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ABSTRACT

This report documents the results of a study to determine the costs
associated with controlling reactive organic emissions in the Metropolitan
Los Angeles Air Quality Control Region. An inventory of organic emissions
from 26 categories of stationary and mobile sources was developed for the
calendar year 1975. The photochemical reactivity of the emissions from
each category was determined in terms of a 3-class reactivity classifica-
tion scheme. The costs associated with reducing the emissions from each
category were estimated by assuming the application of thé most cost ef-
fective combination of available control equipment. The costs associated
with reducing the emissions from all sources were estimated by assuming
the application of the most cost effective controls selected from those
available for all source types. It was concluded that only approximately
53% of the total organic emissions could be eliminated using currently
available control technology.

This report was submitted in fulfillment of EPA Contract No. 68-02-2445
by TRW under the sponsorship of the U.S. Environmental Protection Agency
Work was completed as of 23 March 1977,
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SECTION 1
INTRODUCTION

This report documents the results of a study to estimate the costs
associated with selectively controlling organic emissions from stationary
and mobile sources on the basis of photochemical reactivity. The study area
was the Metropolitan Los Angeles AQCR. There were four main objectives:

e Assemble an inventory of organic emissions from stationary and
mobile sources in the Metropolitan Los Angeles AQCR.

e Calculate the reactivity index for each source type in terms of
a 3-class reactivity scheme.

o Determine the costs associated with reducing the reactive emissions
from each source type by applying the most cost effective combina-
tion of controls.

e Determine the costs assdciated with reducing total reactive emis-
sions from all sources by applying the most cost-effective combina-
tion of controls from each source type.

The inventory was developed for the year 1975. That year was selected
primarily because two major organic emission inventories of mobile and
stationary sources were conducted for that time period. The availability
of the data from these studies made it possible to make reliable emissions
estimates for each of the 26 source categories.

In a previous study, reactivities were calculated in terms of a 5-class
categorization scheme. For this study a 3-class scheme was used. The 5-
class scheme has unitless reactivity indexes .for each class. Since the 3-
class scheme has qualitative indications of reactivity only, a procedure
w?s developed for quantitatively estimating reactivity indices for each
class.

The costs associated with reducing the reactive emissions from each -
category were calculated by applying one or more types of controls. The
controls were applied in the order of their cost effectiveness. That is,
the first reductions were obtained by using the most cost effective con-
trol and subsequent reductions by using increasingly less cost effective
techniques.

The costs of controlling the aggregate reactive emissions from all
sources in the AQCR were calculated in a similar manner. The most cost-
effective control available from any source was app11ed first, with sub-
sequent reductions being obtained by using the remaining contro] options
in order of their cost effectiveness.

1



SECTION 2 .
INVENTORY OF TOTAL'ORGANiC EMISSIONS

An updated inventory of organic emissions in the Metropolitan Los
Angeles AQCR was developed. The inventory was based primarily on two pro-
grams funded by the California Air Resources Board (ARB). The first was an
inventory of exhaust, evaporative and crankcase emissions from light duty
gasoline powered vehicles conducted by TRW (1]. The second was the pre--
Timinary version of a comprehensive inventory of organic emissions from
stationary sources conducted by KVYB Engineering (2). Information from
these studies was supplemented witRh data produced by the ARB (3) and data
contained in a previous TRW study of organic reactivity (4). The inventory
is shown in Tables 1 and 2. a

The assumptions used to obtain the total organic inventory are listed
below for each source category. '

Petroleum Production

Petroleum production refers to the removal of crude oil and gas from
the ground. Organic emissions from petroleum production occur primarily
from operations which separate water, gases, and oil at the drill site (4).
The previous TRW reactivity study 1ists 56,200 kg/day (62.0 tons/day) (4).
With little new information available, this value was used in this study.

Petroleum Refining

Organic emissions result from a variety of processes in petroleum re-
fineries. The main processes include storage, pumping, compression, separa-
tion, cooling, leaks and spills. Organic emissions from boilers and heaters
in refineries are included in the fuel combustion category of this inventory.
The KVB study estimated emissions from five of the six counties which lie
“totally or partially in the Los Angeles AQCR (Los Angeles, Orange, Riverside,
San Bernardino, and Ventura Counties) but excluded Santa Barbara County.
~Data from an inventory compiled by the California ARB was used to estimate
emissions for that area (3?, KVYB and ARB data were combined to estimate
emissions of 132,900 kg/day (146.5 tons/day) for this category.

Gasoline Marketing: Underground Service Station Tanks

Underground storage tanks at service stations emit organics as gasoline
.vapor is displaced finto the atmosphere as the tanks are refilled. These
tanks also emit organics through a "breathing" process caused by the diurnal .
cycle in ground temperature. The KVB study estimated combined emissions of
172,700 kg/day (190.4 tons/day) for both this category and auto tank filling

2



TABLE 1. 1975 TOTAL ORGANIC EMISSIONS INVENTORY FOR THE METROPOLITAN
LOS ANGELES AQCR - METRIC UNITS

WETGAT EMISSIONS MOLAR EMISSTONS AVIRAGS

MOLECULAK
SOURCE CATEGORY WEIGHT
-3 METGHT 3 10-3 K6 MOLE 3
10 “KE/DAY | oF ToTAL wLes/oar | o Tora
STATJONARY SOURCES: ORGAKIC FUELS
AND COMBUSTION

Petroleum Production and Refinin

Petroleun Production 56.2 2.7 193.8 6.7 29

Petroleum RBfining 132.9 6.4 142.9 4.9 93
Gasoline Marketing

Underground Service 6.2 2.7 96.9 3.4 58

Station Tanks

Auto Tank Filling 19.2 5.7 1611 5.6 14
Fuel Combustion 219 1. 87.6 3.0 2
Waste Burning & Fires 3.2 1.8 na.7 3.9 3
STATIONARY SOURCES: ORGANIC CHEMICALS
Surface Coating

Heat Treated 10.6 0.5 12.9 0.4 82

Air Oried 181.3 8.7 208.4 7.2 87
Ory Cleaning

Petroleun Based Solvent 6.3 0.3 5.0 0.2 126

Synthetic Bolvent (PCE) 22.8 1. 1.7 0.5 166
Degreasing ’

TCE Solvent 0.4 0.0 0.3 0.0 - 132

1,1,1-T Solvent - 30.2 1.5 22.5 0.8 134
Printing

Rotogravure . 15.6 0.7. 19.0 0.7 82

Flexigraphic 1 0.3 12.§ 0.4 57
Industrial Process Sources

* Rubber & Plastic Manf. 0.7 0.0 1.0 '} o0 73

Pharmaceutical Manf. 0.2 0.0 0.3 0.0 7%

Hiscellanecus Operations 6.1 2.2 §1.6 2.0 ]
MOBILE SOURCES
Gasoline Powered Vehicles
Light Duty Yehicies® )

Exhaust Emissions 575.4 27.7 833.9 28.9 69

Evaporative Emissions” “u5.9 21.4 490.0 17.0 12
Heavy Duty Yehicles

Exhaust Emtssions | 859 'R 124.5 4.3 69

Evaporstive Extssions’ 6.8 3.2 7.4 2.5+ 9
Other Gasoline Powered [quimer[t

Exhaust Emissions 9.8 4.8 4.6 5.0 . 69

Evaporative Emissions® 20.0 1.0 2.0 0.8 9N
Diesel Powered Mitor Yehicles 12.4 0.6 13.9 0.5 8%
Aircraft

Jet 15.% 0.7 12.8 0.4 1]

Piston 14.1 . 0.7 25.2 0.9 56
TOTAL 2080.7 100 2885.5 00

* Includes tight duty passenger cars and light duty trucks.
-
fncludes crankcase emissions.



TABLE 2. 1975 TOTAL ORGANIC EMISSIONS INVENTORY FOR THE ME
| . |
LOS ANGELES AQCR - ENGLISH UNITS ROPOLLTAN

SOURCE CATEGORY WEIGHT ENISSIONS ROLAR EMISSIONS Oy RAE
- : WEj 5T
Tons/oay | welent ¢ 1072 ToK WLE £
STATIONARY SOURCES: ORGANIC FUELS QF JOTAL MOLES/DAY 1 OF TOTAL
AND COMBUSTION

Petroleur Production and Refining

Petroleum Production 62.0 2.7 213.8 €.7 29

Petroleum Refining 146.5 6,4 187.5 4.9 93
Gasoline Marketin

Underground Service 61.9 2.7 106.7 3.4 58

Station Tanks .

Auto Tank Filling 131.4 5.7 177.6 5.6 )
Fue)_Combustion . 11 96.4 3.0 1
Waste Burning & Fires 41.0 . VB 124.2 3y 13

STATIONARY SOURCES: ORGARIC CHEMICALS
Surface Coating

Heat Treated _ ) n.? 0.5 4.3 0.4 82

Afr Oried 199.9 8.7 229.8 7.2 87
Dry Cleaning '

Petroleun Based Solvent 6.9 0.3 5.5 0.2 126

Synthetic Solvent (PCE) 25.1 L 1% 0.5 166
Degreasing

TCE Solvent 0.4 0.0 0.3 0.¢ 132

1,1,1-T Solvent . 3.3 1.8 .9 0.8 134
Printing

Rotogravure . 17.2 0.7 21.0 -0.7 K:H

Flexigraphic 7.8 0.3 13.7 0.2 57
Industrial Process Sources

Rubber & Plastic Manf. 0.8 0.0 .1 0.0 73

Pharmaceutica) Manf. 70.2 - 0.0 0.3 0.0 75

#iscellaneous Operations 50.8 2.2 63.5 2.0 80

MOBILE SOURCES

Gasoline Powered Vehicles

Light Duty Vehicles'

Exhaust Emfssions 634.3 2.7 919.3 2.9 6
Evaporative Emissions 1.5 74 s40.1 1r.6 gt
Heavy Duty Vehicles
Exhaust Emissions 9.7 R 137.2 4.3 65
.
Evaporative Emissions 73.8 3.2 80.9 | 2.5 9

Other Gasoline Powered Equipment .
Exhaust Emissions R ) 'R} 4.8 159.4 - 8.0 1)

Evaporative E.uiss!ons' 22.0 1.0 4.2 0.8 9N
Diese} Powered Motor Vehicles 13.7 0.6 15.4 0.5 89
Aircraft .

Jet 7a 0.7 4. 0.4 21

Piston 15.5 0.7 1.7 0.9 56
YOTAL 2293.4 100 N84.0 100

*Includes Yight duty passenger cars and 1ight duty trucks
. .
Includes crankcase emissions



for the five-county area (2). The TRW study concluded that approximately
32% of these emissions are due to underground gasoline storage tanks (4).
The total for this category, including the ARB estimated emissions in Santa
Barbar» County are 56,200 kg/day (61.9 tons/day) (3).

Gasoline Marketing: Automobile Tank Filling

During automobile tank filling, organic emissions occur as the gasoline
vapor in the fuel tank is displaced by 1iquid gasoline. Some emissions
(approximately a fifth of the total for this category] result from spilled
gasoline (4). Sixty-eight percent (68%] of the KVB combined estimate for
this category and underground service station tanks was combined with ARB
data to arrive at 119,200 kg/day (131.4 tons/day) (2), (3), (4).

Fuel Combustion

This category includes organic emissions from combustion of all fuels,
including that burned in refineries. The adjusted KVB estimate (adjusted
{o; Santa Barbara County) of 21,900 kg/day (24.1 tons/day) was used (2),

3). ‘

Waste Burning and Fires

The TRW study lists 37,200 kg/day (41.0 tons/day) for this category
(4). That value was used for this study. ,

Surface Coating: Heat Treated

This category includes organic emissions from processes where the
organic solvent either comes in contact with a flame or is baked, heat-
cured or heat polymerized in the presence of oxygen (4). The adjusted KVB
estimate of 10,600 kg/day (11.7 tons/day) was used (2), (3).

Surface Coating: Air Dried

Air dried surface coating emissions in the Metropolitan Los Angeles
AQCR result mostly from industrial paint spray booths and architectural
painting. The adjusted KVYB estimate of 181,300 kg/day (199.9 tons/day)
was used (2), (3).

Dry Cleaning: Petroleum Based Solvent

Two major dry cleaning solvents are used in the Los Angeles area. Emis-
sions of petroleum based solvents were determined to be 6,300 kg/day (6.9
tons/day) from the adjusted KVB estimate (2), (3).

Dry Cleaning: Synthetic Solvent (PCE) -

The adjusted KVB estimate of 22,800 kg/day (25.1 tons/day) for synthetic
dry cleaning solvent (perchloroethylene) emissions was used (2), (3).



Degreasing: TCE Solvent

Two basic degreas1ng solvents are used in the Los Angeles area, tri-
chloroethylene (TCE) and 1,1,1 trichloroethane (1,1,1-T). The adjusted
KVB estimate of 400 kg/day (Q 4 tons/day) for TCE so]vent emissions was
used for this study (2), (3). , .

Degreasing: 1,1,1-T Solvent

The adjusted KVB estimate of 30,200 kg/day (33 3 tons/day) for 1,1,1-T
degreasing solvent emissions was used (2), (3).

Printing: Rotogravure

The ‘adjusted KVB estimate of 15,600 kg/day (17.2 tons/day) for emis-
sions from rotogravure printing operations was used (2), (3).

Printing: Flexigraphic

The adjusted KVB estimate of 7,100 kg/day (7.8 tons/day) for emissions
from flexigraphic printing operations was used (2), (3).

Rubber, Plastic, Adhesive, and Putty Manufacturing

Data from several categories used in the KVB study and ARB data were
compiled to arrive at¥the adjusted estimated emissions for this category
of 700 kg/day (0.8 tons/day) (2), (3).

Pharmaceutical Manufacturing

The adjusted KVB estimate of 200 kg/day (0.2 tons/day) for this category
was used (2), (3).

Miscellaneous Organic Solvent Operations

This category consists of miscellaneous chemical manufacturing (e.g.
soaps, cleaners, insecticides, fertilizers, explosives, etc.) as well as
miscellaneous solvent usage in industry (e.g. the potting of electrical and
electronic equipment). Several categories used in the KVB study were
combined and adjusted to arrive at the estimated emissions -of 46,100 kg/day
(50.8 tons/day) for this category (2), (3).

Light Duty Vehicle Exhaust

Organic emissions from light duty (under 6,000 pounds gross vehicle
weight) passenger cars and trucks were determined in a study conducted by
TRW. That study determined the emissions in a four-county area to be
546,100 kg/day (602 tons/day) (1). Using the same metnoaology, emissions
for Ventura County were determined to be 22,900 kg/day (25.2 tons/day)(1).
The ARB estimate for Santa Barbara County was 6,400 kg/day (7.1 tons/day)
(3) The estimated total for light duty veh1c1e exhaust for the AQCR used

in this study was 575,400 kg/day (634.3 tons/day).



Light Duty Vehicle Evaporative

Evaporative emissions, which for this study also include crankcase emis-
sions, weve catculated using the data sources listed above. Evaporative
emissions for the four-county area, determined by the TRW study are 423,700
kg/day (467.1 tons/day). Using the TRW methodology, emission for Ventura
County were estimated to be 17,900 kg/day (19.7 tons/day). ARB data in-
dicates 3,700 kg/day (4.1 tons/day) for Santa Barbara County (3). The
value for evaporative emissions for light duty vehicles was estimated to be
445,900 kg/day (491.5 tons/day).

Heavy Duty Vehicle Exhaust

Exhaust emissions from heavy duty gasoline powered vehicles were
calculated from the ARB estimate of total vehicular evaporative and crank-
case emissions (3). The emissions were estimated at 66,800 ka/day (73.6

gons/day).

Other Gasoline-Powered Equipment Exhaust

The original estimate of 99,800 kg/day (110.0 tons/day) was used (4).

Other Gasoline Powered Equipment - Evaporative

The original estimate of 20,000 kg/day (22.0 tons/day) was used for
this study (4).

Diesel Powered Vehicles

The ARB estimate of 12,400 kg/day (13.7 tons/day) was used for this
study (3).

 Jet Aircraft Emissions

The ARB estimate of 15,500 kg/day (17.1 tons/day) was used for this
study (3). :

Piston Aircraft Emissions

The ARB estimate of 14,100 kg/day (15.5 tons/day) was used for this
study (3).



SECTION 3
REACTIVITY RATINGS

A series of photochemical reactions are initiated when a mixture of
organic chemical compounds and oxides of nitrogen (NO_) are irradiated by
sunlight in the atmosphere. These result in the forma¥ion of a complex
mixture of secondary air pollutants. One.of the most significant is ozone/
oxidant. Although the chemistry of these reactions is not well understood,
it has been shown in smog chamber studies that under similar conditions of
radiation intensity, NO_ concentrations, and organic concentrations, the
rate and amount of ozon® formed is a function of the organic involved.
Therefore, the measured photochemical reactivity of an organic is an index
of its ozone forming potential.

The apparent reactivity of a large number of organics has been measured
during several smog chamber studies. As measured by several researchers,
the reactivity index of most compounds varied over a wide range. Since it
could not be determined which smog chamber design and experimental conditions
~most accurately reflected actual conditions, reactivity ratings can be
expressed only semi-quantitatively. In a previous study each compound was
assigned to one of five (5) reactivity classes, each with an index of
reactivity. Table 3 shows the reactivity scheme used.

For the current study, a reactivity scheme based on the same principles
was employed. The new scheme, however, consists of only three (3) reactivity
classes with qualitative instead of quantitative reactivity indices. Table 4
shows the 3-class scheme. Class I compounds are non-reactive; they do not
result in ozone production above the allowable standard with multi-day ex-
posure to sunlight. Class Il compounds are moderately reactive; they result
in ozone production above the standard, only after multi-day exposure to sun-
‘1ifht. Class III compounds are highly reactive; they result in ozone pro-
duction above the standard with less than one day exposure to sunlight.

To compare reactivity ratings for each source type quantitatively, a
procedure for estimating a numerical reactivity rating for each source
type had to be developed. This was done by employing the following technique.
Since Class II compounds result in maximum ozone only after multi-day
exposure, it is the concentration of these compounds on the second and third
days after they are emitted that determines their contribution to the
ambient ozone level. However, mechanical transport and diffusion would be
expected to reduce the concentrations of these compounds by a significant
amount. This dilution effect has been estimated at approximately 90% on an
annual basis, and approximately 50% during a period of stagnation (5), (6).
For purposes of calculating the reactivity indices, a worst case situation
was used. That is, it was assumed that the dilution factor was 50%. For

- 8



TABLE 3. FIVE CLASS REACTIVITY CATEGORIZATION OF ORGANIC COMPOUNDS

CLASS 1

CLASS 11

CLASS 111

" CLASS IV

CLASS V

C]-CJ paraffins
Acetylene

Benzene
Benzaldehyde
Acetone

Tert-alky! alcohols
Phenyl acetate
Methyl benzoate
Ethyl amines
Dimethy) formamide
Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

Mono-tert-alkyl
benzenes

Cyclic ketones
Tert-alkyl acetates

2-nitropropane

Cq+-paraffins
Cyclopargffins
Alkyl acgtylenes
Styrene

N-alky! ketones

Prim-& sec-alky)
acetates

N-methyl pyrrolidone

N,N-dimethy]
acetanide

Prim-& sec-alkyl
benzenes

Diatkyl benzenes

Branched atky!
ketones

Prim-8 sec-alkyl
alcohols

Cellosolve acetate

Partially halogenated
olefins

Aliphatic olefins

a-methyl styrene

Aliphatic aldehydes

Tri-& tetra-alkyl
benzenes

Unsaturated ketqnes
Diacetone alcchol
Ethers

CeTosolves




TABLE 4. THREE CLASS REACTIVITY CATEGORIZATION OF ORGANIC COMPOUNDS

Cuass [ Ciass 11 Crass TIT
(Low ReacTIvITY) (MoDERATE REACTIVITY) (HiGH REACTIVITY)
(-C3 paraFrINs MONO~TERT-ALKYL-BENZENES ék:sg;:E“ AROMATIC HYDRO-
Benzene . CYCLIC KETONES
’ 1C KETONE ?LL OLEFINIC HYDROCARBONS
BenzALDENYDE ALKYL ACETATES INCLUDING PARTIALLY HALO-
A GENATED
CETONE -NITROPR .
Me 2 OPROPANE ALIPHATIC 'ALDEHYDES
THANOL . + PA i
T Cg* PARAFFINS BRANCHED ALKYL KETONES
ERT-ALKYL ALCOHOLS YCLOP N
p CYCLOPARAFF NS CELLOSOLVE ACETATE
HENYL ACETATE “ALKYL K
" NZALKYL KETONES UNSATURATED KETONES
ETHYL BENZOATE ~METHY
) N-weruvL. PvRRoL1DonE PRIMARY & SECONDARY (p+
ETnve amives N,N-DIMETHYL ACETAMIDE ALCOHOLS
DiMeTHYL FORMAMIDE ALKYL PHENOLS® DiACETONE ALCOHOL
PREHALOGENATED HYDROCARBONS { - METHYL PHTHALATES®® Evners
PARTIALLY HALOGENATED CELLOSOLVES
PARAFF INS

GLvcoLs®

Gyt ALkvL PHTHALATES®®
OTHER ESTERS®®
ALCOHOL AMINES®®

C3* ORGANIC ACIDS +DI-ACIDS"Y

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®**®
ACETONITRILE®

ACeTIC ACID

AROMATIC AMINES

HYDROXYL AMINES fﬂ:::n;;TMYLENE-TETRAHINE)
NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®*
NITROBENZENES® C3 + DI-ACID ANMYDRIDES®®
PxenoL®

AceTvyLene***

Totat Cuass II. TotaL Cuass 111

RN S
TTIYYY TYTYRTPes
U .

