalent control, such as refrigerated chiller
or carbon adsorption, approved by the Director; and,

(4) provide a permanent, conspicuous lable, summarizing the operating
rquirements; and,

(5) store waste solvent only in covered containers and not dispose of waste
solvent or transfer it to another party, such that greater than 20 percent
of the waste solvent (by weight) can evaporate into the atmosphere;
and,

(6) close the cover whenever parts are not being handled in the cleaner;
and,

(7) drain the cleaned parts for at least 15 seconds or until dripping ceases;
and,

(8) if used, supply a solvent spray that is a solid fluid stream (not a fine,
atomized or shower type spray) at a pressure which does not cause exces-
sive splashing.

(e) Except as provided under paragraph (c) of this section, the owner or operator
of an open top vapor degreaser shall;



(1)

(2)

(3)

(4)

(5)

equip the vapor degreaser with a cover that can be opened and closed
easily without disturbing the vapor zone; and,

provide the following safety switches;

(i) a condenser flow switch and thermostat which shuts off the pump
heat if the condenser coolant is either not circulating or too warm;
and,

(ii) a spray safety switch which shuts off the spray pump if the vapor
level drops more than 10 centimeters (4 inches); and,

install one of the following control devices;

(i)

(ii)

(iii)

(iv)

(4

powered cover, if the freeboard ratio is greater than or equal
to 0.75, and if the degreaser opening is greater than 1 square meter
(10 square feet); or,

refrigerate chiller; or,

enclosed design (cover or door open only when the dry part is actually
entering or exiting the degreaser); or,

carbon adsorption system, with ventilation greater than or equal
to 15 cubic meters per minute square meter (50 cubic feet per
minute per square foot) of air/vapor area (when cover is open),
and exhausting less than 25 parts per million of solvent averaged
over one complete adsorption cycle; or,

a control system, demonstrated to have control efficiency equiva-
lent to or greater than any of the above, and approved by the Director;
ad,

keep the cover closed at all times except when processing workloads
through the degreaser; and,

minimize solvent carryout by;

(3 racking parts to allow complete drainage; and,

(ii) moving parts in and out of the degreaser at less than 3.3 meters
per second (11  feet per minute); and,

(iii) holding the parts in the vapor zone at least 30 seconds or until
condensation ceases; and,

(iv) tipping out any pools of solvent on the cleaned parts before removal
from the vapor zone; and,

(4 allowing parts to dry within the degreaser for at least 15 seconds
or until visually dry; and,
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(6)(6)

(7)(7)

(8)(8)

(9)(9)

(10)(10)

(11)(11)

(12)(12)

(13)(13)

(14)(14)

not degrease porous or absorbent materials, such as cloth, leather, wood
or rope; and,

not occupy more than half of the degreaser’s  open top area with a work-
load; and,

not load the degreaser to the point where the vapor level would drop
more than 10 centimeters (4 inches) when the workload is removed from
the vapor zone; and,

always spray below the vapor level; and,

repair solvent leaks immediately, or shutdown the degreaser; and,

store waste solvent only in covered containers and not dispose of waste
solvent or transfer it to another party, such that greater than 20 percent
of the waste solvent (by weight) can evaporate into the atmosphere;
and,

not operate the cleaner so as to follow water to be visually detectable
in solvent exiting the water separator; and,

not use ventilation fans near the degreaser opening, nor provide exhaust
ventilation exceeding 20 cubic meters per minute per square meter
(65 cubic feet per minute per square foot) of degreasing open area, unless
necessary to meet OSHA requirements; and,

provide a permanent, conspicuous label, summari&ng  the operating
procedures of paragraphs (e) (4)  through (e) (12) of this section.

(f)(f) Except as provided under paragraph (c) of this section, the owner or operatorExcept as provided under paragraph (c) of this section, the owner or operator
of a conveyorized degreaser shall;of a conveyorized degreaser shall;

(1)(1) not use work place fans near the degreaser opening, nor provide exhaustnot use work place fans near the degreaser opening, nor provide exhaust
ventilation exceeding 20 cubic meters per minute per square meterventilation exceeding 20 cubic meters per minute per square meter
(65 cubic feet per minute per square foot) of degreaser opening, unless(65 cubic feet per minute per square foot) of degreaser opening, unless
necessary to meet OSHA  requirements; and,necessary to meet OSHA  requirements; and,

(21(21 install one of the following control devices;install one of the following control devices;

(i)(i) refrigerated chiller; or,refrigerated chiller; or,

(ii) carbon adsorption system, with ventilation greater than or equal
to 15 cubic meters per minute per square meter (50 cubic feet
per minute per square foot) or air/vapor area (when downtime
covers are open), and exhausting less than 25 parts per million
of solvent by volume averaged over a complete adsorption cycle;
or,

(ii) carbon adsorption system, with ventilation greater than or equal
to 15 cubic meters per minute per square meter (50 cubic feet
per minute per square foot) or air/vapor area (when downtime
covers are open), and exhausting less than 25 parts per million
of solvent by volume averaged over a complete adsorption cycle;
or,

(iii) a system, demonstrated to have a control efficiency equivalent
to or greater than paragraph (f) (2)  (i) or (f) (2) (ii) of this section,
and approved by the Director; and,

(iii) a system, demonstrated to have a control efficiency equivalent
to or greater than paragraph (f) (2)  (i) or (f) (2) (ii) of this section,
and approved by the Director; and,
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(3)

(4)

(5) minimize openings during operation so that entrances and exits will
silhouette workloads with an average clearance between the parts and
the edge of the degreaser opening of less than 10 centimeters (4 inches)
or less than 10 percent of the width of the opening; and,

(6) provide downtime covers for closing off the entrance and exit during
shutdown hours; and,

(7) minimize carryout emissions by;

(8)

(9)

(10)

(11)

equip the cleaner with equipment, such as drying tunnel or rotating
(tumbling) basket, sufficient to prevent cleaned parts from carTying
out solvent liquid or vapor; and,

provide the f oliowing  safety switches;

(i) a condenser flow switch and thermostate which shut off the pump
heat if the condenser coolant is either not circulating or too warm;
and,

(ii) a spray safety switch which shuts off the spray pump or the conveyor
if the vapor level drops more than 10 centimeters (4 inches); and,

(iii) a vapor level control thermostat which shuts off the pump heat
when the vapor level rises too high; and,

(8 racking parts for best drainage; and,

(ii) maintaining the vertical conveyor speed at less than 3.3 meters
per minute (11 feet per minute); and,

store waste solvent only in covered containers and not disp,ose  of waste
solvent or transfer it to another party, such that greater than 20 percent
of the waste solvent (by weight) can evaporate into the atmosphere;
and,

repair solvent leaks immediately, or shut down the degreaser; and,

not operate the cleaner so as to allow water to be visually detectable
in solvent exiting the water separator; and,

place downtime covers over entrances and exits of conveyorized degreasers
immediately after the conveyors and exhausts are shut down and not
remove them until just before start-up.”



3.0 ECONOMIC ASPECTS OF SMALL SOURCE CO’NTROL

Two major types of controls exist for industrial volatile organic emissions from

point sources: process modification and “add-on” controls. The purpose of process modifi-

cation is to reduce the amount of volatile organic materials released from the process.

The add-on control devices serve to destroy or remove volatile organic compounds prior

to their emission into the atmosphere.

3 .1 Process Modif ication

Many processes can be modified to reduce the usage or generation of volatile organic

compounds. Examples of such process modifications in surface coating include:

1. Change of solvent in a coating formulation from organic solvent to water
or to a mixture of water and organic solvents, which results in net decrease
in the use of organic solvent;

2 . Increase in solid content of the coating to be applied;

3 . Reduction in coating thickness;

4. Use of technologies which do not require any solvents at all;

Economic aspects of process modification are very much different from one process

to another. New low/no solvent processes may require more expensive equipment, or

more expensive operating and maintenance practices. An example is offered by the hot

melt coating technique used in preparation of pressure sensitive adhesives. The capital

expense of hot melt coating equipment is a problem for paper coaters  that have already

invested heavily in conventional solvent coating equipment.2

In many cases, the major problem related to process change is the lack of readily

available technological alternatives. For example, low solvent coating systems are not

available for all paper coating applications.2 Of special importance for small sources
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are those control techniques based on process change, for which the technological know -

how has been developed only by larger companies. Thus, water borne emulsions, which

can be applied less expensively than solvent - born rubber based adhesives, are already

in use for pressure sensitive adhesives. Water borne adhesives have the advantage that

they can be applied with conventional coating equipment. However, water borne adhesives

cause paper substrate to curl and wrinkle. While some companies have overcome this

problem many smaller companies have not.2 i t

Small paper coaters will incur higher relative costs in conversion to low/no solvent

coatings technologies because of their limited research and development capability when

compared to larger establishments.

3.2 “Add-or+’  Control Equipment

It is generally well known that the cost of control of volatile organic emissions

is relatively higher for smaller sources. This is illustrated in Figures I to 4.’ The figures

show capital cost and annual cost of controlling volatile organic emissions as a function

of the control equipment size (expressed in terms of gas flow rate) for the two most com-

mon control techniques: adsorption and incineration. The cost- is affected by many techni-

cal and economic factors. The technical factors include:

-presence or absence of particulate in the emissions;

-concentration and distribution of particulate if particulate is present;

-concentration of the emitted solvent as a function of time. For example, an end
of a batch in surface coating is accompanied with an abrupt reduction of solvent
concentration. The new batch may have a significantly different solvent concentra-
tion and composition;

-properties of the emitted solvents such as their solubility in water and change of
those properties from batch to batch; and,

-control efficiency required (this in turn being a function’of other factors such as
toxicity, photochemical reactivity etc.).
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Figure 1: Annual cost of carbon adsorption systems
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I
Presence of particulate in the emissions may require installation of a separate control

stage for removal of particulate prior to control of the solvents. Alternatively, if incinera-

tion is applied, there may be no need for removal of particulate in a separate stage, but

its presence will affect equipment design. Typically, longer residence time will be needed,

often resulting in a significant increase in control cost.

Concentration of the solvent affects the control cost in many ways. Thus, at low

solvent concentrations, saturation of the carbon bed is reached with less solvent adsorbed

than at higher concentrations. This requires more frequent carbon regeneration and thus

increases the cost of operation per unit amount of solvent adsorbed. In incineration,

the lower heat value of dilute solvent vapors will require a correspondingly higher consump-

tion of costly incineration fuel.

The solubility of the solvent in water plays a role in selecting the proper control

technique; for instance, it may interfere with solvent recovery. Water soluble solvents

cannot be separated from the water layer by simple, inexpensive decantation  if steam

stripping is used for carbon bed regeneration. Therefore, more expensive ways of strip-

ping may have to be applied. In any case, solubility of solvent in water may create a

related water pollution problem.

The economic factors affecting small sources of solvent emissions include:

-reuse value of the recovered solvent

-solvent cost

-value of solvent as fuel

The major advantage of simple solvent mixtures is that they are very suitable for

solvent recovery. When complex solvent mixtures are used, the composition of the recovered

solvent is often quite different from the composition of the solvent as used in the process.
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A refining process may have to be used if solvent reuse in the original process is desired.

Such refining process is easier and more economical for simpler mixtures.

Solvent heat content reduces fuel consumption in incineration. Certain solvents

would, if burned, cause serious pollution problems, such as generation of oxygenated chlorine

compounds. A separate control stage may be required for these combustion products.

Finally, solvent recovery and reuse can be expected to be more difficult to implement

for small sources. Purification of the recovered solvent, often required before reuse,
/.1

may not be technologically feasible for small sources. Cost of shipment and sales of

small quantities of recovered solvent are also higher.

3.3 Criteria for Evaluation of the Economics of Small Source Control

In spite of the complex interrelationship of all the factors which affect the economics

of VOC emissions from small sources, many useful generalized correlations exist or can

be developed. These correlations can be used as criteria in development of small source

control strategies.

Mutual comparisons of the economics of various control alternatives can be conven-

iently performed by means of a unit cost, which represents the cost per unit equipment

size ($/SCFM).  This is illustrated for adsorption and incineration in Figures 5 and 6.

Figure 5 presents the unit cost of installed control equipment and Figure 6 presents the

unit annual operating cost of the control equipment, both as a function of equipment

size. The figures clearly show an increase in unit cost for smaller equipment size and

the consequently higher cost of control of smaller sources. This increase in unit cost for

smaller equipment is more pronounced for adsorption. Because of its simple , relatively

easily obtainable and quantitative relationship to the economics of small source control,

the unit cost represents a useful criterion for evaluation of small source control alterna-

tives.
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This criterion could be further refined to more conveniently characterize the increase

in unit cost for smaller control equipment. In a mathematical sense the increase in unit

cost as a function of equipment size is best characterized by a derivative of a unit cost

curve. Use of the absolute values of these alternatives is recommended for the practical

advantage of working with positive numbers. It will be referred to here as “differential

cost.”

Table 1 shows differential unit capital cost for absorption and for incineration, both

as a function of equipment size. The values for adsorption and incineration are remarkably

close throughout the equipment size range from 5,000 SCFM to 40,000 SCFM. This means

that the trend of the unit cost increase for small sources is about equal for adsorption

and incineration.

