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ABSTRACT

This report investigates the impact of reactivity criteria on organic
control strategies in the Metropolitan Los Angeles AQCR. The investigation
involves assembling data on total organic emissions, gathering data on
organic composition, computing source reactivities, determining required
source emission reductions, and evaluating alternative approaches to organic
control policy.

An emission inventory of total organics is assembled from several
existing inventories. The resulting inventory is organized into 26 source
categories. Composition data are gathered for each source category. These
data are tabulated according to 2-group, 5-group, and 6-group reactivity
classification schemes provided by the EPA Chemistry and Physics Laboratory.

The composition data are used to determine average molecular weights,
reactivities, and reactive emissions for each source category. Results are
presented on both a molar basis and a weight basis. The main features of
the source reactivity and reactive emission tabulation are discussed.

The overall degree of reactive organic control necessary to achieve
the national oxidant standard in Los Angeles is evaluated. Because of high
uncertainty in the required degree of control, 90% overall reduction is
selected as an arbitrary target level. Individual source emission re­
ductions which attain 90% overall reactive organic control are determined
for various reactivity schemes.

The implications of reactivity criteria on organic control policy are
discussed. A very approximate assessment is made of the costs and benefits
associated with three alternative control approaches, an indiscriminate
strategy and two reactivity based strategies.

This report was submitted in fulfillment of Project No. 68-02-1735
by TRW, Inc., under sponsorship of the Environmental Protection Agency.
Work was completed as of 15 December 1975.

v'





TABLE OF CONTENTS

Pages

INTRODUCTION AND SUMMARY .

COMPOSITION DATA FOR ORGANIC EMISSION SOURCES .

A TOTAL ORGANIC EMISSION INVENTORy .

1.0

2.0

3.0

1.1
1.2
1.3
1.4

2.1

3.1

3.2

3.3

3.4

3.5
3.6

Bas i c Defi n; ti ons .
Summary of Findings and Conclusions .
Needs for Future Work .
References ' .

References .. ' ,.; .

Data Policies and Assumptions .
3.1.1 Sources of Composition Data .
3.1.2 Composition Estimates .
3.1.3 Estimation of Average Molecular Weights .
Stationary Sources - Organic Fuels and Combustion .
3.2.1 Petroleum Production and Refining .
3.2.2 Gasoline Marketing .
3.2.3 Fuel Combustion .
3.2.4 Waste Burning and Other Fires .
Stationary Sources - Organic Chemicals .
3.3.1 Surface Coatings .
3.3.2 Dry Cleaning .
3.3.3 Degreasing .. II •••••• II •••••• II •••••••• II ••••••

3.3.4 Printing .
3.3.5 Industrial Process Sources .
Mob; 1e Sources .

3.4.1 Light Duty Gasoline Powered Vehicles .
3.4.2 Heavy Duty Gasoline Powered Vehicles .
3.4.3 Other Types of Gasoline Powered Equipment .
3.4.4 Diesel Powered Vehicles .
3.4.5 Aircraft .

Data Summary ' .

References .

1-1

1-2
1-6
1-14
1-16

2-1

2-12

3-1

3-2
3-2
3-3
3-4
3-4
3-4
3..11
3..17
3-22
3..24
3...24
3-30
3-32
3-37
3-40
3-48
3-51
3..59
3-60
3-66
3-73
3-80

3-84

4.0 SOURCE REACTIVITY RATINGS AND REACTIVE ORGANIC
INVENTORIES II........................................ 4-1

4.1
4.2

Source Molar Reactivities .
Source Weight Reactivities .

vi i Preceding page blank

4-1
4-4



TABLE OF CONTENTS (Continued)

Pages

EMISSION REDUCTION STRATEGIES FOR ORGANIC SOURCES ......••5.0

4.3

5.1

5.2

5.3

5.4

Reactive Emissions .

Overall Degree of Reactive Hydrocarbon Control
Required for Los Angeles ..•.....•..•.....•....••.•
5.1.1 Review of Oxidant/Precursor Models ...••....
5.1.2 Conclusions With Respect to Required

Emission Reductions .............••..•..•...
Guidelines for Determining Individual
Source Emission Reductions ..................•.....
5.2.1 Economic Efficiency Principles .•.........••
5.2.2 Source Emission Reductions in the

Absence of Control Cost Information .
Emission Reductions for Organic Sources
in the Metropolitan Los Angeles AQCR ...•....•.•..•
References .

4-6

5-1

5-1

5-3

5-20

5-.22
5-.22

5-26

5-29
5-33

6.0 EVALUATION OF ALTERNATIVE APPROACHES TO ORGANIC
EMISSION CONTROL.......... 6-1

6. 1

6.2

6.3

6.4

APPENDICES

Organic Emission Standards Based on Reactivity
With No Substitutive Controls ..•..............•..
6.1.1 Benefits of the Reactivity Based Strategy

with No Substitutive Controls ...•..•.....•
6.1.2 Costs of the Reactivity Based Strategy

with No Substitutive Controls .•...........
Organic Emission Standards Based on Reactivity
With Substitutive Controls ..•.•.........••...•...
6.2.1 Benefits of the Reactivity Based Strategy

With Substitutive Controls .........•..•...
6.2.2 Costs of the Reactivity Based Strategy

With Substitutive Controls .
Implications of the Benefit/Cost Evaluation ....•.
References .

6-2

6-3

6..6

6-9
6-10
6-13

A.

B.

COMPUTATION OF AVERAGE SOURCE MOLECULAR WEIGHTS .

ADDITIONAL SUPPORT DATA FOR COMPOSITION ESTIMATES .

viii

A-l

B-1



LIST OF FIGURES

Figure

5-1

3-1

3-2

Change in the Relative Emissions from the Carburetor
and Fuel Tank with Ambient Temperature .

Change in the Relative Emissions from Evaporative
Sources and Exhaust Gases with Ambient Temperature .

Upper Limit Curves for Three Stations in the
Metropolitan Los Angeles AQCR .

5-2 Aggregated Upper Limit Curve for the Metropolitan

3-56

3-56

5-5

5-8

Los Angeles AQCR........................................... 5-6

5-3 Chevron Research Smog Diagram for August-October in
Downtown Los Angeles.................. . .

5-4 California Air Resources Board Aerometric Results,
Relationship Between 6-9 A.M. NOx' 6-9 A.M. HC,
and Max-Hour Oxidant Concentrations at Selected Sites .

5-5 Oxidant Air Quality vs. Emissions for
Centra1 Los Angeles .

5-6 EPA Smog Chamber Analysis of Requirements for
Attaining the NAAQS for OX and N02" ...... " ........ " ... "

5-7 Distribution of Morning Precursor Concentrations in
Downtown Los Angeles .

5-8 Los Angeles APCD Diagram of Max Ozone Concentrations
vs. Precursor Concentrations .

5-9 _ Total and Marginal Control Cost Curves for
Two Hypothet i ca1 Emi ss i on Sources •...•..•..•..............

5-10 Hypothetical Example of Total and Marginal Cost Curves
Which Account for Source Reactivity .•.....•.•.....•.•.•..

ix

5-11

5-13

5-15

5-17

5-19

5-24

5-25





LIST OF TABLES

Table

1-1 Five Class Reactivity Categorization of Organic Compounds.... 1-3

1-2 Molar Reactivity Ratings for the 2-, 5-, &6- Group
Classification Schemes....................................... 1-4

1-3 Organic Emission Inventory for the Metropolitan
Los Angeles AQCR............................................. 1-7

1-4 Source Organic Composition Data According to the Six
Group Classification Scheme.................................. 1-9

1-5 Molar Reactivities, Weight Reactivities, and
Reactive Emissions........................................... 1-10

1-6 Individual Source Emission Reductions for 90% Overall
Degree of Control............................................ 1-13

2-1 1972 Total Organic Emission Inventory for the Metropolitan
Los Angeles AQCR............................................. 2-3

3-1 Estimated Composition of the Organic Emissions Due to
Petroleum Production .....• 3-6

3-2 Estimated Composition of Organics Emitted by Petroleum
Produci ng Operati ons .•.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7

3-3 Summary of Organic Emissions From Refinery Sources........... 3-9

3-4 Organic Emissions From Each Type of Refinery
Source e,' • • • • .. .. • .. 3-10

3-5 Estimate of the Composition of Organic Refinery
Emissions...................................................................... 3-12

3-6 Estimated Composition of the Organics Emitted From Refinery
Operations 3-13

3-7A Equilibrium Composition of Gasoline Vapors Over
Liquid Gasoline 3-15

3-7B Composition of the Emissions From Underground Gasoline
Storage Tanks "'. 3-15

3-8 Composition of Organics Emitted From Underground
Gasoline Storage Tanks 3-16

3-9 Equilibrium Vapors Above Liquid Gasoline 3-18

xi Preceding page blalIDk



LIST OF TABLES (Continued)

fable

3-10 Hydrocarbon Composition of Los Angeles Area
Gasolines .•....•................... ...• 3-18

3-11 Composition of Organics Emitted Due to Automobile
Gasoline Tank Filling .....•...••..... 3-19

3-12 Estimated Composition of the Organics Emitted During
Fuel Combustion............................................ 3-20

3-13 Composition of the Organics Emitted During Fuel
Combustion................................................. 3-21

3-14 Estimated Composition of the Organics Emitted Due to
Waste Burning and Other Fires.............................. 3-22

3-15 Composition of the Organics Emitted by Waste Burning
and Other Fires 3-23

3-16 Average Distribution of the Organic Compounds
Emitted During Heat Treating of Coatings................... 3-25

3-17 Approximate Composition of the Organics Emitted During
Heat Treating of Surface Coatings 3-26

3-18 Composition of Surface Coating Solvents •......•.••••.••..• 3-28

3-19 Composition of the Organics Emitted During Curing of
Air Dried Surface Coatings ......•...•.................... 3-29

3-20 Composition of Petroleum Dry Cleaning Solvents............. 3-31

3-21 Reactivity Classification for Dry Cleaners Using
Petroleum Based Solvent •... ..........•........ 3-33

3-22 Reactivity Classification for Dry Cleaners Using Synthetic
Solvent-(PCE)................................... 3-34

3-23 Organics Emitted by TCE Degreasing Operations.............. 3-35

3-24 Organics Emitted by 1,1 ,l-T Degreasing Operations.......... 3-36

3-25 Organic Composition Data for Emissions From
Rotogravure Printing ~.. 3-37

3-26 Estimated Composition of the Organic Compounds Emitted
by Rotogravure Pri nti ng Operati ons ...•.•.................. 3-38

3-27 Estimated Composition of the Organics Emitted by
Rotogravure Pri nt i ng 3-39

xii



LIST OF TABLES (Continued)

Table

3~28 Estimated Composition of the Organic Compounds
Emitted by Flexigraphic Printing Operations................. 3~40

3-29 Estimated Composition of the Organics Emitted by
Flexigraphic Printing .....•...•.•.......................... 3-41

3-30 Organic Emission Composition for Rubber, Plastic,
Putty, and Adhesive Manufacturing (1965 LA APCD Data) .•.. ~.. 3~42

3-31 Estimated Composition of the Organics Emitted by Rubber,
Plastic, Putty and Adhesive Manufacturing Operations........ 3-43

3-32 Estimated Composition of the Organics Emitted During
Rubber, Plastic, Putty and Adhesive Manufacturing........... 3~44

3-33. Organic Emission Composition for Pharmaceutical
Manufacturing (1965 LA APCD Data)........................... 3-45

3-34 Estimated Composition of the Hydrocarbons in
Pharmaceutical Man4facturing !........................ 3-46

3-35 Estimated Composition of the Organics Emitted During
Pharmaceutical Manufacturing................................ 3-47

3-36 Composition of Organic Emissions From Miscellaneous
Organic Solvent Operations.................................. 3-48

3-37 Estimated Composition of the Organics Emitted by
Miscellaneous Organic Solvent Operations.................... 3-49

3-38 Estimated Distribution of the Organic~ Emitted by
Miscellaneous Organic Solvent Operations.................... 3-50

3-39 Exhaust Organic Composition for Various Types of
Fuel Mi xtures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-52

3-40 Exhaust Organic Composition for Various Types of
Emission Control Devices.................................... 3-53

3-41 Composition of the Organics Emitted in the Exhaust
From Light Duty Gasoline Powered Vehicles.................... 3~55

3~42 Ratio of Evaporative to Exhaust Organic Emissions............ 3-58

3-43 Equilibrium Vapors Over Los Angeles Area Gasolines........... 3-58

3-44 Composition of Hydrocarbon Emissions From
Automobile Carburetors and Fuel Tanks........................ 3-60

xiii



LIST OF TABLES (Continued)

ble

45 Composition of the Evaporative Emissions From Light
Duty Gasoline Powered Vehicles............................. 3-61

46 Composition of the Organics Emitted in the Exhaust From Heavy
Duty Gasoline Powered Motor Vehicles...................... 3-62

47 Composition of the Evaporative Emissions From Heavy
Duty Gasoline Powered Vehicles............................ 3-63

48 Composition of the Organics Emitted in the Exhaust of Other
Types of Gasol ine Powered Equipment....................... 3-64

49 Composition of the Evaporative Emissions From Other
Gasoline Powered Equipment................................ 3-65

50 Diesel Engine Exhaust Hydrocarbon Composition............. 3-67

51 Comparison of Diesel Fuel Composition and the
Composition of Diesel Exhaust Hydrocarbons................ 3-70

52 Organic Composition of the Exhaust From Diesel
Powered Vehicles.......................................... 3-71

53 Comparison of the Organic Emissions From Gasoline
and Diesel Powered Vehicles............................... 3-72

54 Comparison of the Mass Hydrocarbon Emission Rates From
Diesel Powered Vehicles and Gasoline Powered
Passenger Cars............................................ 3-72

55 Fraction of Hydrocarbon Emissions Occurring in
Each Operati ng Mode....................................... 3-73

56 Distribution of the Organics in Gas Turbine Exhaust....... 3-74

57 Approximate Distribution of Organic Types by
Carbon Number Category.................................... 3-75

58 Variations in the Composition of the Organic Emissions From
Gas Turbine (Jet) Aircraft Engines With Power Setting..... 3-76

59 Organic Emissions From Gas Turbine Engines................ 3-78

60 Composition of the Organics Emitted in Piston Aircraft
Engine Exhaust (as Approximated by Uncontrolled
Automotive Emissions)............................. 3-79

61 Distribution of Organic Compounds in a 2-Class
.Reactivity Scheme......................................... 3-81

xiv



LIST OF TABLES (Continued)

Table Page

3-62 Distribution of Organic Compounds in a 5-Class
Reactivity Scheme........................................... 3-82

3-63 Distribution of Organic Compounds in a 6-Class
Reactivity Scheme........................................... 3-83

4-1 Source Molar Reactivities for the 2-, 5-, and 6-
Group Schemes............................................... 4-2

4-2 Source Weight Reactivities for the 2-, 5-, and 6-
Group Schemes............................................... 4-5

4-3 Reactive Emission Inventories for the 2-, 5-, and 6-
Group Schemes............................................... 4-7

5-1

5-2

5-3

6-1

6-2

6-3

Estimates of Required Degree of RHC Control for OX
Standard Attainment in the Metropolitan Los
Ange1es AQCR ...............•.....•.................•......•.

Individual Source Emission Reductions for 90%
Overall Degree of Control .

Individual Source Emission Reductions for Various
Degrees of Overall Control (According to the 5-Group
Scheme .

Estimated Costs for Establishing Reactivity Based
Organic Emission Regulations .

The Effect of Substituting Class III Compounds for
Class IV and Class V Compounds in Several Selected
Source Categories .

Costs of the Second Reactivity Based Policy............•....

xv

5-20

5-31

5-32

6-5

6-8

6-11





1.0 INTRODUCTION AND SW1MARY

Organic emission reactivity refers to the potential of an organic to
participate in atmospheric reactions which result in photochemical smog.
The particular smog symptom of interest here is photochemical oxidunt for
which a short-term National Ambient Air Quality Standard has been established.
Oxidant producing potential is known to vary widely among specific organic
compounds. This variation is significant because it introduces the option
of selective organic emission control as a possibly advantageous alter­
native to the less flexible approach of indiscriminate control. However,
to date, reactivity criteria have been used by the Environmental Pro-
tection Agency and other control agencies in a nonrigorous and inconsistent
manner.

Recently, work has been carried out by EPA to develop a more systematic
reactivity classification for organic emissions, [1]. This has resulted in
a new 5-c1ass reactivity categorization for organics. While a rigorous and
consistent application of these criteria would provide a more rational
approach to organic control, little is known about the feasibility and
real advantages of such an application.

TRW Environmental Services has been contracted by EPA to investigate the
impact of reactivity criteria on organic emission control strategies for the
Metropolitan Los Angeles Air Quality Control Region. This case study explores
the feasibility of using reactivity criteria in organic control and delineates
the advantages gained as well as the problems encountered in the approach.
This document is the final report for the project.

There are five main objectives in the present study:

• Assemble existing inventory data for total organic emissions in
the Metropolitan Los Angeles AQCR for 1972.

• Gather organic composition data for the source types in the inventory
and categorize these data according to alternative reactivity
classification schemes.
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• Compute reactivities for each source type and investigate
the sensitivity of these results to alternative reactivity
classification schemes.

• Derive required emission reductions (based on reactivity criteria)
for organic source categories in the Metropolitan Los Angeles AQCR.

• Evaluate the efficiencies, costs, and problems inherent in
alternative approaches to organic emission control.

rhe five subsequent chapters of this report correspond to the five objectives
~bove. The present chapter includes three more sections. Section 1.1
1iscusses basic definitions and establishes a consistent terminology for
the report. Section 1.2 provides a brief summary of findings and con­
:lusions. Section 1.3 discusses areas where future work is needed.

1.1 BASIC DEFINITIONS

The photochemical reactivity of an organic compound generally refers
to the ability of that organic to produce photochemical smog symptoms when
it is mixed with nitrogen oxides and irradiated by sunlight. Reactivity
can be measured according to a variety of criteria; the principal criteria
are organic consumption rate, N02 formation rate, oxidant production, and
eye irritant production. In this study, reactivity will refer specifically
to the potential of organics to produce oxidant/ozone.

Three different reactivity classification schemes will be used herein
for deriving reactivity ratings. All three schemes are based on the
categorization given in Table 1-1. In the 2-group reactivity classifi­
cation scheme, all organics in Class I of Table 1-1 are assigned zero
reactivity, and all organics in Classes II through V are assigned a re­
activity of one. In the 5-group reactivity classification scheme, individual
reactivity ratings are assigned to each of the five classes. The 6-group
reactivity scheme is the same as the 5-group scheme with the exception that
nethane is treated individually (as Class 0) and is assigned a zero
reactivity.

Table 1-2 summarizes the molar reactivity ratings (or molar reactivities)
for the 2-group, 5-group, and 6-group schemes. These ratings are based
on the oxidant production potential (per mole) of organics in each class
as determined in a recent review of smog chamber data by EPA, [1]. For
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TABLE 1-1. FIVE CLASS REACTIVITY CATEGORIZATION OF ORGANIC COMPOUNDS

--'
1

v.>

CLASS I CLASS I I CLASS III CLASS IV CLASS V

Cl -C 3 paraffins Mono-tert-a 1kyl C4+-paraffins Prim-& sec-al kyl Aliphatic olefins
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc1i c ketones Dialkyl benzenes

Benzene Alkyl acetyl enes Al iphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohol s Unsaturated ketones

Tert-alkyl alcohols Pr·im-& sec-a1kyl
acetates Ce11osolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Parti a11y hal 0-
genated paraffins



(l.,l}

onvenience in defining various other parameters, the molar reactivities
re assigned zero dimensions in this report.

The ratings for the 5- and 6- group schemes are all relative; they have
een determined by comparing the relative amounts of oxidant produced by
lasses I through V. In this sense, the 5- and 6- group reactivity ratings
ontain one arbitrary constant, for instance the absolute reactivity rating
ssigned to Class I. To facilitate comparing the results of using the
hree different reactivity schemes, the arbitrary constants for the 5- and
- group schemes have been chosen so that auto exhaust has the same absolute
olar reactivity rating as it does in the 2-group scheme. Data for Los
ngeles indicate that this rating is .72, (see Chapters 3 and 4).

TABLE 1-2. MOLAR REACTIVITY RATINGS FOR THE 2-, 5-, &6­
GROUP CLASSIFICATION SCHEMES

2- GROUP 5- GROUP 6- GROUP
CLASS SCHEME SCHEME SCHEME

0 (CH L1 ) 0 .098 0
- ----- --------1--

I 0 .098 .099

II 1 .34 .34

III 1 .64 .64

IV 1 .95 .95

V 1 1.40 1.42

Source molar reactivities can be calculated from the molar reactivity
atings for individual compounds in a straightforward manner. For instance,
onsider an organic emission source with a composition specified by molar
ractions, Xi' for n compounds, i =1, ... , n. The dimensionless source molar
eactivity rating for the k-group scheme (SMRk) is given by

n

SMRk ='" X.R~LJ 11,
i=l

here R~ are the molar reactivity ratings of the individual compounds
ccording to the k-group scheme. For the case of the 2-group scheme, the
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source molar reactivity is just the fraction of molar emissions that are
in Classes II through V.

Since air pollution control strategies are usually formulated using
emission inventories which are on a weight basis, it is also useful to
express source reactivities per weight. Source weight reactivities should
be proportional to reactive moles per unit weight of emissions. Relative
source weight reactivities can be derived by just dividing the source molar
reactivities by the average molecular weight for each source. Since all
reactivities are relative, an arbitrary constant is involved in stating
source weight reactivities. Again, we have chosen this constant so that
auto exhaust has a rating of .72 for each classification scheme. The
appropriate formula for deriving the dimensionless source weight reactivities

for each of the k-group schemes (SWRk) is

MW • SMRk
SWRk = _e---;x,.......__

MW (1-2)

where

SMR k
= the source molar reactivity for the source in question,

MWex = the average molecular weight of auto exhaust,

and MW = the average molecular weight for the source in question.

It should be noted that the source weight reactivity for the 2-group
scheme, as calculated by equation (1-2), is not the fraction by weight of
reactive organics. The fraction by weight of reactive organics is actually
not very meaningful. For instance, assume that two sources each consist
entirely of reactive compounds and that the first source has half the mole­
cular weight of the second. The fraction by weight of reactive organics
is the same for each source (100%). However, the first source contributes
twice as many reactive molecules per ton and should be assigned twice the
weight reactivity according to a 2-group scheme. Equation (1-2) would
assign that source twice the weight reactivity according to the 2-group scheme,

A reactive emissions inventory can be derived from the source molar
(or weight) reactivities and a total hydrocarbon inventory. The moles/day

1-5



f emissions from each source should be multiplied by the source molar
eactivity to obtain the reactive inventory in terms of reactive moles
er day. Alternatively, the weight/day of emissions from each source can
e multiplied by the source weight reactivity to obtain a reactive inventory
ith units of reactive weight per day. The reactive mole inventory and the
eactive weight inventory will be directly proportional to one another~

hat is, each inventory will lead to the same conclusions concerning the
elative importance of various sources to oxidant formation .

•2 SUMMARY OF FINDINGS AND CONCLUSIONS
The major findings and conclusions which have resulted from this study

re summarized in the paragraphs that follow. The discussion is organized
ccording to emission inventory of total organics (Chapter 2), composition
ata for organic sources (Chapter 3), source reactivities and reactive
missions (Chapter 4), required source emission reductions (Chapter 5),

nd benefits/costs of alternative approaches to organic control (Chapter 6).

mission Inventory of Total Organics (Chapter 2)

• Table 1-3 presents an inventory of total organic emissions in the
Metropolitan Los Angeles AQCR. Weight emissions, molar emissions,
and average molecular weights are tabulated for twenty-six source
categories. The weight emission estimates represent a combination
of data from several existing emission inventories. The estimates
of average molecular weights and molar emissions are based on com­
position data assembled in this study.