TotaL Cuass |

L

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN,
#®SC T IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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purposes of this study, it was assumed that all Class III compounds were
either reacted to completion or had otherwise been removed from the atmo-
nhere by the end of the day on which they were emitted.

The ozone producing ability of Class II organics was determined in the
fo]10w1ng manner:

1. Assuming no ozone formation on Day 1, 50% of the Class IT organics
remain in the air mass on Day 2.

2. Assuming half of the remaining Class II compounds form ozone on
Day 2, 25% of the original emissions react. Half of the remain-
ing emissions (12.5%) are carried over to Day 3.

3. It is assumed that on Day 3, all of the remaining Class II
compounds (12.5%) form ozone.

4. Therefore, ozone is formed by 37.5% of the organics emitted on Day 1.
This procedure is shown schemética]]y in Figure 1.

Since the reactivity indices are relative, the following indices were
assigned:

Class I 0.00
Class II 0.38
Class III - 1.00

It should be noted that these reactivity indices are different in nature
from those used in the previous study (7). Since the Class II index is
based partially on meteorolog1ca1 considerations, the calculated reactivity
is AQCR specific. That is, the rate at which C]ass Il compounds are re-
moved from an AQCR will depend prfmar11y on the meteoro]og1ca1 cond1t1ons
that normally prevail in that area.

This approach provided a working estimate of the relative reactiyities
of Class II and Class III compounds only. The hold-over approach is not
universally accepted, and therefore any conclusions drawn from it should
be used with caution. For example, the effects on air quality in areas
downwind of the metropolitan Los Angeles AQCR are not considered. It was
necessary to make some estimate of relative reactivities. This approach
seems reasonable if not rigorous.

Another major component of this study is the organic emission composi-
tion data. To calculate the reactivity of emissions from each source type,
it was necessary to know the detailed composition of these emissions. The
same composition data developed for the previous study was used here (3).
Although additional work on identifying the specific compounds emitted by
various source types has been done since the initial report was written,
these studies are either general in nature or do not apply to the special
conditions in the Los Ange]es area. Therefore, the best data appears to
be that used in the previous study. The twenty-six (26) source categories
were also retained so that direct comparisons between the 3-class and 5-class
schemes can be made.

N



DAY 1: Mole Fraction
4 Emitted: 1.000

L — Mole Fraction !-'Ilhich'Leaves'
the AQCR: 0.5000 A

DAY 2: - Mole Fractidn
Remaining: 0.5000

~ Mole Fraction Whjch Leaves
The AQCR: 0.125

-——-)FMo'le Fraction Which Produces
onne: - 0.250 '

DAY 3: "Mole Fraction .
Remaining: 0.1250

v > Mole Fraction Which Produces
Ozone: 0.125

Total Moles Resu]tinq'in Ozone Formation: 0.375

* - : . ' '
That is, half of the unreacted half, or one-auarter.

. Figure 1. Ozone Formation From Class II Orgénics
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Appendix A contains the estimated composition of the organics emitted
from each of the categories in terms of the 5-class reactivity scheme.
Table 5 is a summary of these data. In both cases the composition is ex-
pressed in mole percent, not weight percent. Table 6 shows the reactivity
values caiculated for each source type (5-class).

Tables 7 through 32 present the estimated composition of the organics
emitted by each of the source categories in terms of the 3-class reactivity
scheme. Table 33 summarizes these data. Percent composition by reactivity
class is presented, and as with all tables in this report, percent composi-
~tion means mole percent, unless otherwise indicated. Table 34 summarizes the
source molar reactivity, source weight reactivities, and reactive emissions.

Source molar reactivities (SMR) are equal to the summation of the mole
fraction (X.;) of each compound in each reactivity class multiplied by the
reactivity }ating (Ri) of that class, for n compounds, i =1, 2, ..., n:

SMR i: xiRi

i=1 _
Source weight reactivities (SWR) are equal to the source molar reactivities

(SMR) divided by the average molecular weight (MW) for the correspondin
source type category: . ‘ :

SR = SMR -
M

Reactive emissions (RE) are calculated on a mass basis by multiplying the
source weight reactivity (SWR) by the mass emission rate for each source.

The 3-class reactivities shown in Table 34 cannot be compared directly
with the 5-class reactivities shown in Table. The 5-class reactivities con-
tain arbitrary constants selected such that both the molar and weight re-
activities of light-duty vehicle exhaust would be 0.72. The reasoning aid
justification for this are presented in the previous TRW report (3).

Table 35 showing the 3-class reactivities also incorporates a constant
to adjust both the molar and weight reactivities of light-duty vehicle ex-
haust to 0.72. These reactivity values are the ones to be compared to the
5-class values presented in Table 6.

Reactivé emissions are the true measure of the ozone producing potential
of the aggregate emissions from a source type. This parameter incorporates
both the mass emission rate and an index of the reactivity of those emis-
sions. Reactive emissions can be reduced either by reducing the mass emis-
sion rates, or by reducing the reactivity of the organics emitted, or both.

It should be noted that reactivity considerations do not address the
potential harm due to organics' toxicity, but only their ozone producing
potential. o
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TABLE 5. SUMMARY OF COMPOSITION DATA IN TERMS OF THE FIVE-CLASS:
REACTIVITY SCHEME

SOURCE CATEGORY MOLAR COMPOSITION (PERCENT)

CLASS 1 CLASS II CLASS 111 CLASS 1Y CLASS ¥

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and Refining

Petroleum Production 84 1] 16 0 0

Petraleum Refining " o 0 67 8 14
Gasoline Marketing

Underground Service 18 0 60 0 22

Service Tanks

Auto Tank Filling 4 0 69 9 18
Fuel Combustion 90 0 3 1 6
Waste Burning & Fires 74 0 7 3 16

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coating
Heat Treated a0 0 P2 50 2
Air Dried 14 0 52 29 5

Dry Cleaning

Petroléum Based Solvent . 0 0 94 5 1

Synthetic Solvent (PCE) 100 o 0 0 ’ 0
Degreasing

TCE Solvent 0 ¢ 0 100 0

1,1,1-T Solvent 100 [ 0 0 : 0
Printing

Rotogravure . 16 0 61 23 0

Flexigraphic 19 0 . 8 73 0
Industrial Process Sources

Rubber & Plastic Manf. . 16 1 24 7 52

Pharmaceutical Manf, 34 V 5 . 60 0

Miscellaneous Operations 44 0 29 ) 18 9

MOBILE SOURCES
Gasoline Powered Vehicles
Light Duty Vehicles

" Exhaust Emissions ’ 28 0 30 19 23
Evanorative Emissions . S 0 58 .21 16

Heavy Duty Vehicles

Exhaust Emissions 28 0. 30 19 23
Evaporative Emissions ) -] 58 21 1€

Other Gasoline Powered Equipment

Exhaust Emissions 28 0 30 19 23

Evaporative Emissions . 5 0 58 21 16

" Diesel Powered Mator Vehicles ) 13 0 24 . 6 57
Airceaft . )

Jet : 9 4 38 16 33

Piston 34 "] 23 10 33
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TABLE 6.

MOLAR REACTIVITIES AND WEIGHT REACTIVITIES FOR
THE FIVE-CLASS SCHEME

SOURCE CATEGORY SOURCE MOLAR
REACTIVITIES
STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and 'Reffm‘ng

Petroleum Production 19 .45

Petroleum Refining N .53
Gasoline Marketing

Underground Service T .84

Station Tanks

Auto Tank Filling .78 .73
Fuel Combustion .20 .55
Waste Burning & Fires .37 17
STATIONARY SQURCES-ORGANIC CHEMICALS
Surface Coating

Heat Treated .70 .59

Air Dried .69 .55
Dry Cleaning

Petroleun: Based Solvent .66 .36

Synthetic Solvent (PCE) 10 .04
Degreasing

TCE Solvent .95 .50

1,1,1-T Solvent .10 .05
Printing

Rotogravure .62 .52

Flexigraphic .76 .92
Industrial Pracess Sources

Rubber & Plastic Manf. .97 .92

Pharmaceutical Manf. .64 .59

Miscellaneous Operations .83 .46
MOBILE SOURCES
Gasoline Powered Vehicles
Light Duty Vehicles

Exhaust Emissions .72 .12

Evaporative Emissions .80 .61
Heavy Duty Vehicles

Exhaust Emissions .72 .72

Evaporative Emissions .80 .61
Other Gasoline Powered Equipment

Exhaust Emissions .72 .7f

Evaporative Emissions .80 .61
Diesel Powered Motor Vehicles 1.02 .19
Aircraft

Jet .88 .50

Piston .74 91

15




TABLE 7. ESTIMATED COMPOSITION OF ORGANICS EMITTED
‘ BY PETROLEUM PRODUCING OPERATIONS
Tass T CLass 11 Cuass TIT

(Low REACTIVITY)

(MoDERATE REACTIVITY)

(Hi6H REACTIVITY)

L1-Us PaRAFFINS
Benzene '
BenzALDEHYDE
AceToNE

MeTHANOL

TERT-ALKYL ALCOHOLS
PHENYL ACETATE
METHYL BENZOATE
ETHYL AMINES
DIMETHYL . FORMAMIDE
PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS**
ACETONITRILE®

AceTic actp
1AROMATIC AMINES
HYDROXYL AMINES
NAPHTHALENE®
CHLOROBENZENES®
NiTROBENZENES®
PxenoL*
ACETYLENE

MONO-TERT-ALKYL~BENZENES

CYCcLIC KETONES ~
ALKYL ACETATES
2-N1TROPROPANE
3+ PARAFFINS
CYCLOPARAFFINS
N-ALKYL KETONES

N-METHYL PYRROL IDONE
N,N-DIMETHYL ACETAMIDE

ALKYL PHENOLS®

METHYL PHTHALATES"®

¥

| cenatED

ALL OTHER AROMATIC HYDRO-
CARBONS

LL OLEFINIC HYDROCARBONS
INCLUD]NG PART!ALLV HALO-
ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIHARV L SECONDARY C20
ALCOMO

DIACETONS ALCOHOL
ETHERS

CELLosOLVE§

GLvcoLs®

Co* ALkvL PHTHALATES®®
OTHER ESTERS®®
ALcoHOL AMINES®®

C3+ orGANIC ACIDS +D1-Ac1Ds*S

EﬁEXA METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OXIDES®®

(3 ¢ DI-ACID ANMYDRIDES®®

ToraL CLass |
L

84

TotaL Cuass Il

s ne

¥

TotaL Cuass 111

XTI TTTN

FROM
®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA
EfaluR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING 1S UNCERTAIN BUT REASONABLE.

"REACTIVITY DATA ARE UNCERTAIN,
"’EsrlnATEn REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY scusns.
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TABLE 8. ESTIMATED COMPOSITION OF THE ORGANICS
EMITTED FROM REFINERY OPERATIONS

Ciass |- - Ciass 11 Crass TIT

(Low ReactiviTy) (MoDerATE ReEACTIVITY) (HigH REaCTIVITY)
T;-C3 ParaFFINs - 6 | MoNO-TERT-ALKYL-BENZENES 2:§Bg;25“ AROMATIC HYDRO- S
Benzene 3 CrcLic KETONES LL OLEFINIC HYDROCARBONS
BenzaLpenYDE ALKYL ACETATES Gézg%gg NG’ PARTIALLY HALO-
AceToNE 2-N1TROPROPANE ALIPHATIC ALDEHYDES
MeThanoL "Cg* PARAFFINS v BRANCHED ALKYL KETONES
TERT-ALKL ALCOMOLS CreLopararFins CELLOSOLVE ACETATE
PHENYL AcETATE NALKYL KETONES UNSATURATED KETONES
MeTuvL BENzoaTe ‘ N-METHYL PYRROLIDONE Prinany & seconpany G+
EvrvL aMings N,N-DIMETHYL ACETAMIDE ALCOMOLS
DIMETHYL FoRMAMIDE ALKYL PHENOLS® DiaceTone ALcowoL
PRENALOGENATED MYDROCARBONS METHYL PHTHALATES®® EYHERS
PARTIALLY HALOGENATED ' CELLOSOLVES
PARAFF INS

GLvcoLs®

Co* ALkYL PHTHALATES®®
OTHER ESTERS®®

ALcOHOL AMINES®®

C3* ORGANIC ACIDS +DI-ACIDS®

PHTHALIC ANHYDRIDE®*
PHTHALIC ACIDS®*
ACETONITRILE®

ACETIC ACID

AROMATIC AMINES

FormMInN®®
HYDROXYL AMINES (ﬂEXA METHYLENE-TETRAMINE)
NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®®
NiTRoBENZENES® ] G+ DI-ACID ANHYDRIDES®*®
PrenoL® :
ACETYLENE®*® 2 i :
ToTAL CLAsS | i U | Tora Cuass I & | TotaL Cuass [I1 E 2
L H 3

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING 1S UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN.
®S°F 1 IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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TABLE 9  ESTIMATED COMPOSITION OF THE ORGANICS EMITTED
' FROM UNDERGROUND GASOLINE STORAGE TANKS

Cuass [
(Low ReacTiviTy)

Cuass I
(MODERATE ReEaCTIVITY)

Cuass 1T
(HiGh REACTIVITY)

tiiC3 PARAFF INS
Benzene
BENZALDEWYDE
ACETONE

MeTHANOL

TERT-ALKYL ALCOHOLS
PHENYL ACETATE
MeTHYL BENZOATE
ETHYL AMINES
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFF INS

PHTHALIC ANHYDRIDE®*
PHTHALIC ACIDS®®
ACETONITRILE®
Acevic aciD
AROMATIC AMINES
HyproxyL AMINES
NAPHTHALENE®
CHLOROBENZENES®
NiTROBENZENES®
PHenoL®
ACETYLENE®®®

MONO-TERT-ALKYL-BENZENES
CYcLIC KETONES

ALKYL ACETATES
2-NITROPROPANE

C;* PARAFF INS
CYCLOPARAFFINS

N-ALKYL KETONES
N-neiHVL PYRROL IDONE
N,N-DIMETHYL ACETAMIDE
ALKYL PHENOLS®

METHYL PHTHALATES®®

—

JCELLOSOLVE ACETATE

ALL OTHER AROMATIC MYDRO-
CARBONS

LL OLEFINIC HYDROCARBONS
INCLUD]NG PARTIALLY HALO-
GENATED
ALIPHATIC ALDEHYDES

BRANCHED ALKYL KETONES

UNSATURATED KETONES

PRIMARY & SECONDARY C2+
ALCOMOLS

DIACETONE ALCOHOL
ETHERS

CeLLOSOLVES

GLvcoLs®

Co* ALkvL PHTHALATES®®
OTHER ESTERS®®

ALcoroL AMINES®®

C3* ORGANIC ACIDS +DI-ACIDS*$

ForMIn®®

(ﬂexA METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OXIDES®®

(3 + DI-ACID ANMYDRIDES®®

Torat Crass |

L

B

TotaL Crass 11

®0

Torat Cuass 111

OIS

"REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN,
®SSCCTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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TABLE 10. ESTIMATED COMPOSITION OF ORGANICS EMITTED
DURING AUTOMOBILE GASOLINE TANK FILLING

CLass [ Ciass 11 i Ciass TTT

(Low REACTIVITY) (MODERATE Reacriviry) : (High ReacTiviTy)
T1-C3 PARAFFINS : 2 | MONO-TERT-ALKYL-BENZENES ﬁk;sgzgf" AROMATIC HYDRO-
Benzene 2 Cretic KETONES QLL OLEFINIC HYDROCARBONS T
BenzaLDEHYDE ALKYL ACETATES Gé::%gg NG PARTIALLY HALO-
AceTone 2-N1TROPROPANE ALTPHATIC ALDEHYDES
MeTmanoL {3+ PARAFFINS & BRANCHED ALKYL KETONES
Tear-ngyL ALCOHOLS CYCLOPARAFFINS 1 CELLOSOLVE ACETATE
PHENYL AceTATE N-ALKYL KETONES UNSATURATED KETONES
MeTHYL BENZOATE N-METHYL PYRROLIDONE PRIMARY & SECONDARY ¢
ETHYL aMINES N,N-DIMETHYL ACETAMIDE ALCOHOLS
DiMETHYL FORMAMIDE ' ALyl PHENOLS® - DiaceTone ALcowoL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® ETHERS
PARTIALLY HALOGENATED ’ CeLLosoLvES
PARAFFINS

6LvcoLs®
Co* ALKYL PHTHALATES®®
OTHER ESTERS®® )

PHTHALIC ANHYDRIDE*®
PuTHALIC ACIDS®*

o
222:?:112::5 ALCOHOL AMINES®®

AROMATIC AMINES C3* oRGANIC ACIDS +D1-ACIDS"
HYDROXYL AMINES iﬂgczn;;TNVLENE-TETRANlNE)
NAPHTHALENE® . TERPENIC HYDROCARBONY
CHLOROBENZENES® . OLEFIN OXIDES®*®
N1TROBENZENES® . i C3 + p1-acip ANHYDRIDES®®
PuenoL*®

ACETYLENE®**

4 TotaL -CLass 11 ' (7] ToraL Cuass 11!

e

ToTAL CLass |
L

ol I
G .

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN,
@€ T IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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. TABLE 11. ESTIMATED COMPOSITION OF THE ORGANICS
EMITTED DURING THE COMBUSTION OF FUEL

Ciass' |
(Low REACTIVITY)

Toass 11
(MODERATE ReacTiviTy)

Cuass 1T
(@193_555511v17v)

L1-C3 pararrins
Benzene
BenzaLpenvbe
AceTone

MeTHanoL
TERT-ALKYL ALCOHOLS
PHENYL ACETATE
MeThvL BENiOAre
ETHYL AMINES
DIMETHYL FORMAMIDE

PREMALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFF INS

PHTHALIC ANMYDRIDE®®
PuvhaLic AciDs®*
AceToNITRILE®
AceTic ActD
AROMATIC AMINES
HYDROXYL AMINES “
NAPHTHALENE®
CHLOROBENZENES®
NITROBENZENES®
PrenoL®
‘AcetvLene®**

MONO~TERT-ALKYL-BENZENES
CvcLiC KETONES

ALKYL ACETATES
2-N1TROPROPANE

3+ PARAFFINS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROL IDONE
N,N-DIMETHYL ACETAMIDE
ALkYL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER ARGMATIC HYDRO-
CARBONS .