Low differential unit cost values down to 10,000 SCFM indicate that the unit cost

of the installed control equipment is quite constant for larger units. Significant increase

in differential unit cost values for equipment below 10,000 SCFM illustrates the severity

of the economic disadvantage for small sources in VOC emission control.

The differential unit control cost is a convenient quantitative criterion for evaluation

of economics of small source control. Its special importance is that it is concerned quite

specifically with source size.

Cost effectiveness of emission control can be conveniently expressed as cost per

unit amount of VOC controlled. Figure 7 provides an example of such presentation of

cost effectiveness in control of VOC emissions from metal cleaning.”

Design and operating characteristics of metal cleaning equipment vary considerably

as a function of equipment size. Several major equipment types are used: cold cleaners,

open top vapor degreasers, and conveyorized degreasers. Equipment size and solvent

emissions increase in the order: cold cleaners, open top vapor degreasers, and conveyorized

degreasers.
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TABLE 1

DIFFERENTIAL UNIT CAPITAL COST FOR
ADSORPTION AND INCINERATION(a)

Source Size
(SCFM)

Differential Unit Cost
IW

($/SCFMISCFM)
Adsor  ption( c> Incineration( d)

1,000 24

5,000 3.0 L./

i n
10,000 1.2 I.”

20,000 0.46 0.32

30.000 0.16 u.12

‘aJBased  on cost for installed equipment from Reference 3.

(b) Absolute value of the derivatives used.

(cl Carbon adsorption system, 100 ppm.

(d)Direct flame incinerator with primary heat recovery, 70-3005:  process gas outlet, O-259
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I
Cold cleaners with a working area of 0.5 m2 and corresponding annual emissions

of 0.25 metric tons of solvent belong to the small source category. Small size open top

vapor degreasers with an annual emission of 4.75 metric tons (17 lbs/8hr day) could also

be considered small sources. Neither the cross-rod nor monorail conveyorized degreasers

can be considered to be small sources even when their uncontrolled emissions are reduced

with good house cleaning practices.

In addition to the earlier mentioned add-on control methods which all include trans-

port of solvent vapor through a control device, the following two methods are applicable

to control solvent emissions from cold cleaners and open top vapor degreasers: raising

the’freeboard and installation of a tank cover (operated either manually or with mechanical

assistance). The general trend of increased cost of add-on control for small sources and

relatively low uncontrolled emissions from cold cleaners make these two control methods

very attractive. They are also the most cost effective way of controlling emissions from

open top vapor degreasers. This is apparent from Figure 7 which shows the cost effective-

ness for various control alternatives for these degreasers. Even for the smallest open

top vapor degreasers, the cost of installation and operation of the extended freeboard

and powered cover can be completely offset by the achievable savings due to lower solvent

usage.

Figure 7 provides a very good example of how cost effectiveness analysis can be

used in development of control strategies. The powered cover and the extended freeboard

provide control efficiency of 40%. The refrigerated chiller does provide 45% control

efficiency, but at a considerably higher cost. Thus, the natural choice for control of

small sources is either a manually operated cover with 30% efficiency or the combination

of a power cover with an extended freeboard. The example in Figure 7 illustrates the

usefulness of cost effectiveness as a criterion in evaluation of control alternatives. Cost

effectiveness can naturally be applied to both capital cost and annual cost.
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As in the earlier examples of economic criteria related to small sources control,

the cost effectiveness criterion can be further refined to more specifically characterize

source size. Derivatives of the cost effectiveness curves can again provide useful differen-

tial cost effectiveness.

Figure 8 and 9 show cost effectiveness of adsorption and incineration as a function

of source size.3 The values of the derivatives of the curves in these figures are presented

in Table 2. Absolute values of these derivatives were used to avoid the inconvenience

of working with negative numbers. High values for small sources indicate an unfavorable

trend in cost effectiveness for these sources. However, the trend is more favorable for

incineration than for adsorption. The differential cost effectiveness singles out the effect

of source size on cost effectiveness and therefore, represents a very useful criterion

specifically suited for the evaluation of small source control alternatives.

The economic impact of the VOC emission control regulations will frequently depend

on the size of the establishment owning the source. A disproportionately severe impact

on smaller establishments may have a profound effect on the entire industry structure

as well as on the economy in general. Several criteria presented below should be helpful

in determining the impact of the VOC control regulations on industry in general and on

smaller establishments in particular.

The starting point in the evaluation of the impact of the regulation on industry

is the analysis of the business background of the industry. This effort is by its nature

complementary to the study of the distribution of sources by size. The most essential

business background information needed is: total assets, productive assets, income before

taxes, yearly increase in sales and profits, all as a function of the size of industrial estab-

lishments. Once this information is available, specific criteria based on the following

ratios can be established for analysis of the impact of the regulations:
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Figure 8: Cost-effectiveness (based on annual cost) of carbon
adsorption systems (no credit given for recovered
solvents). (3)
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TABLE 2

DIFFERNTIAL COST EFFECTIVENESS FOR
ADSORPTION AND INCINERATION(a)

Source Size
(SCFM)

3,000-7,500

10,000

7n -non- 50 mm

Differential Cost Effectiveness
($/Ton/SCFM)

Carbon Adsorptiontb) Incineration(‘)

400 .,,Y

128

18 12.5

‘(a)Based  on annual cost data from Reference 3.

W *NO credit given for recovered solvents, 100 ppm, 70°F exhaust temperature.

(c)  iPrimaw  heat recovery, process temperature 70°F,  100 ppm
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-Capital expenditures required for control/company’s total assets/company size.

-Capital expenditures required for control/company’s productive assets/company
s i z e .

-Annual cost control/income before taxes/company size.

Additional economic factors affecting the cost effectiveness of a company’s control pro-

gram and having a particular impact on smaller establishments are the availability of

funds (interest rate), and the feasibility of solvent recovery and reuse.



4.0 TECHNOLOGICAL ASPECTS OF SMALL SOURCE CONTROL

Many characteristics of a technological process, such as the raw materials, basic

unit operations, products, type of emissions, etc. are often independent of process scale.

However, some important technological elements may be affected by process scale.

For instance, the design of the equipment may be different at the small and at the large

scale end of a process. Operation and maintenance practices are also likely to be affected

by process scale. Some characteristics of process emissions such as their concentration,

composition, etc. will frequently vary as a function of process scale. As a result, technical

feasibility of emission control will often be affected by process scale. This is true for

both add-on controls and for low/no solvent technologies.

Two sets of criteria for evaluation of the impact of technological factors on feasi-

bility of small source control can be formulated: emission criteria and process criteria.

Emission criteria are primarily related to the complexity of the emissions. Feasibility

of reuse of the recovered solvent or heat is very much affected by the complexity of

the emissions. The following criteria can be formulated:

-Complexity of emissions as related to process scale (number of solvents used, fre-
quency of change in solvent composition).

-Variability of solvent concentration as related to process scale. Smaller and diverse
batches will result in variable emissions and lower efficiency of control equipment.

Some process criteria related to the complexity of the emissions are:

-Distribution of process batch size as related to process scale (e.g. duration of shortest,
average, longest batch). Short batches imply frequent discontinuities in the emissions,
with the associated changes in concentration which tend to reduce the efficiency
of the control equipment.

-Number of different products, requiring different solvent mixtures, as related to
process scale. Different solvent mixtures reduce the technical feasibility of recovered
solvent reuse. They also inhibit the economy of scale in solvent recovery.
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-Batch diversity as a function of process scale (e.g. number of batches requiring
different coating formulations). Frequent changes in composition of the emissions
unfavorably affects the efficiency of solvent recovery and reuse.

-Number of functional requirements imposed on the product. Frequently complex
functional requirements, which the product must satisfy, make substitution by low/no
solvent technologies difficult or altogether impossible. These technologies may
thus be moved beyond the reach of small establishments.

Energy consumption for emission control is also an important consideration. Many

criteria related to energy consumption in emission control as a function of source size

can be formulated. Several examples are listed below. These criteria are very similar

to the ones related to the economics of control which are presented in Section 3.3.

-Energy consumption for emission control as related to source size (e.g. BTU/hr/SCFM
or BTU/hr/lbs  solvent emitted/hr etc.).

-Unit energy consumption - energy consumption for emission control per unit equip-
ment size, as related to source size (e.g. BTU/hr/SCFM/lbs  solvent emitted/hr).

-Differential unit energy consumption - mathematically a derivative of the unit
energy consumption. This criterion emphasizes the effect of source size on unit
energy consumption.
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5.0 DISTRIBUTION OF EMISSION SOURCES BY SIZE

In developing control programs for the volatile organic compounds (VOC), priorities

are given to those industries and processes which emit larger amounts of VOC. The basic

technological and economic characteristics of these industries are studied in the initial

phases of development of emission control strategies. The analysis of distribution of

the emission sources by size is most beneficial in this initial phase. This analysis should

show the contribution of small sources to the overall VOC emissions. Thus, in further

study proper emphasis can be placed on analyzing the relationship between source size

and the technological and economic characteristics of an industry.

Distribution of emission sources by size is closely related to the enforcement aspects.

Small sources often outnumber the large ones within an industry. The enforcement effort

increases with an increase in the number of the regulated sources. As smaller and smaller

sources are regulated, smaller increments in the overall reduction of VOC emissions are

achieved. The result is a diminishing return on the effort. l

Nationwide statistical data from the Bureau of Census’ are employed in Figure 10

to illustrate the distribution of solvent emissions by source size for three industries:

dry cleaning, metal cleaning and metal furniture painting. The corresponding Standard

Industrial Classification Codes (SIC) for these industries, on which this correlation is

based are: 7216, 3451 and 2514 respectively. The distribution curves are cumulative.

They represent total emissions from all sources smaller than a given size. The vertical

.

cut off lines correspond to the small source definition in the Los Angeles Rule 66.6 They

represent sources emitting 15 lbs/day and 40 lb/day.

EPA data on average emissions per employee in these industries’ were used to cor-

relate the number of employees per establishment with the corresponding solvent emis-

sions. It can be seen that the dry cleaning industry is characterized by the largest relative
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contribution of small sources to the total solvent emissions. The emission factors typically

ignore the size of the establishment. Also in reality, many sources may already be controlled

to varying degrees.

Additional restrictions on the validity of the above distribution analysis are imposed

by the limitations of the SIC system. The processes, as defined with regard to solvent

emissions, do not always clearly correspond to SIC classifications. The latter may be

broader or narrower. For instance in illustration in Figure 10, metal cleaning was repre-+
sented  by the Screw Machine Products Industry (SIC Code Number 3451). Many other

metal cleaning operations, such as the applications in maintenance, may be fairly indepen-

dent of the size of the establishment.

The SIC system nevertheless provides a useful tool for regional estimates of VOC

emissions.’ With proper understanding of its limitations, statistical information based

on the SIC system could provide valuable insight into the importance of small sources

in solvent emissions. The emission factors, which are sufficiently refined to reflect the {

effect of source size, would be very helpful in developing control strategies. Source

size distribution data could then serve as a basis for application of the following criteria

related to small source control requirements:

-Contribution of small sources to total regional VOC emissions for a given industry.
If the contribution of small sources to total regional VOC emissions is significant,
their control may be required in order that the overall regional VOC emission reduc-
tion objectives be realized.

-Distribution of sources by size - Knowledge of the source size distribution is required
for proper definition of a small source for the purpose of emission control exemption.

-Enforcement effectiveness ratio - A quantitative or semi - quantitative estimate
of the required enforcement effort as a function of the number and size of sources
to be enforced is needed. VOC control strategy can then be developed to achieve
an optimum emission reduction per unit cost of the enforcement effort (which can
be expressed e.g. in man-hours/source).
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1.0 INTRODUCTION

An effective strategy for control of photochemical oxidants requires knowledge of

the sources of their precursors, volatile organic compounds (VOC).  This information is

obtained by means of an emission inventory. Specifically, an emission inventory provides

information about:

l the types of sources present in an area;
a the quantity of pollutant emitted;
0 the types of processes and equipment present at each plant;
0 the type and number of emission control devices present at each plant.

The primary use of the inventory data is as input to the source/receptor model used

by the air pollution control agency to relate emission of precursor pollutants (VOC  and

NOx)  to the resulting concentrations of photochemical oxidants in the ambient air. Data

collection represents the most difficult step in an inventory. Ideally, the best way to

gather inventory data is to visit each source and directly determine emissions by source

test or material balance. A more common technique used by air pollution control

agencies for gathering emission inventory data is the mail survey. A mail survey consists

typically of the following steps:

0 mailing lists must be prepared;
0 questionnaires must be designed;
0 data handling procedures must be prepared and organized;
0 response receiving systems must be established.

A mailing list tabulates the name, address, and general process category of each

facility to be surveyed. Most facilities will fall within some standard industrial

classification category designated by a numerical code under the Standard Industrial

Classification (SIC) system. The SIC system, in conjunction with solvent end use

information, may provide a very useful tool in the planning stages of an emission

inventory.
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The correlation between solvent usage and the SIC code is especially useful because

of a considerable amount of statistical information associated with the SIC system, such

as the number of employees in a given industry, etc. ’ s2 Thus, preliminary regional solvent

emission estimates in a given SIC category could be obtained from regional employment in

that category. Preliminary estimates of the emissions can be used to improve the

effectiveness of a mail campaign by limiting its scope. This is especially important in the

cases when the requirements of a comprehensive mail survey exceed the resources

available to the agency. In this regard, procedures have been developed for obtaining

emission estimates for small (~50  ton/year) solvent users when the inventorying .agency

cannot afford to obtain information directly on these sources by questionnaires or plant

visits.’