#r Proof:
For each source,
reactive moles = (total moles) - SMRk

and

reactive weight = (total weight)- SWRk • k
= (total moles)-MW. MWex SMR

MW
= (total moles) • MW 'SMRk

ex
= reactive moles • MWex
= reactive moles. constant
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TABLE 1-3. ORGANIC EMISSION INVENTORY FOR
THE METROPOLITAN LOS ANGELES AQCR

SOURCE CATEGORY WEIGHT EMISSIONS MOLAR EMISSIONS AVERAGE

Tons Per Weight % 10-2Ton Moles Mole % MOLECULAR
Day of Total Per Day of Total WEIGHT

STATIONARY SOURCES: ORGAN IC FUELS
AND COMBUSTION

Petroleum Porduction and Refining

Petro1eum Producti On 62 2.3 214 5.9 29
Petroleum Refining 50 1.9 54 1.5 93

Gasoline Marketing

Underground Service 48 1.8 83 2.3 58
Stati on Tanks

Auto Tank Fill i ng 104 4.0 141 3.9 74

Fuel Combustion 23 0.9 92 2.5 25

Waste Burning & Fires 41 1.6 124 3.4 33

STATIONARY SOURCES: ORGANIC CHEMICALS

Surface Coating

Heat Treated 14 0.5 17 0.5 82
Air Dried 129 5.0 148 4.1 87

Dry Cl eani ng

Petro1uem Based Solvent 16 0.6 13 0.4 126
Synthetic Solvent (PCE) 25 1.0 15 0.4 166

Degreas i ng

TCE Sol vent 11 0.4 8 0.2 132
1,1,1-T Solvent 95 3.6 71 2.0 134

printing

Rotogravure 31 1.2 38 1.0 82
Flexigraphic 15 0.6 26 0.7 57

Industrial Process Sources

Rubber & Plastic Manf. 42 1.6 58 1.6 73
Pharmaceutical Manf. 16 0.6 21 0.6 75
Mi sce11 aneous Operations 83 3.2 104 2.9 80

MOBILE SOURCES

Gaso1 ine Powered Vehicles

Light Duty Vehicles

Exhaust Emi ssions 780 30.0 1130 31.2 69
Evaporative Emissions 481 18.5 529 14.6 91

Heavy Duty VEhicles

Exhaust Emissions 285 10.9 413 11.4 69
Evapora tive Emi ss ions 67 2.6 74 2.0 91

Other Gasoline Powered Equipment

Exhaust Emi ssi ons 110 4.2 159 4.4 69
Evaporative Emi ssions 22 0.8 24 0.7 91

Diesel Powered Motor Vehicles 12 0.5 13 0.4 89

Aircraft

Jet 20 0.8 17 0.5 121
Pi ston 22 0.9 39 1.1 56

TOTAL OR WEIGHTED AVERAGE 2604 100% 3625 100% 71. 9
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• In the Metropolitan Los Angeles AQCR, gasoline powered vehicles
account for the majority of total organic emissions, about 67% by
weight and about 64% by mole. Light-duty motor vehicles alone
account for about 49% of emissions by weight. Transportation sources
other than gasoline powered vehicles, stationary source organic
fuel processes, and stationary source organic chemical processes
contribute 2%, 13%, and 18% of total organic emissions by weight,
respectively.

mposition Data for Organic Sources (Chapter 3)

• Table 1-4 summarizes organic composition estimates organized according
to the 6-group reactivity classification scheme. Composition data
for individual compound types within each of the six reactivity
classes are presented in Chapter 3 of this report.

• On a molar basis, about 35 percent of organic emissions in the Los
Angeles AQCR fall in Class III of the reactivity categorization
scheme. The remainder is roughly equally distributed among classes
0, I, IV, and V. Negligible amounts of Class II compounds are
emitted in Los Angeles.

• With a few exceptions (e.g., automotive exhaust and evaporated
gasoline), detailed composition data are not available for most
sources. The limited nature of existing data requires that approxi­
mations be made in describing the organic composition of various
sources. The approximations inherent in the composition estimates
are discussed in detail in Chapter 3.

• The composition data accumulated for this study are intended as
averages for the Metropolitan Los Angeles AQCR and are strictly
applicable to that region only. It is not known how representative
these composition data may be for other regions. Due to differences
in climate, air pollution regulations, petroleum composition, and
industrial processes, the composition of organic emissions will vary
from region to region.

Jrce Reactivities and Reactive Emissions (Chapter 4)

• Table 1-5 lists source molar reactivities, source weight reactivities,
and reactive emissions for the 26 source categories in the Metropolitan
Los Angeles AQCR. Values are given for each of the 2-group, 5-group,
and 6-group reactivity classification schemes.

• Source molar reactivities range from .00 to 1.00, .10 to 1.02, and
.10 to 1.01 for the 2-, 5-, and 6-group reactivity schemes, re­
spectively. Source weight reactivities range from .00 to .98, .04
to .92, and .04 to .93 for the 2-, 5-, and 6-group schemes" re­
spectively. However, for each classification scheme and for both
molar and weight reactivities, about 90% of total emissions fall
in the reactivity range of .50 to .95.
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TABLE 1-4. SOURCE ORGANIC COMPOSITION DATA ACCORDING
TO THE SIX GROUP CLASSIFICATION SCHEME

/
MOLAR COMPOSITION (PERCENT)

CLASS CLASS CLASS CLASS CLASS CLASS
SOURCE CATEGORY 0 I II III IV V

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and Refining

Petrol eum Product; on 64 20 0 16 0 0
Petroleum Refining 2 9 0 67 8 14

Gasol i ne market; ng

Underground 5erv; ce 3 15 0 60 0 22
Station Tanks

Auto Tank Filling 0 4 0 69 9 18

Fuel Combustion 78 12 0 3 1 6

Waste Burning & Fires 59 15 0 7 3 16

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coa t i ng

Heat Treated 2 18 0 28 50 2
Ai r Dried 0 14 0 52 29 5

Dry Cleaning

Petroleum Based Solvent 0 0 0 94 5 1
Synthetic Solvent (PCE) 0 100 0 0 0 0

Degreas; ng

TCE Solvent 0 0 0 0 100 0
1,1 .1-T So1vent 0 100 0 0 0 0

Printing

Rotogravure 0 16 0 61 23 0

Flexi9 ra phic 0 19 0 8 73 0

Industrial Process Sources

Rubber & Plastic Manf. 0 16 1 24 7 52
Pharmaceuti ca 1 Manf. 0 34 1 5 60 0

Mi seell aneous Operati ons 0 44 0 29 18 9

MOBILE SOURCES

Gasoline Powered Vehicles

Li9ht Duty Vehicles

Exhaust Emissions 10 18 0 30 19 23

Evaporative Emissions 0 5 0 58 21 16

Heavy Outy Vehicles

Exhaust Emissions 10 18 0 30 19 23

Evaporative Emissions 0 5 0 58 21 16

Other Gasoline Powered Equipment

Exhaust Emissions 10 18 0 30 19 23
Evaporative Emissions 0 5 0 58 21 16

Diesel Powered Motor Vehi c1 es 11 2 0 24 6 57

Ai rcraft

Jet 2 7 4 38 16 33
Piston 18 16 0 23 10 33

WEIGHTED AVERAGE 13.0 17.2 0.0 35.5 16.8 17.7
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TABLE 1-5. MOLAR REACTIVITIES, WEIGHT REACTIVITIES,
AND REACTIVE EMISSIONS

SOURCE MOLAR REACTIVITIES SQURCEWEIGHTREACTIVITIES REACTIVE EMISSIONS

REACTIVE TONS/DAY"" PERCENT OF TOTAL

2-GROUP 5-GRQUP 6-GROUP 2-GROUP 5-GRQUP 6-GROUP 2-GROUP 5-GROUP 6-GROUP 2-GRQUP 5-GROUP 6-GROUP
SOURCE CATEGORY SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME

ONARYSOURCES; ORGANIC FUElS
AND COMBUSTION

leum Production and Refining

Petroleum Production .16 .19 .12 .38 .45 .29 14 28 18 1.4 1.7 1.1
Petroleum Refining .89 .71 .71 .66 .53 .53 33 27 27 1.9 1.6 1.6

ine Marketing

Underground Service .82 .71 .71 .98 .84 .84 47 40 40 2.7 2.4 2.4Station Tanks

Auto Tank Filling .96 .7P, .79 .90 .73 .74 94 76 77 5.4 4.6 4.7
:ombustion .10 .20 .12 .28 .55 .33 6 13 0.3 0.8 0.5
Burning & Fires .26 .37 .32 .54 .77 .67 22 32 27 1.3 1.9 1.6

lNARY SOURCES-ORGANIC CHEMICALS

:eCoating

Heat Treated .80 .70 .70 .67 .59 .59 9 8 8 0.5 0.5 0.5
Air Dried .86 .69 .69 .68 .55 .55 88 71 71 5.0 4.3 4.3

~

Petroleum Based Solvent 1.00 .66 .66 .55 .36 .36 0.5 0.4 0.4
Synthetic Solvent (PCE) .00 .10 .10 .00 .04 .04 0.0 0.1 0.1
~

TCESolvent 1.00 .95 .95 .52 .50 .50 0.3 0.3 0.3
1.1,l-T Solvent

.00 .10 .10 .00 .05 .05 0.0 0.3 0.3

""-
Rotogravure! .84 .62 .62 .69 .52 .52 21 16 16 1.2 1.0 1.0
Plexfgraprlfc .81 .76 .76 .98 .92 .92 15 14 14 0.9 0.8 0.9

rial Process Sources

Rubber & Plastic Mant- .84 .97 .98 .79 .92 .93 33 39 39 1.9 2.3 2.4
Pharmaceutical Manf. .66 .64 .64 .61 .59 .59 10 9 9 0.6 0.5 0.5
Miscellaneous Operations .56 .53 .53 .48 .46 .46 40 38 38 2.3 2.3 2.3

SOURCES

ne Powered Vehicles

Duty Vehicles

Exhaust Emissions .72 .72 .72 .72 .72 .72 562 562 562 32.1 33.9 34.2
Evaporative Emissions .95 .80 .80 .72 .61 .61 346 293 293 19.8 17.7 17.9

Duty Vehicles

Exhaust Emissions .72 .72 .72 .72 .72 .72 205 205 205 11.7 12.3 12.5
Evaporative Emissions .95 .80 .80 .72 .61 .61 48 41 41 2.7 2.5 2.5

Gasoline Powered Equipment

Exhaust Emissions .72 .72 .72 .72 .72 .72 79 79 79 4.5 4.8 4.8
Evaporative Emissions .95 .80 .80 .72 .61 .61 16 13 13 0.9 0.8 0.8

Powered Motor Vehicles .87 1.02 1.01 .67 .79
9 0.5 0.5 0.5.78

[l

Jot .91 .88 .88 .52 .50 .50 10 10 10 0.6 0.6 0.6
Piston .66 .74 .72 .81 .91 .89 18 20 20 1.0 1.2 1.2

.70 .66 .66 .67 .64 .63 1749 1660 1641 100% 100% lOOt
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• There is a significant change in relative source reactivities in
going from the 2-group scheme to the 5-group scheme. However,
reactivities according to the 5-group and 6-group schemes are
nearly identical for most sources. The only notable differences
between the 5-group and 6-group schemes involve the source categories
of petroleum production, fuel combustion, and waste burning &fires.
Methane is a significant fraction of the emissions from each of
these three source categories.

• The impact of using reactivity criteria to compute relative source
contributions is less than dramatic. Generally, the total organic
inventory is similar to each of the three reactive inventories. The
only substantial differences occur among relatively minor source
types such as petroleum production, underground service station
tanks, fuel combustion, PCE dry cleaning solvent, 1,1 ,1-T degreasing
solvent, and rubber &plastic manufacturing.

• According to all three reactivity classification schemes, mobile
sources account for three-fourths of reactive emissions in the
Metropolitan Los Angeles AQCR. The remaining one-fourth of reactive
emissions is about equally divided between stationary source organic
fuel processes and stationary source organic chemical processes.
Gasoline powered vehicles account for about 72% of reactive emissions,
while light-duty vehicles alone contribute 52% of reactive emissions.

Required Source Emission Reductions (Chapter 5)

• The determination of required emission reductions for various source
categories requires two inputs. The first is the overall degree
of reactive organic emission control necessary to achieve the national
air quality standard for oxidant in the Metropolitan Los Angeles AQCR.
The second is a set of quide1ines for allocating emission reductions
to individual source categories.

• A great deal of uncertainty surrounds the degree of reactive organic
control that is required to attain the national oxidant standard
in the Los Angeles region. A review of four empirica1/aerometric
models and two smog chamber models indicates that at least 90%,
and possibly much higher, control will be necessary. If background
hydrocarbon contributions are accounted for, it appears that even
100% control of man-made sources may not be sufficient. This report
does not derive source emission reductions aimed at actual attainment
of the oxidant standard; rather, 90% overall reactive organic control
of man-made sources is selected as a target level for illustrative
purposes.

• Economic efficiency principles provide the most appropriate guidelines
for allocating emission reductions among individual source categories
in order to attain a given overall degree of control. Application
of economic efficiency criteria requires detailed data on emission
reduction costs for all source categories. Since these cost data are
unavailable for most source types, equity guidelines rather than
economic gUTde1ines are used in this report to allocate emission
reductions among individual sources.
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e Table 1-6 lists individual source emission reductions which achieve
90% overall control of reactive organics in the Los Angeles region.
These are listed for indiscriminate control as well as for control
allocated according to the 2-qroup, 5-group, and 6-group reactivity
schemes. For the reactivity based strategies, control is allocated
so that the allowable emissions from each source category are in­
versely proportional to the reactivity of that category. According­
ly, the sources of highest reactivity are assigned the greatest
degree of control with the reactivity based strategies. Two organic
sources with extremely low reactivity, PCE dry cleaning and 1,1 ,1-T
degreasing, are actually allowed increased emissions by the reactivity
based strategies. Control requirements for all other sources are
quite stringent, with nearly all reductions ranging from 80% to 93%.

lenefits/Costs of Alternative Approaches to Organic Control (Chapter 6)

• The first reactivity based control policy evaluated in this report
involves establishing emission standards based on present source
reactivities but not allowing substitutiv.e controls (replacement of
highly reactive constituents with compounds of lower reactivity).
Generally, this policy should yield the benefit (over indiscriminate
control) of allowing more organic emissions by concentratinq emission
reductions among the most reactive sources. However, for Los Angeles,
Ithe only net benefit of this reactivity based policy is not having to
control PCE dry cleaning and 1,1,1-T degreasing. The extra annualized
cost (over an indiscriminate control policy) for implementing and
administrating this reactivity based policy in Los Angeles would
be around $10,000 to $100,000 per year .

• The second reactivity based policy evaluated here establishes emission
standards based on reactivity and permits substitutive controls as
well as emission reduction controls. The extra benefit of this policy
(as compared to the first reactivity based policy) consists of increased
flexibility in selecting among alternative control measures. Sub­
stitutive control alternatives would be particularly important when
replacement can be made with C1RSS °or Class I compounds. This
usually would involve switches to synthetic solvents or conversion
to gaseous fuels (e.g. methane or methanol). Substitution of one
petroleum based product for another usually would involve compounds
in Classes III to Vand generally would not yield substantial re­
ductions in reactivity. The extra annualized cost (over the first
reactive policy) of implementing and administrating this second
reactivity based policy in Los Angeles would be around $100,000 to
$250,000 per year.
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TABLE 1-6. INDIVIDUAL SOURCE EMISSION REDUCTIONS FOR
90% OVERALL DEGREE OF CONTROL

PERCENT REDUCTIOnS
SOURCE CATEGORY (90% OVERALL DEGREE OF CONTROL)

2-GROUP 5-GROUP 6-GROUP
INDISCRIMINATE SCHEME* SCHEME* SCHEME*

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petro1eum Producti on and Refining

Petroleum Production 90% 82% 85% 75%

Petroleum Refining 90% 90% 88% 90%

Gaso 1i ne Marketi ng

Underground Service 90% 94% 92% 92%
Station Tanks

Auto Tank Fi 11 i ng 90% 92% 91% 91%

Fuel Combusti on 90% 74% 87% 83%

Waste Burni ng & Fi res 90% 86% 93% 90%

STATIONARY SOURCES: ORGANIC CHEMICALS

Surface Coat i ng

Heat Treated 90% 93% . 86% 93%

Air Dried 90% 90% 88% 8B%

Ory Cleaning

Petroleum Based Solvent 90% 87% 81% 81%

Syntheti c Solvent (PCE) 90% ** -60% -56%

Oegreasi ng

TCE Solvent 90% 91% 91% 91%

l,l,l-T Solvent 90% ** -28% -26%

Printing

Rotogravure 90% 90% 91% 87%

Flexigraphic 90% 93% 93~ 93%

Industrial Process Sources

Rubber & Plastic Manf. 90% 90% 93% 93%
Pharmaceutical Manf. 90% B7% 87% 87%
Mi see 11 aneous Operati ons 90% 86% 86% 87%

MOBILE SOURCES

Gasoline Powered Vehicles

Light Duty Vehicles

Exhaust Emissions 90% 91% 91% 91%

Evaporative Emissions 90% 91% 90% 90%

Heavy Duty Vehicles

Exhaust Emi ss ions 90% 91% 91% 91%
Evaporative Emissions 90% 91% 90% 90%

Other Gasol ine Powered Equipment

Exhaust Emissions 90% 91% 91% 91%
Evaporative Emissions 90% 91% 91% 91%

Diesel Powered Motor Vehicles 90% 92% 92% 92%

Aircraft

Jet 90% 85% 85% 85%
Pi ston 90% 91% 91% 91%

WEIGHTED AVERAGE 90% -- 84.3% 84.4%

* Calculated according to equation (5-6)

** Equation (5-6) assigns infinite allowable emissions in this case
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• Based on a very brief evaluation of alternative approaches to organic
control, the following approach seems appropriate. An organic con­
trol strategy in Los Angeles should require larg~ reductions in
emissions from nearly all source categories. Variations in degree
of control among most source categories should be based on technical
feasibility considerations rather than reactivity considerations.
Exceptions should be made only for source categories of extremely
low reactivity. peE dry cleaning and 1,1 ,l-T degreasing now qualify
as exceptions according to the reactivity schemes used here. Other
source categories may also qualify in the future; these future ex­
ceptions are most likely to involve sources which are converted to
synthetic solvents or gaseous fuels.

NEEDS FOR FUTURE WORK

The present study is subject to several important limitations. Some
these are a direct result of limitations in the available data. This
jy is based on existing data concerning the amount, composition, and re-
ivity of organic emission from various source categories in Los Angeles.
en, these data are lacking in detail. In a few cases, the data represent
5urements taken more than a decade ago and thus are of uncertain applicability
present emissions in Los Angeles. Other limitations involve the depth of
lysis that has been afforded certain issues. Because of the restricted
el of effort allocated to this study, some areas (e.g. the costs of indi-
ual source emission reductions or the feasibility of substitutive controls)
ld not be treated in a comprehensive manner. In light of these limitations,
is useful to examine areas where future work can provide supplements and
rovements to the present study.

The total organic emission inventory is one area with potential fuel im­
vement. A comprehensive organic emission inventory project would allow greater
fidence to be placed in the emission estimates. A source testing program
uld be included in such a project. The spatial and temporal distribution
emissions should be determined as well as average emission rates. The
ssion inventory should be projected into the future to determine changes
the relative importance of various sources as present control policy takes
ect.
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The composition data for both mobile and stationary sources should be
verified. Composition tests could be conducted as part of the source testing
program in an emission inventory project.

It would be interesting to apply more alternative oxidant reactivity
classification schemes to the composition data presented in this report or
to updated composition data as they become available. For instance, various
new 2-group classifications or a 3-group classification might be tried. A
sensitivity analysis should be performed with these reactivity classifications.
The present study provides preliminary evidence that the overall structures
of reactive organic inventories are generally insensitive to alternative
choices of reactivity classification schemes. It would be useful to deter­
mine if this result holds for reactivity classifications other than the 2-,
5-, and 6- group schemes used here.

For use in formulating control strategies for suspended particulate
matter, a reactivity classification scheme should be derived based on organic
aerosol formation. Once an aerosol reactivity classification is available,
it can be applied to the composition data gathered here in a straightforward
manner.

This study uses equity guidelines to allocate emission reductions among
various source categories in order to attain given overall control. Economic
guidelines would be more appropriate, but emission reduction costs must be
known for all source categories in order to use the economic criteria. It
would be useful to compile data on emission reduction costs for each source
category so that individual source emission reductions could be based on
cost considerations as well as reactivity considerations. It may very well
be that source-to-source variations in control costs are more significant
than source-to-source variations in reactivity.

The potential benefits from substitutive control alternatives are
given only cursory treatment in this report. More detailed study is needed
to quantify these benefits. A comprehensive analysis should include a
technological assessment of substitutive control options for each individual
source category.
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Although further research work is necessary to provide a sound basis for
>rganic control policy, it must be recognized that many policy decisions must
>e made now or in the near future if significant air quality improvements
ire to be obtained in this decade. Although the scope of this study needs to
>e expanded by future work and although the data base needs improvement, this
;tudy in its present form can help to guide current policy. For instance,
:he relative uniformity of reactivity ratings among most source categories
indicates that it is important to develop controls for nearly all significant
;ource categories.
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2.0 A TOTAL ORGANIC EMISSION INVENTORY

The main thrust of the present project is to use Los Angeles as a case
study for assembling organic composition data, computing reactivity factors,
investigating the sensitivity of organic emission standards to alternative
reactivity schemes, and assessing the consequences of reactivity criteria
to control policy. The latter two tasks require a total organic emission
inventory as an input. This chapter presents the required total organic
inventory for the Metropolitan Los Angeles AQCR.

The demands made on the overall resources of this project by other
aspects of this study (e.g. the gathering of organic composition data)
ruled out allocating time and effort to produce new information on total
organic emissions from various sources. Rather, the total organic emission

data were assembled from existing inventories. The main sources of inventory
data that were reviewed are as follows:

• The preliminary version of a 1972 inventory being compiled by the
California Air Resources Board, [1] (this inventory relies on
information from the county Air Pollution Control District for
stationary sources. It will subsequently be referred to as the
1972 ARB/APCD inventory.)

• The 1972 National Emission Data System Report (NEDS), [2].

• Detailed stationary source information available for Los Angeles
County from the Los Angeles County APCD, [3].

• An inventory of vehicular emissions from an automotive study now
in progress at the Jet Propulsion Laboratory (JPL), [ 4 ].

Previous TRW experience with emission inventories for the Los Angeles
AQCR indicates that the county Air Pollution Control Districts provide the
most reliable information on stationary emission sources. The principal
function of the county APCD's is to control stationary source emissions. To
this end, the Los Angeles County APCD maintains a separate full-time staff
responsible for the inventory and control of each source sub-category. On the
other hand, it has been our experience that NEDS data for stationary sources
in Los Angeles are often in notable error, [5]. Thus, the 1972 ARB/APCD
inventory and more detailed data available from the Los Angeles County APCD
were relied upon for the stationary source emission estimates.
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For mobile sources, data are used from both the 1972 ARB/APCD inventory
lnd the JPL study. However, the JPL results have been given a greater
!mphasis. This is particularly important for evaporative emission estimates
>ecause the JPL study has included recent data which indicate that the new
:ar evaporative controls are operating at low efficiencies.