L OLEFINIC HYDROCARBONS
INCLUD|NG PARTIALLY HALO-
GENATED S
ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PrImARY & SECONDARY C2¢
ALCOMOLS

D1ACETONE ALCOHOL
Etnens

CeLLosOLVES

GLvcoLs®

Co% AKYL PHTHALATES®®
OTHER ESTERS®®

ALCOHOL AMINES®®

C3* ORGANIC ACIDS +DI-ACIDS®Y

Farmin®®
(a:xA METHYLENE - TETRAMINE)

TERPENIC HYDROCARBONS
OLEFIN OXIDES®®
C; + DI-ACID ANMYDRIDES®®

ToraL CLass | -
o

TotaL Crass 1

TovraL Cuass 111

peceeacdbones

~

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT COMCLUSIVE DATA FROM'
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN,
®SSLcTIMATED REACTIVITY; BASED ON POSITION IN S~CLASS REACTIVITY SCHEME,
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TABLE 12. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED

FROM WASTE BURNING AND OTHER

FIRES

CLass 1‘
(Low ReactIviTY)

Cuass |1
(MODERATE REACTIVITY)

CLass I1T
(HiGH REACTIVITY)

Cl-C3 PARAFFINS
Benzene
BenzaLDEHYDE
AceToNE

MeTHANOL

TERT-ALKYL ALCOHOLS
PHENYL ACETATE
MeTHYL BENZOATE
ETHYL AMINES
DIMETHYL FORMAMIDE

PARTIALLY HALOGENATED
PARAFF INS

PHTHALIC ANHYDRIDE®®
PrvHaLic AcIDs®®
ACETONITRILE®
AceTic acip
AROMATIC AMINES
HYDROXYL AMINES
NAPHTHALENE®
CrLOROBENZENES®
NITROBENZENES®
Puenor* '
ACETYLENE®®*

PREHALOGENATED HYDROCARBONS

MONO-TERT-ALKYL~BENZENES
CvcLic KETONES

ALkvL AcETATES
2-N1TROPROPANE

CS* PARAFF INS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROLIDONE
N,N-DIMETHYL ACETAMIDE
ALKYL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC HYDRO-
CARBONS

QLL OLEFINIC HYDROCARBONS
INCLUDJNG PARTIALLY HALO-
GENATED

ALIPHATIC ALDEHVDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY CZ*
ALCOMOLS

Di1aceTONE ALCOHOL
341113

CeLLoSOLVES

GLvcoLs®

Co* ALkyL pHTHALATES®®
OTHER ESTERS®®
ALcornoL AMmINEs®®

C3+ ORGANIC ACIDS +D1-ACIDS®!

Fﬂnﬂlﬂ"
(HEXA METHYLENE-TETRAMINE)

TERPENIC NYDROCARBONS
OLEFIN OXIDES®®
C3 + DI-ACID ANHYDRIDES®®

TotaL (iass 1
L

]

TotaL Cuass 11

Tota Cuass 111

U

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SEHILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

““REACTIVITY DATA ARE UNCERTAIN,
*®SLoTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 1‘3..‘ - ESTIMATED COMPOSITION OF THE ORGANICS EMITTED
DURING HEAT TREATING OF SURFACE COATINGS

Cuass | i Cuass 11 Cuass 11T
(Low ReEACTIVITY) (MODERATE ReacTiviTY) ° (HieH REACTIVITY)

1-L3 PARAFFINS 2 MONO~TERT-ALKYL~BENZENES ék;agzgta AROMATIC HYDRO- 90
Benzene B Cretic xeTones L OLEFINIC HYDROCARBONS 2
Benzaoenvoe : ' ALKYL ACETATES _ CINCLUD(NG PARTIALLY HALO-
Acerone : - 2-NiRorroraNe ALIPHATIC ALDEWYDES
METHANOL | C3* PARAFFINS. B | BrancueD ALKYL KETONES
TERT-ALKYL ALCOMOLS CYCLOPARAFFINS CELLOSOLVE ACETATE
PaEwvL aceTaTE NALKYL KETONES UNSATURATED KETONES
METHYL BENZOATE N-METHYL PYRROL IDONE PRinaRY & SEconDARy Cy*
EThve amines N,N-DIMETHYL ACETAMIDE ALCOMOLS
DIMETHYL FORMAMIDE ALKYL PHENOLS® DiacETONE ALCOHOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® Evners
PARTIALLY HALOGENATED CELLOSOLVES
PARAFFINS .-

GLvcors®
sz ALKYL PHTHALATES®®
lOvuer esters®®

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS*®

ACETONITRILE® .
ALCOMOL AMINES
Acetic actp .
C3* ORGANIC ACIDS +DI-ACIDS®Y
AROMATIC AMINES. ForMIn®®
. - o RMIN
HvDRoXYL AMINES ) (gEXA METHYLENE-TETRAMINE)
NAPHTHALENE® ' TERPENIC HYDROCARBONS
CHLORDBENZENES® ) OLEFIN OXIDES®®
Ni1TROBENZENES® : " |C3 + DI-ACID AMMYDRIDES®®
PxenoL® ™
ACETYLENE®®* H
. 4
TotaL Cuass | i 2 | TovaL Cuass 11 B ] Torai Cuass 11 HE
l 3 = i

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
§?mua COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

®*REACTIVITY DATA ARE UNCERTAIN.
SOSESTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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'TABLE 14. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED

DURING CURING OF AIR DRIED SURFACE COATINGS

Cuass 1.
(Low REACTIVITY)

Crass 11
(MoDERATE ReacTiviTy)

CLass 11
(HicH R§£;71v1rv)

L1-U3 paRAFFINS
Benzene
BenzaLpenype
ACETONE

METHANOL

TERT-ALKYL ALCOHOLS
PHENYL ACETATE
MeTHYL BENZOATE
ETHYL AMINES
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®®
AcETONITRILE®

Acetic acip

AROMATIC AMINES
HYDROXYL AMINES
NAPHTHALENE"
CHLOROBENZENES
N1TROBENZENES®
PHENOL®
AceTvLENE""*

MONO-TERT-ALKYL-BENZENES
CvcLIC KETONES

ALKYL ACETATES
2-N1TROPROPANE

Cg* PaRAFFINS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROLIDONE
N.N-DIMETHYL ACETAMIDE
ALkyL PHENOLS®

METHYL PHTHALATES®®

v

'FﬂRMlN"
(HEXA METHYLENE-TETRAMINE)

ALL OTHER AROMATIC HYDRO-
CARBONS

LL OLEFINIC MYDROCARBONS
INCLUDING PARTIALLY HALO-
GENATED

ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY Cz*
ALCOHOLS -

DIACETONE ALCOHOL
ETHERS

CeLLosoLves

GLvcos®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®
ALCOHOL AMINES®®

CS’ ORGANIC ACIDS +DI-ACIDS*®Y

TERPENIC HYDROCARBONS
OLEFIN OXIDES®®
C3 + DI-ACID ANHYDRIDES®®

TotaL CLass 1
L

3

Tora. Cuass 11

b

ToraL Cuass 111

e

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN.
®®SLSTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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" TABLE 15. -ESTIMATED COMPOSITION OF ORGANICS EMITTFN FRNM
TABLE T2 DRY CLEANING OPERATIONS USING PETROLEUM BASED SOLVENT

Cass 1 - . ) ' CLass 11 4 CLass TIT

(Low ReACTIVITY) (MODERATE REACTIVITY) (H1GH REACTIVITY)
C1-(3 PARAFFINS - . MONO-TERT-ALKYL ~BENZENES ék;,g;:‘" AROMATIC HYDRO- { 6
Benzewe CreLic kevones ?LL OLEFINIC HYDROCARBONS
BenzaLbenvoe ALKYL ACETATES Gézﬁ#gg NG’ PARTIALLY HALO-
AceTone ’ 2-N1TROPROPANE : ALIPHATIC ALDEHYDES
MeTHanoL : 3+ PARAFFINS 3 BRANCHED ALKYL KETONES
TERT-ALKYL ALCOHOLS CYCLOPARAFFINS (> CELLOSOLVE ACETATE
Prewn. acerare N=ALKYL KETONES UNSATURATED KETONES
METHYL BENZOATE N-METHYL PYRROL IDONE PRINARY & SECONDARY Cy*
ETHYL AMINgS - N,N-DIMETHYL ACETAMIDE ALCOMOLS
DIMETHYL FORMAMIDE ALKYL PHENOLS® ’ DIACETONE AtLcOHOL
PRENALOGENATED HYDROCARBONS METHYL PHTHALATES®® : ETHERS
PARTIALLY HALOGENATED . ' CELLOSOLVES
PARAFFINS

GLycoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ALcoHoL amines**

C3+ ORGANIC ACIDS +DI-ACIDS*Y

PHTHALIC ANHYDRIDE®®
PutnaLIC AcIDS®®
ACETONITRILE®
AceTic actp

AROMATIC AMINES

: Formin®®
HvDROXYL AMINES (ﬂEXA METHYLENE-TETRAMINE)
NAPHTHALENE® o " [Tereenic HYDROCARBONS
CHLOROBENZENES® ‘ ' OLEFIN OXIDES®®
NITROBENZENES® _ C3 + DI-ACID AMNYDRIDES®®
Penor®
ACETYLENE®"® :
TotaL CLass | P00 TotaL Cuass Il TR ToraL Cuass 111 g 6

L

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN,
®SSESTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 16. COMPOSITION OF THE ORGANICS EMITTED FROM DRY
"TLEANING OPERATIONS USING SYNTHETIC SOLVENT (PCE)

Cuass | - Cass 11 Cuass TTT

(Low REACTIVITY) (MoperaTE REACTIVITY) (Hi1gH REACTIVITY)
T,-U3 PARAFFINS MONO~TERT-ALKYL~BENZENES ék:agzgs“ AROMATIC HYDRO-
Benzene . CveLic KeToNEs L OLEFINIC, HYDROCARBONS
BENZALDEHYDE . ALKYL ACETATES Gé:ﬁgggsus PARTIALLY HALO-
AceTone 4 2-N1TROPROPANE ALIPHATIC ALDEMYDES
METHANOL C3* PARAFFINS BRANCHED ALKYL KETONES
TERT-ALKYL ALCOHOLS CreLopaRAFFINS CELLOSOLVE ACETATE
PHENYL ACETATE NCALKYL KETONES UNSATURATED KETONES
MeTHYL BENZOATE A N-METHYL PYRROLIDONE PRIARY & SECONDARY Cy9
ETHYL AMINES N,N-DIMETHYL ACETAMIDE ALCOKOLS
DIMETHYL FORMAMIDE : ALKYL PHENOLS® DiaceToNe ALcomoL
PREMALOGENATED HYDROCARBONS { 100 METHYL PHTHALATES®® ETuers
PARTIALLY WALOGENATED CeLLosoLVES
PARAFFINS

GuvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ALconoL AMINES®®

LC;* ORGANIC ACIDS +DI-ACIDS*®!

PHTHALIC ANHYDRIDE®®
PniHALlc AcIDs®*
AceToNITRILE®

ACETIC ACID
AROMATIC AMINES

Formin®®
HyDrOXYL AMINES (ﬁEXA METHYLENE-TETRAMINE)
NAPHTHALENE® : TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN OXiDES*®
NiTroBENZENES® C; + DI-ACID ANHYDRIDES®®
PHenoL* :
ACETYLENE®®® :
TotaL Cuass | 100 TotaL Crass 11 0 TovaL Ciass 111, g 0

4=

1

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING 15 UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN, :
®®®E T IMATED REACTIVITY: BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 17. COMPOSITION OF THE ORGANICS EMITTED DURTNA
TRICHLOROETHYLENE (TCE) DEGREASING OPERATIONS
Cass | >Cuss 11 Cass TIT
(Low REACTIVITY) (Honsnntgggsécr|v|rv) (H16H ReAcTIVITY)

L1-U3 pararFIns
Benzene '
BenzaLpenyDE
AceTone

MeTHANOL

TERT-ALKYL ALCOMOLS
PHENYL AcETATE
METHYL BENZOATE
ETHYL AMINES
DIMETHYL -FORMAMIDE

' PREMALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC Ac1DS"*®
AceToniTRILE®
Acetic acIp
AROMATIC AMINES
HYDROXYL AMINES.
NAPHTHALENE®
CHLOROBENZENES®
NITROBENZENES®
PuenoL®
ACETYLENE®®®

MONO-TERT-ALKYL-BENZENES
CYCLIC KETONES

ALKYL ACETATES
2-N1TROPROPANE

(3*+ PARAFFINS
CYCLOPARAFF INS

N-ALKYL KETONES
N-METHYL PYRROLIDONE
N,N-DIMETHYL ACETAMIDE
ALkvL pHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC HYDRO-
CARBONS

QLL OLEFINIC HYDROCARBONS
NCLUD;N@ PARTIALLY HALO-

GENATED

ALIPHATIC ALDEHYDES

BRANCHED ALKYL KETONES

CELLOSOLVE ACETATE

UNSATURATED KETONES

PnlnAnv & SECONDARY Cz#
ALCOHO!

DIACETONE ALCOHOL
ETHERS

CELLOSOLVES

GLvcoLs®

Co* ALkYL PHTHALATES®®
OTHER ESTERS®®
ALCOMOL AMINES®*

C3* ORGANIC ACIDS s+pi-actps*{

fﬁexn METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OXIDES®*®

(3 + DI-ACID ANMYDRIDES®®

ToraL Cuass |
L

TotaL Cuass 1]

ToraL Ciass 111

SYTTIYY e

e

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM -
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN.
SSCESTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACT!VITY SCHEME .
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TABIE 18. COMPOSITION OF THE ORGANICS EMITTED DURING
1,1,1,-TRICHLOROETHANE DEGREASING OPERATIONS
Ciass | Cass [I Class TIT

(Low REACTIVITY)

(MopERATE ReacTiviTY)

(HieH ReACTiVITY)

Ly-Us PaRAFFINS
Benzene
BenzaLpenype
AceTone

MeTHanoL
TERT-ALKYL ALCOHOLS
PHENYL AcETATE
MeTHYL BENZOATE
ETHYL AMINES
DiMeTHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®®
AceToniTrILE®
Aceric Acip
AROMATIC AMINES
HvDROXYL AMINES
NAPHTHALENE®
CHLOROBENZENES®
N1TROBENZENES®
PxenoL®
ACETYLENE®"®

10

MoNO-TERT~ALKYL-BENZENES
CvcLIc KETONES

ArkyL Acsrkres
2-N1TROPROPANE

Cz*+ PARAFFINS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROL IDONE
N, N-DIMETHYL ACETAMIDE
ALkvL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC WYDRO-
CARBONS

QLL OLEFlng HYDROCARBONS
INCLUDJNG PARTIALLY MALO-
GENATED :

ALIPHATIC ALDEMYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY Cz*
ALCOHOLS

DIACETONE ALCOMOL
Erners

CELLOSOLVES

GLycoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ArconoL AmINes®®

C3* ORGANIC ACIDS +D1-ACIDS®Y

[Formin®®

(asxA METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN oxIDES®®

C3 + DI-ACID ANKYDRIDES®®

ToraL CLass |
L

LXITERY "PPTTres

g

ToraL Cuass 11

| ToraL Cuass 111

SOTITY YT

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSTVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN,
®SeCcTIMATED REACTIVITY; BASED ON POSITION [N S-CLASS REACTIVITY SCHEME.
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TABLE 19. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED
. BY ROTOGRAVURE PRINTING OPERATIONS

Cuass | Cuass 11 Cuass T
(Low ReacTiviTy)- (MODERATE REACTIVITY) (HiGM ReaCTIVITY)
"C1-Lz PARAFFINS -TERT- - ALL OTHER AROMATIC HYDRO-
31 3 MONO-TERT-ALKYL-BENZENES CARBONS
ENZENE A
Crciic KeTones ALL OLEFINIC HYDROCARBONS
BeENzALDEHYDE ALKYL ACETATES 5 Gé:ﬁ#gg NG PARTIALLY HALO-
AceTone - )
M ; " 2-N1TROPROPANE ALIPHATIC ALDENYDES
| MeTHanoL +
Iy (3+ PARAFFINS q? BRANCHED ALKYL KETONES
ERT-ALKYL ALCOHOLS
b CYCLOPARAFFINS CELLOSOLYVE ACETATE
HENYL ACETATE ~ALKY
" N-ALKYL KETONES UNSATURATED KETONES
ETHYL BENZOATE N-METHY '
METHYL PVRR°L'P°“E PRIMARY & SECONDARY 620
ETHYL aMINES N,N-DIMETHYL ACETAMIDE ALCOMOLS
DiMeTHYL FORMAMIDE . ALKYL PHENOLS® DiaceTone aLcowoL
PREMALOGENATED WYDROCARBONS MeTHYL PHTHALATES™® Ernens
PARTIALLY MALOGENATED CeLLosoLves
PARAFF INS
ee GLvcors®
PHTHALIC ANWYDRIDE
. Co* ALKYL PHTHALATES®®
PrrHaLic actps® .
. OTHER ESTERS®
ACETONITRILE .
ALcoMoL AMINES®®
ACETIC ACID .
C;* ORGANIC ACIDS +DI-ACIDS®Y
AROMATIC AMINES F .
N
HyDROXYL AMINES T . > (R:;A METHYLENE=TETRAMINE)
NAPHTHALENE® TERPENIC WYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®®
N1TROBENZENES® c, + DI-ACID ANMYDRIDES®®
PHeNOL®
ACETYLENE®®* i H
ToraL CLass 1 {16 TotaL Cuass 11 6 - | ToraL Cuass 11 :
{ H i i

“REACTIVITY DATA ARE El'i’HER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN. ,
®S*ECTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 20. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED
BY FLEXIGRAPHIC PRINTING OPERATIONS

Ciass | Cass |1 Cuass TTT
(Low ReEACTIVITY) (MoDERATE ngcerITv) (HiGH ﬁsﬁCTIVITY)
(1-C3 PARAFFINS ~TERT- - ALL OTHER AROMATIC WYDRO-
Bl 3 P! ] MoNO-TERT AFKVL BENZENES CARBONS )
ENZENE
: Cretic keTones QLL OLEFINIC HYDROCARBONS
BenzaLpenvoe ALKYL ACETATES Gé::#gg NG, PARTIALLY HALO-
AceTone 10 -
" 9 2-NiRopRoPANE ALIPHATIC ALDEHYDES
ETHANOL Cet p
I 37 PARAFFINS BRANCHED ALKYL KETONES
ERT-ALKYL ALCOMOLS CycLop
p CLOPARAFFINS CELLOSOLVE ACETATE
HENYL ACETATE -A
" N-ALKYL KETONES - 8 UNSATURATED KETONES
ETHYL BENZOATE - :
N-METHYL PYRROLIDONE PRIMARY & SECONDARY 52’
ETHYL AMINES N.N-DIMETHYL ACETAMIDE ALCOHOLS
DIMETHYL FORMAMIDE ALkyL PHENOLS® DiAcETONE ALCOMOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® ETHERS
PARTIALLY HALOGENATED CELLOSOLVES
PARAFF INS .
. 6LvcoLs
PHTHALIC ANHYDRIDE .
. Co* ALkYL PHTHALATES
PutHALIC ACIDS .
. OTHER ESTERS
ACETONITRILE .
ALCOHOL AMINES
AceTIC acip -
C;* ORGANIC ACIDS +DI-ACIDS®Y
AROMATIC AMINES [ " ve
RMIN
HYDROXYL AMINES (ﬂEXA METHYLENE-TETRAMINE)
NAPHTHALENE® TERPENIC MYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®®
NITROBENZENES® C, + DI-ACID ANHYDRIDES®®
. |PHENOL®
AcETYLENE®®® :
. t
TotaL Cuass | 119 TotaL Cuass 1] 8 Totat Cuass 111 :
L : s L

®REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT_REASNA_BLE-

®®REACTIVITY DATA ARE UNCERTAIN.
*®SESTIMATED REACTIVITY; BASED ON POSITION IN 5-;Lnss REACTIVITY SCHEME.
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TABLE 21 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY ‘RUBBER,
‘ - PLASTIC, PUTTY AND ADHESIVE MAMUFACTURING OPERATIONS