Design of a questionnaire is another important task in a mail survey. Questionnaires

are typically addressed to the so called “point sources.” Point sources are larger sources

for which individual records are kept in the inventory file. Conversely, the so called “area

sources” are reported collectively. Although the questionnaires are most often directed

to the point sources, they may occassionally  be used to obtain information on typical area

sources as well. For instances, residential combustion is generally treated as an area

source. The emissions associated with this area source can be estimated by sending

questionnaires to fuel suppliers.

Questionnaires used in mail surveys can be either industry specific or can encompass

many source categories. Table1 provides an example of the information which could be

requested in a comprehensive questionnaire.4 The questionnaire contains ten groups of

questions related to solvent use. An example of such questionnaire is included in the

Appendix. 4

Every inventory should cover solvent emissions in the region of interest as

completely as possible. Those emissions, not covered by the point source questionnaires,
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TABLE 1

A General information about the source such as company name.

B Address, names of contacts, nature of business, operating schedule, etc.

1 Solvent usage in degreasing operations.

2 Solvent usage in dry cleaning operations.

3 Solvent usage in protective or decorating coatings.

4 Solvent usage in fabric or rubberized coatings.

5 Solvent usage in miscellaneous surf ace coatings.

6 Operating and design characteristics of ovens.

7

8

9

1 0

Solvent usage in printing.

General solvent usage.

Capacity and annual throughput of solvent storage facility.

Essential design and operating characteristics of VOC emission control
and exhaust system.

TYPICAL INFORMATION REQUESTED IN A
SOLVENT USE QUESTIONNAIRE

QUESTION
CATEGORY

CODE NUMBER
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plant visits, or other direct means need to be estimated by indirect means. These

emissions are released largely from products used in the consumer and commercial

sectors. In general, the level of these emissions will correspond to population density and

other statistical parameters characterizing the region.

Therefore, the statistical information about a region can be used in estimating

emissions from the area sources provided the relationship between Jhis  statistical

information and solvent emission is known. This relationship can be established on a

nationwide basis by means of solvent use data presented in Part I of this report. The most

common such relationship associates solvent consumption with population density, result-

ing in a “per  capita” solvent consumption data.

The objectives of Part III of this study are:

l To establish the correlation between the solvent end uses identified in Part I of
this report and the SIC categories to facilitate planning of emission inven-
tories.

l To review the ’ scope of information requested in a typical VOC emission
questionnaire and identify those solvent emissions which would not be covered
by such questionnaires.

l To recommend a way to estimate regional emissions from those end-uses not
covered by typical point source inventory procedures.



I 2.0 CLASSIFICATION OF SOLVENT END USES

In order that the solvent und use information can be effectively utilized in VOC

control programs, the identified end uses were classified into industrial and consumer/

commercial sectors. This classification is shown in Table 2.

Several of the end uses in Table 2 appear to overlap although they do not. Some

narrowly defined uses appear to be already fully contained in other, more general end use

categories. Thus, for example, “Extraction, Vegetable Oil,” “Extraction Solvent,”

“Extraction, Rare Metals” and “Industrial Uses” are listed as separate end uses in the

industrial sector in Table 2. Obviously, vegetable oil extraction and rare metals

extraction are both extraction processes and wold thus appear already contained in the

“Extraction Solvent” category. The “Extraction Solvent” category appears in turn already

contained in the more general “Industrial Processes” category.

This apparent overlap results from the method employed in solvent consumption

estimates. The available end use information was much more detailed for some solvents

than for the others. Solvents for which only less detailed breakdown was available were

by necessity classified into more general categories.

It is important to realize that these more general categories, as presented in

Table2, do not contain any of the solvents from the more specific categories. Reference

to the Tables Al and A2 in the Appendix of Part I will help resolve any ambiguities. Thus,

in the above example of extraction solvents, Table A2 will show that the 11 gg/y  solvent

consumed in the “Extraction Solvent” category consists exclusively of trichloroethylene.

Also, all of the 4 gg/y  of solvent consumed in the “Rare Metal Extraction” category

corrrespond  to a single solvent -methylisobutyl ketone, while special naphthas account for

all of the 160 gg/y  of solvent consumed in the vegetable oil extraction. Obviously neither

special naphthas nor methylbutyl ketone are included in the more general category of

“Extraction Solvent,” which consists entirely of trichloroethylene.

3-5
I .



T A B L E  2

CLASSIFICATION OF SOLVENT END USES INTO
INDUSTRIAL AND CONSUMER/COMMERCIAL USAGE SECTORS

INDUSTRIAL USES

Industrial Surface Coatings
Metal Cleaning
Adhesives, Industrial Use
Industrial Processes
Dry Cleaning
Plastics
Graphic Arts
Ruober
Resins
Textiies
Extraction Vegetable Oil
Auto  Body Refinishing
Paint Removing
Cleaning
Acetaldehyde Process
Cellulose Acetate Solvent
Pharmaceutical Industry
Lube 3il  Refining
Phillips Low Pressure Polyethylene
Solvent

Extraction Hardwood Pulping
Electrolytic Solvent in Crignard
Reaction

Inks
Foam Blowing
Extraction, Udex
Extraction Solvent
Toluene Dlisocyanate Process
Solvent for Acetylene
Extraction, Butadiene
Extraction, Rare *Metals

CONSUMER/COMMERCIAL

Architectural surface coatings
.4erosol Products
Household
Toiletries
Rubbing Compound
Windshield Washing
Polishes and Wax&
Adhesives, non-industrial use
Space Deodorant
Moth Control
Laundry Treatment

OTHER USES

Pesticides
Cut-back asphalt

SUBTOTAL, IDENTIFIED USES**

UNIDENTIFIED USES*+

Nationwide
Consumption

gg/y  (Ibs  x lOs/y)*

1,820
660
465

0 350
2 9 0
280
270
210
210
180
160
160

7 5
7 4
7 1
46

:

1 8
1 5

I5
1 5
13
1 2
11

::
5
5

320
292
160
113

53
52
41
25
15
1 2

3

140
90

TOTAL”

l gg =  10’  mt =  10’  kg
*rounded off to two significant figures

3-6

230

(3071
(201  I

6,900

900-

7,800

(2,400) (14%)

(5081 (3%)

(15,000! (88%)

(2,000) (12%)

(17,000) ( 100%)



Similar problem of end use overlap can be noticed in the consumer/commercial

category. Thus, solvent use in “Toiletries” and “Cleaning” appears to overlap with the

“Aerosols” category and all of these categories are in an apparent overlap with the

“household” category. Again, reference to Table Al will show that although many other

solvents are contained in household products, the 160 gg/y  of solvent from the “House-

hold” category in Table 2 consists exclusively of special naphthas (120 gg/y) and

isopropanol (40  gg/y).
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3.0 CORRELATION OF SOLVENT END USES WITH THE STANDARD INDUSTRIAL
CLASSIFICATION (SIC)

The SIC classification is intended to conform to the actual structure of industry as

it is found to exist in the American economy. It does not therefore, follow any single

principle, such as the use of the products, market structure, the nature of raw materials,

etc.

The system is based on a concept of the operating establishment. An operating
.>I

establishment is an economic unit which produces goods or services - for example, a farm;

a mine; a factory; and a store. In most instances, the establishment is at a single physical

location and it is engaged in one, or predominantly one, type of economic activity for

which an industry code is applicable. A group of establishments which has significance

with regard to a number of persons employed, volume of business and other economic

factors such as number of establishments, payroll and value added, is recognized as an

industry and assigned a unique code number.

If SIC code is to be used in conjunction with solvent emission inventory, proper

distinction between the industrial processes which produce solvent containing products

and the processes where these products are used is necessary. The release of the solvent

to atmosphere may occur in the product manufacturing phase, or it may occur during

product use (possibly as a step in another manufacturing process). Occasionally, solvents

are released both during manufacture of a given product and during its subsequent use.

An effort was made to correlate the solvent end uses with those SIC industries in which

the solvent is actually released to the atmosphere. In this sense, the SIC code could not

be conveniently applied to the end uses in the consumer/commercial sector because of a

multitude of ways and locations in which these solvents are released to the atmosphere.

Therefore, as far as an emission inventory is concerned, this sector corresponds to the

area source. Conversely, the point sources which represent a physical location at which

significant quantities of solvents are released to the atmosphere, correspond to the

industrial sector in Table 2.
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The industrial sector encompasses a very large number of SIC industries. For the

purpose of correlation with solvent end uses it was necessary to condense these SIC

industries into several major categories. These categories, designated with code numbers

from 1 to 35 are presented in Table 3 along with the corresponding SIC industries.

Table 4 correlates the individual solvent end uses with these major categories. In

many cases, a one-to-one relationship exists. However, in some cases one end use

corresponds to many SIC categories. This is well illustrated in the case of surface

coatings which covers 14 SIC categories.



TABLE 3

CLASSIFICATION OF INDUSTRIAL CATEGORIES

Code Standard Industrial
Number Classification (SIC)

6
7
8
9
10
1 1

1 2
1 3
1 4
15
1 6
1 7

1 8
1 9

20
2 1
22
23

2 4
25
26
27

28
29
30
3 1

32 Miscellaneous Manufacturing

33
34
35

Fats and Oils
Alcoholic Beverages
Dyeing and Finishing Textiles
Fabric Coating
Millwork, Veneer, Plywood & Structural
Wood Members
Wood Containers
Furniture and Fixtures
Metal Furniture
Paper and Allied Products
Pharmaceutical Preparations
Specialty Cleaning, Polishing &
Sanitation Preparations
Paint Manufacturing
Industrial Organic Chemicals
Cyclic Crudes, Intermediates, etc.
Adhesives
Rubber and Plastics Products
Fabricated Metal Products, except
Machinery & Transportation Products

Febricated  Structural Metal Products
Electrical and Electronic Machinery,
Equipment and Supplies

Major Applicances
Small Appliances
Transportation Equipment
Motor Vehicles & Motor Vehicle
Equipment
Ship & Boat Building & Repairing
Carbon Paper Manufacture
Paint Shops (automotive repair)
Printing, Publishing & Allied
Industries
Dry Cleaning
Rubber Manufacturing
Plastic Materials and Synthetic Resins
Degreasing (primary metal, machinery)

Printing Ink
Industrial Inorganic Chemicals
Lubricating Oils and Greases

207-
2082, 2084, 2085
226 1, 2262, 2269
2295

243-
244-
25--
2514, 2522, 2542, 2591
2 6 -
2834

2842
2851, 3952
2869
2865
2 8 9  1
3011, 3021, 3041

34-
3442

36--
3631, 3632, 3633
3634, 3635, 3636
37--

37 l-
373-
3955
7531,7535

27--
7215,7216,7218
2822, 3031, 3069
282-
3341, 335-, 336-, 3391,
3511, 3522, 3531, 3541,
3542, 3544, 3551, 3562,
3566, 3571,3579,3585,
3599,3822,  3949,3999,
3931, 394-, 395-, 396-,
399-, 3996
2893
2819
2992
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TABLE 4

CORRELATION OF SOLVENT END USES WITH
THE CONDENSED SIC CATEGORIES AND

SOLVENT EMISSION QUESTIONNAIRE

Solvent End Use
In The Industrial Sector

Industrial Surf ace Coatings

Metal Cleaning
Adhesives (Industrial Use)

Condensed
SIC Category

Code Numbers*
4,6,7,8, 17, 18

is, 20, 21, 22,
23, 24, 26,32,  (a)

3 1
23,  19, (a)

Question Group
Code Numbers**

3, 4, 5, (b)

3, 4;5(a;,pp)

8: (a): (b)Industrial Processes

Dry Cleaning
Plastics
Graphic Arts
Rubber
Resins
Textiles
Extraction, Vegetable Oil
Paint Removing
Cleaning
Acetaldehyde Process
Cellulose Acetate Solvent
Pharmaceutical Industry
Lube Oil Refining
Phillips Low Pressure Polyethylene
Solvent

Extraction, Hardwood Pulp
Electrolytive Solvent in Griguard

Reaction
Inks
Foam Blowing
Extraction, Udex
Extraction Solvent
Toluene Diisocyanate Process
Solvent for Acetylene
Extraction, Butediene
Extraction, Rare Metals

2,9, 12, 13, 14
15, 25, 29 (a)

28
30
27

16,29
30
3

ct
(cl
13
13
1 0
35

30 8
9 8

1 3 8
33, 27 798

30 8
13 8
13 8
13 8
13 8
13 8
34 8

. . . .

8, (ai (b)
8, (a): b)

8
8
8
8

(al The code numbers do not completely cover the corresponding end use.
(b) Solvent may be released from materials not specifically mentioned in the question-

naire. Solvent content may not be known to the user.
(c) Used in industrial maintenance in very large number of industries.

*Condensed SIC categories and the associated Code Numbers are presented in Tab&e 3.
**Question Groups and the associated Code Numbers are presented in Table 1. They

refer to the Solvent Emission Questionnaire as presented in Reference 4 (see Appendix).