Table 2-1 presents the total organic emission inventory that will be
!mployed in the present study. Table 2-la is in English units, while Table
~-lb is in metric units. The inventory is given in weight emissions as
lell as in molar emissions. The conversion factors (average molecular
leights) which have been used to derive molar emissions are also listed.
"he molecular weights have been derived from the composition data presented
n Chapter 3. Appendix A summarizes the molecular weight calculations.

The details on the assumptions used to obtain the total organic emission
inventory are listed for each individual source category below:

)etroleum Production

Petroleum production refers to the process of removing oil and gas
°rom the ground. Organic emissions from petroleum production occur pri­
larily from an operation which ~eparates water, gases, and oil at the drill
iite, [6].

The 1972 ARB/APCD inventory lists 62 tons per day of total organics
'esulting from petroleum production in the Metropolitan Los Angeles AQCR.
-his figure disagrees with previous ARB/APCD estimates in 1970 which indi­
:ated about 115 tons per day. The 1972 value reflects new information
lbtained by the LA APCD and ARB on petroleum production sources, and this
later estimate is considered more reliable, [7J. The 62 tons per day
°igure will be used in this study.

)etroleum Refining

Organic emissions result from a variety of processes in petroleum
'efineries. The main processes included in the refining category (as
lefined here) are storage, pumping, compression, separation, cooling, and
~quipment maintenance. Organic emissions from boilers/heaters and surface
:oating in refineries are included in the fuel combustion and surface coating
:ategories of the emission inventory.
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TABLE 2-1. 1972 TOTAL ORGANIC EMISSION
INVENTORY FOR THE METROPOLITAN

LOS ANGELES AQCR
(English Units)

WEIGHT t10LAR AVERAGE
EHISSIONS % OF EfIlSSIONS % OF MOLECULAR

SOURCE CATEGORY (TONS/DAY) TOTAL (10-2TON MOLES/DAY) TOTAL WEIGHT

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTI ON

Petroleum Production and Refining

Petro1eum Product; on 62 2.4 214 5.9 29

Petroleum Refining 50 1.9 54 1.5 93

Gasol ine Marketing

Underground Servi ce
Station Tanks 48 1.8 83 2.3 58

Auto Tank Fillin9 104 4.0 141 3.9 74

Fuel Combus ti on 23 0.9 92 2.5 25

Waste Burning & Fires 41 1.6 124 3.4 33

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coating

Heat Treated 14 0.5 17 0.5 82

Air Dried 129 5.0 148 4.1 87

Dry C1 eani ng

Petro 1eum Based Solvent 16 0.6 13 0.4 126

Syntheti c Solvent (PCE) 25 1.0 15 0.4 166

Degreas i ng

TCE Solvent 11 0.4 8 0.2 132

1,1,1-T Solvent 95 3.6 71 2.0 134

Printing

Rotogravure 31 1.2 38 1.0 82

Fl exi graphi c 15 0.6 26 n.7 57

Industrial Process Sources

Rubber & Plastic Manf. 42 1.6 58 1.6 73

Pharmaceuti cal Manf. 16 0.6 21 0.6 75

Mi see11 aneOU5 Operat ions 83 3.2 104 2.9 80

M08ILE SOURCES

Gasoline Powered Vehicles

Li9ht Duty Vehicles

Exhaust Emissions 780 30.0 1130 31.2 69

Evaporat ;ve Em; ss ; ons 481 18.5 529 14.6 91

Heavy Duty Vehicles

Exhaust Emissions 285 10.9 413 11.4 69

Evaporative Emissions 67 2.6 74 2.0 91

Other Gasoline Powered Equipment

Exhaust Emissions 110 4.2 159 4.4 69

Evaporative Emissions 22 0.8 24 0.7 91

Di esel Powered Motor Vehi cl es 12 0.5 13 0.4 89

Aircraft

Jet 20 0.8 17 0.5 121

Piston 22 0.8 39 1.1 56

TOTAL 2604 100% 3625 100% 71 .9 (Wei ghted Average)
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TABLE 2-1. 1972 TOTAL ORGANIC EMISSION (continued)
INVENTORY FOR THE METROPOLITAN

LOS ANGELES AQCR
(Metric Units)

WEIGHT MOLAR AVERAGE
EMISSIONS % OF EMISSIONS % OF MOLECULAR

SOURCE CATEGORY (METRIC TONS/DAY) TOTAL (10-3 llETRIC TONS nOLES/DAY) TOTAL WEIGHT

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and Refining

Petroleum Production 56 2.4 194 5.9 29

Petroleum Refining 45 1.9 49 1.5 93

Gasoline Marketin9

Under9round Servi ce
Stati on Tanks 44 1.9 75 2.3 5B

Auto Tank Fi 11 i ng 94 4.0 128 3.9 74

Fuel Combustion 21 0.9 83 2.5 25

Waste Burning & Fires 37 1.6 112 3.4 33

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coati ng

Heat Treated 13 0.6 15 0.5 82

Air Dried 117 5.0 134 4.1 87

Dry C1 eani n9

Petroleum Based Solvent 15 0.6 12 0.4 126
Synthetic Solvent (PCE) 23 1.0 14 0.4 166

Degreasi ng

TCE Solvent 10 0.4 7 0.2 132

1 ,1 ,1-T Solvent 86 3.6 64 1.9 134

Printing

Rotogravure 28 1.2 34 1.0 82

Flexigraphic 14 0.6 24 0.7 57

Industrial Process Sources

Rubber & Pl asti c Manf. 38 1.6 53 1.6 73

Pharmaceuti cal Manf. 15 0.6 19 0.6 75

Mi see11 aneous Operati ons 75 3.2 94 2.J 80

MOBILE SOURCES

Gasoline Powered Vehicles

Li9ht Duty Vehicles

Exhaust Emissions 707 29.9 1025 31.2 69

Evaporative Emissions 436 18.5 48C 14.0 91

Heavy Duty Vehicles

Exhaust Emissions 258 10.9 3n 11.~ 69

Evaporative Emissions 61 2.6 67 2.0 91

Other 6aso1i ne Powered Equi pment

Exhaust Emissions 100 4.2 144 4.4 69

Evaporative Emissions 20 0.8 22 0.7 91

Diesel Powered Motor Vehicles

Aircraft

Jet 18 0.8 15 0.5 121

Pi stan 20 0.8 35 1.1 56

71.9
TOTAL 2362 100% 32e6 100% (Wei 9hted Average)
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The 1972 ARB/APCD inventory indicates that 50 tons per day of organic
emissions result from petroleum refining in the Metropolitan Los Angeles
AQCR. This value will be used here. A breakdown of these emissions among
the various refining processes is given later in Table 3-3 .

Gasoline Marketing: Underground Service Station Tanks

Underground storage tanks at service stations are a source of organic
emissions when the gasoline vapor is displaced into the atmosphere as the
tanks are refilled. These tanks also emit some organics through a "breathing"
process caused by the diurnal cycle in ground temperature.

The 1972 ARB/APCD inventory lists 152 tons per day of organic emissions
from gasoline marketing. This includes emissions from both underground
service station tanks and the filling of automobile tanks. Los Angeles
APCD data indicate that 31.8% of this total is from the underground tanks.
Thus, a value of 48 tons per day will be used for HC emissions from under­
ground tanks.

Gasoline Marketing: Automobile Tank Filling

During automobile tank filling, organic emissions occur because the
gasoline vapor in the automobile tank is displaced into the atmosphere.
Some emissions (about a fifth of the total for this category) also result
from spillage. Using the ARB/APCD data as in the underground tank category
above, a value of 104 tons per day is obtained for the organic emissions
from auto tank filling in the Metropolitan Los Angeles AQCR.

Fuel Combustion

This category includes organic emissions from the combustion of fuel
oil, natural gas, and refinery make gas. The 1972 ARB/APCD inventory in­
dicates that 23 tons per day of organic emissions result from fuel com~

bustion, (power plants-34%, industry-35%, domestic/commercial-8%, and
orchard heaters-23%).

Waste Burning and Fires

The 1972 ARB/APCD inventory lists 41 tons per day of organic emissions
from waste burning and fires in the Metropolitan Los Angeles AQCR. These
emissions result from structural fires (66%), wild fires (18%), agricultural
burning (9%), and other burning (7%).
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;urface Coating: Heat Treated

The heat treated surface coating category includes organic emissions
~rom processes where the organic solvent comes in contact with flame or is
laked, heat-cured or heat-polymerized in the presence of oxygen, [8]. Los
~nge1es APCD data indicate that about 10% of surface coating emissions are

leat-treated.

The 1972 ARB/APCD inventory lists 112 tons per day of organics from
ill surface coating operations in the Metropolitan Los Angeles AQCR. Recent
iata for 1972 obtained from the Los Angeles APCD list 121 tons per day for
.os Angeles County a10ne,* [3]. The nature of this disagreement is not
(nown. For the present study, it was decided to adjust the 1972 ARB/APCD
inventory to reflect the Los Angeles APCD results. Accordingly, total
)rganics from surface coating will be taken as 143 tons per day in the
.os Angeles AQCR. Since approximately 10% of this total is heat-treated [ 3 ],
the emissions from heat-treated surface coatings amount to 14 tons per day.

5urface Coating: Air Dried

Air dryed surface coating emissions in the Metropolitan Los Angeles
~QCR result mostly from industrial paint spray bo@ths and architectural
Jainting. Of the 143 tons per day of total surface coating emissions in
the Los Angeles AQCR, approximately 90% is from air dryed processes,
(see above paragraph). Thus, air dryed coating emissions amount to
129 tons per day.

Dry Cleaning: Synthetic Solvent (PCE)

There are basically two types of solvents used in dry cleaning opera­
tions in the Metropolitan Los Angeles AQCR. These are synthetic solvent
(perch10roethy1ene) and petroleum based solvent. The 1972 ARB/APCD inventory
lists 17.5 tons per day for total dry cleaning emissions. This figure
does not agree with recent Los Angeles APCD data for 1972 which indicate

**33.5 tons per day for Los Angeles County alone, [3]. For the present
study, it was decided to adjust the 1972 ARB/APCD inventory to reflect the
Los Angeles APCD results. Accordingly, the total organic emissions from
all dry cleaning operations in the Los Angeles AQCR will be taken as 41
tons per day.

* The 1972 ARB/APCD inventory lists 90 tons per day from Los Angeles County.

* The 1972 ARB/APCD inventory lists 10 tons per day from Los Angeles County.
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Los Angeles APCD data indicate that 63% of dry cleaning emissions in
the County are from synthetic solvent users. Calculations with the 1972
ARB/APGD inventory indicate that 57% of the dry cleaning emissions in the
basin are from synthetic solvent use.* These percentages are in good
agreement; here, it will be assumed that 60% of dry cleaning emissions are
from synthetic solvent (PCE). Thus, 25 tons per dav of organic emissions
arise from dry cleaners using synthetic solvents in the Metropolitan Los
Angeles AQCR.

Dry Cleaning: Petroleum Based Solvent

Of the 41 tons per day of organic emissions from dry cleaning, about
40% come from cleaning plants using petroleum based solvent, (see previous

section). Thus, petroleum based solvent emissions from dry cleaning amount
to 16 tons per day.

Degreasing: TCE Solvent

There are basically two types of organic solvents used for degreasing
operations in the Metropolitan Los Angeles AQCR: trichloroethylene (TCE)
and l,l,l,-trichloroethane (l,l,l,-T). The 1972 ARB/APCD inventory lists
92 tons per day for the total emissions from degreasing in the Los Angeles
AQCR. This figure disagrees with recent Los Angeles APCD data for 1972
which indicate 94 tons per day for Los Angeles County alon,e,**[3J. Altering
the 1972 ARB/APCD results to reflect the Los Angeles APCD data, we obtain
106 tons per day as the total organic emissions from degreasing in the AQCR.

The 1972 ARB/APCD inventory indicates 11 tons per day of "reactive"
solvent from degreasing in the AQCR. According to the ARB/APCD definition
of reactivity, this represents TCE solvent. Recent Los Angeles APCD data
is consistent with this estimate; we will use the 11 tons per day figure
for TCE degreasing emissions.

* These calculations assume that the ARB has assigned a 20% reactivity
factor to petroleum type solvent in computing reactive hydrocarbon
contributions.

** The 1972 ARB/APCD inventory lists 80 tons per day for Los Angeles
County alone.

2-7



egreasing: 1,l,l-T Solvent

Total degreasing emissions, minus TCE emissions, essentially consist
f l,l,l-T emissions. Thus, using the data presented in the above section,
'e obtain an estimate of 95 tons per day of organic emissions from l,l,l-T
egreasing in the Los Angeles AQCR.

rinting: Rotogravure

Information on emissions from rotogravure printing are not available
or the entire Los Angeles AQCR. Recent Los Angeles APCD data indicate
9.5 tons per day from rotogravure printing in Los Angel~s County in
972, [3]. To obtain a basinwide estimate, this value will be multiplied

y 1.04 which is the ratio of AQCR "miscellaneous organic solvent emissions"
o Los Angeles County "miscellaneous organic solvent emissions" indicated
y the 1972 ARB/APCD inventory. Thus, a value of 31 tons per day will be
sed for organic emissions from rotogravure printing in the entire AQCR.

rinting: Flexigraphic

Information on organic emissions from flexigraphic printin~ are
vailable only for the Los Angeles County portion of the AQCR. Recent Los
,ngeles APCD data list 14.5 tons per day for 1972, [3]. To obtain a
,asinwide estimate, this value will be multiplied by 1.04 (see above section).
hus, 15 tons per day represents the emissions from flexigraphic printing
n the entire Los Angeles AQCR.

,ubber, Plastic, Adhesive, and Putty Manufacturing

Los Angeles County APCD data for 1972 list 40 tons per day of organfi.c
missions from rubber, plastic, adhesive, and putty manufacturing, [3].
lata are not available basinwide for this category. To obtain an estimate
'or the entire AQCR, the Los Angeles County emissions are multiplied by 1.04
see discussion under rotogravure printing). Thus, 42 tons per day is the
~mission estimate for the Los Angeles AQCR.

'harmaceutical Manufacturing

The manufacture of drugs and cosmetics resulted in 15 tons per day of
,rgani c solvent em; ss ions in Los Angel es County in 1972, [3]. A bas i nwi de
!stimate of 16 tons per day is obtained employing procedures similar to
:hose used for rotogravure printing (see above).
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Miscellaneous Organic Solvent Operations

The present 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 electric~l

and electronic equipment). Information is not available for the entire
AQCR on organic emissions from this category. Los Angeles APCD data for
1972 indicate 80 tons per day of miscellaneous organic solvent emissions
in Los Angeles County alone. This is factored by 1.04 (see above) to yield
an estimate of 83 tons per day for the entire Los Angeles AQCR.

Light Duty Motor Vehicles: Exhaus·c Emissions

Light duty motor vehicles (LDMV's) include gasoline powered auto­
mobiles and trucks which are less than 6000 lb. gross weight. The recent
automotive system study at the Jet Propulsion Laboratory concluded that
approximately 780 tons per dey of exhaust organic emissions resulted from
LDMV's in the Metropolitan Los Ange1es Region in 1972. [4J. The JPL study
included a review of available information on automotive use patterns in
the Los Angeles AQCR. This review provided data on total vehicle miles
travelled as well as on the vehicle age distribrltion and the age/mileage
distribution. The JPL study used measured emission factors, speed correc­
tion factors, and deterioration factors as published in the 1973 version of
EPA AP-42, [ 9 J.

The result obtained ~y JPL differs somewhat from the 1972 ARB/APCD
inventory which lists 931 tons per day from LDMV exhaust in the Los Angeles
AQCR. The nature of this disagreement is not known. The present study will
use the JPL estimate of 780 tons per day.

Light Duty Motor Vehicles: Evaporative Emissions

Based on recently published automotive test data, the JPL study
concluded that about 481 tons per day of evaporative organic emissions
resulted from LDMV's in the Los Angeles AQCR in 1972, [4J, [10J, [11J.
This figure is much greater than the 248 tons per day listed in the 1972
ARB/APCD inventory as evaporative emissions from all gasoline powered
vehicles. Part of this disagreement is probably due to the test data
emission factors which JPL used. For instance, these data indi~ate that
the new car evaporative controls have only about a 30% control efficiency,

2-9



3]. A more minor source of disagreement is that the JPL study incorporates
ankcase emissions in the evaporative category. The Los Angeles APGD
ventory for 1971 generally agrees with the JPL results rather than the
72 ARB/APCD results. The present study will use the JPL estimate of
1 tons per day.

avy Duty Moto'r Vehicles: Exhaust Emissions

The,JPL study used recent data on HDMV population, usage, and emission
ctors to derive that 285 tons per day of exhaust organic emissions resulted
om gasoline powered HDMV's in the Los Angeles AQCR in 1972. This estimate
rees quite well with the 1972 ARB/APCD inventory which lists 309 tons per
y for HDMV exhaust emissions. The JPL result will be used in the present
udy.

avy Duty Motor Vehicles: Evaporative Emissions

The JPL automotive study concluded that 67 tons per day of evaporative
ld crankcase emissions resulted from HDMV's in .the Los Angeles AQGR in 1972.
lis figure will be used in the present study.

~her Gasoline Powered Equipment: Exhaust Emissions

The 1972 ARB/APGD inventory listed 110 tons per day of organic exhaust
nissions from other gasoline powered equipment. This includes motorcycles
~7 tons/day), other off-road vehicles (61 tons/day), and commercial &

~sidential utility equipment (22 tons/day). The motorcycle emission
;timates agree quite well with the results of the JPL study which indi­
lted 31 tons/day for motorcycles. Other studies are not available for
)mparison with the ARB/APGD results for off-road vehicles and commercial
residential utility equipment. The 110 tons per day figure will be used
~re for exhaust emissions from the other gasoline powered equipment
ltegory.

~her Gasoline Powered Equipment: Evaporative Emissions

Published information is not available for evaporative emissions for this
ntire category. The JPL study indicated that evaporative and crankcase emis­
ions from motorcycles were 10% of exhaust emissions in 1972. However, one would
xpect that other off-road vehicles might yield evaporative and crankcase emis­
ions as high as 30% of exhaust emissions, (i.e., similar to uncontrolled auto­
~biles). Here, it will be assumed that evaporative and crankcase emissions
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from the lI other gasoline powered equipment ll category amount to 20% of the
exhaust emissions for that category. Thus, 22 tons per day of organic
emissions will be used for evaporation and crankcase emissions from other
gasoline powered equipment in the Los Angeles AQCR in 1972.

Diesel Powered Motor Vehicles

The JPL study used National Bureau of Highway estimates for diesel
usage in urban areas and EPA emission factors to derive that 12 tons per
day of organic emissions result from diesel motor vehicles in the Los
Angeles AQCR in 1972. These emissions are nearly all from diesel exhaust;
evaporative emissions are negligible and crankcase blowby has been con­
trolled. The JPL result is much lower than the 1972 ARB/APCD inventory
which lists 32 tons per day of organics from diesel exhaust. However,
both the 1971 Los Angeles APCD inventory and the EPA NEDS inventory tend
to confirm the JPL estimate. Diesel powered motor vehicle emissions of
organics will be taken as 12 tons per day in the present study.

Jet Aircraft

The 1972 ARB/APCD inventory indicates that 20 tons per day of orgainc
emissions resulted from jet aircraft in the Los Angeles AQCR. This
represents a substantial reduction from the 1970 emission level (as reported
by the LA APCD and the ARB) due to the introduction of modified combustion
control on JT8D engines. The 1972 ARB/APCD estimate will be used in the

present study.

Piston Aircraft

The 1972 ARB/APCD inventory indicates 22 tons per day of organic
emissions from piston aircraft in the Los Angeles AQCR. This value will
be used in the present study.
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3.0 COMPOSITION DATA FOR ORGANIC
EMI SS ION SOURCES

The overall contribution of an organic source type to oxidant for­
mation is a product of two factors, the total amount of organics emitted
and the reactivity of those organics. In order to determine the reactivity
of organic emissions from sources in the Metropolitan Los Angeles Air Quality
Control Region (AQCR), it was neceSSqrv to accumulate data on the composition
of those emissions. Specifically, for this study a composition breakdown was
required for each source according to the five class reactivity categoriza­
tion. The purpose of this chapter is to present and discuss the available
organic emission composition data, to describe how the data were evaluated
and incorporated into the various reactivity schemes, and to explain the
necessity and rationale for making certain assumptions in the composition

and molecular weight estimates.

Due to variations in the type of industries in a given area, differences
in local air pollution regulations, and other factors, the composition of
emitted organics varies from one location to another. The data accumulated
for this study are intended as an average for the Metropolitan Los Angeles
Air Quality Control Region and are strictly applicable only to this region.

In order to derive emission reductions (Chapter 5) and evaluate alter­
native control strategies (Chapter 6), it was necessary that emission compo­
sition data be ~ssembled for all source types in the emission inventory
(Chapter 2). For a few of these sources, detailed and representative compo­
sition data were readily available. However, for many sources, the best
available data were incomplete and lacking in detail. For this reason, it
was necessary, in many cases, to use the incomplete data and reasonable
assumptions in order to arrive at detailed composition estimates.

Section 3.1 describes how the various data sources were used, how
conflicts in data from various sources were resolved, and how the reliability
of each data source was evaluated. It also describes the procedures used
to make the necessary approximations and extrapolations in the cases where
sufficiently detailed data were not available. Section 3.2 presents the
hydrocarbon composition data for emissions from stationary sources involving
organic fuels and combustion. These sources include petroleum production,
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fining, gasoline marketing, fuel combustion, and waste burning &fires.
ction 3.3 presents composition data for chemical process emissions and
lvent evaporation. The sources in this category include surface coating,
y cleaning, degreasing, printing, and other chemical operations. Section

4 deals with the composition of emissions from mobile sources including
ght and heavy duty gasoline powered vehicles, diesel powered vehicles, and
rcraft. Finally, Section 3.5 summarizes and discusses the composition
tao

1 DATA POLICIES AND ASSUMPTIONS

• Comprehensiveness. For some source categories, a comprehensive
list of all the organic emissions and the mole %of each type
of compound was available. This type of information was the
most useful since it was possible to insert each individual
compound into the reactivity scheme without making arbitrary
assumptions.

• Representativeness. Since data obtained from a small number
of sources was extrapolated to all sources in a given category,
care had to be used to assure that the data was representative
of the source~ in that category. If the tested sources were
unusual or non-typical, the results could not be considered to
be representative of the whole class.

• Age of the data. If two sources of data were available, the
most recent was given higher priority since, presumably, the accuracy
of the analysis would have improved due to advances in the tech­
niques of analytical chemistry.
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• Consistency. Each data source was critically compared to the
other data sources for that category, and an evaluation was
made regarding the quality of the data source. This procedure
was used in order to detect any data that were clearly in error.
This does not mean that all sources agreed completely, but that
rany large disagreements were'considered cause for a more detail
,evaluation of the reliability of the data.

3.1.2 Composition Estimates

Although the methods used to determine the final organic compo-
sition for a given source varied from one category to the next depending
on the type of data that were available, in.general the composition was
arrived at by similar means for all sources. The first step was to deter­
mine which test data were the most reliable by considering the factors
outlined earlier. If these were detailed enough, the various compounds or
compound types were assigned to a category in the five class reactivity
categorization. If the data were less detailed than necessary, assumptions
were made to attain the required detail. When it was necessary to make
assumptions of composition, the following bases were used:

• Knowledge of the prosesses involved - for example, emissions
from plastics manufacturing facilities would be expected
to be rich in low molecular weight olefins (ethylene, propylene,
buty1ene and isobuty1ene) and styrenes (styrene and a-methyl
styrene).