Cuass 1 . Cuass 11 Cuass 11T
(Low ReacTIVITY) (MODERATE REACTIVITY) (HigH ReacTiviTy)
Ci-Uz PARAFFINS -TERT~ ~BENZ ALL ‘OTHER AROMATIC MYDRO- 6
Bl 3 , ) MONO-TERT-ALKYL~BENZENES CARBONS
ENZENE Cy TON :
CLIC KETONES L OLEFINIC HYDROCARBONS | 41
BenzavLoenvoe . ALKYL ACETATES 1 |SINCLUDING PARTIALLY WALO- -
AceToNe - ] -
e 2-NITROPROPANE ALIPHATIC ALDENYDES 10
ETHANOL . + p
. o ) (3# PARAFFINS - |BRANCHED ALKYL KETONES 2
ERT-ALKYL ALCOHOLS Cy
P CLOPARAFFINS CELLOSOLVE ACETATE
HENYL ACETATE -
" NALKYL KETONES 3 UNSATURATED KETONES
ETHYL BENZOATE . -
: N-METHYL PYRROL IDONE . PRIMARY & SECONDARY G+ 4
ETHYL AMINES N,N-DIMETHYL ACETAMIDE ALCONOLS :
DIMETHYL FORMAMIDE ALkYL PHENOLS® D1aceToNE ALcOMOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® ETHERs
PARTIALLY HALOGENATED 3 CeLLosOLVES
PARAFF INS .
GLvcoLs

PHTHALIC ANWYDRIDE®®
PHTHALIC ACIDS®® .
ACETONITRILE®

Czo ALKYL PHTHALATES®®
OTHER ESTERS®®
ALconoL AmiIngs®®

AceTic acip
ARORATIC. AMINES (3* ORGANIC ACIDS +D1-ACIDS®
HYDROXYL AMINES C (Rexa RETHYLENE-TETRAMINE)
NAPHTHALENE® _ . TERPENIC HYDROCARBONS
CHLOROBENZENES® _ ) ' OLEFIN OXIDES®®
eraonsugéu:s' ' _ ' C3 + DI-aACID AMWYDRIDES®®
PuenoL® '

. JAceTvLene®"* :
TotaL Cuass | 16 | ToraL Cuass 11 2 | ToraL Cuass 111 g 5]

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

®®REACTIVITY DATA ARE UNCERTAIN,
#0SC T IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 22. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED
DURING PHARMACEUTICAL MANUFACTURING

Tass T Cuass 11 - Cass TIT

(Low ReacTIvITY) (MoDERATE ReacTiviTy) (ng!_BEAQIJVITY)
C;-03 ParaFFINS MONO-TERT-ALKYL-BENZENES ékksgzgfk AROMATIC HYDRO-
Benzene Cretic ketones 1 LL OLEFINIC HYDROCARBONS
BenzaLbenyDE ALKYL ACETATES Gé:g%gg NG PARTIALLY HALO-
AceTone 7 2-N1TROPROPANE ALIPHATIC ALDEHYDES
MeTHaNoL : 2 C3* PARAFFINS BRANCHED ALKYL KETONES
TERT-ALKYL ALCOWOLS 7 CYCLO?ARAFFINS CELLOSOLVE ACETATE
PHENYF ACETATE N-ALKYL KETONES 5 |unsaturaten KETONES
METHYL BENZOATE N-METHYL PYRROLIDONE PRIMARY & SECONDARY G
ETHYL AMINES N,N-DIMETHYL ACETAMIDE ALCOHOLS
DIMETHYL FORMAMIDE ALKYL PHENOLS® : DiacevoNe ALCOHOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® . ETHERS
PARTIALLY HALOGENATED CeLLoSOLVES
PARAFFINS

GLvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS™®

ALconor AMINES®®

C3* ORGANIC ACIDS +D1-aCIDS™

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®®
ACETONITRILE®

ACETIC ACID

AROMATIC AMINES

HYDROXYL AMINES ' FﬂEXA METHYLENE-TETRAMINE)
NAPHTHALENE® 4 TERPENIC HYDROCARBONS

‘| CHLOROBENZENES® : OLEFIN OXIDES®®
NITROBENZENES® ' {3 + D1-ACID ANMYDRIDES®®
PueNOL® E {
ACETYLENE®*® i i H
TotaL Cuass 1 | TotaL Cuass 11 6 | ToraL Cuass 111

-~

L

*REACTIVITY DATA ARE E1THER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE..

*“REACTIVITY DATA ARE UNCERTAIN.
®**FcTIMATED REACTIVITY; BASED ON POSITION IN 5~CLASS REACTIVITY SCHEME.
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TABLE 23.

ESTIMATED COMPOSITION OF THE ORGANICS EMITTED

BY MISCELLANEOUS SOLVENT USING OPERATIONS

CLASS.I
(Low ReacTIVITY)

Cuass J1
(MODERATE REACTIVITY)

Crass 11T
(HiGH ReacTivITY)

1'53 PARAFFINS
Benzene
Benzatpewvpe
ACETONE
MeTHANOL ,
TERT-ALKYL ALCOMOLS
PHENYL AceTATE
METHYL BENZOATE
ETHYL AMINES
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFF INS

PHTHALIC ANHYDRIDE®®
PuthaLIC ACiDS®*®
AceToNiTRILE®

ACETIC ACID

AROMATIC AMINES v
HYDROXYL AMINES A
“INAPHTHALENE®
CHLOROBENZENES®
NiTroBENZENES®

PuenoL®

AcETYLENE®"®

MoNO-TERT-ALKYL-BENZENES
CYCLIC KETONES

ALKYL ACETATES
2-N1TROPROPANE

C;* PARAFF INS
CYCLOPARAFFINS

N-ALKYL KETONES -
N-METHYL PYRROL 1DONE
N.N-DIMETHYL ACETAMIDE
ALyl pHENOLS®

METHYL PHTMALATES®®

w & G

ALL OTHER AROMATIC HYDRO-
CARBONS ’

LL OLEFINIC HYDROCARBONS
INCLUD]NG PARTIALLY HALO-
GENATED i

ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY C2~
ALCOHOLS

DIACETONE ALCOMOL
ETHERS

CeLLOSOLVES

GLvcos® -

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ALCOHOL AMINES®®

C3* ORGANIC ACIDS +D1-ACIDS®!

R -
XA METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OxIDES**

(3 + DI-ACID ANMYDRIDES®®

ToraL CLass !
L

]

Totar Crass I1

Y.

J Torar Crass I1}
vl

®REACTIVITY DATA ARE EITHER NDN‘EXiSTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM -
S?HlLAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

*®REACTIVITY DATA ARE UNCERTAIN. .
S*SFSTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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" TABLE 24.

ESTIMATED ORGANIC COMPOSITION OF THE EXHAUST

EMISSIONS FROM LIGHT DUTY GASOLINE POWERED VEHICLES

Cuass 1
(Low REACTIVITY)

Cuass I
(MoDERATE REACTIVITY)

Cass TIT
(HigH REACTIVITY)

CI-C3 PARAFFINS
Benzene
BenzaLpenyoe
AceTone

MeTHANOL A
TERT-ALKYL ALCOMOLS
PHENYL ACETATE.
METHYL BENZOATE
ETHYL aMINES
DiMETHYL FORMAMIDE
PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHMYDRIDE®®
PHTHALIC ACIDS**
ACETONITRILE®

ACETIC ACID

AROMATIC AMINES
HyproxyL AMINES
NAPHTHALENE®
-CHLOROBENZENES
Ni1TROBENZENES®
PuenoL*®
ACETYLENE®"*

W

easaae

MONO-TERT-ALKYL-BENZENES
CYcLIC KETONES

ALkyL ACETATES
2-N1TROPROPANE

C3+ PARAFF INS
CvcLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROLI1DONE
N,N-DIMETHYL ACETAMIDE
ALkYL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER_AROMATIC HYDRO-
CARBONS

ALL OLEFINIC HYDROCARBONS
(chLungns PARTIALLY HALO-
GENATED

ALIPHATIC ALDEWYDES -
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY C2+
ALCOHOLS

D1ACETONE ALCOHOL
ETHERS

CeLLosOLVES

GLvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®*
ALcoHoL AMINES®®

C3+ ORGANIC ACIDS +DI-ACIDS®Y

FﬂRHIN"
(HEXA METHYLENE-TETRAMINE)

TERPENIC HYDROCARBONS
OLEFIN OXIDES®®
(3 + DI-ACID ANMYDRIDES®®

ToraL Cuass |

.

TovaL Cuass 1]

Bl

TotaL Crass 11!

STYTTY® S

e

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN,
**eC T IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 25; ESTIMATED QRGANIC COMPOSITION OF THE EVAPORATIVE
* EMISSIONS FROM LIGHT DUTY GASOLINE POWERED VEHICLES

Cuass | CLass |1 CLass T

(Low REACTIVITY) (HODERATEAB§5CTIVITV) : {HicH ReacTivITY)
U1-U3 PaRAFFINS 1 MONO-TERT-ALKYL-BENZENES 5}kagzgﬁk AROMATIC HYDRO- * { 2
Bewzene ! Cretic keTones LL OLEFINIC HYDROCARBONS
BENZALDEHYDE ALKYF ACETATES Gé:ﬁ%%ﬁ NG PARTIALLY HALO
Acerone Z-NITROPROPANE ALIPHATIC ALDEHYDES
METHANOL C3* PARAFFINS ¥ | Brancuep ALKYL KeToNES
TERT-ALKYL ALCOMOLS CYCLOPARAFF INS 1 CELLOSOLVE ACETATE
PaENTL AceTATE NZALKYL KETONES UNSATURATED KETONES
METHYL BENZOATE N-METHYL PYRROLIDONE PRIMARY & SECONDARY (o+
ETHYL AmINes N,N-DIMETHYL ACETAMIDE ALCOHOLS
DiMETHYL FoRMAMIDE ALkvL PHENOLS® . DiacevoNe ALcoHoL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® Etuers
PARTIALLY MALOGENATED | . | CeLLosovLves
PARAFF INS : _

GLvcoLs®
Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®*
ACETONITRILE®

Acetic Acip

AROMATIC AMINES
HyDROXYL AMINES

ALcoHoL AMINES®®
(3+ ORGANIC ACIDS +DI-ACIDS*!

FﬁRHIN'.
(HEXA METHYLENE-TETRAMINE)

NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®®

NITROBENZENES® 3 + DI-ACID ANWYDRIDES®®

PuenoL® E

ACETYLENE®**®. i :
ToTaL Cuass | {5 | ToraL Cuass 11 B | Tora Ciass [II é 7.
[ : - e

®REACTIVITY DATA ARE EITHER NON-EXISTENT GR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
- SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

*®REACTIVITY DATA ARE UNCERTAIN.
®9e[ T IMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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OF THE EXHAUST

' . -ESTIMATED ORGANIC COMPOSITION :
TABLE 26 EMISSIONS FROM HEAYY DUTY GASOLINE POWERED VEHICLES
Cuass | CLass 11 Crass ITT

(Low ReacTIVITY)

(MoDERATE REACTIVITY)

* (HiGH ReACTIVITY)

L1-L3 PARAFFINS
Benzene
BenzaLbenvpe

| AceToNe

MeTHANOL

TERT-ALKYL ALCOHOLS
PHENYL AceTaTE
MeTHYL Benzoate
ETHyL AMmiNES
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®*
ACETONITRILE®
AceTtic AciD
AROMATIC AMINES
HYDROXYL AMINES
NAPHTHALENE®
CHLOROBENZENES®
NiTroBENZENES®
PHENOL®
AceTvLene®**

bL]

MONO-TERT-ALKYL-BENZENES
CvcLIC KETONES

ALKYL ACETATES
2-NITROPROPANE

C3+ PARAFFINS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROL1DONE
N,N-DIMETHYL ACETAMIDE
ALKYL pHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC HYDRO-
CARBONS

LL OLEFINIC HYDROCARBONS
INCLUDJNG PARTIALLY WALO-
GENATED)

ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY Co*
ALCOHOLS -

DIACETONE ALCOHOL
ETHERS

CELLOSOLVES

GLvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS"®

ALcoHoL AMINES®®

(3* ORGANIC ACIDS +DI-ACIDS"Y

ForMIN®®
(HEXA METHYLENE-TETRAMINE)

TERPENIC HYDROCARBONS
OLEFIN OXIDES®®
C3 +'DI-ACID ANHYDRIDES®*

TotaL CLass 1
L

3

TotaL Cuass 11

30

TotaL Cuass 111

s

SYTTINS e

8

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

®*REACTIVITY DATA ARE UNCERTAIN,
®®®LSTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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TABLE 27

ESTIMATED ORGANIC COMPOSITION OF THE EVAPORATIVE
EMISSIONS FROM HEAVY DUTY GASOLINE POWERED VEHICLES

Cuass | Cuass 11 Cuass TIT
(Low ReacTiviTY) (MODERATE ggésrlvxtv) (H1GH REACTIVITY)
Cy-C3 PARAFFINS : ~TERT- - L OTHER AROMATIC HYDRO-
B1 3 ) MONO-TERT-ALKYL-BENZENES CARBONS
ENZENE
Cretic keTones LL OLEFINIC HYDROCARBONS
BenzaLbenyDe ALKYL ACETATES Génﬁ#gg NG PARTIALLY HALO-
AceTone -
" 2-N1TRoPROPANE ALIPHATIC ALDEHYDES
ETHANOL +
r (3* PARAFFINS i{ BRANCHED ALKYL KETONES
ERT-ALKYL ALCOHOLS
P CYCLOPARAFF INS CELLOSOLVE ACETATE
HENYL ACETATE - .
" N-ALKYL KETONES UNSATURATED KETONES
ETHYL BENZOATE -
Z N-METHYL PYRROLIDONE PRIMARY 8 SECONDARY Gyt
ETHYL AMINES N,N-DIMETHYL ACETAMIDE ALCOHOLS
DIMETHYL FORMAMIDE ALkvL PHENOLS® DIACETONE ALCOHOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® ETuERs
PARTIALLY HALGGENATED CeLLosoLves
PARAFF INS .
we 6LycoLs
PHTHALIC ANNYDRIDE® o o
.e Co* ALKYL PHTHALATES
PHTHALIC ACIDS . '
. OTHER ESTERS®
ACETONITRILE ' .
ALcoHoL AMINES
ACETIC ACID
; C3* ORGANIC ACIDS +DI-ACIDS®
AROMATIC AMINES I o
HyDROXYL AMINES <y (aEXA METHYLENE<TETRAMINE)
NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® |OLerin oxipes** .
NiTROBENZENES® C3 + DI-ACID ANMYDRIDES®®
PugnoL*
ACETYLENE®**
ToraL Cuass | TotaL Cuass 11 %8 | Torar Cuass 11
| b o

*REACTIVITY DATA ARE EITHER NON-EXISTENT OR lNCONCLUSlVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVA!LABLE) TNEREFORE, RATING 1S UNCERTAIN BUT -REASOMABLE.

®*REACTIVITY DATA ARE UNCERTAIN,
SSOESTIMATED REACTIVITY; BASED ON POSITION IN S-cLAss REACTIVITY SCHEME.
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TABLE 28. ESTIMATED ORGANIC COMPOSITION OF THE EXHAUST EMISSIONS
FROM QTHER GASOLINE POWERED EQUIPMENT

Cuass | CLass 11 Ceass [IT
(Low ReactiviTy) (MODERATE REEETIVITV) (HieH ReacriviTy)

Cy-C3 parAFFIN -TERT- - ALL OTHER AROMATIC HYDRO- 2
Bl 3 s 7} MONO-TERT-ALKYL-BENZENES CARBONS

ENZENE 3

- Cretic keTones . ?LL OLEFINIC HYDROCARBONS 2

BenzaLbEHYDE ALKYL ACETATES INCLUDING PARTIALLY HALO-
A GENATED

CETONE : -
" 2-N1TROPROPANE ALIPHATIC ALDEWYDES

ETHANOL + :
1 (3* PARAFFINS 2 BRANCHED ALKYL KETONES

ERT-ALKYL ALCOMOLS
P 0 CrcLoPARAFFINS CELLOSOLVE ACETATE

HENYL ACETATE -
" N-ALKYL KETONES UNSATURATED KETONES

ETHYL BENZOAT - :

€ N-METHYL PYRROLIDONE PRIMARY & SECONDARY L+

ETHYL aAMINES "1 N,N-DIMETHYL ACETAMIDE ALCOHOLS :
DiMETHYL FORMAMIDE "] ALkvL PHENOLS® D1ACETONE ALCOHOL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® ETHERS

PARTIALLY HALOGENATED JCeLiosoLves
PARAFF INS

GLvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ALconoL AMINES®®

C3* ORGANIC ACIDS +DI-ACIDS"$

PHTHALIC ANHYDRIDE®®

PuTHALIC ACIDS®®
ACETONITRILE®

|Aceric ACID

AROMATIC AMINES

HvDRoXYL AMINES Fﬁﬂ:"l".. -

XA METHYLENE-TETRAMINE)
NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN Ox1DES®®
NITROBENZENES® C3 + DI-ACID ANHYDRIDES®®
PHENOL®
ACETYLENE®®* jil i
TotaL CLass | : i 3B TotaL Cuass I 2 ToraL Ciass 1 § Q
L 2 s

®REACTIVITY DATA ARE EITHER NON~EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

**REACTIVITY DATA ARE UNCERTAIN, - :
®®SCcTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME,
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ESTIMATED ORGANIC COMPOSITION OF THE EVAPORATTVE

TABLE 29.
‘ *EMISSIONS FROM OTHER GASOLINE POWERED EQUIPMENT
Tass T “CLAss 11 Cuass T
(Low REACTIV}TY) : (HonenArggggﬁcrlvxry) (ngg_EEﬁCTlVlTY)

1-(3 PARAFFINS
BENzZENE
BENzALDEHYDE
AceTone
METHANOL
TERT-ALKYL ALCOMOLS
PHENYL ACETATE
METHYL BENZOATE
ETHYL AmINeS
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

[PARTIALLY HALOGENATED
PARAFF INS

PHTHALIC ANHYDRIDE®®
PuTHALIC ACIDS®®
AcETONITRILE®
Aceric acip .
ﬂaonarlc AMINES
HvDRoXYL AMINES
NAPHTHALENE®
CHLOROBENZENES®
NiTROBENZENES®
PuenoL® .
ACETYLENE®®®

MONO-TERT-ALKYL-BENZENES

CvcLic KETONES

ALKYL ACETATES
2-N1TROPROPANE

C3* PARAFFINS
CYCLOPARAFFINS
N-ALKYL KETONES
N-METHYL PYRROLIDONE

N, N-DIMETHYL ACETAMIDE
~ ALkYL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC HYDRO-
CARBONS

L OLEFINIC HYDROCARBONS
INCLUDJNG PARTIALLY HALO-
GENATED
ALIPHATIC "ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY C2¢
ALCOHOLS

DIACETONE ALCOHOL
ETHERS

CeLLosoLves

GLycoLs®

Cy* ALKYL PHTHALATES®®
JOTHER ESTERS™*

ALCOMOL AMINES®®

(3¢ ORGANIC ACIDS +DI-ACIDS*!

fﬂ:xa METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OXIDES®®

C3 + DI-ACID ANWYDRIDES®®

TotaL Ctass |1

L

TotaL Cuass 11

Totat CLass 111

®REACTIVITY DATA ARE E!THER NON- EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASMABLE.