4.0 SCOPE OF THE QUESTIONNAIRE

In addition to SIC codes, Table 4 also correlates the solvent end uses with the

questions used in the solvent emisssion questionnaire as presented in Reference 4. For

easy reference, unique question code numbers were assigned to each major group of

questions in that questionnaire. These code numbers are listed in Table 1 and are used for

correlation with end uses as shown in Table 4.

Practically the entire industrial solvent use sector is covered by the questionnaire.

Some difficulties may be expected in the cases when the respondents do not know the

solvent content of the material they are using. Such difficulties may be expected, for

example, in manufacturing of rubber products, printing, application of adhesives and

surface coatings.

Due to a large amount of solvent released in application of adhesives (465 gg/y),  this

end use merits special consideration. Those adhesive applications which utilize roller,

flow, curtain, spray and knife coating techniques will be identified in that portion of the

questionnaire which addresses surface coatings (Question Groups 3, 4, 5). However, there

are application techniques unique to the adhesives which include gravity, capillary wick,

and pressure or vacuum feeding of adhesives between prepositioned substrates. Such

techniques have been used, for instances, in bonding of extruded aluminum corners of

electronic equipment cabinets.’ They are significantly different from traditional surface

coating operations. Some of the adhesives related solvent usage may go unreported

because it would not be specifically requested by any of the question groups. The

“General Solvent Use” (Group 8) should perhaps be expanded to include, in addition to pure

solvents, other materials which contain solvents.

I t  is  interesting to see what portion of the entire domestic annual

consumption is covered by the individual question groups in the questionnaire.

solvent

Question

groups are correlated with solvent consumption in Table 5. The table shows that the
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TABLE 5

Question
Group

’ Code
Numbers Question Groups

1 Degreasings
2 Dry Cleanings
3 Protective or Decorative Coatings
4 Fabric or Rubberized Coatings
5 Miscellaneous Surface Coatings
6 Characteristics of Ovens
7 Printing
8 General Solvent Use
9 Bulk Solvent Storage

BREAKDOWN OF SOLVENT CONSUMPTION IN THE

INDUSTRIAL SECTOR BY INDIVIDUAL GROUPS OF

QUESTIONS IN THE QUESTIONNAIRE(a)

Total

Nationwide
Consumption

a/y (lbs x 106/y)

660 (1,450) (14.3%)
290 (640) (6.3%)

1,820 (4,000) (39.5%)

270 (600) (5.9%)
1,570 (3,500) (34.0%)

4,610 (10,100) (100%)

(a)Solvent  Emission Questionnaire as presented in Reference 4 (see Appendix).
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largest solvent consumption (39.5%) is associated with the combined Question Groups 3, 4

and 5. These groups are concerned with surface coatings which are broken down into

protective and decorative (Group 3),  fabric or rubberized (Croup 4) and miscellaneous

(Group 5).

Thirty-four percent of all the solvent use corresponds to the “General Solvent Use”

question group (Group 8). This group covers a large number of end uses. All of these end

uses, a total of 20, are listed separately in Table 6, along with the corresponding SIC code

numbers for major industry groups from Table 3.

As far as solvent emission inventory is concerned, Table 6 may be more useful if the

SIC code numbers were expressed in terms of end uses. This is shown in Table 7. Since

many SIC code numbers correspond to several end uses and vice versa, a one-to-one

correlation is often impossible. Therefore, solvent consumption corresponding to some

code numbers ‘could not be determined. Nevertheless, 70% of the 1570 gg/y  of total

solvent consumption associated with the “General Solvent Use”  question group was.

directly correlated with the SIC code numbers. Four major code numbers, 1, 3, 13 and 30

account for most of this 70%. These code numbers correspond to plastic materials and

synthetic resins (521 gg/y),  dyeing and finishing textiles (180 gg/y),  industrial organic

chemicals (160 gg/y) and fats and oils (160 gg/y),  respectively.

Table 7 also lists the total number of end uses which correspond to the individual

code numbers. Again, relative importance of code numbers 13 and 30 is indicated by the

large number of the associated solvent end uses. Thus, industrial organic chemicals (Code

No.13) covers eight and plastic materials and synthetic resins (Code No.30) cover four

solvent end uses. Therefore, the “General Solvent Use” question group will be most

important in the questionnaires directed at the above mentioned industries with Code

Numbers 1, 3, 13 and 30.
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TABLE 6

SOLVENT END USES COVERED BY THE “GENERAL SOLVENT USE”
PART OF THE QUESTIONNAIRE(a)

Industrial Processes

Plastics
Resins
Textiles
Extraction, Vegetable Oil
Paint Removing
Acetaldehyde Process
Cellulose Acetate Solvent
Pharmaceutical Industry
Lube Oil Refining
Phillips Low Pressure Polyethylene Solvent
Extraction Hardwood Pulping
Electrolytic Solvent in Grignard Reaction
Foam Blowing
Extraction, Udex
Extraction Solvent
Toluene Diisocyanete Process
Solvent for Acetylene
Extraction, Butadiene
Extraction, Rare Metals

Total

Nationwide
Consumption

gg/yb)

380

280
210
180
1 6 0
75
71
46
29
25
1 8
1 5
1 5
1 3
1 2
11
1 0
1 0
5
5

1,570

Condensed SIC
Categories

Code Numbers(c)

2, 9, 12, 13,
14, 15, 25, 29

30 ,
30
3

6,
13
13
1 0
35
30
9
13
30
1 3
13
13
13
29
34

(a)Solvent  emission questionnaire as presented in Reference 4 (see Appendix).
(b)gg = 103mt = 106kg
(c)Condensed SIC industry categories and their associated code numbers are presented

in Table 3
(d)Used in industrial maintenance in very large number of industries.
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TABLE 7

Condensed
SIC

Category
Code No.

(b)

1
2
3
9

1 0
1 2
1 3
1 4
1 5
2 5
29
3 0

34
35

CONDENSED SIC INDUSTRY CATEGORIES COVERED
BY THE “GENERAL SOLVENT USE” PART OF THE

QUESTIONNAIRE (a), (b)

Condensed SIC Industry
Category(b)

Fats and Oils
Alcholic Beverages
Dyeing and Finishing Textiles
Paper and Allied Products
Pharmaceutical Preparations
Paint Manufacturing
Industrial Organic Chemicals
Cycle Crudes, Intermediates, etc.
Adhesives
Car bon Paper Manufacture
Rubber Manufacturing
Plastic Materials and Synthetic
Resins
Industrial Inorganic Chemicals
Lubricating Oils and Greases

Subtotal

Other Industries

Total

Nationwide
Consumption

gg/yw

160
(d
180
(d

69
1 6 0
(d)

I:;
(d

5 2 1 4
5 1

25 1

Number of
Solvent End

Uses To
Which The

Code Applies

1
1
2
1
1
8
1
1
1
2

1080

1570

(a)Solvent  emission questionnaire as presented in Reference 4 (see Appendix).
(b)Condensed  SIC Industry Categories and their associated code numbers are

presented in Table 3.
(c)gg = lo3 mt = 106kg.
(d)The value could not be determined due to lack of one-to-one corres-

pondence between industry categories and solvent end use.
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5.0 AREA SOURCES

The end uses in the consumer/commercial category would, for the purpose of the

VOC emission inventory, most conveniently be treated as area sources insofar as they can

neither be associated with a particular SIC code nor specific location. Regional levels of

solvent emissions from such sources could be determined from various statistical

information, once the relationship between that statistical information and the nationwide

solvent consumption patterns is established. Following are some of the parameters which

may be applied:

0 Number of inhabitants (per capita allocation)
0 Number of people employed
0 Number of people employed in industry
0 Number of people employed in specific industries
0 Number of people engaged in agriculture
l Number of households
0 Regional consumption of electricity, water, gas, fuel
0 Level of sales of. specific products.

lMost often, the  per capita approach will be the easiest one to apply. Statistical

information required for this approach is most readily available. It is likely that in some

cases more specific parameters could yield improved results. However, further study on

the relationship between solvent emission and these various potentially applicable

parameters is needed before they can be readily used.
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6.0 UNIDENTIFIED SOLVENT CONSUMPTION

The results of the solvent end uses study, presented in Table 2, show that

approximately 900 gg/y  of solvents is consumed in unidentified end uses. This is primarily

due to the limited information on end use breakdown for the surveyed solvents. In

addition, certain solvents were not included in the survey because of a lack of information

regarding their production. “I  ,Jr

This unidentified solvent consumption poses a problem with regard to a solvent

emission inventory. The question is whether this unidentified solvent consumption should

be treated as area sources (and allocated on a per capita basis) or as both area and point

sources. If this later alternative is adopted, then the relative amount of solvent

consumption related to area and point sources must be determined. In addition, it must be

decided how to proportionate the unknown solvent consumption to the individual point

sources. The available solvent end use information is insufficient to answer these

questions.

A partial solution to this difficult problem may nontheless be possible. No matter

how the unidentified solvent consumption is treated, it will cause an error in solvent

emission inventory. The proper question to ask is therefore: How can this error be

minimized. When answering this question an important point should be kept in mind.

In most industrial as well as in most consumer/commercial applications, solvents are

used as mixtures. It is reasonable to assume that the unidentified solvent consumption

largely corresponds to minor solvent components in such mixtures both in industrial and

consumer/commercial applications. It is likely that in the average the unidentified minor

components of solvent mixtures are used in the industrial and consumer/commercial

applications in the same proportions as the major components of these mixtures.

Therefore, the unidentified solvent consumption should be proportioned between the area

sources and the point sources in the same way as the identified solvent consumption.

r
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In reality, these proportions may be considerably different and the assignment of the

unidentified solvent consumption to the industrial and consumer/commercial sectors in

this manner will very likely produce an error. However, we believe that as far as an

emission inventory is concerned, this error will be significantly smaller than if the entire

unidentified solvent consumption was treated as an area source and allocated on a per

capita basis.

Solvent consumption in pesticides and cutback asphalt should not be considered in

the above analysis because both of these end uses involve almost exclusively special

naphthas and therefore, will not contain any portion of the unidentified solvent consump-

tion.

According to Table 2, about 80% of the identified solvent consumption takes place

in the industrial sector, which corresponds’ to the point sources, and 20% in the

consumer/commercial sector corresponding to the area sources. By analogy then, 80% of

the 900 gg/y  of the unidentified solvent consumption should also take place in the

industrial sector. This amounts to about 700 gg/y. The remaining 200 gg/y  should

therefore be associated with the consumer/commercial sector.

Solvent consumption in some of the industries and processes in the industrial sector,

presented in Table 2 is understated. This is because some of the solvents used in these

industries in minor quantities were not identified. One portion of the 700 gg/y  therefore

corresponds to these solvents. In addition, some of the minor industrial uses were not

identified. They account for the remainder of these 700 gg/y  of unidentified solvent

consumption.

The present data are insufficient to allocate the unidentified industrial solvent

consumption to specific industries and processes. Fortunately, this is not likely to

interfere with emission inventories since it is expected that most of the unidentified

solvent consumption will be adequately covered by the industrial solvent use question-

naires.

.
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In summary, point sources will account for 80% of the total solvent consumption and

area sources for 17%. The remaining 3%,  corresponding to “Other Uses” (pesticides and

cutback asphalt) should be allocated by special techniques. One way of obtaining

information on regional levels of use of pesticides and cutback asphalt is to contact

regional agricultural and transportation government agencies or institutions. Statistical

‘information on sales of pesticides may prove valuable. Procedures for inventorying these

sources are included in Reference 4.



7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 Classif  ication of Solvent Consumption

In order that the solvent use information can be effectively utilized in VOC control

programs, the identified end uses were classified in two major categories: industrial and

consumer/commercial, as summarized in Table 8.

TABLE 8

SUMMARY OF SOLVENT END USE CLASSIFICATION

IDENTIFIED USES 6,900 (15,000) 88%

Industrial Uses (Point Sources) 5,500 (12,000) 71%

Consumer/Commercial Uses (Area Sources) 1,100 (2,400)  , 14%

Other Uses (Cutback Asphalt and Pesticides) 200 (500) 3%

UNIDENTIFIED USES 900 (2,000) 12%

TOTAL 7,800 (17,000) -(100%)

As far as a solvent emission inventory is concerned, the industrial end uses can be

considered to correspond to point sources and the consumer/commercial sources to area

sources.

7 .2 Scope of Solvent Emission Questionnaire

The questionnaire, as presented in Reference 4, will cover most of the sources in the

industrial sector (point sources). The “General Solvent Use” part of the questionnaire

covers about one third of the solvent consumption in the industrial sector. This part

should therefore be properly emphasized and provided with specific guidelines for

reporting the use of materials with unknown solvent content. Information on consumption

and solvent content of adhesives should be specifically requested.

<a>gg = 10’  mt = 10b kg
(b)rounded  off to 2 significant figures
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7.3 Allocation of the Unidentified Solvent Consumption

A total of 900 gg/y  of unidentified solvent consumption was allocated to the

industrial and consumer/commercial sectors in the same proportion in which the identified

solvent consumption is distributed. between these two sectors. We believe that this would

lead to smaller error in the solvent inventory than if the entire unidentified solvent

consumption was treated as an area source and allocated on a per capita basis. This

decision is based on the assumption that the unidentified solvent consumption largely
“V

involves minor components in solvent mixtures in both the industrial and consumer/com-

mercial use sectors. On the average, the overall quantity of the minor components of

solvent mixtures consumed in a given use sector can be expected to correspond to the

overall quantity of the major components consumed in that sector. As a result, the

summary of solvent end use classification presented in Table 8, can now be modified as

shown in Table 9.