• Similarity to other emission sources - where applicable, the
composition of the emissions from one source were estimated
by considering the known emissions from a similar source.

• Estimation based on what does not seem unreasonable - where there
was no other basis, estimates were developed based on general
familiarity with organic mixtures and were checked to see if the
results were reasonable.

In the sections that describe the composition of each source category
(Sections 3.2.1 through 3.4.5), an indication of the method used in arriving
at the hydrocarbon breakdown is presented. In those cases where an arbitrary
assumption was made, the data should be used only with caution and the
inherent uncertainty should be noted.

Fortunately, the sources that emit the largest amounts (tons/day) of
hydrocarbons tend to be those for which the most detailed data are available.
The effect of this is that detailed composition data were obtained for

3-3



a large portion of the total organic emissions. Most of the uncertainty ln the
composition data occurs in the sources that have small emission rates.
Therefore, although a large uncertainty in the composition, and ultimately

the reactivity index, can occur in some of the small emission sources, the
uncertainty in the overall inventory is relatively small.

3.1.3 Estimation of Average Molecular Weights

The average molecular weight of the compounds in a given category was
determined by using:

• The known molecular weight for categories that consist of a
single compound;

• A weighted average of the compounds in a given category when
detailed composition data were available;

• Estimated molecular weights where no other data were available
(frequently it was necessary to estimate a molecular weight
in order to determine the composition).

The average molecular weight of the emissions from each source was
calculated from the average molecular weight of each composition category
and the mole fraction of each category. Detailed information regarding
the calculation of average molecular weights for each source type is
presented in Appendix A.

3.2 STATIONARY SOURCES - ORGANIC FUELS AND COMBUSTION

The sources included in this category are those related to organic
fuels and combustion in stationary sources. The organics emitted by sources
in this category are of 3 main types: evaporated fuel, incompletely
combusted fuel and pyrolysis products. The major source types included
in this category are:

• Petroleum Production and Refining

• Gasoline Marketing

• Fuel Combustion

• Waste Burning and Other Fires

3.2.1 Petroleum Production and Refining
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Petroleum Production

The organics that are emitted by petroleum producing operations are
primarily the result of treating the petroleum at the drilling site (petro­
leum production refers to removing oil and gas from the ground, not oil
refining). Typically, oil that is pumped directly out of the ground is
mixed with salt water and gaseous hydrocarbons such as methane, ethane,
etc. Usual practice is for the water and the light gases to be separated
at the drilling site, and in many cases, for the water to be reinjected
into the well. The light gases are then compressed causing some of the
heavier components and water vapor to condense. After these components
are separated, the light gases are transported by pipeline to other process­
ing facilities or to be used as fuel without further treatment [1 ].

The organics are emitted in petroleum production from storage tanks,
run down tanks, oil/water separators and vents. These facilities are subject
to disruptions and breakdowns, during which the light hydrocarbon gases
are released directly into the atmosphere. Also, during the initial start
up of a new well, before the treating facilities have become operational,
large volumes of light hydrocarbons are vented to the atmosphere [ 1 ].

Table 3-1 shows an estimate, based on a 1957 study, of the composition
of the organics emitted by these processes. Since the composition would
be expected to vary from one field to another, the data in Table 3-1 re­
present an average for three Los Angeles area oi 1 fi e1ds [ 1 ].

Table 3-2 presents the hydrocarbon breakdown for petroleum production
according to the 5 reactivity categories.

Petroleum Refining

Although the refining of crude oil is a very complicated process, all
refining operations can be broken down in a few basic processes.

The primary refinery process is distillation. Distillation is a separa­
tion process whereby the very complicated mixture of chemical compounds
which make up crude oil is separated by boiling point into a number of
fractions. Each fraction consists of a smaller number of chemical com­
pounds, all of whose boiling points fall into a relatively small range.
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TABLE 3-1 ESTIMATED COMPOSITION OF THE ORGANIC
EMISSIONS DUE TO PETROLEUM PRODUCTION [ 1]

Mole %*
Methane 63.9 Hexane 1.0
Ethane 11.3 Cyclohexane 1.7
Propane 8.5 Heptane 1.2
n-Butane 4.9 Cycloheptane 0.3
i-Butane 2. 1 Cyclooctane 0.2
n-Pentane 1.7 Nonane 0.2

i-Pentane 1.5 Benzene 0.1
Cyclopentane 0.4 Toluene 0.1

_._--

t was assumed the volume %equals mole %.

Distillations are routinely carried out at reduced, ambient, and ele­
ted pressures. Since the boiling point changes with pressure, selection
the appropriate pressure allows gaseous compounds such as methane, ethane,

)pane, ethlyene, etc. to be separated by high pressure distillation. At
~ other extreme, low pressure, or vacuum distillation, allows separation
higher boiling fractions without the use of excessive temperatures which

Jld lead to coking problems.

After the crude oil is separated into fractions, specific fractions
= reblended to provide fuels that meet volatility, density, specific
~vity, octane and other specifications.

Since crude oils do not in general contain the mixture of chemical
mpounds that corresponds to the commercially desirable mixture, large
lounts of crude oil are converted into more saleable products. Among these
nversion processes are cracking, reforming, and alkylation. The operating
'inciples vary considerably from one process to the next, but in all cases,
e basic principle is that a process stream is treated in such a manner
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TABLE 3-2 ESTIMATED COMPOSTION OF ORGANICS EMITTED BY PETROLEUM PRODUCING OPERATIONS [1J

MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

C1-C3 paraffi ns 84 Mono-tert-a1ky1 C4+-paraffi ns 13 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cyc10paraffins 3 a-methyl styrene
Cyc1i c ketones Oia1ky1 benzenes

Benzene Alkyl acetyl enes Al iphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-alkyl .
alcohol s Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-a1ky1
acetates Celloso1ve acetate Diacetone alcohol

Phenyl acetate
N-methy1 pyrro1idone Partially halogenated Ethers

Methyl benzoate 01 efins
N,N-dimethy1 Cellosolves

Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I B4 TOTAL CLASS I I J a TOTAL CLASS III I 16 TOTAL CLASS IV I a TOTAL CLASS V I a



t undesirable chemical compounds are converted to desirable ones. For
nple, catalytic cracking typically consists of converting gas oil (medium
rocarbons) to lighter hydrocarbons, many of which are gasoline components.

In addition to these primary operations, there are various miscellaneous
cesses such as desalting, sulfur removal, vis-breaking, etc., which are
loyed to remove impurities or modify the physical properties of the crude
or products.

Due to the large ~umber of refinery emission sources, and the large
ber of separations, conversions and recombinations involved, it would be
V difficult to estimate the composition of the emissions based on the
de oil feeds and the product output. Furthermore, even if the composi­
n of all streams could be estimated, it would be very difficult to
imate what weighting factor to apply to each stream to allow a reasonably
rect estimate of overall emissions, [2J.

The most appropriate method of determining refinery hydrocarbon emis­
ns is to measure the emission rate and the composition of the emissions
n a statistically significant number of sources and from this extrapolate

the total emissions, [2J. A study of this sort was done for refineries in
Ange1es County I 3 J, and although it 1acks detailed compos iti on data,

is regarded as the best available data, [2 J, [4J, [5], [6 J, [ 7],
]. The estimates aescribed below were made based on this information.

Table 3-3 shows the breakdown of emissions from several refinery sources
:hree classes of compounds: olefins, aromatics except benzene, and other
'ocarbons including benzene. The data in this ,table represent the time

od July 1971 to June 1972. Data from another source was used to esti-
! emissions from crude and distillate storage (Note that the emissions due
,urface coating are reported in Section 3.3.1.) These sources were
lined to give an estimate of the total organic emissions as shown in

e 3-4.
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TABLE 3-3 SUMMARY OF ORGANIC EMISSIONS
FROM REFINERY SOURCES

Emission Aromati cs, Ot er Hy rocarbons
Source [2] Olefi ns Except Benzene Including Benzene Total

Catalytic Cracking 0 0 0.05 0.05

Separators and Sewers 0.31 0.21 1. 17 1.69

Pressure Relief Values 0.20 0.20 1.28 1.68

Blowdowns and Turnarounds 0.01 0 1. 15 1. 16

Vessel and Tank 0 0 0.42 0.42
Mai ntenance

Coo1i ng Towers 0.31 0.21 1. 54 2.06

Pump Seals (Packing 0.71 0.62 4.54 5.87
Glands)

Va 1ves and Flanges 1.39 1.02 6.78 9.19

Compressor Exhaust 0.02 0 2.70 2.72

Compressor Seals 0.32 0.10 1. 35 1.77

Heater Stacks * 0.01* 0 0.41* 0.42*

Other + 0.11 O. 16 1.44 1. 70

3.38 2.52 22.42 28.32
(tons/day) (tons/day) (tons/day) (tons/day)

Fuel Combustion* [ 9 ]

4.4*

Storage [9 ]
Distillates 12.3

Crude 8.8
49.4 tons/di

* Fuel combustion is considered in Section 3.2.3; emissions
from this source are shown for reference but are not
included in the totals;
(0.42 tons/day applies only to heaters; Ref. r9] shows 4.8
tons/day for all combustion devices; 4.8 - 0.42 = 4.4 tons/day for
combustion devices other than heaters.)

+ Losses from blind changes, sampling, treating, vacuum jets,
barometric condensors, air blowing, etc.
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TABLE 3-4. ORGANIC EMISSIONS FROM EACH TYPE OF ,
REFINERY SOURCE [3], [9]

mission
ource

torage (SH)
Distillate
Crude Oi 1

Type of Source

Tons/Day

12.3
8.8

21.1

%of To~al .HYdrocarbol
EmlSSlons

24.9
17.8
42.7

umping (SH)
Valves and Flanges
Packing Glands (Pump Seals)
Pressure Relief Valves

:ompressors (SH)
Drive Engine Exhaust
Seals

ther Operations (OS)
(Vacuum Jets, Barometric
Condensers, Blind Changing,
etc. )

ooling Towers (SC)

eparators and Sewers (OS)

lowdowns and Turnarounds (OS)

esse1 and Tank Maintenance (OS)

ata1ytic Cracking (SC)

9.19
5.87
1.68

16.74

2.72
1.77
4:49

1.7

1.7

2.06
2.06

1.69
1. 69

1. 16
1. 16

0.42
, 0.42

0.05
_0.05

49.4

18.6
11.9
3.4

33.9

5.5
3.6
9.1

3.4

3.4

4.2
4.2

3.4
3.4

2.3
2.3

0.9
0.9

0.1
0.1

100%

SH) Storage and Handling
SC) Separation and Conversion Processes
as) Other Sources
.8 Tons/Day of organi cs are emltted from comErustion sources, 13J, [9],
md 1.5 tons/day are due to evaporation from surface coattngs, I8J, 19J;
The value of 10 tons/day for surface coating evaporation, Ref. 9, page 24, is
1n error - the correct -val ue is shoWn, 18J.
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The major source of refinery emissions is related to storage and hand­
ling of crude oil and distillate products. Table 3-4 shows that approximate­
ly 85.7% of the total refinery hydrocarbon emissions are due to storage,
pumping and compression. About half of these emissions (42.7% of the total)
are due to storage of crude oil and distillates. These emissions are due
primarily to leaks at the seals of floating roof tanks, breathing, and vapor
displacement in fixed roof tanks, and boiling in both types of tanks.

The emissions from separation and conversion processes are related
primarily to combustion and cooling tower losses. Organic emissions from
combustion processes are the result of incomplete combustion of fuels,
whereas the emissions from cooling towers are a result of oil leaking into
the water which is used for evaporative cooling, [lOJ. Some hydrocarbons
are emitted directly from catalytic cracking units. Table 3-4 shows the
fraction of emissions from these sources to be about 4.3% of the total re­
finery organic emissions.

The remainder of the organic emissions, about 10.0%, are comprised of
emissions from a variety of other sources as listed in Table 3-4.

Although there are some data available regarding the composition of
refinery emissions, the detailed information necessary for a study of this
sort is not. Therefore, any estimated composition of these emissions is
necessarily based on very limited information and on approximations whose
uncertainty is quite large. The information in Table 3-5, then, is only a
rough approximation of the composition of refinery emissions.

Table 3-6 shows the estimated breakdown of refinery hydrocarbon emis­
sions based on the 5-class reactivity categorization.

3.2.2 Gasoline Marketing

Underground Gasoline Storage Tanks

There are two primary mechanisms by which underground gasoline storage
tanks emit organics ..The first of these is commonly known as IIbreathing ll

,

[lOJ. As the hydrocarbon vapors which have accumulated over liquid gasoline
are warmed by an increase in ambient temperature, they expand and are forced
out through the tank vent.
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TABLE 3-5 ESTIMATE OF THE COMPOSITION OF ORGANIC REFINERY EMISSIONS

Type or Source of Emission

Olefins [ 3 ]

Estimated Mole %Of Type Estimated Mole %Of
Of Source Total

100% 6.9

Corrments

Straight forward; from Table 3-3.

W
I

--'
N

Aromatics, Except Benzene [ 3

Other Hydrocarbons,
Inc1udi ng Benzene [ 3 ]

Di sti 11 ate Storage [ 9 ]

Crude Storage [ 9 ]

8% Mono-Tertiary Benzenes
15% Primary. and Secondary

Alkyl Benzenes
70% Dialkyl Benzenes
7% Tri- and Tetra-Alkyl Benzenes

3% Acetylene
1% Cl - C3 Paraffins
5% Benzene
44% C4+ Paraffins

59% C4+ Paraffins
22% Olefins
19% Cl - C3 Paraffins

61% C4+ Paraffins
13% Primary and Secondary

Alkyl Benzenes
10% Olefins
11% Dialkvl Benzenes
1%Cycl oparaffi ns
1% Tri- and Tetra-Alkyl Benzenes
1% Benzene
2% Acetylene

0.2

0.8
3.8
0.3
5.1

1.4
0.9
2.3

41.6
46.2

14.7
5.5
4.7

24.9

10.8

2.3
1.8
2.0
0.1
0.2
0.2

-0.4
17.8

Estimate; any errors are likely to
have a small effect since these
organics account for a small frac­
tion of the total.

Estimate based on whole gasoline
composition data*; any errors are
likely to have a large effect since
these organics account for a large
fraction of the total.

Estimate based on underground gasoline
storage tank vapors. Any errors are
likely to have a large effect since
these organics account for a large
fraction of the total.
Estimate based on whole gasoline;
any errors are likely to have a
substantial effect since these hydro­
carbons account for a significant
fraction of the total.

*There are very small quantities of or no cycloparaffins, aldehydes, ketones, or alcohols in crude
oil or petroleum products. [11 l,[ 12], r 13], [ 14].
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TABLE 3-6 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED FROM REFINERY OPERATIONS [2J, [3J, [8J, [9J

r~OLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 6 Mono-tert-a1kyl C4+-pa raffi ns 67 Prim-& sec-a1kyl 3 Aliphatic olefins 14
benzenes benzenes

Acetylene 2 Cycloparaffins a-methyl styrene
Cyc1i c ketones Dial kyl benzenes 5

Benzene 3 Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-al kyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
Partially halogenatedN-methyl pyrrol idone Ethers

Methyl benzoate 01 efins
N.N-dimethyl Ce11 0501 yes

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 11
TOTAL CLASS II

J
0 TOTAL CLASS II I I 67 TOTAL CLASS IV I 8 TOTAL CLASS V

1
14



The second mechanism operates while the storage tanks are being filled
tanker truck. As gasoline is dumped into the tank, the liquid displaces
equal volume of vapor which is then vented to the atmosphere. The com­
ition of these vapors is similar to those emitted by the first mechanism
,h some variations possible due to temperature differences.

Since the vapors accumulate over the gasoline during a relatively long
'iod of time, the composition of the vapors should approach the equilibri­
composition. Table 3-7A shows equilibrium composition data for a
lular grade and premium grade of gasoline at 79°-80°F. This is compared
composition data for two fuels measured at the vent of actual gasoline
Irage tanks. As shown in Table 3-7B, the main difference between the two
Ipositons is in the amount of Class I compounds. The composition
lsured at the tank vents was used to estimate the reactivity of these
ssions.

In order to compensate for the differences in the composition of the
Irocarbons emitted from these tanks, the composition breakdown presented
Table 3-8 is weighted to account for the relative amounts of regular grade
I premium grade gasoline that were sold in 1972. For that time period the
:io was 30% regular and 70% premium on a volume basis, [15], [16]. After
'2 the ratio changed radically in the direction of an increasing fraction
regular grade until (in early 1975) the ratio was approximately 55%
lular and 45% premium, [15]. Furthermore, as increasing numbers of auto­
tiles which are equipped to run on unleaded regular are produced, the
lction of regular gasoline will continue to increase, [15].

;omobile Gasoline Tank Filling

During the filling of automobile gasoline tanks, hydrocarbons are
tted by two primary mechanisms: gasoline vapor displacement and liquid
,oline spillage. The composition of the hydrocarbons emitted by each
:hanism is different since the first is essentially the equilibrium vapors
It collect above liquid gasoline and the second is whole gasoline. The
ght of hydrocarbons emitted by each of these processes is about 12.5 lbs/

10 gal. transferred due to vapor displacement and 3.0 lbs/1000 gal. trans­
'red due to spills, [17]. This is equivalent to 81% by vapor displacement
119% due to spills.
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TABLE 3-7A EQUILIBRIUM COMPOSITION OF
GASOLINE VAPORS OVER LIQUID GASOLINE [14J

Regular Grade Premium Grade
Class (800 F) , Mole % (790 F), Mo 1e %

Class I 5 3

Class II 0 0

Class III 66 78

Cl ass IV 3 4

Class V 26 15

100% 100%

TABLE 3-7B COMPOSITION OF THE EMISSIONS FROM UNDERGROUND
GASOLINE STORAGE TANKS [14]*

Class Regular Grade, Mole % Premium Grade, Mole %

Class I 20 17

Class II 0 0

Class III 57 61

Class IV 0 0

Class V 23 22

100% 100%

* For complete composition data see Table B-1.
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TABLE 3-8 COMPOSITION OF ORGANICS EMITTED FROM UNDERGROUND GASOLINE STORAGE TANKS* LI~J

MOLE %

CLASS I CLASS I I CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns 18 Mono-tert-a 1kyl C4+-paraffins 59 Prim-& sec-alkyl Aliphatic olefins 22
benzenes benzenes

Acetyl ene Cyc1opara ffi ns 1 a.methy1 styrene
Cyc1i c ketones Dia1ky1 benzenes

Benzene A1 kyl acetylenes A1 iphatic aldehydes
Tert-alky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-a1 kyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl a1coho1s Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate 01 efins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I
1

18 TOTAL CLASS II
J

D TOTAL CLASS I II I 60 TOTAL CLASS IV I 0 TOTAL CLASS V I 22

*Weighed average of regular grade and premium grade storage tanks based on 1972 gasol ine sales

of 30 volume % regular grade and 70 volume % premium grade.



Data is available which shows the composition of the equilibrium vapors
above both liquid regular and premium grade gasolines at two temperatures
(79-80oF and 850F), [3J. Since the yearly average ambient temperature is
about 600F ,[18J, [19J, and since it is usually assumed that the operating
temperature of automobile fuel tanks is about 100F higher than ambient,
'due to sloshing, heat from the hot parts of the automobile, etc., [16J) the
composition of the equilibrium' vapors at 79-80oF is most representative
of· the vapors displaced during automobile tank filling.

Table 3-9 shows the classes of compounds in both regular and premium
grade gasoline vapors at two temperatures. Table 3-10 shows the classes
of compounds in a regular and premium grade Los Angeles area gasoline.
It should be noted that the composition of gasoline is quite variable.
The composition is adjusted to have the appropriate characteristics
for the region in which it will be sold and for the time of year that
it will be sold. For example, gasoline blended for use at high temperatures
and high altitudes has fewer low boiling components than one blended for
use in a cold climate at sea level.

The composition of the hydrocarbons emitted due to automobile tank
filling, as shown in Table 3-11, is a weighted average of gasoline vapors
and whole gasoline, which takes into account the ratio of vapor to whole
gasoline losses (81% and 19% respectively) and the relative amounts of
regular and premium grade consumed (30% and 70% respectively).

3.2.3 Fuel Combustion

In theoretically perfect combustion all of the organic fuel is con­
verted to carbon dioxide and water. In actual practice, however, incomplete
combustion occurs, with the result that organic compounds are emitted from
most combustion devices. These emissions are the result of at least three
separate processes. First, some raw fuel is emitted from leaks and spills,
second, unburned or partially burned fuel is emitted from the stack,
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TABLE 3-9 EQUILIBRIUM VAPORS ABOVE LIQUID GASOLINE [3]

Regular Grade Gaso- Premium Grade Gaso-
Class line, Mole % line, Mole %

80°F 850F 79°F 85°F

Class I 5 5 3 2

Class II 0 0 0 0

Class III 66 67 78 80

Class IV 3 2 4 3

Class V 26 26 15 15

100% 100% 100% 100%

:or addi ti ona1 composition data see Tables B-z through B-7.

TABLE 3-10 HYDROCARBON COMPOSITION OF LOS
ANGELES AREA GASOLINES [3 ]

Regular Grade Gaso- Premium Grade Gaso-
Class 1i ne, ~101e % line, Mole %

Class I 7 4

Cl ass II 0 0

Class III 54 48

Class IV 20 34

Class V 19 14
100% 100%

or additional composition data see Tables B-8 through B-ll.
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TABLE 3-11 COMPOSITION OF ORGANICS EMITTED DUE TO AUTOMOBILE GASOLINE TANK FILLING*

MOLE %

[3J, [15J~ [16J~ [17J

W
I

--'
W

CLASS I CLASS 11 CLASS III CLASS IV CLASS V

C1-c3 paraffi ns 2 Mono-tert-a1ky1 C4+-paraffins 68 Prim-& sec-a1ky1 5 Aliphatic olefins 17
benzenes benzenes

Acetyl ene Cyc 1oparaffi ns 1 a-methyl styrene
Cyc1i c ketones Dial ky1 benzenes 4

Benzene 2 Alkyl acetylenes Aliphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl 1
2-ni tropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-alkyl. alcohols Unsaturated ketones
Tert-a1ky1 alcohols Prim-& sec-alkyl

C~110s01ve acetateacetates Diacetone alcohol
Phenyl acetate

N-methy1 pyrro1 idone Partially halogenated Ethers
Methyl benzoate 01 efins

N, N-dimethy1 Celloso1ves
Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 4 TOTAL CLASS 11 J 0
TOTAL CLASS III I 69 TOTAL CLASS IV I 9 TOTAL CLASS V

1
1B

*Assuming 30 volume % regular and 70 volume % premi1JTD grade consumed, and 81 weight %

emitted by vapor displacement and 19 weight % emitted due to spillage.



inally, decomposition products from the fuel (or "cracking products")
re formed when the fuel is subjected to high temperatures in or near the
)mbustion zone.

As might be expected, this results in a complex mixture of products.
lble 3-12 shows the estimated composition of the hydrocarbon emissions due
) fuel combustion. Since these are working estimates only, and not actual
~st results, they are subject to a high degree of uncertainty and should be
ied with caution.

The composition data, broken down into the 5-class reactivity scheme,
shown in Table 3-13.