**REACTIVITY DATA ARE UNCERTAIN.
®S*ESTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS. REACTIVITY SCHEME,
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TABLE 30. ESTIMATED COMPOSITION OF THE EXHAUST EMISSIONS
: FROM DIESEL POWERED VEHICLES.
CLass | CLass 11 Ceass 11T
(Low ReacTiviTY) (MODERATE REACTIVITY) (HiGH ReACTIVITY)
C1-03 PARAFF —TERT- - ALL OTHER AROMATIC HYDRO-
Bl 3 INS . 1 MONO-TERT~ALKYL-BENZENES CARBONS
ENZENE
B CreLic keToNes LL OLSF;ng HV?:OCARBONS
ENZALDENY INCLUDJNG PARTIALLY HALO-
\ DE ALKYL ACETATES GENATED
CETONE .
" 2-NirRopRopae ALIPHATIC ALDEHYDES
ETHANOL +
; C3* PARAFFINS & | BraNcHED ALKYL KETONES
ERT-ALKYL ALCOHMO
p Ls CYCL°P“R4FF'"S CELLOSOLVE ACETATE
HENYL ACETATE -
" N-ALKYL KETONES UNSATURATED KETONES
ETHYL BENZOATE -
0 N-METHYL PYRROL IDONE PRIMARY & SECONDARY Cz*
EThyL amines N,N-DIMETHYL ACETAMIDE ALCOHOLS
DIMETHYL FORMAMIDE ALkvL PHENOLS® DraceToNe aLconoL
PREHALOGENATED HYDROCARBONS METHYL PHTHALATES®® -|ETHERS
PARTIALLY HALOGENATED CELLOSOLVES
PARAFF INS .
. GLvcoLs
PHTHALIC ANHYDRIDE o
oe Cg* ALKYL PHTHALATES
PHTHALIC ACIDS . ne
: . OTHER ESTERS
ACETONITRILE .
ALCOHOL AMINES
AceTic acip .
C3* ORGANIC ACIDS +DI-ACIDS®!
AROMATIC AMINES £ o
RMIN .
HYDROXYL AMINES (ﬁEXA METHYLENE-TETRAMINE)
NAPHTHALENE® TERPENIC HYDROCARBONS
CHLOROBENZENES® OLEFIN OXIDES®®
NiTROBENZENES® (3 + DI-ACID ANHYDRIDES®®
PHENOL®
ACETYLENE®®® ) i H
TotaL CLass I - i B | ToraL Cuass Il . ] TovaL Cuass I11 :
H H 1= 3

L

"REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING 1S UNCERTAIN BUT REASONABLE .

*®REACTIVITY DATA ARE UNCERTAIN,

®*SECTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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TABLE 31.

ESTIMATED COMPOSITION OF THE ORGANIC EMISSIONS

FROM TURBINE POWERED AIRCRAFT:

Ciass | ~ Cuass 11 Ceass 1T
(Low REACTIVITY) (MODERATE REACTIVITY) (HieH ReACTIVITY)

1743 PARAFF INS
Benzene
BenzaLpenype
Acetone
MeTHANOL
TERT-ALKYL ALCOHOLS
PHENYL ACETATE
MeTHYL BENZOATE
ETHYL AMINES
DimeTHYL FORMAMIDE -
PREMALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PuTHALIC ACIDS®®
AceTONITRILE®

ACETIC ACID

AROMATIC AMINES .
HyDROXYL AMINES
NAPHTHALENE®
CHLOROBENZENES
NITROBENZENES®
PxenoL*®
AceTvLene***

MONO-TERT-ALKYL-BENZENES
CvcLic KETONES

ALKYL ACETATES
2-N1TROPROPANE

c3+ PARAFFINS
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROLIDONE
N.N-DIMETHYL ACETAMIDE
ALKYL PHENOLS®

MeTHYL PHTHALATES®®

JUNSATURATED KETONES

ALL OTHER AROMATIC HYDRO-
CARBONS :

LL OLEFINIC HYDROCARBONS
INCLUDING PARTIALLY MALO-~
GENATED
ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES

CELLOSOLYE ACETATE

PRIMARY & SECONDARY Cz*
ALCOHOLS

DiaceToNe ALcowoL A
ETHERS

CeLLosoLvES

GLycoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®
ALcoHoL AMINES®®

C3+ ORGANIC ACIDS +DI-ACIDS*

Fﬂnnxu"
(HEXA METHYLENE-TETRAMINE)

TERPENIC HYDROCARBONS
OLEFIN OXIDES®®
C3 + DI-ACID ANMYDRIDES"®

Torar CLass |
|-

ToraL Crass !l

e

TovaL Crass 111

ST .

A

.REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT .CONCLUSIVE .DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING 1S UNCERTAIN BUT REASONABLE.

“*REACTIVITY DATA ARE UNCERTAIN,

®#*EcTIMATED REACTIVITY; BASED ON POSITION [N 5-CLASS REACTIVITY SCHEME.
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TABLE 32. ESTIMATED COMPOSITION OF THE ORGANICS
JEMITTED BY PISTON POWERED AIRCRAFT
Ciass | Ciass 11 CLAss 1041

(Low REACTIVITY)

(MODERATE REACTIVITY)

(Hie REACTIVITY)

Cl-C3 PARAFFINS
Benzewe
BenzaLpenvoe
AceTone

MeTHANOL
TERT-ALKYL ALCOHOLS
PHENYL aceTaTE
METHYL BENZOATE
ETHYL AMINES
DIMETHYL FORMAMIDE

PREHALOGENATED HYDROCARBONS

PARTIALLY HALOGENATED
PARAFFINS

PHTHALIC ANHYDRIDE®®
PHTHALIC ACIDS®®
AcETONITRILE®
AceTic AacID
AROMATIC AMINES
HYDROXYL AMINES
NAPHTHALENE®
CHLOROBENZENES®
NiTroBENZENES®
PHENOL®
ACETYLENE®®®

MoNO-TERT-ALKYL-BENZENES

CveLIc KETONES

ALKYL ACETATES
2-NITROPROPANE

C3* PARAFFINS.
CYCLOPARAFFINS

N-ALKYL KETONES
N-METHYL PYRROL IDONE
N,N-DIMETHYL ACETAMIDE
ALkyL PHENOLS®

METHYL PHTHALATES®®

ALL OTHER AROMATIC HYDRO-
CARBONS

L OLEFINIC HYDROCARBONS
XNCLUD;NG PARTIALLY HALO-
GENATED

ALIPHATIC ALDEHYDES
BRANCHED ALKYL KETONES
CELLOSOLVE ACETATE
UNSATURATED KETONES

PRIMARY & SECONDARY C2+
ALCOHOLS

DIACETONE ALCOHOL
ETHERS

CeLLosoLves

GLvcoLs®

Co* ALKYL PHTHALATES®®
OTHER ESTERS®®

ALcoHoL AMINES®*

C3* ORGANIC ACIDS +DI-ACIDS"Y

FormInN®® .

(ﬁEXA METHYLENE-TETRAMINE)
TERPENIC HYDROCARBONS
OLEFIN OXxIDES®®

3 + D1-ACID ANHYDRIDES®®

TotaL CLass |
(-

3

Totar CLass [I

3

TotaL CLass It

becsracduocnanas

e

"REACTIVITY DATA ARE EITHER NON-EXISTENT OR INCONCLUSIVE, BUT CONCLUSIVE DATA FROM
SIMILAR COMPOUNDS ARE AVAILABLE; THEREFORE, RATING IS UNCERTAIN BUT REASONABLE.

®“REACTIVITY DATA ARE UNCERTAIN.
®*SCCTIMATED REACTIVITY; BASED ON POSITION IN 5-CLASS REACTIVITY SCHEME.
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" TABLE 33.

SUMMARY OF COMPOSITION DATA IN TERMS

OF THE THREE-CLASS_REACTIVITY. SCHEME

AVERAGE

SOURCE CATEGQRY MOLAR COMPOSITION {PERCENT)
MOLECULAR
CLASS 1 CLASS 11 CLASS 111 WEIGHT
STATIONARY SOURCES: ORGANIC FUELS
AlD COMBUSTION

Petroleur Production and Refini

Petroleum Production 84 16 0 29

PetroTeum Refining n 67 22 93
Gasoline Marketing

Underground Service 18 60 2 8

Station Tanks

Auto Tank Filling oA 69 .o 7
fue) Combustion -90 3 7 25
Waste burning § Fires b 7 19 33
STATIONARY SOURCES-ORGANIC CHEMICALS
Surface Coating

Heat Treated 20 2 52 82

Air Oriec 15 5) M 8?
Dry Clearing

Fetroleum Based Solvent ] 9 6 126

Synthetic Solvent (PCE) 100 0 4] 166
Qﬂm

TCE Solvent .0 0 100 132

1,1,)-T-501vent 100 (4] "0 134
Printing

Rotogravure R &1 ) 23 82

Flexigraphic 19 8 73 57
Industrisl Process Sources

Rubber & Plastic Wanf. 113 2 ' (3] 7

Pharmaceutical Manf. k2 6 . 60 il

Miscellaneous Operations “ 29 27 80
MOBILE SOURCES
Gasoline Powered Vehicles
Light Duty venicles.

Exhaust Emissions = 30 2 )

Evaporative Emissions 5 58 k1) 9
Heavy Duty Vehicies

Exhaust Emissions 28 30 @ 69

Evaporative Emissions 5 58 37 91
Other Gasoline Powered Equipment

Exhaust Emissions 28 30 42 69

Evaporative Emissions 5 58 3 L]
Diesel Powered Motor Vehicles 13 24 . 63 89
Aircraft

Jet 9 42 49 21

Piston k) 2 43 -56
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TABLE -34. MOLAR REACTIVITIES AND WEIGHT REACTIVITIES
FOR THE THREE-CLASS SCHEME

SOURCE CATEGORY W SOURCE ‘ REACTIVE EMISSIONS
REAC REACTIV REACTIVE
Ties “‘?‘E&"S cromr ni0? | Tosoer | VR
STATIONARY SOURCES: ORGANIC TUELS
: AND COMBUSTION

Petroleum Production and Refinin

Petroleum Production 0.06 0.2t 11.8 13..0 0.9

Petroleum Refining 0.47 0.51 67.8 74.7 5.0

Underground Service 0.45 0.78 43.8 48.3 3.2

Station Tanks

Auto Tank Filling 0.53 0.72 85.8 94.6 6.3
Fuel Combustion 0.08 0.32 7.0 7.7 0.5
Waste Burning & Fires 0.22 0.67 24.9 21.5 1.8
STATIONARY SOURCES: ORGANIC CHEMICALS
Surface Coating

Weat Treated 0.63 0.77 8.2 9.0 0.6

Air Dried 0.53 0.61 110.6 121.9 8.1
Dry Cleantn

Petroleum Based Solvent 0.42 0.33 2.1 2.3 0.2

Synthetic Solvent (PCE) 0.00 0.00 0.0 0.0 0.0
Degreasing

TCE Solvent 1.00 0.76 0.3 0.3 0.0

1,1,1-T Solvent 0.00 0.00 0.0 0.0 0.0
Printing

Rotogravure 0.46 0.56 8.7 9.6 0.6

Flexigraphic 0.76 .33 8.4 10.4 0.7
Industrial Process Sources

Rubber & Plastic Manf, 0.7 0.97 0.7 0.8 0.1

Pharmaceutical Manf. 0.62 0.83 0.2 0.2 0.

Miscellaneous Operations 0.38 0.48 22.1 24.4 1.6
MOBILE SOURCES
Gasoline Powered Vehicles
Light Duty Vehicles )

Exhaust Emissions 0.53 0.77 4431 488.4 32.4

Evaporative Emissions 0.59 0.65 289.8 319.5 21.2
ileavy Duty Vehicles

Exhaust Erissions 0.53 0.77 66.1 72.9 4.8

Evaporative Emissions 0.59 0.65° 43.4 47.8 3.2
Other Gaséline Powered Equipment

[xhaust Emissions 0.53 0.77 76.8 84.7 5.6

Evaporative Emissions 0.59 0.65 13.0 14.3 1.0
Diesel Powered Motor Vehicles 0.72 0.81 10.0 n. 0.7
Aircraft

Jet 0.65 0.54 8.4 9.2 0.6

Piston 0.52 0.93 13.1 4.4 1.0
TOTAL 1367.1 1507.0 100

43




TABLE 35. ADJUSTED MOLAR REACTIVITIES 3NN WEIGHT REACTIVITIES
FOR THE THREE-CLASS SCHEME’ :

SOURCE CATEGORY SOURCE MOLAR SOURCE VEIGHT
REACTIVITIES REACTIVITIES

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and Refining

' Petroleum Production . 0.08 0.20

Petroleum Reéfining - 0.64 0.48
G;solina Marketing

underground Service .61 0.73

Station Tanks . o

Auto Tank Filling ) 0.72 0.67

Fuel Combustion on 0.30

Waste Burntng & Fires " 0.30 0.63 .

STATIONARY SOURCES: ORGANIC CHEMICALS

Surface Coating )
Heat Treated 0.86 0.72

Alr Dried 0.72 0.57
Dry Cleaning

Petroleum Based Solvent o 0.57 0.31

Synthetic Solvent (PCE) 0.00 0.00
Degreasing

TCE Solvent 1.36 e.7n |

1,1,1-T Solvent Q.00 0.00
Pringing

Rotogravure Q.62 0.52

Flexigraphic 1.03 ' 1.24

Industrial Process Sources

Rubber & Plastic Manf, 0.96 0.9
Pharmaceutical Manf. ' 0.84 0.78
Miscellaneous : 0.52 " 0.45

MOBILE SOURCES
Gasoline Powered Vehicles.-
Light Duty Vehicles

Exhaust Emissions 0.72 0.72
Evaporative Emissions ’ 0.80 0.6)

Heavy Duty Vehicles

Exhaust Emissions . 0.72 0.72
Evaporative Emissions 0.80 0.61

Other Gasoline Powered Equipment

Exhaust Emissions ‘ 0.72 6.72

Evaporative Emissions . 0.80 0.6)
Diesel Powered Motor Vehicles 0.98 . 0.76
Afrcraft .

Jet . 0.88 0.50

Piston 0.7 0.87
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SECTION 4
CONTROL DEVICES

STATIONARY SOURCES

There are relatively few "off-the-shelf" technologies available for
controlling organic emissions from stationary sources. For purposes of
this study, only demonstrated technologies will be considered (8). For
stationary sources there are seven (7) basic control techniques:

Incineration

Adsorption

Absorption

Condensation
Substitution

Floating roof tank seals

o Improved maintenance and control

The advantages, disadvantages, and app11cat1ons of each technique are sum-
marized in Table 36 and discussed in more detail in the following pages.

Incineration

Incineration processes control organic emissions by oxidation. When an
emission stream contains a sufficient quantity of combustible organics, the -
pollutant itself is the fuel. An example of this is a refinery flame.
Generally, supplementary fuel is employed to maintain stable combustion
conditions. Two basic designs of incinerators use supplementary fuel,
direct-flame and catalytic. Direct-flame incinerators consist of a burner
~and a refractory-lined incineration chamber. The incineration chamber:is
a plenum in which combustion occurs. In some situations the emission stream
can be fed into an existing boiler or heater, eliminating the need for an
incinerator. Catalytic incinerators are similar except that the combustion
occurs on a catalyst bed. Less fuel is burned because catalytic oxidation
occurs at lTower temperatures. Lower fuel costs, however, are offset by the
higher costs of the catalytic unit.

The advantages of this technique are:

8 Possible heat recovery from the incineration process. If
this can be done, both the heat from the supplementary fuel
and the heat from what would otherwise be a pollutant can
be utilized.
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TABLE

36. SUMMARY OF MAJOR ORGANIC CONTROL TECHNIQUES FOR STATIONARY SOURCES

TYPE

ADVANTAGES

DISADVANTAGES

SOME APPLICATIONS

Incineration

Adsorption

Absorption

Condensation

Secondary Floating

Substitution

Possible Heat Recovery

Control of Low Concentration
Emissions .

Solvent Recbvery

Control of Low Concentration
Emissions

Applicable to Sources That Can-
not Be Controlled By Other
Techniques

Solvent Recovery

Applicable to Sources That
cannot Be Controlled By Other
Techniques

Only Feasibie Techniaue

Only Applicable Technioue In
Some Cases

Consumes Fuel
Catalysts Can Be De-Activated

Cannot Be Used When the Organics
Contain Halogens or Sulfur

Ho Solvent Recovery
Selective Control of Low
Varor Pressure Oraanics
Non-Continuous Process

Poor Economics

Relatively Low Control
Efficiency (i.e. Relatively
High Final Emissions Levels)

Selective Control of Low Vapor
Pressure Organics

Relatively Low Control
Efficiency (i.e. Relatively
High Final Emission Levels)

Poor Economi~ss

Lirited Anplicability

W AW —
P )

Petroleum Refining
Chemical Processing
Baking Ovens

Dry Cleaning

Degreasing

Paint Spraying

Solvent Extraction Processes
Metal Coating .
Plastic, Chemical, Pharmaceutical
and Rubber Manufacturing
Petroleum Coking

Varnish and Resin Cookers

Gasoline Storage and Marketing
Facilities :

Petrochemical Manufacturing
Dry Cleaning
Degreasing Operations

Petroleun and Chemical Storage

Ory Cleaning
Surface Coatings
Degreasing Operation




o Control of veryAdi1ute concentrations of organics with
catalytic incinerators; there is no Tower concentration limit.

o Equal control of all types of organics. That is, regardless of
the volatility, molecular weight or chemical structure of the
organics, they are oxidized by the flame.

The disadvantages of this technigues are:
e Supplementary fuel is required.

e Some operations produce substances that poison (deactivate)
the catalysts.

e If the organics contain halogens or sulfur, the combustion
process can produce toxic or otherwise unacceptable emissions.

Incineration can be applied to the control of emissions from petroleum
refining, chemical processing, baking ovens and others.

Adsorption (8)

Organic emissions can be controlled By using adsorption techniques.
The adsorption process is one in which the molecules of a vapor adhere
to the surface of a solid adsorbent. Two types of adsorption can occur:
1) physical adsorption - gas is attracted to the surface of the solid and
2) chemical adsorption - gas interacts chemically (and usually reversibly)
with the solid. As an emission stream is passed through an adsorbent bed,
the organics are selectively removed. When the bed becomes saturated it
can either be replaced or regenerated.

The regeneration process consists of heating and/or stripping the col-
lected organics with steam or an inert gas. Heating raises the temperature
of the adsorbent to vaporize the organics. The organics, now more concen-
trated, can be disposed of or recovered. Stripping consists of passing an
inert gas, usually steam, through a bed of adsorbent and condensing the
stripped organics for disposal or recovery. In some cases, an adsorbent
that is also an oxidation catalyst is used to destroy rather than recover
the organics. The catalyst, inactive while adsorbing the organics, oxidizes
them on heating.

Adsorbents do not remove all organics with equal efficiency. The com-
ponents of an organic mixture usually are adsorbed at a rate roughly inyerse
to their vapor pressure. However, there are adsorbents which have greater
affinities for some types of organics than others. Metal oxides, for
example, tend to have an affinity for pelar compounds.

In a newly regenerated adsorbent bed, this selectivity effect tends
to be minimized with all components being adsorbed to nearly the same
degree. As the adsorbent approaches saturation, higher boiling components
begin to displace lower boiling ones. The point at which this begins to
occur rapidly is called the "break point." As a general rule, organics
with molecular weights less than 45 a.m.u. cannot be controlled efficiently
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by adsorption'techniques. Methanol (Molecular weight 32) is an exception.
The advantages of this technique are:
e The organics can be totally or partially recovered. In some
. operations, solvent can be recovered which will partially
or completely off-set the cost of the control equipment.
o It can be used to remove very low concentrations of organics.

e Adsorption may be the most economical method of controlling ,
organic emissions in the concentration range of 100 to 200 ppm.

The disadvantages are:

o Low vapor pressure components are not controlled as well as
high vapor pressure components.

o For smaller operations, the system is non-continuous.

Adsorption techniques are applicable to dry cleaning, degreasing, paint
spraying, solvent extraction processes, metal coating, the manufacture of
plastics, chemicals, pharmaceuticals and rubber, and others. Unless scrubbed
to remove the substances that foul the adsorﬁents, emissions from pa1nt and
varnish manufacture cannot be controlled by this method.

- Absorption (8)

In the absorption process some components of a gas mixture are re-
tained by a 1iquid. Either the gas can dissolye in the liquid or can react
chemically with it.

There are drawbacks to this technique. Absorption is best used in con-
nection with other control techniques because it usually does not result in
sufficiently low organic concentrations. The economics are often unfavorable
unless the absorbent can be regenerated or the absorbing solution used as a
process stream. _

In general, solvents will have different affinities for different
organics as the technique is somewhat selective. Since each constituent
saturates the solvent at a different concentration, after a period of opera-
tion, some components will begin to pass through the solvent. (It is actual-
1y an absorption - desorption process but the result is the same).

The advantage of this process is:

e It can be used where the amission stream contains materials
which would contaminate catalyst or adsorbent beds.

The disadvantages are:

¢ The method does not normally reduce emissions to sufficiently
Tow levels.
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¢ The economics are unfavorable under most circumstances.