TABLE 9

SUMMARY OF SOLVENT END USE CLASSIFICATION WITH
UNIDENTIFIED CONSUMPTION ALLOCATED TO INDUSTRIAL AND

CONSUMER/COMMERCIAL SECTORS

Nationwide
ConsumptioqaJ,(bJ

a/y (lbs x 106/y)

Industrial Uses (Point Sources)

Consumer/Commercial Uses (Area Sources)

Other Uses (Cutback Asphalt and Pesticides)

T o t a l

(a>gg  = 10’  mt = 10” kg
(b)rounded  off to 2 significant figures

6,200 (14,000) 80%

1,300 (2,900) 17%

200 (500) 3%

7,800 (17,000) 100%



I 7.4 Recommended Treatment Of Area Sources

In the absence of sufficient data for application of more specific statistical

relationships, a per capita determination of consumer/commercial solvent use emissions is

recommended. This yields an overall nationwide area source emissions parameter of

about 13 lbs of solvent per person. This number is the sum of all consumer/commercial

solvent use in Table 9 (2,900 lbs x 106/yr) divided by the population in the United States

(2 15 million). This total can be assumed, for the most part, to be attributable to the

consumer/commercial uses identified in Table 2. It is recommended that this solvent use

total be added to the industrial and other solvent uses shown in Table 2. An accurate

estimate of all solvent use in the emission inventory will be obtained in this way.

The above recommendation is based on several assumptions. First, it is assumed

that these consumer/commercial area sources have not been otherwise covered in the

inventory based on locale-specific information (e.g. a special survey). For example, in

some areas, architectural surface coatings may be covered by assuming a locally available

per capita paint usage factor. If this is done, the 13 lb per capita solvent use estimate

should be reduced to about 10  lb per capita so that trade paint sales are not accounted

twice. However, such locale-specific information on the use and solvent content will

generally not be available for the wide variety of other consumer/commercial products.

Second, it is assumed that none of the consumer/commercial area sources will be

covered by the procedures used to develop emission estimates for the industrial use

category in Table 2. The point source information on industrial solvent uses should be

~ screened to see if any of the area source categories have been included.

Finally, the assumption is made that all of the industrial solvent uses in Table 2 are

covered by point source inventory procedures. In fact, some of the industrial uses covered

in Table 2 may be treated as area sources because of emission cutoff levels used to
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assuming a certain level of each activity on a per capita or per employee basis. The

extent that this is done in a local inventory should be determined; however, as long as any

such area source estimates do not overlap with the consumer/commercial area source

categories shown in Table 2, double accounting of emissions will  be avoided.

*.C
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APPENDIX A 1

DOMESTIC ANNUAL CONSUMPTION OF SOLVENTS

BY END USE





T A B L E  A l . DOMESTIC  A N N U A L  CONSUMPTLON  O F  S O L V E N T S
RY EN0  U S E

S U R F A C E  C O A T I N G S

T O T A L  CONSUhPTIUN  2 3 2 7  GG/Y  ( 5 1 2 0  MLRS/r)  R E P R E S E N T S
3 3 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  SULVENTS

YEAR GG MLBS
S P E C I A L  N A P H T H A 3 1 9 7 7 1 6 6 7 3668
A C E T O N E 19 0 9 3 2 0 5
M E T H Y L  ISUeUl  YL  KETONL 1 9 7 7 b2 138
M E T H Y L  E T H Y L  K E T O N E 1 9 7 3 1 7 7 3 9 0
E T H Y L  A C E T A T E 1 9 7 6 4 6 1 0 3
HUTYL  A C E T A T E S 1 9 7 7 40 9 0
dUTYL  A L C O H O L S 1 9 7 2 60 1 3 2
GLYCOL  E T H E R S 1 9 7 5 6 7 1 4 9
ISOPRUPANOL 1 9 7 4 111 245

M E T A L  CLEANiNG

TOTAL CONSUMPTION 6 5 8  GG/Y  ( 1 4 4 9  MLbS/Y)  HEPRESENTS
9 %  O f  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
S P E C I A L  NAPHTHAS 1 9 7 7 274 6 0 4
+tETHYLENE  C H L O R I D E 1 9 7 6 2 5 5 5
PEWCHLO,ROETHYLENE 1 9 7 4 5 4 120
lrlrlr  T R I C H L O R O E T H A N E 1 9 7 6 1 9 5 4 3 1
TRICHLOROETHYLENt 1 9 7 8 108 2 3 9

A D H E S I V E S

TOT4L  C O N S U M P T I O N 4 8 5  GG/Y  ( 1 0 6 9  MLBS/Y)  R E P R E S E N T S
7X O F  T O T A L  OOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG HLBS
S P E C I A L  NUAPHTMAS 1 9 7 7 4t8 9 2 0
M E T H Y L  ISOaUTYL  K E T O N E 1 9 7 7 3 8
M E T H Y L  E T H Y L  K E T O N E 1 9 7 3 3 6 8 1
BUTYL  A C E T A T E S 1 9 7 7 2 7 6 0

I N D U S T R I A L  P R O C E S S E S

T O T A L  C O N S U M P T I O N 3 8 0  GG/Y  ( 8 3 6  MLBS/Y)  R E P R E S E N T S
5 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  SOLVENTS

YEAR GG MLBS
S P E C I A L  N A P H T H A S 1 9 7 7 42 9a
E T H A N O L 1 9 7 5 3 7 8 2

%
7 1

4
2
7
2
1
2
2
4

x
4 1

3
8

2 9
1 6

x
86

0
7
5

x
11

9

Al



lA8LE Al. O O M E S T I C  AFtNUAL  C O N S U M P T I O N  O F  S O L V E N T S
B Y  EN0 U S E  ( C O N T . 1

M ETHANOL 1 9 7 7 300 660 78

T O T A L  C O N S U M P T I O N 2 9 2  GG/Y  ( 6 4 3  MLeS/Yl  R E P R E S E N T S
4 %  O F  T O T A L  nOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
S P E C I A L  N A P H T H A 5 1 9 7 7 6 5 145
FLUOROCARBONS 1 9 7 8 7 4 1 6 3
CHLOROFLUOROCAk~ONS 19 0 102 22s
METHYLENE  C H L O R I D E 1 9 7 6 5 0 110

D R Y  C L E A N I N G

1OfXL  C O N S U M P T I O N 2 8 5  GG/Y  ( 6 2 9  MLBS/Y)  R E P R E S E N T S
4 %  O F  T O T A L  D O M E S T I C  CONSUMPTIUN  O F  ALL  S O L V E N T S

YEAR GG NL8S
S P E C I A L  N A P H T H A S 1 9 7 7 2 4 0 5 2 9
PEHCHLOROETHYLENE 1 9 7 4 45 100

P L A S T I C S

T O T A L  C O N S U M P T I O N 282 GG/Y ( 622 MLBS/Y)  R E P R E S E N T S
4 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  SOLVLNTS

YEAR G G  MLBS.
S P E C I A L  NAPHlHAS 1 9 7 7 2 7 4 6 0 3
E T H Y L  A C E T A T E 1 9 7 6 8 1 9

G R A P H I C  A R T S

T O T A L  C O N S U M P T I O N 2 7 0  GG/Y ( 5 9 5  MLBS/Y)  R E P R E S E N T S
3 %  O F  TOfAL  O O M E S T I C  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR G G  k’L6S
S P E C I A L NAPHTHAS 1 9 7 7 2 6 6 587
GLYCOL ETHERS 1 9 7 5 3 8

RUBBER

x
22
2 5
34
17

x
84
15

x
9 6

3

X
98

1

T O T A L  CONSUMPTION 2 0 9  GG/Y ( 4 6 1  WLBS/r)  R E P R E S E N T S
3 %  O F  T O T A L  OOMESTIC  CONSlJMPTfON  O F  A L L  SOLVENTS

A2  .



I
tARLE  A l . D O M E S T I C  A N N U A L  C O N S U M P T I O N  O F  S O L V E N T S

B Y  EN0  U S E  (CUNf.)

YEAR GG ML0S x
S P E C I A L NAPHTHAS 1 9 7 7 2 0 7 4 5 6 98
E T H Y L E N E OICHLUHIOE 1 9 7 7 2 5 1

R E S I N S

T O T A L  C O N S U M P T I O N 2 0 6  GG/Y  ( US5  MLBS/Y)  R E P R E S E N T S
3 %  O F  T O T A L  UUMEStIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLi3S x
S P E C I A L NAPHThAS 1 9 7 7 1 9 6 4 3 3 9 5
E T H A N O L 1 9 7 s 1 0 2 2 u

T E X T I L E S

T O T A L  C O N S U M P T I O N 1 8 1  GG/Y  ( 4 0 0  MCBS/Y)  R E P R E S E N T S
2 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS %
PERCHLUROETHYLENE 1 9 7 4 1 8 1 4 0 0 100

HOUSEHOLD

T O T A L  C O N S U M P T I O N 157  GG/Y  ( 3a6  MLBS/Y)  R E P R E S E N T S
2 %  O F  T O T A L  DOMESTlC  C O N S U M P T I O N  O F  A L L SOLVENTS

YEAR GG MLHS ii
S P E C I A L  NAPHtHAS 1 9 7 7 120 2 6 5 7 6
I S O P R O P A N O L 1 9 7 4 3 6 8 1 2 3

I
E X T R A C T I O N  , V E G E T A B L E  O I L

tOTAL C O N S U M P T I O N lS5  GG/Y  ( 3 4 2  MLBS/Y)  R E P R E S E N T S
2 X  O F  T O T A L  OOMESTIC  C O N S U M P T I O N  DF A L L  S O L V E N T S

YEAR GG MLBS x
S P E C I A L  N A P H T H A S 1 9 7 7 1 5 5 3112 1 0 0

P E S T I C I D E S

T O T A L  C O N S U M P T I O N lU0 GG/Y  ( 3 0 8  MLBS/Y)  R E P R E S E N T S
2 %  O F  T O T A L  UOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLf3S 4:



A B L E  A l . OOMt;STIC  AlulVlJAL  C O N S U M P T I O N  OF S O L V E N T S
RY E N D  U S E  (CONT.)

S P E C I A L  N A P H T H A S 1 9 7 7 140 308

T O I L E T R I E S

T O T A L  CONSUMPflON 1 1 3  GG/Y  ( 2 4 9  MLBS/Y)  R E P R E S E N T S
1%  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  SOLVEI’JTS  -

YEAR GG MLBS
ETHAfvOL 1 9 7 5 1 1 3 249

A S P H A L T  COMPOUNOS

T O T A L  CONSUMPTIOfv 9 1  GG/Y  ( 202  MLf3S/Y)  R E P R E S E N T S
1 %  O F  T O T A L  O O M E S T I C  C O N S U M P T I O N  O F  A L L  SULVENTS

YEAR GG MLES
S P E C I A L  NAPHTHAS 1977 91 202

P A I N T  HEMOVING

T O T A L  C O N S U M P T I O N 7 5  GG/Y ( 1 6 5  MLBS/Y)  REPRESENTS
1%  O F  T O T A L  O O M E S T I C  C O N S U M P T I O N  O F  ALL S O L V E N T S

YEAR GG b’L6S
METHYLENE  CtILURIDE 1976 75 16s

C L E A N I N G

T O T A L  C O N S U M P T I O N 7 3  GG/Y  ( 162  MLi)S/Y)  R E P R E S E N T S
1%  O F  T O T A L  O O M E S T I C  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG ML95
kTHAI\IOL 1975 63 139
G L Y C O L E T H E R S 1975 10 23

ACETALUEhYOE  P R O C E S S

T O T A L  C O N S U M P T I O N 7 1  GG/Y  ( 1 5 7  MLHS/Yl  R E P R E S E N T S
1 %  O F  T O T A L  OOhESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
ETHAhOL 1 9 7 5 7 1 1 5 7

100

X
1 0 0

x
1 0 0

X
100

x
85
1 4

%
100

A4



T A B L E  A l . 00~ESf1C  A N N U A L  C O N S U M P T I O N  O F  S O L V E N T S
B Y  E N D  U S E  ( C O N T . )

R U B B I N G  C O M P O U N D

T O T A L  C O N S U M P T I O N 5 3  GG/Y  t 1 1 7  MLBS/Y)  R E P R E S E N T S
0% O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  O F  A L L  SOLVENU~S

YEAR GG MLBS

I S O P R O P A N O L 1 9 7 u 5 3 1 1 7

~INOSHIELO  i%ASHING

T O T A L  C O N S U M P T I ON 52  GG/Y  ( 1 1 5  MLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  OoMESTIt  C O N S U M P T I O N  OF ALL  S O L V E N T S

YEAR GG MLBS
M E T H A N O L 1 9 7 7 5 2 1 1 s

C E L L U L O S E  A C E T A T E  S O L V E N T

T O T A L  C O N S U M P T I O N 4 6  GGIY  ( 1 0 2  MCtSS/Yl  R E P R E S E N T S
O X  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  UF A L L  S O L V E N T S