TABLE 3-12. ESTIMATED COMPOSITION OF THE ORGANICS
EMITTED DURING FUEL COMBUSTION

COMPOUND OR
COMPOUND

TYPE

Methane
Ethane
Propane
Acetyl ene

C4+ Paraffins

Primary and
Secondary Alkyl­
benzenes

Aliphatic
Aliphatic Aldehydes

ESTIMATED
WEIGHT

%

50

5

5

5
'10

5

10
10

100%

3-20

U L
ESTIMATED
MOLECULAR

vJEIGHT

16 ( - )

30 (-)

44 (-)

26 (-)

86 (C6)

120 (C9)

70 (C5)
66 (C5)

MOLE %

78

4
3

5

3

3

3

100%
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TABLE 3-13 COMPOSIITON OF THE ORGANICS EMITTED DURING FUEL COMBUSTION

MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
I

-C
3

paraffi ns B5 Mono-tert-a I kyl C4+-paraffins 3 Prim-& sec-alkyl I Aliphatic olefins 3
benzenes benzenes

Acetyl ene 5 Cycloparaffins a-methyl styrene
CycIi c ketones Dialkyl benzenes

Benzene AI kyl acetyl enes Al iphatic aldehydes 3
Tert-al kyl acetates Branched a I kyl

Benza I dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell 050 I ve acetate Di acetone a I coho I

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate oleflns
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl fonnamide

Methanol

Perha I ogenated
hydrocarbons

Partially halo-
genated paraffins

TDTAL CLASS I I 9D TDTAL CLASS II j 0 TOTAL CLASS III I 3 TOTAL CLASS IV I 1 TOTAL CLASS V I 6



3.2.4 Waste Burning and Other Fires

The organic emissions from waste burning and other fires results
primarily from incomplete combustion and decomposition of various materials.
An estimate of the composition of the hydrocarbons emitted by these sources
;s shown in Table 3-14, [20J.

Table 3-15 shows these data in the 5-class reactivity scheme.

TABLE 3-14. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED DUE TO
WASTE BURNING AND OTHER FIRES

ESTI~1ATED

COMPOUND MOLECULAR
TYPE WEIGHT %[20J WEIGHT MOLE %

Methane 34 16 (-) 59
Other Paraffins 12

C2-C3 (4·) 37 (C2.5) 3

C4+ (8*) 86 (C6) 3
Ethyl ene 12 28 (-) 12
Other Olefins 2 70 (C5) 1
Carbonyls 14

Ketones (4*) 72 (C4) 2
Aldehydes (10*) 86 (C5) 3

Other Oxygenates 10

Primary and Secondary 74 (C4) 2
Alkyl Alcohols (6*) 32 (-) 4
Methano1 (4*)

Aromatics 4
Dialkyl Benzenes (3*) 120 (C9) 1
Tri - and Tetra-Alkyl (1 *) 162 (C12 ) 0

Benzenes
Acetylene' 12

Acetyl !l!ne (8*) 26 (-) 8
C3+ Acetyl enes (4*) 54 (C4) 2

100% 100%

*Estimated
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TABLE 3-15 COMPOSITION OF THE ORGANICS EMITTED BY WASTE BURNING AND OTHER FIRES [20J

W
I

N
W

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 62 Mono- tert-a1ky1 C4+-paraffins 3 Prim-& sec-a 1kyl Aliphatic olefins 13
benzenes benzenes

Acetylene 8 Cycloparaffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes 1

Benzene Alkyl acetyl enes 2 Al iphatic aldehydes 3
Tert-a1kyl acetates Branched alkyl

8enza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones 2 Prim-& sec-alkyl
alcohols 2 Unsaturated ketones

Tert-a 1kyl a1coho1s Prim-& sec-alkyl
acetates Cellosolve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1Yes

Ethyl ami nes acetamide

Dimethyl formami de

Methanol 4

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 74 TOTAL CLASS II
J

0 TOTAL CLASS I II I 7 TOTAL CLASS IV I 3 TOTAL CLASS V
1

16



STATIONARY SOURCES - ORGANIC CHEMICALS

The sources indicated in this category are those due to chemical
ufacturing and solvent evaporation.

The major source types included in this category are:

• Surface coating solvent evaporation

• Dry cleaning

• Degreasing

• Printing

• Industrial Processes

1.1 Surface Coatings

It Treated Coatings

The hydrocarbons that are released during the heat treating of some
les of coatings are highly localized and therefore are subject to
ssion controls. Since the usual control mechanism is an afterburner,
would be expected that the ultimate emissions would differ in character

1m the emissions from air cured coatings.

Table 3-16 shows the approximate composition of such emissions as
:ermined by measurements of a number of heat treating facilities, along
:h the average measured concentration. Table 3-17 shows the same
'ormation in the 5-class reactivity scheme format .

. Dried Coatings

Significant amounts of organics are released during the curing
surface coatings (paint). These organic solvents are used to give_
! coatings the appropriate properties for spreading, covering, etc. and
!n are allowed to evaporate as the coating cures.

The composition of these solvents used in the Los Angeles are
lulated by Los Angeles County Air Pollution Control District Rule 66 and
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TABLE 3~16. AVERAGE DISTRIBUTION OF THE ORGANIC COMPOUNDS
EMITTED DURING HEAT TREATING OF COATINGS [21]

Compound Type

Cl -3 Paraffins

Olefins

Acetylene

Primary and Secondary
Alkyl Benzenes

Mole % ppm*

20 25.5

28 36.2+ t

0 0.3
2 2.4

0 0.3

35 45.6+

Dialkyl Benzenes 15 20.0+

* Expressed as ppm value of compound; original
references expressed in ppm carbon.

+ A total of 770 ppm carbon, convered to 85.6 ppm
by assuming average of Cg compounds.

+ 16.2 ppm measured; additional 20 ppm estimated.
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TABLE 3-17 APPROXIMATE COMPOSITION OF THE ORGANICS EMITTED DURING HEAT TREATING UF SUK~ACt CUAIINu~ LZIJ

MOLE %

CLASS I CLASS II CLASS II I CLASS IV CLASS V

Cl -C3 paraffi ns 20 Mono-tert-a 1kyl C4+-paraffins 28 Pri m-& sec-alkyl 35 Aliphatic olefins 2
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc1i c ketones Dial kyl benzenes 15

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrro1i done Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffi ns

TOTAL CLASS I I 20 TOTAL CLASS I I
J

0 TOTAL CLASS II I I 28 TOTAL CLASS IV I 50 TOTAL CLASS V I 2



comparable rules in the adjoining counties. These rules limit the use
of photochemically reactive solvents. LAC APCD Rule 66 (k) [22J reads,
part:

Rule 66

k. For the purposes of this rule, a photochemically reactive
solvent is any solvent with an aggregate of more than 20
per cent of its total volume composed of the chemical com­
pounds classified below or which exceeds any of the fol­
lowing individual percentage composition limitations,
referred to the total volume of solvent:
1. A combination of hydrocarbons, alcohols, aldehydes,

esters, ethers or ketones having an olefinic or
cyclo-olefinic type of unsaturation: 5 per cent;

2. A combination of aromatic compounds with eight or
more carbon atoms to the molecule except ethyl benzene:
8 per cent;

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent.

Since neither the LA APCD, the paint distributors, nor the
manufacturers keep records of the composition of the surface coating
solvent mixtures, the only information available is the national average
solvent composition, [23J, [24J, [25]. As can be seen in Table 3-18 this
average violates Rule 66. The paint manufacturers indicated that Rule 66
is met by substituting aliphatic and oxygenated hydrocarbons for the
regulated ones in a two to one ratio, that is, two parts aliphatics to one
part oxygenates,[25J (mole fraction assumed). Table 3-18 shows the effect
of replacing a total of about 13.4% of the regulated compounds with
a1iphatics and oxygenates in the correct ratio.

Table 3-19 shows the distribution of the organics emitted by
surface coatings according to the 5-class reactivity scheme.

Using LA APCD Rule 66, and assigning a value of one to reactive
hydrocarbons and zero to unreactive, a molar reactivity rating of 0.18 was
calculated for emissions from this source using the LA APCD reactive­
unreactive reactivity scheme. Similarly, the reactivity calculated for
the emissions from heat treated coatings is 0.52. This agrees with the
fact that the LA APCD considers the emissions from heat treating operations
to be more reactive than the emissions from air dried coatings, I23].·
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1972 ANNUAL NATION- COMPOSITION OF SOLVENTS ESTIMATEO COMPOSITION OF COATING

ACTUAL OR ESTlWl.TEO WIDE CONSUMPTION; .NATIONWIDE ; REDUCTION REQUIRED SUBSTITUTION OF
:~E~PO:N T6~~LL~~D:~~~~N~REA;

ALIPHATIC HYDROCARBONS I'IlLECULAR WEIGHT lbs. PER CAPITA MJLE on OF TOTAL HYDROCARBONS BY LAC APCD - RULE 66 OTHER COIIPOUNOS

Mineral spirits. regular, low odor •.•• 86' (C
6

) 2.005 14.9 Unknown mixture Unknown mixture of C/ parafins

Mineral spirits, odorless ••...••..•••• 86* (C
6

) 0.386 2.9 of C
4
+ parafins

Kerosene ............................ 142 (C lO ) 0.053 0.3

Mineral spirits, heavy, coal-oil ..•... 86' (C6 ) 0.165 1.2

Other aliphatic hydrocarbons •• , •••.••. 86 (C6) 1.142 8.5
3.151 2T.8 a:r- 36.7

ARO/o'ATlC & NAPHTHENIC HYDROCARBONS

Benzene.· ••••••••••••••••.••••.•••.••.• 78 (-) 0.033 0.3 0.3

+Toluene {Rule 66-K-3} ............ 92 1-) 1.802 12.1 3.' 8.7

+)(ylene (Rule 66-K-2) ................. 106 (-) 2.277 13.8 7.8 6.0

Naphtha. high flash __ ................ 138*(C
10

) 0.462 2.1 2.1

+Other aromatics (Rule 66-K-2) ........ 12O:(C9 ) } 0.986 2.6 1.5 1.1

Naphtheni c Hydrocarbons ••••..••. • _.• 140 {C
lO

2.3 2.3
5:560 3J:2 l2.T ~

TERPENIC HYDROCARBONS

(Pine oil & turpentine) ............. 136*(C
lO

) 0.033 0.1 0.1
0JJJr 0:1 ~O.-'-

ALCHOLOLS (r()NOHYDRIC)

Methyl Alcohol ("methanol") .. ...... 32 (-) 0.091 1.8 2.0 3.8

Ethyl alcohol (inc. all denatured .... .6 (-) 0.072 1.0 1.0
grades)

Propyl alcohol (n. & iso.) ... ....... 60 1-) 0.264 2.8 2.8

N. butyl alcohol ......•• _••• ...... 74 (-) 0.378 3.3 3.3

W
Other butyl alcohols ....••••. .... 74 1-) 0.033 0.3 0.3

I Other monohydric i!lcohols .••••..•••• 1OZ'''(C
6

) 0.134 0.8 0.8

N
~ """TIf:l) TO l"2:O""

CX' GLYCOLS & DERIVATIVES

Glycols ............................. 90*(C
4

) 0.568 '.0 '.0

Glycol ethers ....................... 90*(C
4

) 0.627 '.5 '.5
(Cellosolves) J:Tll5""" --.:s -----a:s

KETONES & ESTERS

Acetone (di-methyl ketone) .•••••••••••. 58 1-) 0.642 7.1 2.5
Methyl ethyl ketone (M.E.K.) •.•..•••• 72 (-) 0.690 6.2

9.6

+Methyl isobutyl ketone (Rule 66-K-3) •. lOa (-) 0.275 1.8
6.2

+Other Ketones (Rule 66-K-J) ........... 128*(C
8

)
0.5 1.3

0.082 0.' 0.1
Ethyl acetate ........................ 88 (-) 0.029 0.2

0.3

Isopropyl acetate ................... 102 (-) 0.028 0.2
0.2

Nonnal butyl acetate .................. 116 (-) 0.311 1.7
0.2

Other esters •••••. ................ 144*(C
8

) 0.205 0.9
1.7

2.262 IB:5 If:"6 -r.s- 0.9
-w.r

CHLORINATED SOLVENTS

Methylene chloride 84 (-) 0.048 0.'
+Tri-chloro ethylene (Rule 66-K-3) 0.'13. 1-) 0.034 0.2 0.1
Other chlorinated solvents lSS*{C 6C1 2) 0.008

0.1
0.1

D:09'O ---o:-r- o:r 0.1

~!!T_S & OIlUENTS
-0:0-

ClO + Cyclopari!ffins ................. 140*(C
lO

) t
0.278 0.6

C
lO

+ Paraffins ...................... 142*(ClO ) f 0.6
0.6

o:mr- ....-:z 0.6
1Y

1•. 141 1001 lJ.n 13.4. 100%"
Estimated or i!ssaned

+ Use of ~ese comp~unds limited by los Angeles
County Alr Pollutlon Control District Rule 66-K

t Mole % assuned to equal volane %
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TABLE 3-19 COMPOSITION OF THE ORGANICS EMITTED DURING CURING OF AIR DRIED SURFACE COATINGS [22], [25]

MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

C1-C3 paraffi ns Mono-tert-a 1ky1 C4Vparaffins 37 Prim-& sec-a1ky1 Aliphatic olefins
benzenes benzenes 9

Acetylene Cyc10paraffins 5 a-methyl styrene
Cyc1i c ketones Dia1ky1 benzenes 6

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones 2 Tri -& tetra-alkyl

10
2-ni tropropane benzenes 1

Acetone N-a1ky1 ketones 6 Prim-& sec-alkyl
alcohols 12 Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-alkyl
acetates 3 Celloso1ve acetate Diacetone a1coho1

Phenyl acetate
N-methyl pyrro1 idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Celloso1ves 4

Ethyl ami nes acetamide

Dimethyl formamide

Methanol 4

Perha1ogena ted
hydrocarbons

Parti ally hal 0-
1genated paraffins

TOTAL CLASS I I 15 TOTAL CLASS II
J

0 TOTAL CLASS III I 51 TOTAL CLASS IV I 29 TOTAL CLASS V I 5



3.2 Dry Cleaning

As indicated in the emission inventory, there are basically two types
organic solvents used in dry cleaning operations in the Los Angeles

qion. These are oetro1eum based solvent and "syn thetic" solvent
erch1 oroethy1 ene) . The reacti vity c1 ass ifi cati ons for each type of
1vent is treated individually below:

y Cleaners Using Petroleum Based Solvents

Table 3-20 presents composition data for several petroleum based
y cleaning solvents which are distributed in the Los Angeles area.
th the exceptions of AMSCO 140-F which is particularly rich in napthenes
d of SHELL SOL71 which has no aromatics, the solvents follow a con­
stent compositional pattern: about 1/3 paraffins, about 2/3 cyclo­
raffins, and a few percent aromatics. Solvents with atypical com­
sition evidently are used for special purposes and do not account for
ch of the market, (AMSCO 140-F sales by one firm are reported as only
3% of AMSCO 20-H sales, [26]). For the purposes of this study, it will

assumed that the average composition of petroleum dry cleaning solvents
Los Angeles is 2S% paraffins, 66% napthenes, and 6% aromatics. To

tain a more precise value for the average composition would require
mpositiona1 and sales data for all solvents; these data were not
ailable.

The paraffins in petroleum based d~y cleaners solvent evidently are
the carbon number range C10 to C12 , [27]. Thus, they would all fall
Class III of the reactivity classification scheme, (as C4+ paraffins).

e napthenes would also be in Class III, under the category cyclo­
raffins. The aromatics evidently are in the range Cs to C12 , [21], [2&].
e would expect that typical petroleum solvent Cs+ aromatics would be
st1y Prim-& Sec-alkyl benzenes (Class IV) and Dia1ky1 benezenes (Class

f) with some Tri-& Tetra-alkyl benzenes (Class V). It is assumed that

6 of the Cs+ aromatics in petroleum dry cleaning solvent are in Class
and 1/6 are in Class V. The sensitivity of the results to this assump­

on is low since the Cs+ aromatics constitute only a small fraction of

tro1eum dry cleaning solvent.

3-30



2%

0%
W
I

W
--'

TABLE 3-20 COMPOSITION OF PETROLEUM DRY CLEANING SOLVENTS

I I AMSCO 1 CHEVRON ~ SHEL.L

ko:< UND M-1SCO 20-H l'lJIiSCO 140-F AMSCO 365:JH. CHEVRON 325 I SOL 360-EC I SOL 71
i T c: (Stoddard) (Lm'! End Poi nt) (E1 Segundo Output)
~_ I (a ) (a) (a) (b) ( c) I (d)

jParaffins ! 2S~; 2% 25% I 35.5?~ ~ ° h
f----t-- J 9•• 7% 1\ 98%

r:2!-~~henes J 67% 91% 68% 62.0% k'

I I '.
113 ru" ,.,,, + ~ cs _I 7°/ 7% 7°/ I 2 5% ~/ 80/0
r. I •• 0 '- I /0 0 /0 1- . ° . ,0 I
~ ,
~ efins --- --- --- I --- O. 5~&

OJ'..TA SOURCES:

(a) Ref. [28J

( b) Re f. [29J
(c) Ref. [30J



Table 3-21 summarizes the reactivity classification breakdown for
petroleum dry cleaning solvents. It is evident that Class III predominates,
llthough there are some contributions in Classes IV and V.

lry Cleaners Using Synthetic Solvent (PCE)

The synthetic solvent used by dry cleaners is perchloroethylene,

PCE). PCE is a perhalogenated hydrocarbon and thus falls in Class I of
:he 5-class reactivity scheme. The classification for dry cleaners­
Ising synthetic solvent is thus as given in Table 3-22.

1.3.3 Degreasing

As indicated in the emission inventory, there are basically two
:ypes of organics used for degreasing operations in the Los Angeles
tegion. These are 1,1,1- Trichloroethane (l,l,l,-T) and Trichloro­
!thy1ene (TCE). The reactivity classification for each of these com­
lounds is given below:

'CE Degreas i ng

Trichloroethylene is a partially halogenated olefin and thus
'alls in Class IV of the reactivity classification scheme. Table 3-23
resents the reactivity categorization for this source.

,1,1,-T Degreasing

1,1,1-Trich1oroethane is a partially halogenated paraffin. Thus,
t falls in Class I of the reactivity classification scheme. Table
-24 presents the reactivity categorization for this source.
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TABLE 3-21 REACTIVITY CLASSIFICATION FOR DRY CLEANERS USING PETROLEUM BASED SOLVENT

MOLE %

[27Js [28Js [29Js [30J

W
I

W
W

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns Mono-tert-a1kyl C4+-paraffins 28 Pri m-& sec-a1kyl Aliphatic olefins
benzenes benzenes > 5Acetylene Cycloparaffins 66 a-methyl styrene

Cyc 1i c ketones Di alkyl benzenes
8enzene Alkyl acetyl enes Aliphatic aldehydes

Tert-alkyl acetates Branched alkyl
Benza1dehyde Styrene ketones Tri-& tetra-alkyl

2-ni tropropane benzenes 1
Acetone N-a 1kyl ketones Prim-& sec-al kyl

alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-alkyl

acetates Cell oso1ve acetate Diacetone alcohol
Phenyl acetate

N-methyl pyrrol idone Partially halogenated Ethers
Methyl benzoate olefins

N,N-dimethyl Cellosolves
Ethyl amines acetamide

Dimethyl formamide

Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated pa ra ffi ns

:

TOTAL CLASS I I 0 TOTAL CLASS II
J

0 TOTAL CLASS III I 94 TOTAL CLASS IV I 5 TOTAL CLASS V I 1
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MOLE %

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

C1-C3 paraffi ns Mono- tert-a 1ky1 C4+-paraffi ns Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cyc10paraffins a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a 1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-a1kyl
acetates Celloso1ve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons 100

Partially halo-
genated paraffins

=
TOTAL CLASS I

1
100 TOTAL CLASS II

J a TOTAL CLASS I II I a TOTAL CLASS IV I a TOTAL CLASS V I a
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TABLE 3-23 ORGANICS EMITTED BY TCE DEGREASING OPERATIONS

r~OLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

CI -C3 paraffi ns Mono-tert-a1kyl C4rparaffins Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes

Benzene AI kyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-al kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl a1cohoIs Prim-& sec-al kyl
acetates Ce11 0501 ve aceta te Di acetone a lcoho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins 100
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I a TOTAL CLASS II j a TOTAL CLASS II I I a TOTAL CLASS IV
1

100 TOTAL CLASS V I a



W
I

W
Q")

MOLE %

CLASS I CLASS I I CLASS III CLASS IV CLASS V

CI -C3 paraffi ns Mono-tert-a I kyl C4+-paraffins Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohol s Unsaturated ketones

Tert-a 1kyl a1cohoIs Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl acetate
Partially halogenatedN-methyl pyrrol idone Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins 100

-
TOTAL CLASS I

1
100 TOTAL CLASS II

J a TOTAL CLASS I II I a TOTAL CLASS IV I a TOTAL CLASS V I a



3.3.4 Pri nti ng

As indicated in the emission inventory (Chapter 2), organic emis­
sions from the printing industry in the Los Angeles Region result from
two types of printing: rotogravure and flexigraphic. The organic solvents
typically used in rotogravure printing are substantially different from
those used in flexigraphic printing. The reactivity classifiction scheme
for each type of printing will be derived individually below:

Rotogravure Printing

Rotogravure printers use primarily two types of solvents. The large
rotogravure plants which print advertisements and circulars use a solvent
consisting of paraffins, naphthenes, and aromatics, [31J. The smaller
rotogravure plants which perform printing for cartons and containers
basically use an oxygenated, alcohol type solvent, [32J. Table 3-25
summarizes composition estimates for each type of rotogravure solvent,
[32J. By combining these estimates with data on the relative usage of
each solvent, the overall composition of rotogravure organic emissions
can be calculated, (see right hand side of Table 3-25).

Table 3-27 shows the estimated composition of the organics emitted
from this type of printing.

TABLE 3-25 ORGANIC COMPOSITION DATA FOR EMISSIONS
FROM ROTOGRAVURE PRINTING [32J

LARGE SMALL
PLANTS PLANTS TOTAL

EMISSIONS AS %OF TOTAL 74% 26% 100%

Composition (by weight)

Paraffins &Napthenes 83% Negl. 61%
Aromati cs 17% Negl. 13%
Saturated Alcohols Negl . 70% 18%
Saturated Acetates Negl. 20% 5%
Other Esters Negl. 10% 3%
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TABLE 3-26 ESTIMATED COMPOSITION OF THE ORGANIC COMPOUNDS EMITTED
BY ROTOGRAVURE PRINTING OPERATIONS [32J

ESTIMATED ON
ACTUAL MOLECULAR

;OMPOUND TYPE WEIGHT WEIGHT MOLE %

:4+ Paraffi ns 51% 86 (C6) 49.0

lapthenes (Cycloparaffins) 10% 112 (C8) 7.3

>rimary - and Secondary - 6% 106 (C8) 4.7Alkyl Benzenes
li alkyl Benzenes 7% 120 (C9) 4.8

1ethanol 6% 32 (-) 15.5

)ther Saturated Alcohols 12% 74 (C4) 13.4

;aturated Acetates 5% 116 (C5) 3.6

)ther Esters 3% 144 (C7) 1.7
100% 100%

~lexigraphic Printing

Flexigraphic printing uses an alcohol type organic solvent. Station­
lry source emissions specialists at the Los Angeles County APCD estimated
:hat about 80% of the solvent (by weight) consists of alcohols and in­
iicated that this was mostly isopropanol with some methanol, ethanol,
lnd propanol, [31J, [32J. The remainder of the solvent (approximately

~O%) consists of ketones such as acetone and methyl ethyl ketone,
32J. Negligible amounts of paraffins, napthenes, and aromatics are emitted
~rom flexigraphic printing.