Absorption techniques have been used to control organic emissions
from petroleum coating units and varnish and resin coaters.

Condensation (8)

_ Organic emissions- can also be controlled by condensation processes.
The organics in an emission stream can, in principle, be condensed either
by cooling the stream or by increasing its pressure. Refineries and-oil
producing operations use some condensing procedures. Hobwever, the cooling
procedure is used almost exclusively.

Emission streams are cooled by two bBasic processes, surface and contact.
In a surface condenser the gas stream passes over a heat exchanger and the
hydrocarbons condense on its surface.. Contact condensers cool the vapor by
spraying a cold 1iquid, usually water, directly into. the gas stream. The
condensate can then either be disposed of or the organics can be separated
and recovered. Contact condcnsers are usually less expensive and more.
efficient than the surface type.

Usually condensers are used only as a preliminary control deyice and
therefore, must be followed by a secondary control system such as an in-
cineration or adsorption unit. The lowest level to which a given organic
can be reduced is limited primarily by its vapor pressure at the condenser
operating temperature. That is, assuming organic vapor- 11quid equ111brium,
at each temperature a specific concentrat1on of the organic will remalg 1n
the gas stream. For example, the vapor pressure of toluene at 0% (32°F
is approximately 6mm Hg. At atmospheric pressure that corresponds to
approximately 8000 ppm. In the contact type of condenser some organics may
be soluble enough in the cold water for their concentration to be lowered
to below the equilibrium level. In general, this type of control cannot
reduce organic emissions to very low levels.

The vapor pressure limitation also results in selective control. If
water solubility is ignored, the gas phase concentration of organics with
higher vapor pressures (Tower boiling points) will be higher than those with
Tower vapor pressure. The result is, low boiling components such as methane
cannot be controlled as effectively as higher boiling compounds such as
toluene.

Water so]ubisity variations also contribute to selective control. 1-
hexane (b.p. 63.4 8) for example, has a very low solubility in water while
acetone (b.p. 56.2°C) is infinitely soluble. Even though the vapor pressure
(as expressed by boiling points) of these two compounds are similar, be-
cause of the solubility differences, acetone would be expected to be con-
trolled to a lower level.

The advantages of this system are:
() The organics can be totally or partially recovered.

e It can be used where the emission stream conta1ns mater1als which
would contaminate catalyst or adsorbent beds
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The disadvantages are:

e The process selectively controls emissions. Low boiling components,
in general, are not controlled as effect1ve1y as high boiling
compounds.

e Low emission levels cannot be achieved because of the vapor pressure
limitation.

Condensers have been used to control emissions from gasoline storage
and marketing facilities, petrochemical manufacturing, dry cleaning, and
degreas1ng

Float1ngﬁRoof Seals (9), (10)

Many petroleum and chemical storage tanks have floating roofs. A
floating roof, as the name implies, is a cover which floats on the liquid
surface. S1nce the roof moves up and down as the volume of liquid changes,
it is difficult to maintain a tight seal between the roof and the inside
walls of the tank. Typically, a gap exists around the circumference of the
roof. These emissions can be reduced by installing and properly maintaining
a more efficient seal.

The advantage of this method is:

o It is frequent]y the only feas1b]e'method for contr0111ng em1ss1ons
from this source.

The disadvantages are:
o The seals are expensive to install.
o Seals are difficult to maintain.

This technique can be applied to petroleum and chemical storage
facilities.

Substitation (8), (11)

In some circumstances, reactive organics can be controlled by substitu-
ting a less reactive solvent or solvent mixture in the process that results
in the emissions. As mentioned in Section 3 with respect to reactivity,
it is the reactive emissions, not the mass emissions that are significant.
Therefore, substitution of less reactive components is considered to be a
control technique.

In the Los Angeles area this technique has been abp11ed to degreasing
operations and, to a lesser extent, architectural and other types of coat-
ings.

The advantage of the technique is:

e The potential for obtaining large reactive emission reductions
at Tow cost. _
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The disadvantages are:
e It has limited applicability.

e It is not possible to attain very low levels of reactive em15510ns
unless a non-reactive solvent can be used.

This technique has been applied to degreasing operations, dry cleaning
and surface coatings.

Improved Maintenance and Control

In many industrial operations a substantial fraction of the total
organic emissions are due to poor maintenance and poor process centrol.
A large fraction of these emissions couTd be prevented by adequate main-
tenance. Improved maintenance has, in addition to the air pollution control
benefits, additional benefits in terms of improved equipment reliability
and safety. With many industrial facilities in Souithern California being
gquite old, there is a tendency for the process monitoring and control in-
strumentation to be outdated. Since improved instrumentation can result in
more efficient operation of many processes, it also qua11 jes as a control
techn1que

A study was conducted by the California Air Resources Board to determine
the economic feasibility of requiring continuous menitoring of stack emis-
sions from large combustion sources. It was concluded that in many cases,
by using the required instrumentation to fine tune the boilers for lower
emissions, the fuel savings would pay for che instruments, the maintenance,
and data management that would be required (12).

The advantages of applying this technique are:

o It is possible that, in some cases, applying these techniques
would result in a net savings to the plant operator.

¢ Little capital investment is required.
From an air poliution control point of view there are no disadvantages.

These techniques can be applied to most industrié] operations, although
they are more feasible in larger plants. .

MOBILE SOURCES

For these categories, there are three (3] types of emissions: exhaust,
evaporative and crankcase.

Exhaust Emissions (11), (13), (14)

Exhaust emissions can be controlled by either modifying the combBustion
process or eliminating organics from the exhaust. Modifications of the
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spark advance, modifcation of the carburetor, or installation of exhaust
gas recirculation (EGR) are examples of retro~fit combustion modifications.
Catalytic or thermal reactors accomplish exhaust clean-up.

Evaporative Emissions (11), (13}, (14)

Evaporative emissions occur at the carburetor and fuel tank. The ap-
plicable control technique for these emissions is vent modification. Emis-
sions that occur as the engine s running are routed into the carburetor
and burned. Those that occur when the engine is off are trapped until the
engine is started and then routed into the carburetor The trap is usually
~ an activated carbon adsorption unit.

Crankcase Emissions (11), (13), (4)

Crankcase emissions are controlled by a connection of the crankcase
vent to the carburetor or intake manifold. As with evaporative controls,
the organics are then burned in the cylinders. The advantages to these
techniques are: -

o They can be applied to vehicles tRat are in use.

e They control emissions from the devfce type categories that, in
aggregate, emit the largest quantitfies of organics

The disadvantages are:

° Many of the veth1es now~1n-nsg already haye tﬁese or similar
controls,

¢ The possible emission reductions are ‘r'hni‘ted'.‘
Diesel Powered Veh1c1es o

.. Other than adequate'ma1ntenance. there are no feas151e retron1t
control techniques for this source type (13], (14). '

Jet Powered Aircraft

The only feasible control techinfque for reducing emissions from this
source is redesign of the combustion chamber (13), (15).

Piston Powered Aircraft

Exhaust treatment with after»BUrners or reactors appears to be the only
feasible control technique (13). .
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SECTION 5
COST DATA

CONTROL SELECTION

In considering which controls to apply to each category, three (3)
factors 'were considered:

® Reactivity - If the reactivity of the emissions is zero, no con~
-trols are required.

e Controllability -~ Some emissions cannot feasibly be controlled,

o Cost Effectiveness - The most cost effective com51natfon of con<
trols for each source was selected.

In the following, the selection of controls for each category is
discussed.

Petroleum Production

Local air pollution control district regulations have 1imited emisgsions
from this source for several years (16). As a consequence, they are already
strictly controlled. For purposes of this study it was assumed that no
further controls could be applied.

Petroleum Refining

Local air pollution regulations 1imit emissions from this source also.
For this study it was assumed that only fixed and floating roof tanks could
be further controlled. The costs and techniques for controlling emissions
from fixed roof tanks were assumed to be similar to tRose for gasoline -
marketing operations. Emissions from floating roof tanks were assumed to be
controlled by the use of a secondary seal at the perimeter of the roof.

The following breakdown of refinery emissions was used (17)s

Fixed Roof Tanks: 33,300 kg/day (36.7 tons/day)

Floating Roof Tanks: 18,800 kg/day (20.7 gons/day)

Other Sources: 80,800 kg/day (89.1 tons/day)
TOTAL 132,900 kg/day (146.5 tons/day)

Underground Service Station Tanks

Controls for this category of devices and Auto Tank Filling are usually
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applied together (18). For convenience, however, the costs were calculated
separately. A combination of vapor recycle with adsorption or condensaticn
units are the optimum control.

Auto Tank Filling

Controlled in conjunction with Underground Service Station Tanks.

Fuel Combustion

There are no feasible controls for this cateogry of emissions.

Waste Burning and Other Fires

Emissions from this category are already limited by local regulat1ons
There are no further feasible controls.

Surface Coating - Heat Treated

Control requirements for this category of devices are similar to those
for flexigraphic printing (18). Since catalytic incineration is .the optimum
method for that source, it was assumed to be the optimum method for this
source also. The same cost effectiveness was assumed.

Surface Coating;4lAf%;ﬁ§Téé

This category includes emissions from two types of sources: architectural
coatings and factory appliéd coatings. It was assumed the emissions from the
first only could be controlled by solvent modifications. Also, it was as-
sumed that the same controls that apply to emissions from heat treating
coatings also apply to emissions from factory appliéed air dried surface
coatings.

The following breakdown of air dried surface coating emissions was
used (17):

ArchTteétura] Coatings: 93,100 kg/day (102.6 tons/day)
Factory Applied Coatings: 88,300 kg/day (97.3 tons/day)
TOTAL 181,300 kg/day*(199.9 ton;/day)

Dry Cleaning - Petroleum Based Solvent

"It was assumed that an adsorption system which allows recovery of the
solvent was used.

Dry Cleaning - Synthetic Solyent (PCE)

Since the reactivity of PCE solvent is zero, the reactive emissions -are
zero. Therefore, no contro] is required.

* Rounding Error
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Degreasing - TCE Solvent

Typical uncontrolled degreasing units emit approximately 0.5 to 1.0
1bs/hr-ft2 of degreaser surface area (18). Inventory data show that emis-
sions from a typical degreasing operation in the Los Angeles area are
24 kg/day (0.03 tons/day) (17). Therefore, emissions from this category
already are controlled. This is consistent with local APCD regulations (16).

Degreasing - 1,1,1-T Solvent

Since the reactivity of 1,1,1-T solvent is zero, the reactive emissions
are zero. Therefore, no control is required.

Printing - Rotogravure’

It was assumed that an adsorption system which allows recovery of the
solvent was used.

Printing - Flexigraph

It was assumed that a catalytic incineration system was used,

Rubber, Plastic, Adhesive, and Pﬁtty“Manufacturng'

Since this category includes a varjety of operations, it was assumed
that no one type of control would be a?p1icab1e. Therefore, it was assumed
that 50% of the emissions were controlled by catalytic incineration and
50% by adsorption. :

Pharmaceutical Manufacturing

Same as above.

Miscellaneous Organic Solvent Operations
Same as above.

Light Duty Vehicle - Exhaust -

Controls on organic exhaust emissions from 1ight duty vehicles have -
been applied incremently. That is, the controls required on new vehicles
have become more stringent in later model years. As a result, the extent
to which existing vehicles can be further controlled is dependent on model
year. :

Table 37 shows the existing emissions from several model year groups
(19). The model year groupings were selected because the vehicles in each
group have similar exhaust and evaporative emission controls.

Since there are no feasible retrofit controls for exhaust emissions on
California vehicles for mddel years after 1969, the control potential for
this source is limited. That is, only 46.9% of light duty vehicle exhaust
emissions are controllable.
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TABLE 37. LIGLT DUTY YEHICLE EXHAUST EMISSIONS SUMMARY (9)

“MODEL YEAR
GROUP

. 63 - 65
66 - 69
70
71
72 - 75

'NUMBER OF
" VEHICLES

609,952

761,346
1,569,510
“435,592
478,714
2,071,505

AGGREGATE
EXHAUST
EMISSIONS

(TONS/DAY)

61.7
189.4
47.5
64.6
225.1

% OF
EXHAUST

EMISSIONS

w —
- fe»]
(8] N

AGGREGATE » | % OF |
EVAPORATIVE | EVAPORATIVE -
EMISSIONS EMISSIONS
(TONS/DAY) A
80.7 16.4
82.5 16.8
168.0 34,2
39.1 8.0
24.6 5.0
96.6 - 19.7

* N ) . B
Includes crankcase eriissions




Light Duty Vehic]és - Evaporative

The evaporative and crankcase emission controls on existing vehicles
are also model year dependent. Evaporative emissions by model year group
are presented in Table 37. As with exhaust emissions, the control potential -
for evaporative emissions is limited. Only 67.4% of these emissions are
controllable.

Heavy Duty Vehicles - Exhaust

Table 38 shows a summary of emissions from heavy duty gasoline powered
vehicles. As with 1ight duty vehicles, the exhaust emission standards have
become more restrictive in later model years. Heavy duty standards, however,
are not as stringent as those for 1ight duty vehicles and did not take ef-
fect until several vears later. It was assumed that retrofit exhaust emis-.
sion controls were applicable to 1972 and earlier vehicles.

Approximately 84.4% of the emissions are controllable,

Heavy Duty Vehicles - Evaporative

~ Evaporative and crankcase emissions from heavy duty vehicles are sum-
marized in Table 38. Retrofit evaportive controls were assumed to be ap-
plicable to 1972 and earlier vehicles. Approximately 77.2% of the emissions
are controllable. .

Other Gasoline Powered Equipment - Exhaust

This category of devices was assumed to have emission characteristics
similar to un-controlled automobiles. It was assumed further that the same
controls are applicable.

Other Gasoline Powered Equipment - Evaporative

Same as above.

Diesel Power Vehicles

There are no feasible controls for this category of emissions.

Aircraft - Jet

Emissions from this category were assumed to be controllable only by
retrofitting modified combustion cans.

Aircraft - Piston

Emissions from this category were assumed to be controllable only by
retrofitting afterburners.

CONTROL COSTS

Figures 2 through 27 graphically present the costs associated with
57
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TABLE 38.

HEAVY DUTY VEHICLE EXHAUST EMISSIONS SUMMARY (19), (20), (21)

GROUP

MODEL YEAR -

NUMBER
OF
VEHICLES

41,922
19,932
'50,705
41,680
15,901
36,4€8
124419

AGGREGATE
EXHAUST
EMISSIONS

(TONS/DAY)
18.8
8.9
29.0
17.1
6.1
13.7
1.3

% OF
EXHAUST

~ EMISSIONS

19.9
9.4
30.6
18.1
6.4
14.5
1.4

AGGREGATE

EVAPORATIVE
EMISSIONS

(TONS/DAY)

19.0

—
(0]
(84]

% OF
EVAPORATIVE
EMISSIONS

25.8
10.3
25,1
20.7
8.2
7.5
2.4

*
Includes crankcase emissions




ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 2. Petroleum Production
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 4. Underground Service Station Tanks
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DCLLARS

Already Controlled - No
Additional Controls Are

Feasible
: : — ' ‘ 4 + +-
10 20 30 100

% REDUCTION

Figure 7. Waste Burning and Other Fires
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ANNUALIZED COST - MILLIONS OF DOLLARS
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* ANNUALIZED COST -.MILLIONS OF DOLLARS
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Figure 11. Dry Cleaning - Synthetic Solvent (PCE)

68

¥ . T

70 80

a0

100



ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 13. Degreasing - 1,1,1-T Solvent
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 18. Miscellaneous Organic Solvent Operations
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ANNUALIZED COST - MILLIONS OF DOLLARS'
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 21. Heavy Duty Vehicles - Exhaust.
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 25. Diesel Powered Motor Vehicles
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controlling emissions from each source type. Many of the curves consist of
several segments, each of which represents a different control technique

or control of a different segment of the category's emissions. The seg-
ments are placed in order of decreasing cost effectiveness. That is, the
first emission reductions within each category were obtained by applying
the most cost effective control.

The costs shown on the vertical axis are the total annualized costs
of installing, operating and maintaining the comtrol. The horizontal
axis represents percent reduction of the emissions in that category.

Table 39 summarizes the same data in tabular form.
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Table 39. SUMMARY OF ORGANIC CONTROL COSTS

. $/TON %2 OF CUMMULATIVE ANNUAL IZED CUMMULATIVE TECHNIQUE OR
REMOVED CATEGORY % _OF COST ANNUALIZED COST MODEL YEAR GROUP
© EMISSIONS CATEGORY $ x 10-6 FOR -6
REMOVED EMISSIONS CATEGORY $ x 10
REMOVED

98

Petroleum Production - No Feasible Controls

Petroleum Refining

100 14 14 - 0.7 ' 0.7 " Vapor Recycle
480 , 23 37 ’ 5.8 6.5 - Vapor Adsorption
1000 . 12 49 6.5 13.0 Sec¢ondary Floating
. ' ~ Roof Seals
Underground Service Station Tanks |
100 55 55 1.24 1.2 _ Vapor Recycle (3)
480 90 90 9.76 9.8 Vapor Adsorption
. or Condensation (3)
Automobile Tank Filling _
100 55 55 2.6 2.6 Vapor Recycle (3)
480 90 90 20.7 20.7 Vapor Adsorption
or Condensation
Fuel Combustion - No Feasible Controls
Waste Burning and Other Fires - No Feasible Contrels
Surface Coating - Heat Treated
518 90 90 2.0 2.0 Catalytic Incineration

(3)

Continued




(8

TABLE 39. SUMMARY OF ORGANIC CONTROL COSTS (Continued)

$/TON % OF CUMMULATIVE ANNUALIZED CUMMULATIVE TECHNIQUE OR
REMOVED CATEGORY % OF coST ANNUALIZED COST MODEL YEAR GROUP
EMISSIONS CATEGORY $ x 1076 FOR 6
REMOVED EMISSIONS CATEGORY $ x 10
REMOVED

W

Surface Coating - Air Dried

<

*

160 38 38 8.4 4.5 | %o;vent Modification
5
518 g™ 82 16.6 21.1 ‘ Ca?alytic Incineration
. 2

Dry Cleaning - Petroleum Based Solvent
330 90 90 0.7 0.7 Carbon Adsorption (3)
Degreasing - TCE Solvent - Already Controlled |
Degreasing - 1,1,1-T Solvent - Reactivity is Zero, No Control Required
Printing - Rotogravure ,
330 90 90 1.9 1.9 Adsorption (3)
Printing - Flexigraphic

518 90 90 1.3 1.3 Catalytic Incineration
(3)

Rubber and Plastic Manufacturinag

424 90 90 0.1 0.1 Catalytic Incineration
' and Adsorption (3)

* 7 : . —
75% of architectural coating emissions **90% of non-architectural coating emissions

Continued
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TABLE 39. SUMMARY OF ORGANIC CONTROL CosTs (Continued)

CUMMULATIVE ANNUALIZED CUMMULATIVE TECHNIQUE OR

$/TON % OF
REMOVED CATEGORY % OF - COST ANNUALIZED COST MODEL YEAR
- EMISSIONS CATEGORY $ex 10-6 FOR 6 '
REMOVED EMISSIONS . CATEGORY $ x 10~
REMOVED

‘M
Pharmaceutical Manufacturing

424 90 90 , 0.03 0.03 , Catalytic Incinefation
and Adsorption (3)

Miscellaneous Solvent Operations

424 90 90 7.1 7.1 ~ Catalytic Incineration
‘ and Adsorption (3)

Light Duty Vehicle - Exhaust

220 13.7 13.7 7.0 7.0 66 - 69 (6)
550 | 4.5 18.2 5.7 . 12.7 63 - 65 (6)
827 3.3 21.5 6.4 19.1 Pre - 63 (6)

Light Duty Vehicle - Evaporative

877 29.1 29.1 45.7 45.7 66 - 69 (6)
1414 3.2 32.3 8.0 53.7 Pre - 63 Crankcase (6)
1477 : 14.1 46.4 37.3 91.0 63 - 65 (6)
2067 11.3 57.7 41.8 132.8 Pre - 63 (6)
Heavy Duty Vehicle - Exhaust
35 8.3 3.3 0.1 0.1 69 - 71 (6)
39 3.0 11.3 0.04 0.14 72 (6)
62 14.0 25.3 0.3 0.44 64 - 68 (6)
134 4.3 29.6 0.2 0.64 61 - 63 (6)
159 9.1 38.7 0.5 1.14 Pre - 61 (g)

Continued
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TABLE 39. SUMMARY OF ORGANIC CONTROL COSTS (Continued)

$/TON % OF CUMMULATIVE ANNUALIZED CUMMULATIVE TECHNIQUE OR
REMOVED CATEGORY % OF COST ANNUALIZED COST HODEL " YEAR
EMISSIONS CATEGORY $ x 1076 FOR 6
REMOVED EMISSIONS CATEGORY $ x 10
REMOVED |

Heavy Duty Vehicle - Evaporative

161 6.9 6.9 0.3 0.3 72 (6) ,
191 17.5 24.4 0.9 1.2 69 - 71 (6) -
314 21.3 45.7 1.8 3.0 64 - 68 (6)
457 .9 50.6 0.6 3.6 Pre - 61 Crankcase (6)
530 8.4 . 59.0 1.2 4.8 61 - 63 (6) '
607 17.8 76.8 2.9 7.7 Pre - 61 (6)
1826 4 77.2 0.2 7.9 61 - 63 Crankcase (6)
Other Gasoline Power Equipment - Exhaust
827 a6 46 15.3 15.3 ‘Pre - 1963 Automobile
Controls (6)
Other Gasoline Powered Equioment - Evaporative
2067 85 85 ' 14.1 14.1 Pre - 1963 Automobile
Controls (6) '
Diesel Powered Vehicles - No Feasible Controls
Aircraft_- Jet .
8000 95 95 47.5 47.5 Combustion Modification

(5) N

~

Aircraft - Piston

730 75 75 3.1 3.1 Afterburner (5)




SECTION 6
LEAST COST CALCULATIONS

Figure 28 graphically presents the cost versus percent control data
for the combined emissions of all source categories. The vertical axis
represents the total annualized cost of installing, operating and maintain-
ing the combined controls for all categories. The horizontal axis repre-
sents the percent reduction in reactive emissions. It does not represent
the percent reduction in mass emissions. The control techniques were ap-
plied in decreasing order of their cost effectiveness. That is, the
first reductions were obtained with the most eost effective control. The
same data are presented in tabular form in Table 40.