YEAH GG MLi3S

A C E T O N E 1 9 0 46 102

P O L I S H E S  A N D  wAXES

T O T A L  C O N S U M P T I O N 41 GG/Y  ( 9 1  MLBS/Y)  R E P R E S E N T S
0% OF  TOTAL  D O M E S T I C  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
S P E C I A L  N A P H T H A S 1 9 7 7 2 7 6 1
1‘1‘1,  TR I C H L O R O E T H A N E ’ 1 9 7 6 1 3 3 0

P H A R M A C E U T I C A L  INOUSTRY

T O T A L  C O N S U M P T I O N 2 9  GG/Y ( 6 5  MLBS/Yl  R E P R E S E N T S
0 %  O F  TOT4L  D O M E S T I C  C O N S U M P T I O N  OF ALL S O L V E N T S

Y E A R G G  MLBS
S P E C I A L  N A P H T H A S 1 9 7 7 4 9
A C E T O N E 19 0 3 7
METHYLENE  C H L O R I D E 1 9 7 6 11 2 5
M E T H A N O L 1 9 7 7 6 1 5
OIMETHYL  F O R M A M I D E 19 0 2 6
AMYL A L C O H O L 1 9 0 1 3

x
100

x
100

x
1oc-I

x
67
3 2

x
1 3
1 0
3 8
2 3

9
4

A5



L U B E  O I L  R E F I N I N G

T O T A L  C O N S U M P T I O N 2 4  GG/Y  ( S4 MLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  OF  A L L  S O L V E N T S

YEAR GG hLaS
METHYL  E T H Y L K E T O N E 1 9 7 3 1s 41
F U R F U R A L 1 9 7 5 5 1 3

S P A C E  D E O D O R A N T

T O T A L  C O N S U M P T I O N 15  GG/Y  ( 3 4  MLBS/Y)  R E P R E S E N T S
O X  O F  T O T A L  OOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

P - DICHL~RUBENZENE
YEAR GG MLBS
1973 15 34

E X T R A C T I O N  I HAROluOOO  P U L P  I&G

T O T A L  C O N S U M P T I O N 1 5  GG/Y  ( 3 3  MLBS/Y)  HEPHESEbTS
O X  CIF  T O T A L  OOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
METHY;,L  E T H Y L  K E T O N E 1973 15 3 3

E L E C T R O L Y T I C  S O L V E N T  I N  GRIGNARD  R E A C T 1 0

T O T A L  C O N S U M P T I O N 1 4  GG/Y ( 3 3  MLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  OOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T 3

YEAR GG MLBS
T E T R A H Y O R O F U R A N 1 9 7 3 1 5 3 3

I N K S

T O T A L  C O N S U M P T I O N 1 4  GG/Y  ( 3 2  MLBS/Y)  R E P R E S E N T S
0% O F  T O T A L  DOMESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLas
E T H Y L  A C E T A T E 1976 14 32

F O A M  BLO’nING

T O T A L  C O N S U M P T I O N 1 2  GwY  ( 2 8  MLawYl  REPRESENTS
O X  O F  T O T A L  D O M E S T I C  COhSUMPTION  O F  A L L  S O L V E N T S

x
75
2u

x
100

x ‘,
100

%
100

x
100

A 6



TAdLti  A l . DOMkSTIC  Al\iNUAL COfvSUMPTION  O F  S O L V E N T S
6Y ErvO U S E  (CO~T.1

YEAR GG b?LBS
FLUOROCARBONS 1978 12 28

T O T A L  CONSUMPTIOb 1 2  GG/Y  ( 2 7  MLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  D O M E S T I C  CUNSUMPTION  OF  A L L  S O L V E N T S

YEAR GG MLHS
P - DICHLOHOBE~ZENE 1973 12 27

EXTRACTIOhr UOEX

lOTAL C O N S U M P T I O N 11 GG/Y  ( 2 6  MLBS/Y)  REPRESEkTS
OX O F  T O T A L  OOMESTIC  C O N S U M P T I O N  O F  A L L  SOLV~~~JTS

YEAR GG MLBS
THIETHYLENE G L Y C O L 1 9 7 6 2 6
UIETHYLENE G L Y C O L 1976 9 20

E X T R A C T I O N  S O L V E N T

T O T A L  C O N S U M P T I O N II GG/Y  ( 2 5  MLI3S/Y)  R E P R E S E N T S
0 %  O F  T O T A L  DOb’ESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG MLBS
1RICHLOROEThYLEf’iE 1 9 7 8 11 2 5

T O L U E N E  D I I S O C Y A N A T E  P R O C E S S

TOTAL CONSUMPTION 10 GG/Y  ( 2 3  fdLt3S/Y)  R E P R E S E N T S
0 %  O F  T O T A L  D O M E S T I C  C O N S U M P T I O N  G F  A L L  S O L V E N T S

YEAR GG MLBS
(ml-DICHLOROBENZENE 19 0 5 11
P - OICHLORUBENZENE 1 9 7 3 5 1 2

S O L V E N T  F O R  A C E T Y L E N E

T O T A L  CONSUMPTIOh 9 GG/Y  ( 21 MLBS/Y)  R E P R E S E N T S
0% O F  T O T A L  OOMESTIC  COfbSUf4PTION  O F  A L L  S O L V E N T S

YEAR GG HLBS
ACETOr\rE 1 9 0 9 21

x
100

x
100

4:
2 3
7h

x
100

x
47
5 2

%
100



EXTWACTIO~I,~~UTAUIE~VE

T O T A L  CUNSUMPTIO~‘J S  GG/Y  ( 1 1  kLBS/Y 1 RkPRESEhrTS
0 %  O F  T O T A L  OOMESTIC  COhSudPT10f’~  O f  A L L  S O L V E N T S

YEAR GG MLBS
FUHFUHAL 1975 5 11

EXTicACtIOT;J  ,  R A R E  M E T A L S

T O T A L  C O N S U M P T I O N U GG/Y ( 10 hLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  OOldESTIC  C O N S U M P T I O N  O F  A L L  S O L V E N T S

YEAR GG ML8S x
hETHYL  ISOBUTYL  KEtOhE 1 9 7 7 11 10 100

LAUl\iDRY  ‘TREATPENT

T O T A L  C O N S U M P T I O N 3 GGiY  ( 7  MLBS/Y)  R E P R E S E N T S
0 %  O F  T O T A L  UOMESTIC  C O N S U M P T I O N  O F - A L L  S O L V E N T S

YEAR GG MLBS  X
PERCHLOROETYYLENE 1974 3 7 100



I TABLE.  A l . OOMtSTIC  Ar\rkUAL CONSUMPTXDt’d  OF  S O L V E N T S
f3Y  E N D  U S E  ( C O N T . 1

GG= ONE  ThGUSAND  M E T R I C  T O N S  = O N E  MILLIDN  K I L O G R A M S

I
MLds= O N E  M I L L I O N  POUI’JOS

X= C O N S U M P T I O N  O F  IIbDIVIUUAL  SOLVEhlTS  A S  PEf?CENTAGE  O F  TOTAL
SOLVEhT  C O N S U M P T I O N  FOR  GIVEfv  Ehro  U S E





APPENDIX A 2

DOMESTIC ANNUAL CONSUMPTION OF

SOLVENTS





T A B L E  AZ, D O M E S T I C  A N N U A L  CGNSUMFTION  OF SGLVENTS ( C O N T . )

GG= O N E  T H O U S A N D  MltTHIC  TONS = OkE  MILLIrjN  KILOGliAMS

MLkJs= OIUE  M I L L I O N  P O U N D S

% A =

XR=

x c =

X0=

XE=

XF=

C O N S U M P T I O N  Of I N D I V I D U A L  S O L V E N T  A S  A  P E R C E N T A G E
O F  ThE  T O T A L  S O L V E N T  C O N S U M P T I O N  ( O F  A L L  S O L V E N T S )

CONSUMPTIOb  O F  1NOIVIOUAL S O L V E N T  I N  S T R I C T L Y
S O L V E N T  U S E S  A S  A  PERCEWAGE  O F  I T S  T O T A L  CUl’dSUb’PTION
W H I C H  M A Y  I N C L U D E  “ N O N - S O L V E N T ”  U S E S

C O N S U M P T I O N  GF I N D I V I D U A L  S O L V E N T  I N  I D E N T I F I E D
END  U S E S  A S  A  P E R C E N T A G E  O F  I T S  TOTAL C O N S U M P T I O N
A S  A  S O L V E N T

C O N S U M P T I O N  O F  I N D I V I D U A L  S O L V E N T  I N  U N I D E N T I F I E D
E N D  U S E S  A S  A  P E R C E N T A G E  (IF I T S  T O T A L  C O N S U M P T I O N
A S  SOLVEN  f

C O N S U M P T I O N  O F  I N D I V I D U A L  S O L V E N T  I N C L U D I N G  “ N O N - S O L V E N T ”
U S E S  A S  A  PERCEN.TAGE  O F  T H E  T O T A L  C O N S U M P T I O N
( O F  A L L  S O L V E N T S 1  I N C L U D I N G  “ N U N - S O L V E N T ”  U S E S

CONSUMPTIOh  O F  T H E  I N D I V I D U A L  S O L V E N T  I N  A  tiIVEN  END  USE
A S  P E R C E N T A G E  O F  T H A T  SOLVENT”S  T O T A L  C O N S U M P T I O N
( E X C L U D I N G  “ N O N - S O L V E N T ”  U S E )

A-13



TA8LE  Ai?. OOMESTIC  A N N U A L  CO~Si~MPf10i’i  O F  SOLVEfiTS ( C O N T . 1

ISOPRUPYL  A C E T A T E

TOT4L  D O M E S T I C  CCNSUb’PTION (19681

A S  SOLVEhT IOENTIFIEO U~IOEhTIFIED INCL. fvONSULVENT
GG/MLBS  % A X 8  GG/ML8S  % A  X C GG/MLBS  % A  X0 GG/PLBS  %E

1 8 0 100 0 0 0 1 8 3 100 18 0
4 0 0 4 0 4 0

END  U S E S
Y E A R GG MLt3.S XF

OIEThYLEtvE  G L Y C O L

TOTAL DOMESTIC COhSUMPTION ( 1 9 7 6 )

A S  S O L V E N T I D E N T I F I E D IJ~IOENTIFI~D INCL. &OkSOLVEtvT
GG/MLBS  % A %a GG/MLBS  % A  X C GG/MLBS  % A  XD GG/MLHS  XE

10 0 6 9 0 9 0 0 0 9 1 4 3 0
22 20 2 3 1 s

EN0  USES

Y E A R GG MLBS  XF
E X T R A C T I O N ,  UOEx 1976 9 20  90

TRIETHYLAMIt<E

T O T A L  OOMESTIC  COkSUk’PTION (1973)

A S  S O L V E N T I D E N T I F I E D UNIDEkflFIEO INCL. NONSOCvEf’JT
GG/MLt)S  % A X 8  GG/MLBS  % A  %C GG/kLBS  %A XL’ GG/MLBS  %E

1 3 0 100 0 0 0 1 3 2 100 1 3 0
2 9 0 2 9 2 9

EN0  U S E S
Y E A R GG MLtlS XF

A-14



T O T A L  D O M E S T I C  COf’iSUWPTION (1973)

A S  S O L V E N T IDENTIFIEO U N I D E N T I F I E D INCL, rvOhSOLVEr4T
GG/MLHS  % A  %I3 GG/PLBS % A  X C GG/PLHS %A  XD GG/MLBS  XE

37 0 100 15 0 40 22 3 59 37 0
82 33 69 82

END USES
Y E A H iiti MLBS  XF

E L E C T R O L Y T I C  SOLVEKT  Ii-v GRIGNAiiO  R E A C T - 1 0 1 9 7 3  1 5 33 40

ISOPROPAbUL

T O T A L  DflMESTIC  C O N S U M P T I O N (19781

A S  SOLVEI\  f IOENTIF  IED UNIOEI~TIFIEO IhCL. fJOhSOLVE21T
GG/MLHS  % A  X8GG/YLHS  ZA  X C GG/biLHS  % A  X0 GG/MLHS  XE

3 1 5 4 35 201 2 63 113 19 36 A7 ‘7 3
693 443 250 1930

EN0  U S E S
Y E A R GG EdLHS  XF

H O U S E H O L D 1974 36 81 11
RU86ING  COMPUUNO 197u 53 117 16
S U R F A C E  C O A T I N G S 1971, 111 245 35

TRIETHYLENE  GLYCQL

T O T A L  OOMESTIC  C O N S U M P T I O N (19761

A S  S O L V E N T I D E N T I F I E D UNIDEikTIF  IED E N C L . I\IONSOLVEhlT
GG/MLHS  % A  X8GG/MLHS  % A  X C GG/PLBS % A  %D GG/MLBS  XE

10 0 2 0 2 0 2 5 8 1 75 54 0
24 6 18 120

Et\iD U S E S
YEAR G G MLBS  XF

E X T R A C T I O N ,  UDEX 1 9 7 6 2 6 2 5

/
A-15



TAdLE  A?. DfJv~STIC  A N N U A L  CDN.SU~PT~Dh  OF S O L V E N T S (CONT.1

END  USES
Y E A R

S P A C E  D E O D O R A N T 1 9 7 3
rvlDTH  C O N T R O L 1 9 7 3
TDLUENE  DIISOCY.~.hATE  P R O C E S S 1 9 7 3

E T H Y L  B E N Z E N E

T O T A L  D O M E S T I C  CD&SUMPTIOi’J (1975)

A S  S O L V E N T IDEhTIFXED UNIDEkTIFIED
GG/Ml.dS  % A  %rjGG/MLaS  % A  X C GG/bLBS  %A X0

19 0 0 0 0 0 1 8 3 100
4 0 0 00

ENU  U S E S
Y E A R

GLYCDL  E T H E R S

T O T A L  D O M E S T I C  CONSUM~TIO~‘J (19751

A S  S O L V E N T IDENTIFIED UNIOENTIFIED
GG/ML’BS % A f6 GG/WLaS  %A  X C GG/MLBS  % A  X0

111 1 4 7 ai 1 7 3 3 0 s 2 6
2d6 180 6 6

E N D  U S E S

S U R F A C E  C O A T I N G S
G R A P H I C  A R T S
CLEANIlvG

Y E A R GG MLBS  XF
1 9 7 5 6 7 1 4 9 6 0
1 9 7 5 3 a 3
1 9 7 s 1 0 2 3 9

F URFURAL

T O T A L  D O M E S T I C  C O N S U M P T I O N (1975)

A S  SOLVENT IDENTIFIED UihIDEhTIFIEU
GG/b?LBS  % A X6 GG/MLBS  % A  X C GG/ML6S  % A  XD

10 0 15 10 0 100 0 0 0
24 24 G

E N D  U S E S
Y E A R

L U B E  O I L  REF-Il”rIhG 1975
EXT~ACTIOI~,BUTADI~~E 1 9 7 5

A-16

G G MLBS  XF
1 5 3 4 a2
12 2 7 3 3

S 12 14

INCL. tuOhiSOLVFI\IT
GG/MLBS  XE

2 4 8 5 11
5467

GG MLHS %F

I N C L . I\ID~SOLVE’~T
GG/MLE3S  XE
2 3 6 1
521 .