Based on this information, Table 3-28 shows the estimated composition
)f organics emitted by flexigraphic printing.
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TABLE 3-27 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY ROTOGRAVURE PRINTING

tvl0LE %

[32J

W
I

W
I.D

CLASS I CLASS I! CLASS II! CLASS IV CLASS V

Cl -C3 paraffi ns Mono-tert-a1kyl C4+-paraffins 49 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes 5

Acetyl ene Cyc 1opa raffi ns 7 a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes 5

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-alkyl 13
alcohols Unsaturated ketones

Tert-a1kyl alcohols Prim-& sec-alkyl
acetates 5"' Cellosolve acetate Di acetone a1coho1

Phenyl acetate
N-methy1pyrro1 idone Partially halogenated Ethers

Methy1 benzoate olefins
N,N-dimethy1 Celloso1ves

Ethyl amines acetamide

Dimethyl formamide

Methanol 16

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I
1

16 TOTAL CLASS I! j 0 TOTAL CLASS III I 61 TOTAL CLASS IV I 23 TOTAL CLASS V I 0

*Both saturated acetates and other esters are i nc1 uded in thi s category.



TABLE 3-28 ESTIMATED COMPOSITION OF THE ORGANIC COMPOUNDS .
EMITTED BY FLEXIGRAPHIC PRINTING OPERATIONS 132J

,MPOUND

opopanol

thanol
hanol
Propanol

etone
thylethyl Ketone

WEIGHT %

65

5

5

5
80%
10

10
20%

MOLE %

62.2
9.0

6.3
4.8

9.9

8.0
100%

ble 3-29 shows these compounds categorized by the five class re­
tivity scheme.

3.5 Industrial Process Sources

lbber, Plastic, Putty, and Adhesive Manufacturing

The present category includes the manufacture of rubber and plastic
'oducts as well as of putty and adhesives. The major sources in this
ltegory are rubber ti re producti on and pl asti c manufacturi ng, [~l].

Within the level of effort allocated to this study, it was not feasible
I complete an up to date survey of organics emitted by these industries.
so, solvent manufacturers and distributors were unable to supply quantitative
lformation on the sales of organics to these industries, [27], [34J, [35J.

Ie most recent organic composition information available for this category is
; the Los Angeles County APCD inventory for 1965, (see Table 3-30). However,
Ie organic composition of this category probably did not undergo significant
langes due to APCD Rule 66, [23] ,[27]. It seems reasonable to assume that
Ie percentage contribution of the various organic types is still as
Idi cated by Tabl e 3-30.
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TABLE 3-29 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY FLEXIGRAPHIC PRINTING

MOLE %

[32J

W
I
~
--'

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
1

-C 3 paraffi ns Mono-tert-a1kyl C4+-paraffins Prim-& sec-al kyl Aliphatic olefins
benzenes benzenes

Acetyl ene Cycloparaffins or-methyl styrene
Cyc1i c ketones Dia1kyl benzenes

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone 10 N-a 1ky1 ketones 8 Prim-& sec-alkyl
alcohols 73 Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-al kyl
acetates Cel1oso1ve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrroli done Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Celloso1ves

Ethyl amines acetamide

Dimethyl formamide

Methanol 9

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 19 TOTAL CLASS II j 0 TOTAL CLASS I II I 8
TOTAL CLASS IV

1
73 TOTAL CLASS V I 0



--
TABLE 3-30. ORGANIC EMISSION COMPOSITION FOR RUBBER, PLASTIC, PUTTY,

AND ADHESIVE MANUFACTURING (1965 LA APCD DATA) [33J

COMPOUND TYPE CONTRIBUTION TO TOTAL EMISSIONS
(% by Weight)

Aliphatic Hydrocarbons----------------------51%
Aromatic Hydrocarbons-----------------------10%
A1coho1s------------------------------------ 7%
Ketones-------------------------------------10%
Halogenated Hydrocarbons-------------------- 5%
Esters and Ethers--------------------------- 1%
Others--------------------------------------16%

In the absence of any definative hydrocarbon composition data, it
necessary to make reasonable estimates of the compounds comprising the

:egories shown in Table 3-30. It should be noted that these are working
:imates only and are based on what seems reasonable and not on actual
:surements. Table 3-31 shows how the estimates were made. It should be

ted that the uncertainty associated with the estimated composition
the "others" category, is quite large.

The organic composition according to the 5-C1ass reactivity scheme is
Iwn in Table 3-32.

Irmaceutica1 Manufacturing

The present category consists of drug and cosmetic manufacturing. It
not feasible to conduct a survey of the organic emissions from this

ustry within the level of effort allocated to this study. Also, solvent
ufacturers and distributors were unable to supply estimates of the amount
various solvents sold to pharmaceutical manufacturers. The most recent
anic composition information available for this industrial category was
Los Angeles County APCD inventory for 1965, [33]. These data are

sented in Table 3-33. Since this industry evidently did not undergo
nificant changes due to APCD Rule 66, it is assumed that the 1965
position data is still applicable, [31J.
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TABLE 3-31. ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY RUBBER, PLASTIC,
PUTTY AND ADHESIVE MANUFACTURING OPERATIONS.

Compound Fraction of Weight %of Actual or estimated Mole %of TotalCategory Type Each Type Total Hydrocarbons Molecular Weight Hydrocarbons

Aliphatic Hydrocarbons Cycloparaffins 0.20 10.2 98 (C7) 7.5
C4+ Paraffins 0.20 10.2 86 (C6) 8.6
Olefins 0.60 30.6 56 (C4) 40.9

51.0%

Aromatic Hydrocarbons Dialkyl benzenes 0.10 1.0 120 (Cg) 0.6
a-methyl Styrene 0.20 2.0 132 -- 1.1
Styrene 0.70 7.0 118 -- 4.4

-10.0%

Alcohols Tertiary Alkyl
Alcohols 0.30 2.1 88 (C5) 1.7

w II Primary and
~ Secondary Alcohols 0.70 4.9 88 (C5) 4.2w

7.0%

Ketones Cyc1i c Ketones 0.10 1.0 98 (C6) 0.7
Acetone 0.30 3.0 58 -- 3.8
N-a1kyl Ketones 0.30 3.0 86 (C5) 2.6
Branched Alkyl

114 (C7)Ketones 0.30 3.0 1.9
10.0%

Halogenated Perhalogenated
320 (C3 C1 8)Hydrocarbons Hydrocarbons 0.20 1.0 0.2

Partially Halogenated
3.0Hydrocarbons 0.80 4.0 98 (C2 C1 2)

5.0%

Esters and Ethers Acetate Esters 1.00 1.0% 72 ((4) 1.0
~

Others Aliphatic Hydrocarbons 0.50 8.0 58 (C~) 10.2
Benzene 0.50 8.0 78 (- 7.6

16.0~ 100.0%



IVIf\I..Urf\L.1 UK11'H:i 133J

MOLE %

W
I
~
~

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins Mono-tert-a1kyl C4+-paraffins 9 Prim-& sec-alkyl Aliphatic olefins 41
benzenes benzenes

Acetylene Cycloparaffins 7 a-methyl styrene 1
Cyc1i c ketones 1 Dialkyl benzenes 1

Benzene 7 Alkyl acetylenes Aliphatic aldehydes 10
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene 4 ketones 2 Tri -& tetra-alkyl
2-ni tropropane benzenes

Acetone 4 N-a1ky1 ketones 3 Prim-& sec-alkyl
alcohols 4 Unsaturated ketones

Tert-alkyl alcohols 2 Prim-& sec-alkyl
acetates 1 Cellosolve acetate Diacetone alcohol

Phenyl acetate
Partia lly ha logena tedN-methyl pyrrol idone Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins 3

TOTAL CLASS I I16 TOTAL CLASS I I
J

1 TOTAL CLASS I II I24 TOTAL CLASS IV I 7 TOTAL CLASS V I 52



TABLE 3-33. ORGANIC EMISSION COMPOSITION FOR PHARMACEUTICAL
MANUFACTURING (1965 LA APCD DATA) [33J

ORGANIC TYPE CONTRIBUTION TO TOTAL EMISSIONS
(% bv Weiqht)

Aliphatic Hydrocarbons-------------------------negl.
Aromatic Hydrocarbons--------------------------negl.
Alcohols--------------------------------------- 83%
Ketones---------------------------------------- 17%
Chlorinated Hydrocarbons-----------------------negl.
Esters and Others------------------------------negl.

In the absence of any definitive organic composition data, it
was necessary to make reasonable estimates of the compounds comprising the
categories shown in Table 3-33. It should be noted that these are working
estimates only and are based on what seems reasonable and not on actual
measurements. Table 3-34 shows the basis for the estimates.

This composition data is presented in the 5-class reactivity scheme in
Tab1e 3~35.,

Miscellaneous Organic Solvent Operations

The present category consists mostly of miscellaneous chemical
production including manufacture of organic chemicals, soaps, cleaners,
insecticides, fertilizers, explosives, etc. It also includes miscellaneous
solvent usage in industry, in particular the "potting" of electrical and
electronic equipment.

Up to date information on the composition of organic emissions from this

category is not available. The most recent data are from an LA APCD survey
reported in 1965. Table 3-36 summarizes this composition data.
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TABLE 3-34. ESTIMATED COMPOSITION OF THE HYDROCARBONS IN PHARMACEUTICAL MANUFACTURING

Compound
Type

Actual or 1
Estimated ,
Average

Fraction of Weight of Total Molecular Mole %of Total
Each Type Hydrocarbons Weight Hydrocarbons

8.3 32 (-) 19.7

8.3 88 (C5) 7.2

I
66.4 88 (C5) 57.4 J
83.0% 100%

Ketones Cyclic Ketones 0.10

Acetone 0.30
N-alkyl Ketones 0.30
Branched Alkyl Ketones 0.30

I
w
I

~ \A1COh01S and

Glycol Ethers Methanol 0.10
(Ce11oso1ves) Tertiary Alkyl

Alcohols 0.10

Primary and Secondary
Alkyl Alcohols 0.80

1.7
5.1

5.1

5. 1

17.0%

112 (C7)
58 --

86 (~5)

114 (C7)

1.2
6.7
4.5
3.4
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TABLE 3-35 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED DURING PHARMACEUTICAL MANUFACTURING [33J

MOLE %

CLASS I CLASS II CLASS II I CLASS IV CLASS V

cI -C3 paraffi ns Mono-tert-a I kyl C4+-paraffins Pri m-& sec-a I kyl Al iphatic olefins
benzenes benzenes

Acetyl ene Cycloparaffins a-methyl styrene
Cyc Ii c ketones 1 Oialkyl benzenes

Benzene AI kyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza I dehyde Styrene ketones 3 Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone 7 N-a 1kyl ketones 5 Prim-& sec-alkyl
alcohols 57 Unsaturated ketones

Tert-alkyl alcohols 7 Prim-& sec-alkyl
acetates Cellosolve acetate Oiacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol 20

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

-
TOTAL CLASS I I 34 TOTAL CLASS II

J 1 TOTAL CLASS I II I 5
TOTAL CLASS IV I 60 TOTAL CLASS V I 0



TABLE 3-36. COMPOSITION OF ORGANIC EMISSIONS FROM
MISCELLANEOUS ORGANIC SOLVENT OPERATIONS [33J

Organic Type

Aliphatics
Aromatics
Ketones
Alcohols
Esters
Ethers
Halogenated Hydrocarbons
Others

Percentage Contribution
(by weight)

31%
16%
27%
15%

4%
3%

negl.
4%

The impact which APCD Rule 66 has had on organic composition for this
liscellaneous category since 1965 is not known ,[23]. Since the composition
)utlined in Table 3-36 apparently complies with the reactivity criteria of
~ule 66, the regulation may not have produced substantial composition
:hanges. Here, it will arbitrarily be assumed that the present composition
is the same as in 1965.

The estimated composition of each category of compounds is shown
in Table 3-37, with the distribution by the 5-class reactivity scheme
;hown in Table 3-38.

3.4 MOBILE SOURCES

The sources in this category, include in addition to those sources
jenerally considered to be mobile sources, emissions from miscellaneous
jasoline powered equipment such as chain saws, generators, etc.

The major source types included in this category are:

• Light Duty Gasoline Powered Vehicles

• Heavy Duty Gasoline Powered Vehicles

• Other Gasoline Powered Equipment

• Diesel Powered Vehicles

• Aircraft
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TABLE 3-37 ESTIMATED COMPOSITION OF THE ORGANICS EMITTED BY
MISCELLANEOUS ORGANIC SOLVENT OPERATIONS

Compound Fraction of Weight %of Actual or Mole %of
Type Each Type Total Hydro- Estimated Total Hydro-

carbons Molecular Weight carbons

Aliphatic Hydrocarbons Cycloparaffins 0.20 6.2 112 (C7) 4.4
Olefins 0.20 6.2 112 (C7) 4.4
C4+ Paraffins 0.60 18.6 114 (C7) 13.1

31.0%

Aromatic Hydrocarbons Tri- and Tetra-
Alkyl Benzenes 0.10 1.6 134 (ClO ) 1.0
Prim- and Sec:-
Alkyl Benzenes 0.30 4.8 106 (C8) 3.6
Dialkyl Benzenes 0.60 ~ 120 (Cg) 6.4

Branched Alkyl 16.0%
w IKetones
I Ketones 0.20 S.4 100 (C6) 4.3.p,.

UJ
N-alkyl Ketones 0.30 8.1 72 (C4) 9.1
Acetone O.SO 13.S S8 (-) 18.7

27.0%

Alcohols Tertiary Alkyl
Alcohols 0.20 3.0 88 (CS) 2.7
Primary- and
Secondary- Alkyl 0.30 4.S 88 (CS) 4.1
Alcohols
Methanol O.SO 7.S 32 (-) 18.8

lS.O%

Esters Prim- and Sec- 1.0 4.0 116 (C6) 2.7
Alkyl Acetates 4.0%

Ethers Ethers 1.0 3.0 88 (CS) 2.7
3.0%

Others Aldehydes 0.2 0.8 86 (CS) 0.7

Benzene 0.8 3.2 78 (-) 3.3
4.0% 100%
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MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
1

-C3 paraffins Mono-tert-a1ky1 . C4+-paraffins 13 Prim-& sec-alkyl Aliphatic olefins 4
benzenes benzenes 4

Acetylene Cyc10paraffins 4 a-methyl styrene
Cyc1i c ketones Dia1ky1 benzenes 6

Benzene 3 Alkyl acetylenes Aliphatic aldehydes 1
Tert-a1ky1 acetates Branched a1 ky1

Benza1dehyde Styrene ketones 4 Tri -& tetra-alkyl
2-nitropropane benzenes 1

Acetone 19 N-a1ky1 ketones 9 Prim-& sec-alkyl
alcohols 4 Unsaturated ketones

Tert-a1ky1 a1coho1s 3 Prim-& sec-alkyl
acetates 3 Cell oso1ve acetate Di acetone a1coho1

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers 3

Methyl benzoate olefins
N,N-dimethy1 Ce110s01 yes

Ethy1 ami nes acetamide

Dimethyl formami de

Methanol 19

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TDTAL CLASS I I 44 TOTAL CLASS I I
J

0 TOTAL CLASS II I I 29 TOTAL CLASS IV
1

18 TOTAL CLASS V I 9



3.4.1 Light Duty Gasoline Powered Vehicles

Exhaust Emissions From Light Duty Gasoline Powered Motor Vehicles

The composition of the organics emitted in the exhaust of gasoline
powered automobiles and light trucks depends on a large number of vari­
ables. Among the most obvious ones are the composition of the fuel,
[36L [37], [38], [39], [40L [41]., the type of emission controls [42J

and the condition of the car. For example, Table 3-39 shows the effect
of fuel composition on the organic composition of the exhaust based on
the 5-Class reactivity scheme, [36J. Although the fuels used in these
tests are not commercial gasolines, they are mixtures of the types of
compounds that are found in commercial gasoline. The significant point
is that the exhaust organic composition varies with fuel composition.
Similarly, Table 3-40 shows the effect of three categories of emission
controls on the composition of the exhaust organic mixture from auto­
mobiles burning a leaded premium gasoline, [42J.

Any scheme to determine the aggregate exhaust hydrocarbon composition
by using a weighted average of tests on individual automobiles is very
difficult because of the problems associated with determining an accurate
cross section of automobile and control system combinations, exhaust
emission rates, various states of operating efficiency, fuel and all of
the other variables. Because of these difficulties, it was determined
that composition data for hydrocarbon emissions of an aggregate of auto­
mobiles which would average out all of the variables, would give the most
representative information.

An aggregate sample of this type was obtained by sampling the ambient
air in two heavily travelled highway tunnels, [43J, [44J. Determining the
automobile exhaust hydrocarbon composition by this method is valid for the
following reasons:

• Evaporative emissions from moving automobiles are relatively
small since emissions from both the carburetor and the fuel
tank are vented into the running engine. (A substantial
portion of the evaporative emissions occur after the automobile
is parked.)
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TABLE 3-39 EXHAUST ORGANIC COMPOSITION FOR VARIOUS TYPES OF FUEL MIXTURES 136J