Table 41 shows the aggregate control costs for achieving various
levels of control. Although approximately 95% control of organics would
be required to assure that the ambient air quality standard was met (22),
53% is the maximum control that can be obtained using currently available
control technology. ’
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ANNUALIZED COST - MILLIONS OF DOLLARS
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Figure 28. Cost of Achieving Various Levels of Control
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TABLE 40. SUMMARY OF CONTROL COSTS

26

$ Per Cumulative %
Reactive Reactive of Reactive . Source Categories and
Ton Emissions Emissions From Cost for Max1Tgm Control Techniques
Removed Remov ed A1l Sources Control $x10 Or.Model Year Group
kg/day] (tons/day) : Industrial | Cumulative
x1073 |
45 5.5 (6.1) 0.40 0.1 0.1 HDV - Exhaust;
' ) 69'7]
51 2.0 | (2.2) ' 0.55 0.04 0.1 HDV - Exhaust;
72
81 9.3 (10.2) 1.23 0.3 0.4 HDV - Exhaust;
: ' _ 64-68
128 24.0 (26.5) 2.99 1.2 1.6 Underground Service Station
: Tanks ; Vapor Recycle
139 47.3 (52.1) 6.45 ! 2.6 4.2 Auto Tank Filling:
' ) Vapor Recycle
174 2.9 (3.2) 6.66 0.2 4.4 HDOV - Exhaust;
. ) 61-63
206 6.0 (6.6) 7.10 0.5 , 4.9 HDV - Exhaust;
v , pre - 61
248 . 3.0 (3.3) 7.32 _ 0.3 5.2 HDV - Evaporative;
i ' 72
262 42.6 (47.0) 10.44 y 4.5 9.7 i Surface Coating - Air Dried
Solvent Modification
286 60.9 (67.1) 14.89 7.0 16.7 LDV - Exhaust;
66-69

Continued
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cocte (Continued)

TABLFE 40 SUMMARY QOF CONTR
294 7.6 (8.4) 15.45 0.9 17.6 HDV - Evaporative;
69-71
389 8.4 (9.3) 16.07 1.3 18.9 Printing. - Flexigraphic;
Catalytic Incineration
437 0.6 (0.7) 16.12 0.1 19.0 Rubber and Plastic Manufacturing
Adsorption and Incineration
476 3.8 (4.2) 16.40 0.7 19.7 Petroleum Refining - Fixed
Roof Tanks; Vapor Recycle
483 9.3 (10.2) 17.08 1.8 21.5 HDV - Evaporative;
. 74-68 ,
51 0.2 (0.2) 17.09 0.03 21.6 Pharmaceutical Manufacturing;
Adsorption and Incineration !
589 | 7.9 | (8.7) 17.67 1.9 23.5 Printing - Rotogravure; ;
Adsorption
615 39.4 (43.4) 20.55 9.8 33.3 Underground Service Station ‘
Tanks; Vapor Adsorption or i
: Condensation
667 77.3 (85.2) 26.20 20.7 54.0 Auto Tank Filling; Vapor
. Adsorption or Condensation
673 7.3 (8.1) 26.74 2.0 56.0 Surface Coating - Heat Treated;
Catalytic Incineration |
703 2.1 (2.3) 26.89 0.6 56.6 HDV - Evaporative;
Pre-61 Crankcase
714 19.9 (21.9) 28.34 5.7 62.3 LDV - Exhaust;
63-65
785 9.8 | (10.8) 29.06 3.1 65.4 Aircraft - Piston;
] Afterburner
815 3.6 (4.0) 29.33 1.2 66.6 HDV - Evaporative;
61-63

ﬁ .

Continued
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TABLE 40, SUMMARY QOF CONTROL _COSTS (Continued)
849 48.4 (53.4) 32.87 16.6 83.2 Surface Coating - Air Dried;
Catalytic Incineration
883 19.9 (21.9) 34.32 7.1 90.3 Miscellaneous Operations;
Adsorption and Incineration
934 7.7 (8.5) 34.88 2.9 93.2 HDV - Evaporative;
Pre-61
1,000 1.8 (2.0) 35.01 0.7 93.9 Dry Cleaning - Petroleum Baseq
: Solvent; Adsorption
1,074 14.8 (16.3) 36.09 6.4 100.3 LDV - Exhaust; Pre-63
1,074 35.4 (39.0) 38.68 15.3 115.6 ‘Other Gasoline Powered Equip-
ment - Exhaust; Same as
Pre-63 Auto
1,349 84.2 (92.8) 44.84 45.7 161.3 LDV - Evaporative;
66-69
2,175 9.2 (10.1) 45.5] 8.0 169.3 LDV - Evaporative;
A , Pre-63 crankcase
2,272 40.8 (45.0) 48.50 37.3 206.6 LDV - Evaporative;
. 63-65
2,286 6.3 (6.9) 48.96 5.8 212.4 Petroleum Refining - Fixed
Roof Tanks; Adsorption or
Condensation
2,809 0.2 (0.2) 48.97 0.2 212.6 HDV - Evaporative;
61-63 Crankcase
3,180 32.7 (36.0) 51.36 41.8 254.4 LDV - Evaporative;
Pre-63
3,180 11.1 (12.2) 52.17 | 14.1 268.5 Other Gasoline Powered Equip-
i ment - Evaporative;
: Same as Pre-63 Auto
4,762 3.2 (3.5) 52.40 6.5 275.0 Petroleum Refining - Floating
' Roof Tanks; Secondary Seals
14,815 7.9 (8.7) 52.98 47.4 322.4 Aircraft - Jet; Combustor
724.1 798.2 322.4 Can Redesign
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TABLE 41. COST EFFECTIVENESS OF ACHIEVING VARIOUS

LEVELS OF ORGANIC CONTROL

% Reduction

10
20
30
40
50

maximum 53

In Reactive Emissions

Annualized
Control Average Cost Effectiveness -
Costs Dollars Per Reactive Ton
$9.1 x 10° $312

$31.4 x 10° $539

$69.7 x 10° $797

$125.4 x 10° $861

$230.6 x 10° $1583

$322.4 x 10% $2088




REFERENCES

Goodman, H.S.; Abercrombie, G.E.; Arledge, K.W.; and Tan, R.L.

"A Mobile Source Emissions Inventory System for Light Duty Vehicles in
the South Coast Air Basin," California Air Resources Board Contract
Number Ak3-1236, TRW Environmental Engineering Division, February 1977.

Tabak, H., KVB Engineering, Tustin, California, Personal communication
of data from a preliminary organic inventory conducted for the California
Air Resources Board, February 1977.

Xavier, T., California Air Resources Board, Sacramento, Ca11forn1a,
Personal communication of 1975 organic inventory data.

Trijonis, J.C.; and Arledge, K.W., "Utility of Reactivity Criteria in
Organic Emission Control Strategies for Los Angeles," EPA Contract
Number 68-02-1735, TRW Environmental Services, December 1975.

Blumenthal, D., Private communication of data, MRI, Inc., Pasadena,
California, March 1977.

Bonamassa, F., Private communication of data, Ca11forn1a Air Resources
Board, E1 Monte California, March 1977.

Trijonis, J.C.-and Arledge, K.W., "Utility of Reactivity Criteria in
Organic Emission Control Strategies for Los Angeles," TRW Environmental
Services, Redondo Beach, California, EPA Contract No. 68-02-1735,
December, 1975.

National Air Pollution Control Administration, "Control Techniques for
Hydrocarbon and Organic Solvent Emissions From Stationary Sources,"
March 1970.

Porter, W., Private communication, Standard 0il1 Company, El Segundo,
Ca11forn1a March 1977.

Loop, J., Private communication, California Air Resources Board,
Sacramento, California, March 1977,

Goodman, H., et aT A Methodology for Determining Least Cost Air
Pollution Control Strateg1es," TRW Transportation and Environmental
Eng1neer1ng Operations, EPA Contract No. 68-01-2629, June 1975.

Arledge, K.W., et al, "In-Stack Cont1nuous Mon1tor1ng of Emissions
From Stationary Sources,“ KVB Engineering, ARB Contract No. 3-733,
January 1975.

96



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Trijonis, J.C., An Economic Air Pollution Control Model - App11cat1on
Photochemical Smog in Los Angéles County in 1975, Ph.D. Thesis,
California Institute of Technology, Pasadena, Ca11f0rn1a May 1972.

National Air Pollution Control Administration, Control Techniques For
Carbon Monoxide, Nitrogen Dioxide, and Hydrocarbon Emissions From
Mobile Sources, March 1970.

Bastress, E.K., et al, "Assessment of Aircraft Emission Control
Technology," Northern Research and Engineering, EPA Contract No.
68-04-0011, APTD 0805, NREC 1168 1, September 1971.

Danielson, J.A., Ed., "Air Pollution Engineering Manual," Los Angeles
County Air Pollution Control District, AP-40, May 1973.

Tabak, H., Private communication of data from a preliminary organic in-
ventory conducted for the California Air Resources Board, KVB
Engineering, February 1977.

"Systems and Costs to Control Hydrocarbon Emissions From Stationary
Sources," Office of Air Quality Planning and Standards, EPA, EPA 450/2
74 006, PB 236-921, September 1974.

Goodman, H.S., Abercrombie, G.E., Arledge, K.W. and Tan, R.L.; "A
Mobile Source Emissions Inventory System for Light Duty Vehicles in
the South Coast Air Basin," California Air Resources Board Contract
Number ARB-1236, TRW Environmental Engineering Division, February
1977.

Trijonis, J.C., An Economic Air Pollution Control Model - Apnlication:.
Photochemical Smog in Los Angeles County in 1975, Ph.D. Thesis,

California Institute of Technology, Pasadena, California, May 1972.

Goodman, H., et al, "A Methodology for Determining Least Cost Air Po]lu-

tion Contro] Strateg1es," TRW Transportation and Environmental Engineering

Operations, EPA Contract No. 68-01-2629, June 1975.

Trijonis, J.C. and Arledge, K.W., "Utility of Reactivity Criteria in
Organic Emission Control Strategies for Los Angeles,” TRW Environmental
Services, Redondo Beach, California, EPA Contract No. 68-02-1735,
December, 1975.

97



APPENDIX A
ESTIMATED ORGANIC MOLAR COMPOSITION
FOR 26 DEVICE CATEGORIES

This section presents the estimated molar composition of the organics
emitted by each of the 26 categories of devices in terms of the five-class
reactivity scheme.
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TABLE A-1. ESTIMATED COMPOSITION OF ORGANICS EMITTED BY PETROLEUM PRODUCING OPERATIONS
MOLE %
CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS ¥

C]-C3 paraffins Mono-tert-alkyl C44-paraffins 13 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes
Acetylene Cycloparaffins 3 a-methyl styrene
Cyclic ketones Dialkyl benzenes
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates 8ranched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alky)
2-nftropropane benzenes
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alky! alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Part{ally halogenated Ethers
Methyl benzoate olefins
N,N-dimethy) Cellosolves
Ethyl amines scetam{de
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I TOTAL CLASS 11 TOTAL CLASS IIT 16 | TOTAL CLASS 1V TOTAL CLASS V
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TABLE A-2.

ESTIMATEb COMPOSITION OF THE ORGANICS EMITTED FROM REFINERY -OPERATIONS
MOLE %
CLASS 1 CLASS IV CLASS ¥

CLASS 11

CLASS 11!

C]-C3 paraffins 6 Mono-tert-alky!l Cqs-paraffins 67 Prim-& sec-alkyl Aliphatic olefins 14
benzenes . benzenes

Acetylene 2 Cycloparaffins a-methyl styrene

. Cyclic ketones Dialkyl benzenes
Benzene 3 Alkyl acetylenes Aliphatic aldehydes

Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes
Acetone N-alkyl ketones = Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alky) alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Pheny! acetate : ’ : .
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate v olefins
’ N,N-dimethy! Cellosolves

Ethyl amines acetam{de
Dimethyl formamide
Methanol
Perhalogenated

hydrocarbons
Partially halo-

genated paraffins
TOTAL CLASS I n TOTAL CLASS 11 TOTAL CLASS III 67 TOTAL CLASS 1V TOTAL CLASS ¥ 14
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TABLE A-3. ESTIMATED COMPOSITION OF ORGANICS EMITTED FROM UNDERGROUND GASOLINE STORAGE TANKS

MOLE %
CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS Vv
CI-CJ paraffins 18 Mono-tert-alkyl C44-paraffins 59 Prim-8 sec-alkyl Aliphatic olefins 22
benzenes benzenes
Acetylene Cycloparaffins 1 a-methyl styrene
Cyclic ketones Dialky)l benzenes
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alky!
2-nitropropane benzenes
Acetone N-alky! ketones Prim-8 sec-alkyl
alcohols Unsaturated ketones
Tert-alky) alcohols Prim-& sec-alkyl .
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Partfally halogenated Ethers
Methyl benzoate olefins ’
N,N-dimethy) Cellosolves
Ethy} amines acetam{de .
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS | 18 | TOTAL CLASS 1t 0 | TOTAL CLASS 111 60 | TOTAL CLASS 1V TOTAL CLASS V 22

«Weighed average of regular grade and premium grade storage tanks based on 1972 gasoline sales
of 30 volume % regular grade and 70 volume * premium grade. ’
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TABLE A-4. ESTIMATED COMPOSITION OF ORGANICS EMITTED DUE TO AUTOMOBILE GASOLINE TANK FILLING

MOLE %
CLASS 1 CLASS 11 CLASS 11 CLASS IV CLASS ¥
C‘-C3 paraffins 2 Mono-tert-alkyl C4e~paraffins 68 Prim-& sec-alky! Aliphatic olefins 17
benzenes benzenes
Acetylene Cycloparaffins 1 a-methyl styrene
Cyclic ketones ] Dialkyl benzenes
Benzene 2 Alky) acetylenes Aliphatic aldenhydes
Tert-alky? acetates Branched alky!
Benzaldehyde Styrene ketones Trei-& tetra-alkyl 1
: 2-nitropropane benzenes
Acetone : N-alkyl ketones Prim-& sec-alky!
. alcohols Unsaturated ketones
Tert-alky)l alcohols Prim-& sec-alkyl
. ' acetates Cellosolve acetate Dfacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Part{ally halogenated Ethers
Methy) benzoate olefins
N,N-dimethy! Cellosolves
Ethyl amines acetam{de
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS | 4 TOTAL CLASS 11 0 TOTAL CLASS 111 69 | TOTAL CLASS IV 18

TOTAL CLASS V

~

'Assuming 30 volume % regular and 70 volume % premium grade consumed, and 81 weight %
emitted by vapor displacement and 19 weight % emitted due to spillage.
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TABLE A-5. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED DURING FUEL COMBUSTION

MOLE %

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS v

C]-C3 paraffins 85 ) Mono-tert-atkyl Ca4-paraffins Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes
Acetylene 5 Cycloparaffins a-methyl styrene
Cyclic ketones Dialkyl benzenes
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alky! ’
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methy! pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N,N-dimethyl Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano!
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1 90 | TOTAL CLASS 1! TOTAL CLASS 111 TOTAL CLASS IV TOTAL CLASS V




0l

ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY WASTE BURNING AND OTHER FIRES

CLASS | CLASS 11 CLASS 111 CLASS IV CLASS Vv
C]-C3 paraffins 62 Mono-tert-alkyl Cy4-paraffins Prim-8 sec-alkyl Aliphatic olefins 13
benzenes benzenes
Acetylene 8 Cycloparaffins a-methyl styrene
Cyclic ketones Dialkyl benzenes
Benzene Alkyl acetylenes Aliphatic aldehydes 3
Tert-alkyl acetates Branched alkyl )
Benzaldehyde Styrene ketones Tri-& tetra-alky)
2-nitropropane : : . . benzenes
Acetone N-alkyl ketones Prim-& sec-alkyl -
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alky!
acetates Cellosolve acetate Oiacetone alcohol
Phenyl acetate .
N-methy! pyrrolidone Partially haltogenated Ethers
Methyl benzoate olefins
N,N-dimethyl Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methanol - 4
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I 74 TOTAL CLASS II TOTAL CLASS 111 .TOTAL CLASS IV TOTAL CLASS V 16
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TABLE A-7. ESTIMATED

COMPOSITION OF THE ORGANICS EMITTED DURING HEAT TREATING OF SURFACE COATINGS

MOLE %

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS v

(:]-C3 paraffins 20 Mono-tert-alkyl Cq4-paraffins 28 Prim-& sec-alkyl 35 Aliphatic olefins
benzenes benzenes
Acetylene Cycloparaffins a-methyl styrene
Cyclic ketones Dialky) benzenes 15
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky)
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alky! alcohols Prim-8 sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methy! pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N.N-dimethyl Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1- 20 TOTAL CLASS II TOTAL CLASS I11 28 | TOTAL CLASS IV 50 TOTAL CLASS V
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TABLE A-8. -ESTIMATED

COMPOSITION OF THE ORGANICS EMITTED DURING CURING OF AIR DRIED SURFACE COATINGS

MOLE %

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS v

CI-C3 paraffins

Mono-tert-alkyl

Ca4-paraffins

37

Prim-& sec-alkyl

Aliphatic olefins

benzenes benzenes 9
Acetylene Cycloparaffins 5 : a-methyl styrene
Cyclic ketones Dialkyl benzenes 6
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
Benzaldehyde Styrene ketones 2 Tri-& tetra-alkyl
. 2-nitropropane benzenes
Acetone 10 N-alky! ketones 6 Prim-4 sec-alkyl
alcohols 12 Unsaturated ketones
Tert-alkyl alcohols . Prim-& sec-alkyl .
: acetates 3 Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methy) pyrrolidone Part{ially halogenated Ethers
Methyl benzoate : olefins
N,N-dimethy! Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methanol 4
Perhalogenated
hydrocarbons
" Partially halo-
genated paraffins 1
TOTAL CLASS | 15 | TOTAL CLASS 11 TOTAL CLASS 111 51 TOTAL CLASS 1V 29 TOTAL CLASS V
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MOLE %