INCL. NOhSDLVElvT
GG/MLHS  %E

6 9 0
153

G G VLRS  XF
S 13 54
5 11 45



T A B L E  A Z . DOPESTIC  ANNUAL  COkSUMPTIUfv  UF  S O L V E N T S ( C O N T . 1

T O T A L  DOi”r&.STIC  CONSUMPTION (197h)

A S  SC)LVEhT I D E N T I F I E D U~IDEhTIFIED
GG/MLHS  % A  %I3 GG/WLBS  XA  X C GG/MLSS  % A  %D

a 0 2 4 5 0 6 1 3 0 3 8
1 8 11 7

Ehc  USES

TC’LUENE  DIISOCYA~JATE  P R O C E S S
Y E A R

19 0

CYCLOHEXAiuOL

TCTAL  OOMtSTIC  CO’JSUMPTION 11973)

A S  SOLVElvT IDEhilIFIEO UNIDEidTIVItQ
GG/MLtiS  % A  XP GG/MLBS  % A  X C GG/b?LBS  % A  %D

0 0 0 0 0 0 0 0 0
0 0 0

INCL. NCINSOLVENT
GG/MLBS  XE

3 4 0
7 s

G G ML8.S  XF
s 11 61

I i\J  C L . hormLvt3u
GG/tiLHS  XE
3 2 s 1
7 1 7

END  U S E S
Y E A R GG MLBS  tF

TOTAL  D O M E S T I C  CONSUb’PTION (1974 I

A S  SOLVEhT IOElLTIFIED UNIDEhTIFIED INCL. bflNSOLVEIUT
GG/VLBS % A  XB GG/MLt3S  % A  X C GG/MLBS  % A  % D GG/MLBS  %E

0 0 0 0 0 0 0 0 0 2 9 s 1
0 0 0 650

E N D  U S E S
Y E A R GG MLHS XF

P - D I C H L O R O R E N Z E N E

TC;YAL  D O M E S T I C  COhSUMPTION (1976)

A S  S O L V E N T IDERiTIFIEO U~IDENTIFLED INCL. NONSULVkfvT
GG/MLtiS  % A  XB GG/MLBS  % A  %C GG/kLSS  % A  X0 GG/MLdS  XE

3 6 0 100 3 3 0 9 1 3 0 8 3 6 9
8 0 7 3 7 8 0

A - 1 7



T A B L E  At?. ()oMEsTIC  A N N U A L  CONSUWFTIOh  O F  SOLV:NTS ICDNl.1

Ei\iO  U S E S
Y E A R

S U R F A C E  COATIhGS 1976
P L A S T I C S 1976
I N K S 1976

AMYL A C E T A T E S

TOTAL  D O M E S T I C  CONSUk+PTION Cl9731

A S  S O L V E N T I D E N T I F I E D UNIOEhTIFIEU
GG/MLHS  %A X8 GG/MLtiS  %A  %C GG/P+L~S  % A  XD

5 0 100 0 0 0 5 0 100
1 2 0 1 2

END  USES
Y E A R

UUTYL  ACElATES

tOTAL OOMESTIC  COhSU~PTION (19 0)

A S  S O L V E N T IDENTIFIED UN’IDENTIFIED
GG/MLBS  % A %A GG/MLBS  % A  X C GG/b’LBS  % A  X0

6 8 0 100 h8 0 100 0 0 0
1so lS0 0

END  U S E S
Y E A R

S U R F A C E  COATIhGS 1 9 7 7
A D H E S I V E S 1 9 7 7

BIJTYL  A L C O H O L S

T O T A L  OOMESTIC  COhSUVPTION (1975)

A S  S O L V E N T IOE~TIFIEO ~JNXDE~TIF~ED
GG/MLBS  % A  %8GGIMLBS  %A  X C GG/MLBS  %A  XD

1 0 5 1 9 6 0 0 5 6 4 5 7 4 3
2 3 2 1 3 2 100

END  U S E S
Y E A R

SUKFACE  C O A T I N G S 1 9 7 2

GG MC8S XF
(~6 103 66

8 1 9 1 2
1 4 32 20

IhlCC. r\lONSULVEivT
CC/HLBS  XE

s 0
1 2

GG b!L.t3S  XF

INCL. NOWSOLVENT
GG/MLBS  XE

68 0
150

GG IL:LBS XF
40 90 s9
2 7 60 39

I N C L . NONSOLVEhT
GG/MLth  XE

1 1 3 1 5
2u90

GG ML@S  ZF
6 0 132 5b

A-18



TAaLE  A2. OUMESTlC  A N N U A L  CONSlJMPTIO N OF s OLVEI?ITS (COhT.  1

VETHYL  ISOi3UTYL  KETO

T O T A L  D O M E S T I C  COiQSUMPTION (1977)

A S  S O L V E N T IOENTIFIEO UbIDEkTLF
GG/MLHS  % A  X i 3 GG/MLBS  % A  X C GG/FlLBS  X

8 0 1 89 70 1 88 9 1
176 156 2Q

END  U S E S
Y

A O H E S I V E S
S U R F A C E  CClATINGS
EXTf?ACTIUfv  , HARE WEtALS

lrlrlr TRICHLOROtTHA

A S  SOLbENT IOEhTIF IED UNIUEi’uTIF
GG/MLBS  % A X8 GG/MLRS  % A  X C GG/MLES  X

209 2 80 209 3 100 0 0
461 461 0

EN0  U S E S

M E T A L  CLEAtiING
P O L I S H E S  Ahi WAXES

Y

M E T H Y L  EThYL  KETOI’JE

TOTAL OOPESTIC  CONSUMPTION (1973)

A S  SGL\/ENT IOE~TIFIEO l.IkIOEr\iTIF
GG/MLBS  % A  XYGG/MLBS  % A  X C GG/MLRS  X

247 3 100 247 3 100 0 0
s45 545 0

th0  U S E S

S U R F A C E  COATIILGS
AOhESIVES
LUtiE  OIL  REFINING
EXTRAClIOb! ,  HAWDti(000  P U L P I N G

Y

I\r  E

IEI?
A %O

11

EAR
1977
1977
1977

NE

IEU
A X0

0

EAR GG I’J’LRS  XF
1 9 7 6 1 9 5 431 93
1976 13 30 6

IED
A %O

0

EAR GG MLES XF
1973 177 390 71
1973 36 81 14
1973 18 41 7
1973 15 33 h

INCL. kONSOLVENT
GG/MLBS  XE

H9 0
197

GG M L H S  XF
3 e 4

h2 138 7P
4 10 5

INCL. hOr4SOLVENT
GG/MLOS  XE
261 1
575

IhCL, NGhlSOLVE~T
GG/WLHS  XE
247 1
545

A-19



TAElLE  AZ. D O M E S T I C  A N N U A L  CONSUb’PTIOh  O F  S(jLVElvTS (CUNT  .)

TRICHLOROETHVLENE

TOTAL  OOMESTIC  CONSUWPTION (19781

A S  S O L V E N T I D E N T I F I E D lrt’i1DEb~TIF  IED IACL. NObSOLVENT
GG/MLBS  % A X8 GG/MLBS  % A  X C GG/MLBS  % A  X0 GG/MLRS  %E

124 1 9 9 1 2 0 1 9 6 4 0 3 125 0
274 264 1 0 2 7 5

EhO  U S E S
. Y E A R GG MLBS XF

METAL  CLEANING 1978 108 239 a7
E X T R A C T I O N  SOLvERjT 1 9 7 8 11 7 5 9

T O T A L  UOb’ESTIC  CONSUbfPTION (1976)

A S  S O L V E N T IDENTIFIED U~IDE~JTIFIEO I&CL. hONSOLVEIL7
GG/MLdS  % A X6 GG/MLt)S  % A  X C GG/CLHS  % A  X0 GG/MLBS  %E \

z 0 0 0 0 0 z 0 1 0.0 325 1 ‘_
5 0 S 7 1 5

EniO USES
Y E A R G G MLHS  XF

T O T A L  D O M E S T I C  COIvSUMPTTON (1977)

A S  S O L V E N T IOErUTIFIED UNIOEhTIFIEO INCL. NOMSOLVEhT
GG/MLBS  %A X0 GG/MLBS  % A  X C GG/MC63  % A  XD GG/MLBS  XE

4 5 0 3 0 0 0 0 4s 7 100 150 0
9 9 0 9 9 3 3 0

E N D  U S E S
Y E A R GG MLBS  XF

E T H Y L  A C E T A T E

TOTAL DOMESTIC COhSUMPTION (19761

A S  S O L V E N T IOEhiTIFIEO UhIDEf’iTXFIEO INCL. ~JONSGLVENT
GG/MLBS  % A  %t3GG/MLl3S  % A  X C GG/KLBS  % A  XD GG/MLBS  Xii

7 0 0 9 6 70 1 100 0 0 0 72 0
154 154 0 159

.

A-20



I TA8LE  A2. D O M E S T I C  A N N U A L  CONSUMPTION  UF SOLVEkTS ( C O N T .  1

MtTHYLENE  CHLORIOE

T O T A L  D O M E S T I C  CGNSUVPTION (197h)

I A S  S O L V E N T IUENTIFIED UNIDEhTIFIkD INCL. N O N S O L V E N T
GG/MLBS  % A X 8  Gti/MLBS  % A  X C GG/F”LBS  % A  X0 GG/MLHS  XE

176 2 70 161 2 91 1 s 2 8 250 1
388 355 3 3 5 5 0

,
END  U S E S

Y E A R GG C,LHS  XF
P A  I N  r R E M O V I N G 1 9 7 6 75 1 6 5 ua
M E T A L  C L E A N I N G 1 9 7 6 2 5 5 s 14
AEHOSOL  PROOUCTS 1 9 7 6 S O 110 2n
PhAHMACEUTICAL  IhDUSTHY 1 9 7 6 11 2 5 6

PEHCHLOROETHYLEtiE

T O T A L  DOI~ESTIC  CGASUPPTION (19741

A S  SOLpEtiT IDENTIFIED UNIOEk~IFIEO INCL. NUNSOLV.Ei’JT
GG/ML8S  %A X8 GG/ML8S  % A  X C GG/I*:LbS  % A  X0 GG/MLBS  XE

291 3 8 8 2 8 5 4 97 6 1 2 3 3 0 1
6 4 2 6 2 7 15 7 2 8

EN0  U S E S
Y E A R GG PLRS  XF

DRY  CLEANIrjG 1 9 7 4 4 5 100 15
M E T A L  C L E A N I N G 1 9 7 4 5 4 1 2 0 18
LAUNUOHY  T R E A T M E N T 1 9 7 4 3 7 1
SILICOr\rES 1974 0 0 0
T E X T I L E S 1 9 7 4 181 400 6 2

M E T H A N O L

T O T A L  D O M E S T I C  COkSUMPTION (19771

A S  SOLVE&T lDENTIFIE0 LJ~JIOE~~TIFIED INCL. N O N S O L V E N T
GG/MLf3S  % A XB GG/MLRS  % A  X C GG/MLBS  % A  X0 GG/MLHS  XE

3 8 9 5 12 3 5 9 5 9 2 3 0 5 7 3 0 0 0 13
8 5 6 7 9 0 6 6 6 6 0 0

ENO  U S E S
YEbR GG MLBS  %F

IiLi)USTHIAL  P R O C E S S E S 1977 3 0 0 6 6 0 77
wIkUSHIELD  tiASHllt(; 1 9 7 7 52 11s 13
P H A R M A C E U T I C A L  IR;BIJSTRY 1977 6 1s 1