__ Mole %of Total Exhaust Hydrocarbons
~~~-----~-----~--_ ..__._~--~--------l

50% Isooctane 2,4,4 Trimethyl 50% Isooctane
Isooctane 50% 2,4,4 Trimethyl-2-Pentene -2-Pentene 50% m-Xylene Average

Class I 40 41 46 31 40
Cl ass II 0 0 0 0 0

w IClass II I 21 13 4 13 13
I

<.J1 Class IV 0 0 0 29 7N

Class V 39 46 50 27 41
100 % 100 % 100 % 100 % 151%*

* Rounding Error



Mole %of Total Hydrocarbon Emissions

TABLE 3-40 EXHAUST ORGANIC COMPOSITION FOR VARIOUS TYPES OF EMISSION
CONTROL DEVICES I42J

I
Uncontrolled Modified Combustion* Air Injection Average I

Class I 34 32 28 31

w Class II 0 0 0 0
I

U1 C1sss III 23 16 19 19w

Class IV 10 9 9 9

Class V 33 43 44 40

L TOO% TOO% 100% 99%, +

* Lean mixture, modified spark timing
+ Rounding Error

For additional composition data see Tables B-12 through B-14.



• Since the exhaust hydrocarbon concentration is high, any
ambient or background hydrocarbon component is small ..

• The traffic in the two tunnels was limited almost exclusively
to gasoline powered vehicles.

• Since the samples were taken in areas which were shielded
from the sun, no photochemical reactions could have occurred.

Table 3-41 shows the reactivity classification breakdown for
omobile exhaust organic~emissions. The substantial differences
ween this breakdown and the data in Tables 3-39 and 3-40 are
ectly attributable to the difficulty in trying to correctly weight
h of many variables. The data in the first two tables were obtained
m a small number of automobiles under laboratory conditions, whereas
data in Table 3-41 was obtained from a truer cross section of

:omobile types, under actual driving conditions.

iporative Emissions From Light Duty Gasoline Powered Motor Vehicles

There are two significant sources of evaporative emissions from
~omobiles. (Fuel tank filling and gasoline. spillage were reported
gasoline marketing emissions). The first is fuel tank "breathing".
janics are emitted by this process due to changes in the temperature
the fuel tank in a manner similar to that that occurs in underground

ioline storage tanks. The other major source is evaporation of gas­
ne from the carburetor bowl after the engine is turned off but while

! carburetor and surrounding areas are still warm. Evaporation from

~ carburetor is 1imited to the so-ca11 ed "heat soak" peri od after the
~ine has been turned off. Vent gases from the .carburetor bowl are
Jted into the engine while it is running, I16].

The ratio of the amounts of organics emitted from each of these
J sources varies strongly with the ambient temperature. As shown in
~ure 3-1 below about 80oF, evaporation from the carburetor predominates,
ile above that temperature fuel tank breathing is the major contributor.
nilarly, Figure 3-2 shows that ata temperature below about gOOF, a very
rge fraction of the total automotive emissions (the sum of evaporative
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TABLE 3-41 COMPOSITION OF THE ORGANICS EMITTED IN THE EXHAUST FROM LIGHT DUTY GASOLINE POWERED VEHICLES [43J

MOLE %

W
I

U"1
U"1

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns 14 Mono-tert-a 1kyl C4+-pa ra ffi ns 30 Prim-& sec-alkyl Aliphatic olefins 20
benzenes benzenes 6

Acetylene 11 Cycloparaffins a-methyl styrene
Cyc1i c ketones Oial kyl benzenes 13

Benzene 3 Alkyl acetylenes Ali phati cal dehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes 3

Acetone N-a1kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Oiacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cell osol yes

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 28 TOTAL CLASS I I J 0
TOTAL CLASS I II T30 TOTAL CLASS IV

1
19 TOTAL CLASS V I 23

For complete composition data see Table B-15.
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Figure 3-1 Change in the Relative Emissions from the Carburetor
and Fuel Tank with Ambient Temperature, I16J.

00

80

60

40

Evaporative Emissions
Exhaust Emissions

20

20 40 60 80 100
Ambient Temperature, of

, Values interpolated from the 45° and 70°F data

Figure 3-2 Change in the Relative Emissions from Evaporative
Sources and Exhaust Gases with Ambient Temperature, [42J.
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and exhaust emissions) are attributable to exhaust emissions, whereas
above that temperature, the evaporative emissions begin to predominate.
These data were estimated from 16 automobiles whose model years encompass
approximately the years 1967-1969, [42].

Because of these factors it was necessary to estimate the yearly
average temperature in the Los Angeles area. For this purpose~ an

annual average temperature of 600 F was chosen. This temperature is
normal for that area, and it was assumed that 1972 was a normal year

as far as average temperature is concerned, [18], [19]. Note that this
temperature is used in two ways, (1) to determine the ratio between the
mass of the evaporative emissions originating at the fuel tank and those
originating at the carburetor, and (2) to determine the composition of

the fuel tank emissions which varies with temperature (the composition
of the emissions from the carburetor are not temperature dependent since
it is assumed that whole gasoline is evaporated). Further note that the
selection of this temperature in no way affects the estimate of the mass
of hydrobarbons emitted; the mass emissions estimates were arrived at by
an entirely different method (see Section 2.0).

In order to estimate the composition of the hydrocarbon mixture
emitted due to fuel tank breathing, a determination of the average fuel
tank temperature had to be made. This was done by adding 100 to the
ambient temperature since the actual temperature of the fuel

tank would be expected to run slightly higher than ambient due to
'agitation of the liquid, heat transmission from the warm parts of,
the car, etc., [16].

Table 3-42 shows a breakdown of the relative amounts of hydrocarbons
emitted from both evaporative and exhaust souces.

Table 3-43 shows the data obtained from measurements of the equili­
brium vapor over liquid gasoline at 79-80dF. Although these temperatures
are about 100 hi gher than the expected temperatl:.·e at whi ch tank breath-
ing losses occur, it was assumed the composition of the equilibrium
vapors does not vary significantly between the two temperatures and that
the higher temperature data would give a sufficiently accurate representa­

tion of the true composition. The same table also shows how the composition
of the equilibrium vapors does vary between 79-800 F and 850F, the only
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TABLE 3-42 RATIO OF EVAPORATIVE TO EXHAUST ORGANIC
EMI SS IONS [16 J

jOF

Carburetor
Fuel Tank
Exhaust

)oF *
Carburetor
Fue1 Tank
Exhaust

1°F
Carburetor
Fuel Tank
Exhaust

Weight %Relative to
Evaporative Hydrocarbon

Emissions

78.0
22.0
850

67.4
32.6
550

60.4
39.6
350

Weight %Relative to Sum of
Evaporative and Exhaust Organic
Emissions

9.2
2.6

88.3

14.2
7.9

78.0

17.5
11.4
71.1

~ See Figures 3-1 and 3-2;Interpolated between 45° and 70°F

TABLE 3-43 EQUILIBRIUM VAPORS OVER LOS ANGELES AREA
GASOLINES [14]

Regular Grade Gasoline, Premium Grade Gasoline,
Mole % ~101e %

800 F 85°F 79°F 85°F

ass I 5 5 3 2
ass II 0 0 0 0
ass III 66 67 78 80
ass IV 3 2 4 3
ass V 26 26 15 15

100% --roo% 100% 100%

)r addi"tional composition data see Tables B-2 through B-7.

3-58



two temperatures for which data of this type are available. Note that,
although the composition varies considerably between regular and premium
grades, the variation in the composition with temperature for each grade
is small.

In order to estimate the composition of the hydrocarbon emissions
from the heat soaking of the carburetor, it was assumed that the emissions
were best represented by assuming that whole gasoline was evaporated, I15J,
[45J. This seems reasonable in light of the fact that the gasoline in the
carburetor bowl is subjected to high temperatures for a relatively long
period of time.

Table 3-44 shows the composition, by class, of the organic emissions

expected from the carburetor and fuel tank.

Composition data on total automotive evaporative emissions is
presented in Table 3-45. This data is weighted to account for two para­
meters: (1) about 1/3 of evaporative emission originates from the car­
buretor and 2/3 from the fuel tank and, (2) approximately 30% of the
gasoline involved in these emissions was regular grade and 70% was
premium grade, [15J, [16J. (The fraction of regular grade gasoline con­
sumed increased after 1972 until in early 1975 it accounted for about 45%
of the gasoline sold; this trend is expected to continue as increasing
numbers of automobiles are sold that burn regular grade gasoline, [15J.

3.4.2 Heavy Duty Gasoline Powered Vehicles

Exhaust Emissions from Heavy Duty Gasoline Powered Motor Vehicles

The vehicles in this category consist primarily of large trucks and
buses. Since no information regarding the composition of the hydrocarbons
emitted by this type of vehicle was available, it was assumed that the
composition was identical to that for light duty vehicles (cars and light
trucks). Since there is no fundamental difference between the engines and
fuel used by these types of vehicles, the assumption seems to be a reason-

able one.

Therefore, the hydrocarbon composition breakdown for heavy duty gaso­

line powered vehicles shown in Table 3-46 is identical to that for11~nt

duty vehicles.



TABLE 3-44 COMPOSITION OF HYDROCARBON EMISSIONS FROM
AUTOMOBILE CARBURETORS AND FUEL TANKS [16J

Carburetor(a,b)
%of Total (c)

Fuel tank(d,b)
%of Total (c)

Evaporati ve Evaporative
Emissions Emissions Emissions Emissions

lSS I 5 3
ISS I! 0 0
ISS II! 50 67%(e) 75 33%(e)

lSS IV 30 4
lSS V 15 18

Composition data based on evaporation of whole gasoline, [15J, [45J·

Weighted to represent 30% regular grade and 70% premium grade gasoline,[lSJ, [16J.

Based on emissions from 16 automobiles using premium grade gasoline,[42J.

Composition data for equilibium vapor over whole gasoline at 790-80oF, [14J.

Average annual ambient temperature estimated to be 60oF, [18J, [19J.

:vaporative Emissions from Heavy Duty Gasoline Powered Vehicles

Since the fuels and fuel systems used in heavy duty gasoline powered
'ehicles are fundamentally the same as that for light duty vehicles, the
!vaporative emissions were presumed to be identical to those from light
luty vehicles.

Table 3-47 shows the composition of the evaporative emissions from
leavy duty gasoline powered vehicles.

1.4.3 Other Types of Gasoline Powered Equipment

:xhaust Emissions from Other Types of Gasoline Powered Equipment

As in the case of heavy duty gasoline powered vehicles, a lack of
lther information made it necessary to assume that the composition of
:he exhaust emissions from other types of gasoline powered equipment
motorcycles, chain saws, etc.) is the same as that for light duty motor
'ehi cl es.
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TABLE 3-45 COMPOSITION OF THE EVAPORATIVE EMISSIONS FROM LIGHT DUTY GASOLINE POWERED VEHICLES [14], [16J, [42J

MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns 1 Mono-tert-a 1kyl C4+-paraffins 57 Prim-& sec-alkyl Aliphatic olefins 13
benzenes benzenes 9

Acetyl ene Cycloparaffins 1 a-methyl styrene
Cyc1i c ketones Di alkyl benzenes 12

Benzene 4 Al kyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza 1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes 3

Acetone N-a 1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a 1kyl
acetates Cellosolve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrro1 idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 5 TOTAL CLASS II j 0 TOTAL CLASS III I 58 TOTAL CLASS IV I 21 TOTAL CLASS V
1

16

Wei ghted to represent: (1) 67% carburetor, 33% fuel tank emissions;
(2) 30% regular, 70% premium grade gasolines.
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MOLE %

CLASS I CLASS II CLASS I II CLASS IV CLASS V

C
l
-C

3
paraffi ns 14 Mono-tert-a 1kyl C4+-pa ra ffi ns 30 Prim-& sec-alkyl Aliphatic olefins 20

benzenes benzenes 6
Acetylene 11 Cycloparaffins a-methyl styrene

Cyc1i c ketones Dialkyl benzenes 13
Benzene 3 Alkyl acetylenes Aliphatic aldehydes

Tert-a1kyl acetates Branched alkyl
Benza1dehyde Styrene ketones Tri -& tetra-alkyl

2-ni tropropane benzenes 3
Acetone N-a1kyl ketones Prim-& sec-alkyl

alcohol s Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-al kyl

acetates Cell oso1ye acetate Di acetone a1coho1
Phenyl acetate . N-methyl pyrrol idone Partially halogenated Ethers
Methyl benzoate olefins

N,N-dimethyl Ce11 oso1yes
Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

:

TOTAL CLASS I I 28 TOTAL CLASS I I
J

0 TOTAL CLASS II I I 30 TOTAL CLASS IV I 19 TOTAL CLASS ,V I 23



TABLE 3-47 COMPOSITION OF THE EVAPORATIVE EMISSIONS FROM HEAVY DUTY GASOLINE POWERED VEHICLES [14J, [16J, [42J

MOLE %

W
I

0"1
W

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C 3 paraffins 1 Mono-tert-a1kyl C4+-paraffins 57 Pri m-& sec-a1kyl Aliphatic olefins 13
benzenes benzenes 9

Acetyl ene Cycloparaffins 1 a-methyl styrene
Cyc1 i c ketones Di alkyl benzenes 12

Benzene 4 Alkyl acetylenes Al iphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes 3

Acetone N-al kyl ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl am; nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraHi ns

:

TOTAL CLASS I I 5 TOTAL CLASS II j 0 TOTAL CLASS II I I 58 TOTAL CLASS IV I 21 TOTAL CLASS V
1

16
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CLASS I CLASS I I CLASS II! CLASS IV CLASS V

Cl -C3 paraffi ns 14 Mono-tert-a 1kyl C4+-paraffi ns 30 Prim-& sec-alkyl Aliphatic olefins 20
benzenes benzenes 6

Acetylene 11 Cycloparaffins a-methyl styrene
Cyclic ketones Di aI kyl benzenes 13

Benzene 3 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched aI kyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 3

Acetone N-a 1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a1kyl
acetates Cell oso I ve acetate Di acetone a1cohoI

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate 01 efins
N. N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha I ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 28 TOTAL CLASS I I
J D TOTAL CLASS I I! I 30 TOTAL CLASS IV

1
19 TOTAL CLASS V I 23
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TABLE 3-49 COMPOSITION OF THE EVAPORATIVE EMISSIONS FROM OTHER GASOLINE POWERED EQUIPMENT [14], [16], [42]

MOLE %

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 1 Mono-tert-a 1kyl C4+-paraffi ns 57 Prim-& sec-alkyl Aliphatic olefins 13
benzenes benzenes 9

Acetylene Cycloparaffins 1 a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes 12

Benzene 4 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 3

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-a1ky1
acetates Ce110s01ve acetate Diacetone alcohol

Phenyl acetate
N-methy1 pyrro1 idone Partia11y halogenated Ethers

Methy1 benzoate olefins
N,N-dimethy1 Ce11 0501 yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 5 TOTAL CLASS II ! 0 TOTAL CLASS I II I 5B TOTAL CLASS IV I 21 TOTAL CLASS V
1

16



Table 3-48 shows the assumed composition of the organics emitted
in the exhaust from other types of gasoline powered equipment.

Evaporative Emissions from Other Types of Gasoline Powered Equipment

Since the fuels burned by other types of gasoline powered equipment
are similar to the fuels burned by light duty gasoline powered motor
vehicles, the assumption was made that the composition of the evaporative
emissions was the same.

Table 3-49 shows the estimated composition of the organics emitted
due to evaporation from other types of gasoline powered equipment.

3.4.4 Diesel Powered Vehicles

A very comprehensive study of diesel emission composition data has
been conducted, in which the authors, by critically evaluating available
data, were able to compile a detailed picture of diesel emissions, [46].
The list shown in Table 3-50 (essentially taken directly from that
reference) was compiled by considering 2- and 4-cycle diesel engines at
a variety of loads and burning a variety of diesel fuels.

It is interesting to note in Table 3-51, that the paraffin component of
the exhaust is very similar to the paraffin component of typical diesel
fuels. It has, in fact, been found that the composition of diesel fuel
is quite similar to diesel exhaust except for low molecular weight com­
ponents, [47] (for example, there is no methane in diesel fuel).

When these composition estimates are put into the 2-class reactivity
scheme, the emissions are shown to be 1167% reactive~ (by weight). This
dif~ers substantially from the 99% value which is generally used. It is
not clear why this is so, although the basis for the lower value is well
documented, in this report, and the basis for the higher value is,
apparently, not well documented. Since the basis for the 67% value is
clear, it seems reasonable to assume that it is the more correct.
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TABLE 3-50. DIESEL ENGINE EXHAUST HYDROCARBON
COMPOSITION [46]

Actual or
Estimated Volume %

Carbon Compound or Molecular (Assumed to
Number Compound Type Weight Equal Mole %)

C1 Methane 16 10.8

C2 Acetylene 26 2.2
C2 Ethylene 28 19.4
C3 Propylene 42 3.6
C4 Isobutene 56 1.4
C5 Pentene 70 0.6

C6 Hexane 86 0.0
C6 Benzene 78 0.0
C7 Heptane 100 0.2
C7 Toluene 92 0.2

C * Saturate 114 0.08
C * Olefin 112 0.08
C * Aromatic 106 0.08

C9 Saturate 128 0.9
C9 Olefin 126 0.1
C9 Aromatic 120 0.2

ClO Saturate 142 1.2
ClO Olefin 140 0.1
ClO Aromatic 128 0.3

Cll Saturate 156 2.3
C11 Olefin 154 0.1
Cll Aromatic 142 0.6



TABLE 3-50. DIESEL ENGINE EXHAUST HYDROCARBON
COMPOSITION [46J (Continued)

Actual or
Estimated Volume %

Carbon Compound or Molecular (Assumed to
Number Compound Type Weight Equal Mole %)

C12 Saturate 170 3.8
C12 Olefin 168 0.2
C12 Aromatic 156 0.9

C13 Saturate 184 2.9
C13 Olefin 182 0.2
C13 Aromatic 170 0.7

C14 Saturate 198 2.9
C14 Olefin 196 0.2
C14 Aromatic 184 0.7

C15 Saturate 212 2.5
C15 Olefin 210 0.1
C15 Aromatic 198 0.6

C16 Saturate 226 2.1
C16 Olefin 224 O. 1
C16 Aromatic 212 0.4

C17 Saturate 240 1.4
C17 Olefin 238 0.1
C17 Aromatic 226 0.4

C18 Saturate 254 1.1
C18 Olefin 252 0.1
C18 Aromatic 240 0.3
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TABLE 3-50. DIESEL ENGINE EXHAUST HYDROCARBON
COMPOSITION [46] (Continued

Actual or
Estimated Volume %

Carbon Compound or Molecular (Assumed to
Number Compound Type Weight Equal Mole %)

C19 Saturate 268 0.8
C19 Olefin 266 0.0
C19 Aromatic 254 0.2

C20 Saturate 282 0.8
C20 Olefin 280 0.0
C20 Aromatic 268 0.2

C2l Saturate 296 0.4
C2l Olefin 294 0.0
C2l Aromatic 282 0.1

C22 Saturate 310 0.2
C22 Olefin 308 0.0
C22 Aromatic 296 0.0

Cl Formaldehyde 30 15.2

C5 Alphatic Aldehydes 86 15.2
(Average Composition
assumed to be C5)

C3 Acrolein (Propene 56 1.2
Aldehyde) 100%

*For Caand higher hydrocarbons the following distribution was assumed by
Ref.[46], 77% saturates, 4% olefins, and 19% aromatics, all volume %.

+ Two-ring systems assumed for G10 and higher aromatics
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TABLE 3-51. COMPARISON OF DIESEL FUEL COMPOSITION
AND THE COMPOSITION OF DIESEL EXHAUST
HYDROCARBONS

W
I

.......
o

Weight %

Compound Diesel Fuel
Type Composition, [48]

Paraffins 60-85 %

Straight Chain
and Branched 30-40 %
Paraffins

Napthenes 25-45 %

Olefins 1-10 %

Aromatics 15-40 %

Diesel Exhaust
Hydrocarbon

Composition, [46]

85% (a)

14 % (b)

1 % (c)

(a) Molecular weight assumed to be 140
(b) Molecular Weight 41
(c) Molecular weight assumed to be 180



TABLE 3-52. ORGANIC COMPOSITION OF THE EXHAUST FROM DIESEL POWERED VEHICLES [46J

MOLE %

W
I

'-J.....

CLASS I CLASS I I CLASS III CLASS IV CLASS V

Cl -c3 paraffi ns 11 Mono-tert-a1kyl C4+-paraffins 24 Prim-& sec-alkyl Aliphatic olefins 27

2
benzenes benzenes 1

Acetylene Cycloparaffins a·methyl styrene
Cyclie ketones Dialkyl benzenes 5

Benzene Alkyl acetylenes Aliphatic aldehydes 30
Tert-alkyl acetates Branched aI kyl

BenzaIdehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a I kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a I kyl
acetates Cellosolve acetate Di acetone aIcoho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

MethyI benzoa te olefins
N,N-dimethyl Cellosolves

EthyI ami nes acetamide

Dimethyl formamide

Methanol

PerhaIogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 13 TOTAL CLASS I I
J

0 TOTAL CLASS II I I 24 TOTAL CLASS IV I 6 TDTAL CLASS V I 57



The composition data are presented in the 5-class reactivity format
1 Table 3-52.

As shown in Table 1-3, the photochemical reactivity of diesel exhaust
considerably higher than of gasoline powered vehicle exhaust. This is

le effect of, primarily, a higher fraction of class V compounds, as shown
1 Tabl e 3-53. Thi s seems to confl i ct with the generally held vi ew that
iesels are IIcleanerli than conventional power plants. However, Table 3-54
lOWS that although the reactivity of diesel exhaust is higher than that
= gasoline powered vehicles, the mass emission rate, on a per mile basis,
; much lower.

TABLE 3-53. COMPARISON OF THE ORGANIC EMISSIONS
FROM GASOLINE AND DIESEL POWERED
VEHICLES *

Mole %

Gasoline Diesel

Class I 28 0

Class II 0 0
Class III 30 24
Class VI 19 6
Class V 23 57

ee Table 1-3

TABLE 3-54. COMPARISON OF THE MASS HYDROCARBON
EMISSION RATES FROM DIESEL POWERED
VEHICLES AND GASOLINE POWERED
PASSENGER CARS [49]

Hydrocarbons
Forma1dehyde
Aliphatic Aldehydes
(as CH20)
Acrolein

Di ese1 (gm/mi)

0.29
0.015

0.020
0.013
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2.68
0.075

0.082
0.060



3.4.5 Aircraft

Jet Aircraft

The organic emission characteristics of gas turbine (jet) powered
aircraft are unusual in two major respects. First, the organic emission
rate (lbs/hr) is highest at the lowest fuel flow rate, whereas for most
combustion devices the reverse is most often true, [50], [51]. Second,
the low power, idle mode is used for the majority of the time the engines
are running and the aircraft is in the Los Angeles basin.

Table 3-55 shows the relative emission rates and the time in each
operating mode for a typical landing-takeoff cycle, [52]. According to
the table almost all of the emissions occur during the taxi-idle portion of
the cycle. This indicates that hydrocarbon composition data obtained at
the idle power setting would be a very good approximation of the composition
of the total hydrocarbons emitted by gas turbine engines during the time
that the aircraft is in the air basin. This period excludes most of the
climb and approach and all of the cruise portion of the flight.

TABLE 3-55 FRACTION OF HYDROCARBON EMISSIONS OCCURRING
IN EACH OPERATING MODE

Mode
Relative Emission' Minutes in Each %of Total* Organics
Rate, [53J Mode, [52J Emitted in-Each

Operating Mode

Taxi-idle
Takeoff-climbout
Approach

16.2

1.2

1.0

26

3

4

98%

1%
1%

100%

* These percentages apply to the organic emissions occurring in
the vicinity of the airport and consequently excluded emissions
that occur during the high altitude, en route phase of the flight.
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Table 3-56 shows the distribution of organics in the exhaust of
i turbine engine. These data are assumed to be representative of gas
turbine engines in general since it is known that the composition of
the hydrocarbons tend not to vary substantially from turbine to turbine,
[50J, although the mass emission rate does, [54J. Note that the hydro­
:arbons are distributed only by carbon number (i.e., number of carbon atoms
in the molecule and not by compound type). The overall mole fraction of
ildehydes are, however, shown. This set of data was chosen in the absence
)f any definitive hydrocarbon emission study, [50J.

Since these data are the most detailed available, it was necessary to
nake a working approximation of the composition of the compounds associated
~ith each carbon number. These approximations were made on the basis of
~hat seemed reasonable; there is, however, no data available to verify them.
rhese approximations are shown in Table 3-57. Note that in all three cases,
:he total aldehyde fraction nearly matches the measured values as shown in
rable 3-56. Table 3-58 shows the variation in hydrocarbon emissions for
~ach class of compounds with variation in operating mode.

TABLE 3-56. DISTRIBUTION OF THE ORGANICS IN GAS TURBINE
EXHAUST, [53J

Mole %of Total Organi~

ARBON NUMBER IDLE TAKEOFF APPROACH

1 n n n2 11 3 5
3
4 n 1

} 5 n5 11 3 5
6 1
7 8 1 7
8 7 13 14
9 11 38 6 33 2 33

10 12 13 10
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TABLE 3-56. DISTRIBUTION OF THE ORGANICS IN GAS TURBINE
EXHAUST [53] (Continued)

11 9 \ 5 5
12 8 4 4
13 7 4 3

14 5 5 4