TABLE A-9. ESTIMATED. COMPOSITION OF ORGANICS EMITTED FROM DRY CLEANING OPERATIONS USING PETROLEUM BASED SOLVENTS

CLASS 1

CLASS 11

CLASS 11T

CLASS IV

CLASS ¥

C]-C3 paraffins

Mono-tert-atkyl

C4e-paraffins

28

Prim-& sec-alkyl

Miphau-c olefins

TOTAL CLASS 1!

benzenes benzenes
Acetylene Cycloparaffins 66 a-methyl styrene
Cyclic ketones Dialky! benzenes

Benzene L. Alkyl acetylenes Aliphatic aldehydes
. Tert-alkyl acetates granched alky)

Benzaldehyde . Styrene ketones Tri-§ tetra-alkyl

2-nftropropane benzenes
Acetone N-alky! ketones Prim-& sec-alky!
alcohols Unsaturated ketones
- Tert-alkyl alcohols Prim-8 sec-alky)
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate :
N-methyl pyrrolidone Partially halogenated Ethers
Methy] benzoate olefins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perhalogenated

hydrocarbons
Partially halo- -
genated paraffins
TOTAL CLASS I TOTAL CLASS III 94 | TOTAL CLASS IV TOTAL CLASS V
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MOLE %

TABLE A-10. COMPOSITION OF THE ORGANICS EMITTED FROM DRY CLEANING OPERATIONS USING SYNTHETIC SOLVENT (PCE)

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS V

C,-C3 baraf%ins
Acetylene

Benzene
8enzaldehyde
Acetone

Terf-alkyl alcohéls
Phenyl acetate
_Methyl benzoate
Ethyl amines
Dimethyl formamide
Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

100

Mono-tert-alkyl
benzenes

Cyclic ketones
Tert-alkyl acetates

2-nitropropane

Cq4-paraffins
Cycloparaffins
Alkyl acetylenes
Styrene

N-alkyl ketones

Prim-& sec-alkyl
acetates

N-methy] pyrrolidone

N,N-dimethyl
acetamide

Prim-& sec-alkyl
benzenes

Dialkyl benzenes

Branched alkyl
ketones

Prim-& sec-alkyl
alcohols

‘Cellosolve acetate

Partfally halogenated
olefins

Aliphatic olefins
a-methyl styrene
Aliphatic aldehydes

Tri-& tetra-alkyl
benzenes

Unsaturated ketones
Diacetone alcohol
Ethers

Cellosolves

JOTAL CLASS 1

100

TOTAL CLASS II

TOTAL CLASS 111

TOTAL CLASS 1V

TOTAL CLASS V
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TABLE A-11. COMPOSITION OF THE ORGANICS EMITTED DURING TRICHLORETHYLENE (TCE) DEGREASING OPERATIONS

MOLE %

CLASS |

CLASS 11

CLASS 111

CLASS IV

CLASS V

C‘-CJ paraffins
Acetylene

Benzene
Benzaldehyde
Acetone

Tert-alkyl alcohols
Phenyl acetate
Methyl benzoate
Ethyl amines
Otmethy] formamide
Hetr;anol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

Mono-tert-alkyl
benzenes

Cyclic ketones
Tert-alkyl acetates

2-nitropropane

Cqe-paraffins
Cycloparaffins
Alky! acetylenes
Styrene

N-alkyl ketones

Prim-& sec-alky!
acetates

N-methyl pyrrolidone

N,N-dimethy]
acetamide

Prim-& sec-alky!
benzenes

Dialkyl benzenes '

Branched alkyl
ketones

Prim-4 sec-alkyl
alcohols

Cellosolve acetate

Partially halogenated
olefins

100

Aliphatic olefins
a-methyl styrene
Aliphatic aldehydes

Tri-& tetra-alkyl
benzenes

Unsaturated ketones
Diacetone alcohol
Ethers

Cellosolves

TOTAL CLASS I

TOTAL CLASS 11

TOTAL CLASS 111

TOTAL CLASS 1V

100

TOTAL CLASS V
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" TABLE A-12.

COMPOSITION

OF THE ORGANICS EMITTED DURING 1,1,1,-TRICHLOROETHANE DEGREASING OPERATIONS

MOLE %

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS v

Acetylene

Benzene

Acetone

Methanol

C]-C3 paraffins

Benzaldehyde

Tert-alkyl alcohols
Phenyl acetate
Methyl benzoate
Ethy] amines

Dimethy} formamide

Perhalogenated
hydrocarbons

Partially halo- -
genated paraffins 100

Mono-tert-alkyl
benzenes

Cyclic ketones
Tert-alkyl acetates

2-nitropropane

Ca4-paraffins
Cycloparaffins
Alkyl acetylenes
Styrene

N-atky! ketones

Prim-& sec-alkyl
acetates

N-methy! pyrrolidone

N, N-dimethy!
acetamide

Prim-8& sec-alkyl
benzenes

Dialkyl benzenes

Branched alkyl
ketones

Prim-& sec-alkyl
alcohols

Cellosolve acetate

Partially halogenated
olefins

Aliphatic olefins
a-~methyl styrene
Aliphatic aldehydes

Tri-8 tetra-alkyl
benzenes

Unsaturated ketones
Diacetone alcohol
Ethers

Celiosolves

TOTAL CLASS I

100

TOTAL CLASS II

TOTAL CLASS III°

TOTAL CLASS 1V

TOTAL CLASS V
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TABLE A-13. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY ROTOGRAVURE PRINTING OPERATIONS

MOLE %

CLASS 1

CLASS 11

CLASS III

CLASS 1V

CLASS v

Aliphatic olefins

C]-CJ paraffins Mono-tert-alkyl Cq4-paraffins 49 Prim-& sec-alkyl
benzenes benzenes 5
Acetylene Cycloparaffins 7 a-methyl styrene
Cyclic ketones Dialky! benzenes 5
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched atkyl
Benzaldehyde Styrene ketones Tri-3 tetra-alkyl
2-nitropropane benzenes
Acetone N-alkyl ketones Prim-& sec-alkyl 13
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-8 sec-alkyl
acetates [ Cellosolve acetate Diacetone alcohol
Phenyl acetate ’
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N,N-dimethy) Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano! 16
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1 16 | TOTAL CLASS 11 TOTAL CLASS 111 61 {§ TOTAL CLASS IV 23 | TOTAL CLASS V

*Both saturated acetates and other esters are included in this category.
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TABLE A-14. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY FLEXIGRAPHIC PRINTING OPERATIONS

MOLE %

CLASS |

CLASS [1

CLASS 111

CLASS IV

CLASS V

CI-C3 paraffins

Mono-tert-alkyl
benzenes

C4y-paraffins

Prim-& sec-alkyl
benzenes

Aliphatic olefins

a-methyl styrene

Acetylene Cycloparaffins
Cyclic ketones ) Dialky! benzenes
Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes
Acetone 10 N-alkyl ketones Prim-& sec-alkyl
] : alcohols 73 Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alky!
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrol{done Partfally halogenated Ethers
Methyl benzoate olefins
’ N,N-dimethy! Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano! 9
Perhalogenated
hydrocarbons .
Partially halo-
genated paraffins
TOTAL CLASS I 19 | TOTAL CLASS 11 TOTAL CLASS I11 73 TOTAL CLASS V

TOTAL CLASS IV
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TABLE A-15.

ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY RUBBER PLASTIC, PUTTY AND ADHESIVE
MANUFACTURING OPERATIONS

CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS V-
C]-C3 paraffins Mono-tert-alky! Cq4-paraffins 9 Prim-§ sec-alkyl Aliphatic olefins 41
benzenes benzenes
Acetylene Cycloparaffins 7 a-methyl styrene 1
Cyclic ketones Dialky! benzenes
Benzene 7 Alkyl acetylenes Aliphatic aldehydes 10
Tert-alkyl acetates Branched alkyl
" Benzaldehyde Styrene 4 ketones Tri-& tetra-alky!l
2-nitropropane benzenes
Acetone 4. N-alkyl ketones 3 Prim-& sec-alky!
alcohols Unsaturated ketones
Tert-alkyl alcohols 2 Prim-& sec-alkyl
acetates 1 Cellosolve acetate Diacetone alcoho!
Phenyl acetate
N-methy) pyrrolidone Part{ally halogenated Ethers
Methy! benzoate olefins
. N,N-dimethy) Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins 3
TOTAL CLASS ! 16 | TOTAL CLASS 11 TOTAL CLASS Il 24 | TOTAL CLASS 1V TOTAL CLASS V 52




TABLE A-16. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED DURING PHARMACEUTICAL MANUFACTURING

128!

MOLE %

CLASS |

CLASS 11

CLASS II1

CLASS IV

CLASS ¥

C]-Ca paraffins

Mono-tert-alkyl

C44-paraffins

Prim-§ sec-alkyl

Aliphatic olefins

benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene

Cyclic ketones Dialkyl benzenes
Benzene Alky! acetylenes Aliphatic aldehydes

Tert-alky! acetates 8ranched alkyl
Benzaldehyde Styrene ketones 3 Tri-& tetra-alkyl

: 2-ni tropropane benzenes
Acetone 7 N-alkyl ketones Prim-8& sec-alkyl
alcohols 57 Unsaturated ketones

Tert-atkyl alcohols 7 Prim-§ sec-atkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N,N-dimethy! Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano! 20
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS | 34 | TOTAL CLASS 11 TOTAL CLASS 111 TOTAL CLASS 1V 60 TOTAL CLASS V




TABLE A-17. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY MISCELLANEOUS ORGANIC SOLVENT OPERATIONS

MOLE %

GLL

CLASS 1

CLASS 11

CLASS 111

CLASS IV

CLASS V

C]-CJ paraffins Mono-tert-alkyl Ca4-paraffins 13 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes 4
Acetylene Cycloparaffins 4 a-methyl styrene
Cyclic ketones D#lkyl benzenes 6
Benzene 3 Alky! acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
Benzaldehyde Styrene © ketones 4 Tri-& tetra-alkyl
2-nitropropane benzenes
Acetone 19 N-alkyl ketones 9 Prim-& sec-alkyl
' alcohols 4 Unsaturated ketones
Tert-alkyl alcohols 3 Prim-& sec-alkyl '
acetates 3 Cellosolve acetate Diacetone alcohol
Pheny) acetate
N-methy! pyrrolidone Part{ally halogenated Ethers
Methyl benzoate olefins
N,N-dimethy! Cellosolves
Ethyl amines acetamide
Dimethy} formamide
Methano) 19
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I 44 | TOTAL CLASS 11 TOTAL CLASS 111 29 TOTAL CLASS IV 18 TOTAL CLASS V
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TABLE A-18. ORGANIC COMPOSITION OF THE EXHAUST FﬁOM LIGHT DUTY GASOLINE POWERED MOTOR VEHICLES

CLASS I CLASS 11 CLASS 111 CLASS IV CLASS V
Cy-Cy paraffins 14 Mono-tert-alky! Cge-paraffins 30 Prim-3 sec-alkyl Aliphatic olefins 20
benzenes benzenes 6
Acetylene n Cycloparaffins a-methyl styrene
) Cyclic ketones ) ~Dialkyl benzenes 13
Benzene 3 Alky) acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
Senzz2ldenyde Styrene ketones Tri-8 tetra-alky!
2-ni tropropane benzenes 3
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alky! alcohols Prim-& sec-alkyl
' acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzcoate : © olefins
N, N-dimethy! Cellosolves
Ethyl amines ascetamfde
Dimethyl formamide
Vethano!
Perhalogenated
hyd-ocarbons
Partially halo-
gerated paraffins
TOTAL CLASS 'za TOTAL CLASS 11 TOTAL CLASS 111 30 | TOTAL CLASS IV 19 | TOTAL CLASS V 23
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TABLE A-19.

FROM LIGHT DUTY GASOLINE POWERED YEHICLES

ESTIMATED ORGANIC COMPOSITION OF THE EVAPORATIVE EMISSIONS

CLASS 1 CLASS 11 CLASS I1I CLASS 1V CLASS v
C]-C3 paraffins 1 Mono-tert-alky) Cé,-paraffins 57 Prim-& sec-alkyl Aliphatic olefins 13
benzenes benzenes 9
Acetylene Cycloparaffins 1 a-methy) styrene
Cyclic ketones Dialkyl benzenes 12
Benzene 4 . Alky! acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketanes Tri-& tetra-alkyl
2-ni tropropane benzenes 3
Acetone N-alky) ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl
o acetates Cellosolve acetate Diacetone alcoho!
Pheny! acetate
N-methyl pyrrolidone Part{ally halogenated Ethers
Methy! benzoate olefins
N,N-dimethy) Cellosolves
Ethyl amines acetamide
Dimethy! formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS | 5 TOTAL CLASS 1} 0 TOTAL CLASS 111 58 TOTAL CLASS IV 21 TOTAL CLASS V 16

Weighted to represent: E

1)
2)

67. carburetor, 33" fuel tank emissions:
30" regular, 70" premium grade gasolines.
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TABLE A-20. ESTIMATED ORGANIC COMPOSITION OF THE EXHAUST EMISSIONS
FROM HEAVY DUTY GASOLINE POWERED MOTOR VEHICLES

MOLE %
CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS Vv
C,-C4 paraffins 14 Mono-ter* kyl Cae-paraffins 30 Prim-& sec-alkyl Aliphatic olefins 20
benz. s benzenes 6
Acetylene n Cycloparaffins a-methyl styrene
Cyclic ketones Dialkyl benzenes 13
Benzene 3 Alkyl acetylenes Aliphatic aldehydes
- Tert-alky! acetates Branched alky}
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes 3
Acetone N-alkyl ketones Prim-4 sec-alkyl
alcohols - Unsaturated ketones
Tert-alkyl} alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
. N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N,N-dimethy) Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano!
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I 2ty | TOTAL CLASS 11 TOTAL CLASS 11 30 | TOTAL CLASS 1V 19 | TOTAL CLASS V 23
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TABLE

A-21. ESTIMATED ORGANIC COMPOSITION OF THE EVAPORATIVE EMISSIONS
FROM HEAVY DUTY GASOLINE POWERED VEHICLES

CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS ¥
C]-C3 paraffins 1 Mono-tert-alkyl Cq4-paraffins 57 Prim-& sec-alkyl Ali;;hatic olefins 13
benzenes benzenes 9
Acetylene Cycloparaffins 1 a-methyl styrene
Cyclic ketones Dialky) benzenes 12
Benzene 4 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alky)
2-nitropropane benzenes 3
Acetone N-alkyl ketones Prim-& sec-alky!
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Pheny) acetate
N-methy) pyrrolidone Partfally halogenated Ethers
Methy) benzoate olefins
N,N-dimethyl Cellosolves
Ethyl amines acetamide
Dimethyl formamide
Methano)
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1 S TOTAL CLASS 11 TOTAL CLASS 111 58 | TOTAL CLASS 1V 21 TOTAL CLASS V 16
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TABLE A-22. ESTIMATED ORGANIC COMPOSITION OF THE EXHAUST EMISSIONS
' FROM OTHER TYPES OF GASOLINE POWERED EQUIPMENT
Mole %
CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS V
C‘-c3 paraffins 14 Mono-tert-alkyl C44-paraffins 30 Prim-& sec-alkyl Aliphatic olefins 20
benzenes benzenes 6
Acetylene 1 Cycloparaffins a-methyl styrene
Cyclic ketones Dialky) benzenes 13
Benzene 3 Alky) acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
.Benzaldehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes 3
Acetone N-alkyl ketones Prim-8 sec-alkyl -
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N.N-dimethy! Cellosolves
Ethy) amines acetamide
Oimethyl formamide
Methano!
Perhaiogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1 28 | TOTAL CLASS I1I TOTAL CLASS If1 30 TOTAL CLASS 1V 9 TOTAL CLASS V 23
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TABLE A-Z3.

ESTIMATED COMPOSITION OF THE EVAPORATIVE EMISSIONS FROM OTHER GASOLINE POWERED EQUIPMENT

CLASS 1 CLASS 11 CLASS 111 CLASS 1V CLASS v
C]-C3 paraffins 1. Mono-tert-alkyl Cq4-paraffins 57 Prim-& sec-alkyl Aliphatic olefins 13
benzenes benzenes ]
Acetylene Cycloparaffins 1 a-methyl styrene
Cyclic ketones Dialkyl benzenes 12
Benzene 4 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alky!
Benzaldehyde Styrene ketones Tri-& tetra-atkyl
2-nitropropane benzenes 3.
Acetone N-alky! ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methy] pyrrolidone Partially halogenated Ethers
Methyl benzoate . olefins
N,N-dimethyl - Cellosolves
Ethyl amines acetam{de
Dimethyl formamide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I TOTAL CLASS 11t 58 TOTAL CLASS 1V 21 TOTAL CLASS V 16

5 TOTAL CLASS It
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TABLE A-24. ESTIMATED COMPOSITION OF THE EXHAUST EMISSIONS. FROM DIESEL POWERED VEHICLES

MOLE %

CLASS 1

CLASS 11

CLASS II1

CLASS IV

CLASS ¥

TOTAL CLASS I

C]-C3 paraffins n Mono-tert-alkyl Cq4-paraffins 24 Prim-& sec-alkyl Aliphatic olefins 27
2 benzenes benzenes
Acetylene Cycloparaffins a-methyl styrene
Cyclic ketones ’ Dialkyl benzenes
Benzene Adkyl acetylenes Aliphatic aldehydes 30
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
) 2-nitropropane benzenes
Acetone N-alkyl ketones Prim-8 sec-alkyl
alcohols -Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl .
acetates Cellosolve acetate Diacetone alcohol
Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
N, N-dimethy) Cellosolves
Ethyl amines acetamide
" Dimethyl formamide
Hethanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
13 | TOTAL CLASS 11 TOTAL CLASS 111 24 | TOTAL CLASS 1V TOTAL CLASS ¥ 57
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TABLE A-25. ESTIMATED COMPOSITION OF THE ORGANIC EMISSIONS FROM TURBINE POWERED AIRCRAFT

MOLE %
CLASS 1 CLASS II CLASS 111 CLASS IV CLASS v
C]-C3 paraffins Mono-tert-alkyl C4s-paraffins 38 Prim-& sec-alkyl Aliphatic olefins 19
benzenes benzenes 8
Acetylene Cycloparaffins a-methyl styrene
Cyclic ketones Dialky) benzenes 8
Benzene Alky! acetylenes Aliphatic aldehydes 10
Tert-alkyl acetates Branched alky! .
Benzaldehyde Styrene ketones Tri-& tetra-alkyl
. 2-nitropropane benzenes 4
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Dfacetone alcohol
Phenyl acetate
N-methyl pyrrol{done Partially halogenated Ethers
Methyl benzoate olefins
N,N-dimathy) Cellosolves
Ethy) amines acetamide
Dimethy! formamide
Methano)
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS 1 TOTAL CLASS 11 TOTAL CLASS 111 38 | TOTAL CLASS 1V 16 TOTAL CLASS V 33

For additional data see Tables B-16 through B-18.

R
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TABLE A-26. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY PISTON AIRCRAFT
MOLE %
CLASS 1 CLASS I1 CLASS 111 CLASS IV CLASS V
C]-C3 paraffins 20 " Mono-tert-alkyl Cq+-paraffins 22 Prim-& sec-alkyl Aliphatic olefins n
benzenes benzenes 6
Acetylene 12 Cycloparaffins 1 a-methyl styrene
Cyclic ketones Dialkyl benzenes 4
Benzene 2 Alky) acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl
Benzaldehyde Styrene ketones Tri-b tetra-alkyl
2-nitropropane benzenes 2
Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-b sec-alkyl
acetates Cellosolve acetate Dfacetone alcohol
Phanyl acetate
N-methyl pyrrolidone Partially halogenated Ethers
Methyl benzoate olefins
) N,N-dimethy! Cellosolves
Ethyl amines acetamide
Dimathyl formemide
Methanol
Perhalogenated
hydrocarbons
Partially halo-
genated paraffins
TOTAL CLASS I 34 | TOTAL CLASS Il 23 | TOTAL CLASS IV 10 TOTAL CLASS ¥ 33

!
TOTAL cuss b1t
i
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