A-21



TABLE  ~2, DOwfiSTIC  A N N U A L  CuhSUWTIOh  OF  SOLVEbTS (COhT.  1

FLUOROCARdONS

T O T A L  D O M E S T I C  CONSUMPTION (19781

A S  SOLVEbiT IDENTIFIEO UNIDEhTIFIED
GG/MLt3S  % A  XE3GC/MLBS  % A  X C GG/MLk!S  % A  X0

1 0 8 1 35 86 1 80 2 1 3 1 9
238 191 4 7

END  U S E S
Y E A R

AEROSOL  PWOOUCTS 1 9 7 8
FOAFn dLOw151G 1978

A C E T O N E

T O T A L  DOFAESrLC  CONSUMPTION (19771

A S  S O L V E N T IOENTIFXED uNIDEhTIFIE0
GG/MLfJS  %A X0 GC/MLaS  % A  %CGG/MLBS  % A  X0

1 8 6 2 LO 152 2 8 1 34 5 1 8
410 335 75

END  U S E S
Y E A R

S U R F A C E  C O A T I N G S 19 0
C E L L U L O S E  A C E T A T E  S O L V E N T 19 0
S O L V E N T  FOti  A C E T Y L E N E 19 0
P H A R M A C E U T I C A L  IhDUSTRY 19 0

E T H Y L E N E  D I C H L O R I D E

T O T A L  O O M E S T I C  COhSUMPTION (19771

A S  S O L V E N T I D E N T I F I E D UbiIOENTIFIED
GG/MLaS  % A Xfl  GG/MLBS  % A  X C GG/bLBS  % A  X0

5 0 0 2 030 3 0 6 1
1 3 5 8

EN0  U S E S
Y E A R

HU@t3ER 1 9 7 7

A-22

INCL.  NONSULVkbiT
GG/MLBS  XE
3 0 9,,,w 1
680

GG MLHS
74 163 “6:
1 2 28 11

INCL. tkUfdSOLVENT
GG/FiLBS  %E
9 3 1 4

2oso

GG MLBS  XF
93 205 50
46 102 24

9 2 1 5
3 7 1

IkCL. NONSOLVEtiT
GG/MLRS  XE

568 1 25
12500

GG MLBS  %F
2 5 38



TAdLE  A 2 , DO~tSTIC  A N N U A L  COhSUMPTIOhJ  OF  SOLVEhlS

S P E C I A L  NAPhTHAS

T O T A L  D O M E S T I C  C O N S U M P T I O N (19771

A S  SULVtNT I D E N T I F I E D UNIDENTIFIEO INCL. ~UNSULVkkT
GG/MLtiS  %A X0 GG/MLt3S  % A  X C GG/ULBS  % A  XD GG/MLdS  %E
4 3 1 9 55 9 9 4 1 9 3 6 1 9 7 125 a1 2 432?Q 1 9
9 5 0 3 9 2 2 6 2 7 7 9 5 0 4

END  U S E S

S U R F A C E  CrjAfINGS
PETAL  C L E A N I N G
URY  CLEAtdING
GRAPHLC  AWTS
RUdUEH
P L A S T I C S
EXTRACTIOiti  , V E G E T A B L E  O I L
AUHESIVES
I N D U S T R I A L  P R O C E S S E S
P H A R M A C E U T I C A L  INOUSTRY
R E S I N S
A E R O S O L  PRClOUCTS
A S P H A L T  COMPOUNOS
P E S T I C I D E S
HOUSEHOLD
P O L I S H E S  A N D  W A X E S

YEA4 1;  G MLBS  ZF
1 9 7 7 1 6 6 7 3hhC! 3 8
1 9 7 7 2 7 4 6Oil 6
1 9 7 7 2 4 0 5 2 9 s
1 9 7 7 2 4 6 587 h
1 9 7 7 2 0 7 45h u
1 9 7 7 2 7 4 6 0 3 6
1 9 7 7 !55 3 4 2 3
1 9 7 7 4 1 8 9 2 0 9
1 9 7 7 4 2 9 4 0
1 9 7 7 4 9 0
1 9 7 7 1 9 6 4 3 3 0
1 9 7 7 6 5 1 4 5 1
1 9 7 7 91 2 0 2 2
1 9 7 7 140 308 3
1 9 7 7 120 2 6 5 2
1 9 7 7 2 7 6 1 0

E T H A N O L

T O T A L  D O M E S T I C  C O N S U M P T I O N (1975)

A S  S O L V E N T IOENTIFIED U N I D E N T I F I E D IFJCL. iLUiNSOL  V Er\j  T
GG/MLHS  XA XY GG/MLHS  % A  X C GG/MLES  % A  X0 GG/MLRS  XE

2 9 5 3 4 9 29s 11 1 0 0 0 0 0 5 9 3 2
6 4 9 649 0 1 3 0 5

E N D  U S E S
Y E A R GG MLHS XF

R E S I N S 1 9 7 5 1 0 2 2 3
C L E A N I N G 1 9 7 5 6 3 1 3 9 2 1
T O I L E T R I E S 1 9 7 5 1 1 3 2 4 9 38
A C E T A L D E H Y O E  P R O C E S S 1 9 7 5 7 1 1 5 7 2 4
INOUSTRIAL  P R O C E S S E S 197s 3 7 82 1 2

A - 2 3





APPENDIX A 3

EXAMPLE OF A TYPICAL SOLVENT EMISSION QUESTIONNAIRE*

*“Procedures for the Preparation of Emission Inventories for Volatile Organic
Compounds,” U.S. Environmental Protection Agency, Office of Air Quality Planning
and Standards, Research Triangle Park, North Carolina, December 1977,
EPA-450/2-77-028.





Dear Sir(s):

The (agency or department) is currently conducting an inventory
of ,tmospheric emissions of volatile organic compounds from station-
ary sources in (geographical area). Your cooperation is required
under (statute) to provide information necessary to assess volatile
organic compound emissions from equipment and processes in your plant
by: completing the enclosed questionnaire.

Certain emission-related data on your equipment or processes
have been extracted from available records. The information requested
on the enclosed forms is not available from current agency records and
is needed to assess current base lJne  emissions, control potential, and
to project future emissions. Your assistance will improve the accuracy ',
of the survey. Please complete the enclosed questionnaire and return
it within (time period) to the address indicated on the form.

Any questions regarding these forms should be directed to

(name; address, phone number)

Your cooperation in providing the requested information within (number)
weeks from receipt of this letter will contribute materially to the
accurate assessment of emissions in (area). Thank you for your assistance.

Sincerely

(name and title)

Attachments

Figure 4-l Example Questionnaire Package

. .

Example Cover Letter--------------------

(Mailing list address) (Agency address)

RE: Source Questionnaire

J-12 A-27 12177



1.

2.

3. Data should reflect calendar year (year) or whichever is more readily
available. Specify any other 12-month  period that may be used.

.4. Fill in the descriptive information and amount of solvent or solvent
containing materials used for each device operating under county permit .
as shown in the example on each page. (Note: these examples are for
illustration only and may not represent actual operating conditions.)

5.

6 .

In the event that‘data are not available on an individual device basis,
use best estimates from total plant usage to complete Item 4.

If-the  type(s) and/or percentages of solvents in coatings, inks, etc. are
not known, include sufficient information on the manufacturer, type and
stock number so that this breakdown can be obtained. A copy of a supplier's
invoice would be adequate.

7. Complete Pages I, J and K.

8 . The emissions data that will be generated during this program will generally
be public information. If certain process, operation, or material informati
is considered confidential and should be considered a trade secret, indicate
such (specify a procedure and specify how confidential data will be handled)

1 2

GENERAL INSTRUCTION

ORGANIC SOLVENT SOURCE QUESTIONNAiRE

All questions should be directed to (name, address, phone number)

This questionnaire is aimed at obtaining information from a wide variety
of solvent users. The complete questionnaire includes the following
pages:

Page A - GENERAL INFORMATION
DEGREASING OPERATIONS

: 1 DRY CLEANING OPERATIONS
D - PROTECTIVE OR DECORATIVE COATINGS
E - FABRIC OR.RUBBERIZED  COATINGS
F - MISCELLANEOUS SURFACE COATINGS
G - OVENS
H- PRINTING
I - GENERAL SOLVENT USE
J - BULK SOLVENT STORAGE
K- CONTROL AND STACK INFORMATION

Fig. 4-l (cont'd.)

A-28
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PAGE A

O R G A N I C  COMPOUiID EI~IISSIONS  QUESTIOtriJAIRE

fail Questionnaires  in the
Enclosed Envclo~c To: Please Address ~11  Questions To:

NOTE: ALL  nATA S1IOIll.D FCPRSSI??!? CA~.F?JI~AF  yF,\Fwe-

CENEFAL INFORtlATION-

,
Company Name

Plant Address

Mailing Address

Person to Contact About  Form

City

City

Zip

Zip

Telephone Title

Approximate Number of Employees

Nature of Businass (Include SIC) .

Normal Operating Schedule for Calendar Year

Hrs/Day Days/Week

Approximate Percent Seasonal Operation:

Weeks/Year

I

Dec. -Feb.!  E!ar.-May/  June-Aua.1  Sept.-Nov.
I

Are hydrocarbon or organic solvent containing materials such as cleaning
fluids, coatings, adhesives, inks, etc. used in your operation?

Yes N O If yes, please compictc the appropriate forms
cncloscd.- XXeLclitiunol  cvpics if ncccssary. If organic solvents
arc no: in use or your company does not wish to participate in the
survey,  please sign and return.

Signnturc

Figure 4-l (cont’d.)
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Figure 4-l (cont'd.)
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Figure 4-l (corit'd.)
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Figure 4-l (cont'd.)
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Figure 4-l (cont'd.)
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county
Permit
Number

EX)I

999999

Application
Method*

PLE

Spray

MI SCELLANEOUS SURFACE’ COAT I NG  APPLICATION

(ADHESIVES,  P A P E R ,  L EA T H E R ,  FILM,  G L A S S ,  ETC.1

PAGE F.

1. naterials Coated

2. ape and Amount of Coating Used:

Wpe ~3 Type and tlethd,  'bf .
Amount of 8  o f AJnount  o f D&I+ Norm1

TVpe of Coating na  jor Solvents (Air, Heat Operating’

Coating+ (Cal/W) Solventd Added (Chl/yr) T r e a t e d )  H r
-r

Toluene 608  Toluene 200

Adhesive 1000 MEK 408 Air 8

+I

Da Week

T--5 50
I

J-

i

I
I

1
I

3. Type of Cleaning Solvent (Gal
‘9pr.y,  IlOU.  SIP. roller.  bnuh,  .LC. , Amount



-

Figure 4-1 (cont'd.)
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Figure 4-1 (cont'd.)
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GENERAL SOLVENT USAGE

P A G E  I

Type and aauount  of other solvents not Identified with equimnt  havinq a

county permit  that were  used at your facility during  calundar  year

Do not includa  any solvents that have been included elsewhere

in this questionnaire.

TYPE AMouNT  (GAL/YR)

SOLtENT  RETURNED

List  any solvents ratuxned  to supplier or collected for reprocessing. Aqain,

do not include any solvents that have been so specffird  ekewhera  in this

questionnaire.

TYPE AMOUNT (GAL/HR)

Figure 4-l (cont'd.)
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PAGE J

WLK SOLVENT STORAGE

Complete the following informrtion for each scoragc tank qredter  than 25(3

gallons capacity.

Annua  1 Type of Fill and
Tank No. Solvent Is/p12 C a p a c i t y  Thruput Control Equioment*

l Submerged f i l l ,  sp lash f i l l ,  return vent l i n e ,  adrorber .

OPERATIONAL MODIFICATIONS

Please state the changes in type and estimated annual consumption of sol-

vent planned for all operations for calendar years Include

any information on control equipment additions or modifications.

Figure 4-l (cont'd.)
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4-24

CONTROL AND  STACK I NFORPlAT I ON

INSTRUCTIONS:

1. Provide information on all devices that  emit orqarlic  compounds through a
stick , vent or otllcr dcfincd emission point. IL1t?ntify  all units under
srp;rriitc  permits that writ  tbrouyh J ctnmnoo  stack. A simple drawing may
be provided to better illustrate the physical cobfiyurdtion.

2. Identify the  primary organic compound control method used (if any) such
as after burners, scrubbers. carbon adsorntion. condcnscrs. etc. Note :
this device may  have its own permit nuder: If so, identify.

3. Indicate installation date of control equipment.

4. Indicate approximate efficiency (if known).

5. Provide the following information:

,IHeight- distance above ground to discharge Ijoint (feet
Diameter - inside diameter at discharge polrrt (feet)

. :
NOCt2  : Zr not clrcuar,  insert oicmeter (In wet) ot equivalent
circular arca which can be calculated by

De - 1.128 A

where A is the measured or estimated cross-sectional area in sq ft
and De is the equivalent diameter.

Temperature - at discaarqc point in OF
Velocity - at discharge point in ft/sec
Flow rate - dt discharge in actual cubic feet per rrinute (ACFEI)

Design  conditions may 3e used in lieu of actual test data.

Figure 4-l (cont'd.)
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