15 3 40 3 59 4 57
16 2 3 3

17 1 4 4
18 1 3 3
19+ 4 30 27

I

Wei ght % Aldehydes
relative to total 10% 30% 57%
hydrocarbons

Relative mass 16.2 1.2 1.0
emission rate

TABLE 3-57. APPROXIMATE DISTRIBUTION OF ORGANIC TYPES
BY CARBON NUMBER CATEGORY

Mole %
Carbon Number Type of Taxi-idle Takeoff Appro"ach -

Category Compounds Mode Mode Mode

Paraffins 7 2 1

1-3 Acetylene 1 0 0
01efins 2 0 1
Aldehydes 1 1 3

Paraffins 7 2 1

4-6 01efins 2 1 0
A1 dehydes 1 2 3
Benzene 1 0 1
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TABLE 3-57. APPROXIMATE DISTRIBUTION OF ORGANIC TYPES BY
CARBON NUMBER CATEGORY (Continued)

Paraffins 19 17 17

Olefins 7 7 3

7-10 Aldehydes 4 3 7
Primary and 4 3 3
Secondary al kyl
benzenes

Di alkyl Benzene 4 3 3

Paraffins 12 6 23
Olefins 8 12 6
Aldehydes 4 17 17
Mono.Tertiary A 6 0
benzene

11+ Primary and 4 6 5
Seconday alkyl
benzenes

Dialkyl benzenes 4 6 6
Tri-and Tetra-alkyl
benzenes 4 6 0

100% 100% 100%

TABLE 3-58 VARIATIONS IN THE COMPOSITION OF THE ORGANIC
EMISSIONS FROM GAS TURBINE (JET) AIRCRAFT 'ENGINES
WITH POWER SETTING [53]

Taxi-idle mode Takeoff-Climbout mode Approach mode

Class I 9 2 2
Class II 4 6 0
Class III 38 25 41
Class IV 16 18 17
Class V 33 49 40

1"00% 100% 100%
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Table 3-59 shows the composition of gas turbine exhaust organics.
These data were derived from Table 3-57 and weighted to account for
the fraction of time spent in each operating mode. Note that the
aliphatic aromatic ratio is about two to one, which agrees well with
data from two other jet engines at a total of five different power
settings, [50J.

Although the fuels used in diesels and jet engines are chemically
similar, it would be expected that the composition of the exhaust hydro­
carbons would be substantially different due to the fundamental differences
in the combustion precesses. In a diesel engine the fuel can continue
to burn for some time after the combustion products leave the combustion
cylinder. This would tend to result in lower molecular weight hydrocarbons
being emitted since the combustion would be more complete. In a gas turbine,
however, the hot combustion products must be cooled prior to passing through
the turbine blades. This is done by quenching the exhaust gases with
several volumes of relatively cool ambient air. Since this lowers the
temperature well below the temperature at which combustion can occur, com­
bustion effectively stops.

Piston Aircraft

Since reciprocating aircraft engines are fundamentally similar to
gasoline powered automobile engines, and since the fuel burned is similar,
it is expected that the composition of the hydrocarbons emitted would,
likewise, be similar. However, since aircraft engines are not subject to

emission controls, if automotive emissions were to be used to model air­
craft emissions, the lack of such controls had to be considered.

The organic composition data presented in Table 3-60 is the same as
that for an uncontrolled automobile engine, [55J. Since reciprocating aircraft
engines contribute a very small fraction of the total hydrocarbon emissions,
the effect of any errors that result from using the automotive approximation
is also small.
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TABLE 3-59 ORGANIC HlISSIONS FROM GAS TURBINE ENGINES

MOLE %

L~UJ, L~~J

W
I

.......
(X)

CLASS I CLASS I I CLASS II I CLASS IV CLASS V

C1-C3 paraffins 7 Mono-tert-a1ky1 C4+-paraffins 38 Prim-& sec-a1 ky1 Aliphatic olefins 19
benzenes 4 benzenes 8

Acetylene 1 Cycloparaffins a-methyl styrene

1
Cyc1i c ketones Dia1ky1 benzenes 8

Benzene Alkyl acetyl enes Aliphatic aldehydes 10
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-al ky1
2-ni tropropane benzenes 4

Acetone N-a 1ky1 ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1ky1 alcohol s Prim-& sec-a1kyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl aceta te
N-methyl pyrrol1done Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 9
TOTAL CLASS I I j 4 TOTAL CLASS I I I I38 TOTAL CLASS IV I 16 TOTAL CLASS V I 33

For additional data see Tables B-16 through B-18.
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TABLE 3-60 COMPOSITION OF THE ORGANICS EMITTED IN PISTON AIRCRAFT ENGINE EXHAUST (AS
APPROXIMATED BY UNCONTROLLED AUTOMOTIVE EMISSIONS) [55]

CLASS I CLASS I I CLASS III CLASS IV CLASS V

C1-C3 paraff1 ns 20 Mono-tert-a1ky1 C4+-paraff1ns 22 Pr1m-& sec-alkyl Aliphatic olef1ns 31
benzenes benzenes 6

Acetylene 12 Cyc1oparaff1ns 1 a-methyl styrene
Cyc1i c ketones D1a1ky1 benzenes 4

Benzene 2 Alkyl acetylenes Aliphatic aldehydes
Tert-a1ky1 acetates Branched a1 kyl

Benza1dehyde Styrene ketones Tr1-& tetra-alkyl
2-n1 tropropane benzenes 2

Acetone N-a 1ky1 ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1ky1 alcohols Pr1m-& sec-a1 ky1
acetates Ce11oso1ve acetate D1acetone alcohol

Phenyl acetate
N-methy1 pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Celloso1ves

Ethyl ami nes acetamide

Dimethyl formam1de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 34 TOTAL CLASS II
J

0 TOTAL CLASS III I 23 TOTAL CLASS IV I 10 TOTAL CLASS V I 33



) DATA SUMMARY

The data presented in this chapter are subject to some limitations
ich should be well understood before they are used for any other

rposes:

• The data, in the strictest sense, apply only to the Los Angeles
AQCR; how the composition of the emissions from each source type
vary from one region to another is not known.

• Some of the composition data are quite old.

• Some of the data are estimates and not actual test results.

Tables 3-61 through 3-63 summarize the organic composition data for
Class, 5-Class and 6-Class reactivity schemes. In the 2-Class scheme,
= mole percent of compounds from stationary sources that fall in Class I
1reactive) range from 0% to 100%. If the dry cleaning and degreasing
tegori es are omi tted, the range is 4% to 90%. (The emi ss ions from
{ cleaning and degreasing are unusual in that they are very simple
<tures which contain only one or two classes of compounds). Conversely,
= reactive components comprise 10% to 96% of the total on a mole basis.
=re does not appear to be any valid generalization regarding the fraction
the hydrocarbons that are reactive for stationary sources.

The reactive mole fraction for mobile sources ranges from 67% to
~. The range for exhaust emissions from gasoline powered vehicles and
Jipment and diesel powered vehicles is 72% to 87% reactive mole fraction.

In the summary of the 5- and 6- Class schemes, the most notable
~ture is the very small fraction of compounds, from all sources, that
11 into Class II of these schemes.

The mole fraction of methane for all sources varies from 0% to 78%
th the exception of petroleum production, fuel combustion, and waste
~ning, the maximum fraction is 11%. The result is, that with the
:eption of these three source types, there are only very small differences
tween the 5- Class and the 6- Class reactivity schemes.
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TABLE 3-61 DISTRIBUTION OF ORGANIC COMPOUNDS IN A
2-CLASS REACTIVITY SCHEME

Mole %
SOURCE CATEGORY
STATIONARY SOURCES - FUELS AND
COMBUSTION

Petroleum Production &Refining

Petroleum Production
Petroleum Refining

Gasoline Marketing

Underground Gasoline Storage
Tanks
Automobile Gasoline Tank Filling

Fuel Combustion

Waste Burning &Other Fires

STATIONARY SOURCES - ORGANIC CHEMICALS

CLASS I

84
11

18

4

90

74

CLASS II

16
89

82

96

10

26

Surface Coa ti ng

Heat Treated
Air Dried

Dry Cleaning

Petroleum Based Solvents
Synthetic Solvent (PCE)

Degreasi ng

TCE Solvent
1,1 ,1-T So1vent

Printing

Rotogravure
Fl exi graph i c

Industrial Process Sources

Rubber &Plastic Manufacturing
Pharmaceutical Manufacturing
Miscellaneous Chemical Manu­
facturing

MOBILE SOURCES

20 80
14 86

0 100
100 0

0 100
100 0

16 84
19 81

16 84
34 66
44 56

Light Duty Gasoline Powered Vehicles

Exhaust Emissions
Evaporative Emissions

Heavy Duty Gasoline Powered Vehicles

Exhaust Emissions
Evaporative Emissions

Other Gasoline Powered Equipment

Exhaust Emissions
Evaporative Emissions

Diesel Powered Vehicles

Ai rcraft

Jet
Diston

28
5

28
5

28
5

13

9
34

72
95

72
95

72
95

87

91
66
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TABLE 3-62 DISTRIBUTION OF ORGANIC COMPOUNDS IN A
5-CLASS REACTIVITY SCHEME

Mole %

SOURCE CATEGORY

STATIONARY SOURCES • FUELS AND COMBUSTION

Petroleum Production &Refining

Petroleum Production
Petroleum Refining

Gasoline Marketing

Underground Gasoline Storage Tanks
Automobile Gasoline Tank Filling

Fuel Combustion

Waste Burning &Other Fires

STATIONARY SOURCES - ORGANIC CHEMICALS

Surface Coati ng

Heat Treated
Air Dried

Dry Cleaning

Petroleum Based Solvents
Synthetic Solvents

Degreasing

TCE Solvent
1,1,1-T Solvent

Printing

Rotogravure
Flexigraphic

Industrial Process Sources

Rubber &Plastic Manufacturing
Pharmaceutical Manufacturing
Miscellaneous Chemical Manufacturing

~OBILE SOURCES

Light Duty Gasoline Powered Vehicles

Exhaust Emission
Evaporative Emissions

Heavy Duty Gasoline Powered Vehicles

Exhaust Emissions
Evaporative Emissions

Other Gasoline Powered Equipment

Exhaust Emissions
Evaporative Emissions

Qiesel Powered Vehicles

Aircraft

Jet
Piston

CLASS I

84
11

18
4

90

74

20
14

o
100

o
100

16
19

16
34
44

28
5

28
5

28
5

13

9
34

CLASS II

o
o

o
o
o

o

o
o

o
o

o
o

o
o

1
1
o

o
o

o
o

o
o
o

4
o

CLASS III

16
67

60
69

3

7

28
52

94
o

o
o

61
8

24
5

29

30
58

30
58

30
58

24

38
23

CLASS IV

o
8

o
9

3

50
29

5
o

100
o

23
73

7
60
18

19
21

19
21

19
21

6

16
10

CLASS V

o
14

22
18

6

16

2
5

1
o

o
o

o
o

52
o
9

23
16

23
16

23
16

57

33
33
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TABLE 3-63 DISTRIBUTION OF ORGANIC COMPOUNDS IN A
6-CLASS REACTIVITY SCHEME

Mole %
CLASS a

SOURCE CATEGORY ( CH4) CLASS I CLASS II CLASS III CLASS IV CLASS V

STATIONARY SOURCES - FUELS ANa COMBUSTION

'petroleum Production & Refinfng

Petroleum Production 64 20 a 16 a
Petroleum Refining 2' 9 a 67 14

Gasol ine Marketing

Under9round Gasol ine Stora~ Tanks 15 a 60 22
Automobile Gasoline Tank Fillin9 4 a 69 18

Fuel Combustion 78 12

Waste Burning & Other Fi.res 59 15 16

STATIONARY SOURCES - ORGANIC CHEMICALS

Surface Coating

Heat Treated 18 a 28 50
Air Oried 14 a 52 29

Dry Cleanfng

Petroleum Based Solvents a a 94
Synthetic Solvents a 100 a

Degreas; n9

TCE Solvent a a 100
1,1 ,l-T Solvent 100 a a

Printing

Rotogravure 16 61 23
Flex9raphi c 19 B 73

Industrial Process Sources

Rubber & Plastic 16 24 52
i·lan ufactlJri n9
Pharamaceutica1 Manufacturing 34 5 60 a
Mi see11 aneous Chemi ca 1 Manufacturing 44 29 18 9

MOBILE SOURCES

Light Duty Gasoline powered Vehicles

Exhaust Emissions 10 lB 30 19 23
Evaporative Emissions a 5 5B 21 16

Heavy Duty Gasoline Powered Vehicles

Exhaust Emissions 10 18 30 19 23
Evaporative Emissions a 5 58 21 16

Other Gasol ine Powered Equipment

Exhaust Emissions 10 18 30 19 23
Evaporative Emissions a 5 58 21 16

Diesel Powered Vehicles 11 24 16 57

Ai rcraft

Jet 2 7 38 16 33
Piston 1B 16 23 10 33

,
Estimated to be 1/3 of the C1 - C3 paraffin emissions for this cate90ry
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4.0 SOURCE REACTIVITY RATINGS AND
REACTIVE ORGANIC INVENTORIES

This chapter synthesizes the information presented in previous chapters
to derive source reactivity ratings and reactive emission inventories for
organic sources in the Metropolitan Los Angeles AQCR. Section 4.1 presents
source molar reactivities for each of the 2-, 5-, and 6- group reactivity
classification schemes. Section 4.2 gives corresponding source weight
reactivities. Finally, Section 4.3 combines the source reactivity ratings
with the total organic inventory to arrive at reactive organic inventories
according to the 2-, 5-, and 6- group schemes. Each section includes a
discussion of the principal features in the numerical results.

4.1 SOURCE MOLAR REACTIVITIES

Table 4-1 lists source molar reactivities for each of the 17 types of
stationary sources and 9 types of mobile sources considered in this study.
The source molar reactivities are presented for the 2-, 5-, and 6-group
reactivity classification schemes. These reactivities have been cal­
culated from the source organic composition data summarized in Table 3-63
and from the reactivity factors for the 2-, 5-, and 6-group schemes listed
in Table 1-2. It should be re-emphasized that the reactivities based on

the 5- and 6-group schemes are relative, and that the scales for these
schemes have been chosen such that auto exhaust retains the same absolute
rating for all three classification schemes.

Several features of Table 4-1 deserve special comment. The most
important result is that molar reactivities are fairly uniform among
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TABLE 4-1. SOURCE MOLAR REACTIVITIES FOR THE
2-, 5-, AND 6- GROUP SCHEMES

SOURCE MOLAR REACTIVITIES

2-GROUP 5-GROUP 6-GROUP
SOURCE CATEGORY SCHEME SCHEME SCHEME

STATIONARY SOURCES: ORGAN IC FUELS
ANO COMBUSTI ON

Petroleum Production and Refinin9

Petro 1eum Producti on .16 .19 .12
Petro1eum Refi ni n9 .89 .71 .71

Gasoline Marketing

Underground Servi ce
Station Tanks .82 .71 .71

Auto Tank Fi 11 i ng .96 .78 .79

Fuel Combustion .10 .20 .12

Waste Burning & Fires .26 .37 .32

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coating

Heat Treated .80 .70 .70
Air Dried .86 .69 .69

Dry Cleaning

Petroleum Based Solvent 1.00 .66 .66
Synthetic Solvent (PCE) .00 .10 .10

Degreasi ng

TCE Solvent 1. DO .95 .95
l,l,l-T Solvent .00 .10 .10

Pri nti ng

Rotogravure .84 .62 .ti2

Flexigraphic .81 .76 .76

Industrial Process Sources

Rubber & Pl asti c Manf. .84 .97 .98
Pharmaceuti ca1 Manf. .66 .64 .64

Misce11 aneous Operations .56 .53 .53

MOBILE SOURCES

Gasoline Powered Vehicles

Light Duty Vehicles

Exhaust Emissions .72 .72 .72
Evaporati ve Emi ssi ons .95 .80 .80

Heavy Duty Vehicles

Exhaust Emissions .72 .72 .72
Evaporati ve Emi ssi ons .95 .80 .80

Other Gaso1i ne Powered Equi pment

Exhaust Emissions .72 .72 .72

Evaporative Emissions .95 .80 .80

Diesel Powered Motor Vehi cl es .87 1.02 1.01

Aircraft

Jet .91 .88 .88

Piston .66 .74 .72

WEIGHTED AVERAGE \J.70 0.66 0.66
OF ALL SOURCES
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most of the source types. Twenty- one of the 26 major source types have
molar reactivities in the range .66 to 1.00 for the 2- group scheme, .62
to 1.02 for the 5-group scheme, and .62 to 1.01 for the 6-group scheme.

Only five types of sources have very low molar reactivity: petroleum
production, fuel combustion, waste burning &fires, synthetic dry cleaning
solvent (PCE), and 1,1 ,l-T degreasing. Each of these categories have large
fractions of emissions in Class I of the reactivity classification scheme.

The reason for the general uniformity is that the emissions from
many sources tend to consist largely of compounds in Classes III and IV of

the reactivity classification scheme (See Table 3-63). This provides for
a general homogeneity of source molar reactivities. The fractions which
tend to occur in Classes 0, I and V lead to some deviations in individual
source reactivity ratings, but these deviations are not very great (with
the five exceptions noted above).

Another significant feature of the source molar reactivity listing
is that the reactivities for the 5-group and 6-group schemes are nearly
identical. The reader is reminded that the difference between the 5-group
and 6-group schemes is that methane is assigned a molar reactivity of .1
in the 5-group scheme but is assigned zero reactivity in the 6-group
scheme. Basically, the only sources which are affected by this change are
petroleum production, fuel combustion, and waste burning &fires.
Methane is a significant portion of the emissions from each of these three
source types.

Relative source molar reactivities are significantly different for
the 2-group and 5-group schemes. The 5-group rating has been calibrated so

that light duty vehicle exhaust (.72) is the same in each scheme. Ratings
for other gasoline engines, degreasing solvents, pharmaceutical manufacturing,
and miscellaneous chemical manufacturing also remain about the same for each
scheme. However, relative reactivity ratings with the 5-group scheme are
significantly lower than with the 2-group scheme for sources involving
evaporated gasoline, surface coatings, petroleum dry cleaning solvent,
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and printing solvents. On the other hand, relative reactivity ratings
become greater with the 5-group scheme for petroleum production, fuel
combustion, waste burning, rubber/plastic manufacturing, diesels, and
aircraft.

4.2 SOURCE WEIGHT REACTIVITIES

Source weight reactivities (SWRk) for the k-group scheme are calculated
from source molar reactivities according to the formula,

MW . SMRk
SWRk = ---.;e:..:-~;,..,w~_-

where

SMRk = the (k-group) source molar reactivity of the source in question,
MWex = the average molecular weight of auto exhaust,

and MW = the average molecular weight of the source in question. The
above formula has been chosen so that auto exhaust will again have a re­
activity of .72. All other sources will have source weight reactivities
relative to auto exhaust in proportion to reactive moles per unit weight of
emissions. It should be noted that source weight reactivity for the 2-group
scheme is not the per cent by weight of reactive emissions (See Section 1.1).

Table 4-2 lists the source weight reactivities for each of the 17 ~ypes

of stationary sources and 9 types of mobile sources considered in this study.
Also listed for comparison are the source molar reactivities and the average
source molecular weights.

The source weight reactivities show about the same overall uniformity
as the source molar reactivities. For instance, the most reactive 21 of the
26 source types have weight reactivities in the range .52 to .98 for the 2­
group scheme and .60 to .92 for the 5-group scheme. Similar ranges for source
molar reactivities are .66 to 1.00 and .62 to 1.01, respectively.

As with the source molar reactivities, there is little difference between
the 5-group and 6-group schemes, with the exception of petroleum production,
fuel combustion, and waste burning and fires. Also, there again is a signifi­
cant change in relative source reactivities between the 2-group and 5-group
schemes.
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TABLE 4-2. SOURCE WEIGHT REACTIVITIES FOR THE
2-, 5-, AND 6- GROUP SCHEMES

SOURCE MOLAR REACTI VITI ES SOURcE WEIGHT REACTIVITIES

AVERAGE
2-GROUP 5-GROUP 6-GROUP MOLECULAR 2-GROUP 5-GROUP 6-GROUP

SOURCE CATEGORY SCHEME SCHEME SCHEME WEIGHT SCHEME SCHEME SCHEME

STATIONARY SOURCES: ORGANIC FUELS
ANO COMBUSTI ON

Petroleum Production and Refining

Petroleum Production .16 .19 .12 29 .38 .45 .29
Petro1eum Refi ni n9 .89 .71 .71 93 .66 .53 .53

Gasoline Marketing

Underground Servi ce .82 .71 .71 58 .98 .84 .84
Station Tanks

Auto Tank Filling . 96 .78 .79 74 .90 .73 .74

~uel Combustion .10 .20 .12 25 .28 .55 .33

Waste Burni ng & Fi res .26 .37 .32 33 .54 .77 .67

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coating

Heat Treated .80 .70 .70 82 .67 .59 .59
Air Dried .86 .69 .69 87 .68 .55 .55

Dry Cleaning

Petroleum Based Solvent LOO .66 .66 126 .55 .36 .36
Synthetic Solvent (PCE) .00 .10 .10 166 .00 .04 .04

Degreasi ng

TCE Solvent 1. DO .95 .95 132 .52 .50 .50
1,1,1-T Solvent .00 .10 .10 134 .00 .05 .05

Printing

Rotogravure .84 .G2 .62 82 .69 .52 .52

Flexigraphic .81 .76 .76 57 .98 .92 .92

Industrial Process Sources

Robber & Pl asti c Manf. .84 .97 . 98 73 .79 .92 •93
Pharmaceutical Manf. .66 .64 .64 75 .61 .59 .59
Mi see11 aneous Operations .56 .53 .53 80 .48 .46 .46

MOB ILE SOURCES

Gasol ine Powered Vehicles

Light Duty Vehi c1 es

Exhaust Emi ssi ons .72 .72 .72 69 .72 .72 .72
Evaporative Emissions . 95 .80 .80 91 .72 .61 .61

Heavy Duty Vehicles

Exhaust Emi ss ions .72 .72 .72 69 .72 .72 .72
Evaporative Emissions .95 .80 .80 91 .72 .61 .61

Other Gaso1i ne Powered Equi pment

Exhaust Emissions .72 .72 .72 69 .72 .72 .72
Evaporative Emissions .95 .80 .80 91 .72 .61 .61

Diesel Powered Motor Vehicles .87 1.02 1.01 89 .67 .79 .78

Ai rcraft

Jet .91 .88 .88 121 .52 .50 .50
Pi ston .66 .74 .72 56 .81 .91 .89

I,EIGHTED AVERAGE
OF ALL SOURCES 0.70 0.66 0.66 71 .9 0.67 0.64 0.63
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The most important feature of Table 4-2 is the difference in relative
ngs of various sources for molar vs. weight reactivities. Sources with

I average molecular weight are of lesser relative importance for weight re­
ivity. For instance, TCE degreasing solvent is one of the most reactive source
!gories according to molar reactivity but is one of the least reactive

!gories according to weight reactivity. Other sources that have weight
:tivities that are notably lower than molar reactivities are petroleum
ning, surface coating, dry cleaning, rotogravure printing, evaporative
,sions from automobiles, diesels, and jet aircraft. Sources with low average
!cu1ar weight become of greater relative importance in terms of weight
:tivity. For instance, the relative weight reactivities of petroleum
luction, fuel combustion, and waste burning &fires are more than twice
r molar reactivities. Other sources with low average molecular weights
higher weight reactivities) are underground service station tanks,

igraphic printing, and piston aircraft.

REACTIVE EMISSIONS

Reactive emissions are computed as a product of total weight emissions
s source weight reactivity. A molar reactive emission scale directly
ortiona1 to the weight reactive emission scale can be calculated by mu1ti­
ng total molar emissions by source molar reactivity. Table 4-3 presents
tive weight emissions for the 2-, 5-, and 6- group reactivity c1assifi-
on schemes. Also presented are the percentage contributions of each
ce type to total reactive emissions. Table 4-3a is in English units,
e Table 4-3b is in metric units.

Table 4-3 illustrates that the percentage contribution of some sources
ges significantly when reactivity factors are added to total organic
sions. For instance, petroleum production constitutes 2.3% of total
ht emissions but only 1.4%, 1.7%, and 1.1% of 2-,5-, and 6- group
tive emissions, respectively. Synthetic dry cleaning solvent (PCE)
rises 1.0% of total organic emissions by weight but only, 0.0%, 0.1%,
0.1% of reactive emissions for the three reactivity schemes, respectively.
1-T solvent comprises 3.6% of total organics but only 0.0%, 0.3%, or 0.3%
eactive organics. Rubber and plastic manufacturing accounts for 1.6% of

1 emissions but 1.9%,2.3%, or 2.4% of reactive emissions. Underground
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TABLE 4-3. REACTIVE EMISSION INVENTORIES FOR
THE 2-, 5-, AND 6- GROUP SCHEMES

(English Units)

TOTAL EHISSIONS REACTIVE EMISSIONS

TONS/DAY % OF TOTAL REACTI VE TONS/DAY' PERCENT OF TOTAL

2-GROUP 5-GROUP 6-GROUP 2-GROUP 5·GROUP 6-GROUP
SOURCE CATEGORY SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTION

Petroleum Production and Refining

Petroleum Production 62 2.3 24 28 18 1.4 1.7 1.1
Petroleum Refining 50 1.9 33 27 27 1.9 1.6 1.6

Gasoline Marketing

Underground Servi ce 48 1.8 47 40 40 2.7 2.4 2.4
Station Tanks

Auto Tank Filling 104 4.0 94 76 77 5.4 4.6 4.7

Fuel Combustion 23 O. g 6 13 8 0.3 0.8 0.5

Waste Burning & Fires 41 1.6 22 32 27 1.3 log 1.6

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coating

Hea t Trea ted 14 0.5 9 8 8 0.5 0.5 0.5

Air Dried 129 5.0 88 71 71 5.0 4.3 4.3

Dry Cleaning

Petrol eum Based So 1vent 16 0.6 g 6 6 0.5 0.4 0.4
Synthetic Solvent (PCE) 25 1.0 a 1 1 0.0 0.1 0.1

Degreas i ng

TCE Sol vent 11 0.4 6 5 5 0.3 0.3 0.3

1 .1 ,1-T So1vent 95 3.6 a 5 5 0.0 0.3 0.3

Printing

Rotogravure 31 1.2 21 16 16 1.2 1.0 1.0

Flexigraphic 15 0.6 15 14 14 0.8 0.8 0.8

Industrial Process Sources

Rubber & Pl asti c Manf. 42 1.6 33 39 39 1.9 2.3 2.4

Pharmaceuti cal Manf. 16 0.6 10 9 9 0.6 0.5 0.5

Miscell aneOU5 Operations 83 3.2 40 38 38 2.3 2.5 2.3

MOBILE SOURCES

Gasoline Powered Vehicles

Light Duty Vehicles

Exhaust Emi ssi ons 780 30.0 562 562 562 32.1 33.9 34.2

Evaporative Emissions 481 18.5 346 293 293 19.8 17.7 17.9

Heavy Duty Vehicles

Exhaust Emissions 285 10.9 205 205 205 11. 7 12.3 12.5

Evaporative Emissions 67 2.6 48 41 41 2.7 2.5 2.5

Other Gasol i ne Powered Egui pment

Exhaust Emi ssi ons 110 4.2 79 79 79 4.5 4.8 4.8

Evaporative Emissions 22 0.8 16 13 13 0.9 0.8 0.8

Diesel Powered Motor Vehi cl es 12 D.5 8 9 9 0.5 0.5 0.5

Aircraft

Jet 20 0.8 10 10 10 0.6 0.6 0.6

Piston 22 0.9 18 20 20 1.0 1.2 1.2

TOTAL 2604 100% 1749 1660 1641 100% 100% 100%

• To convert to reactive ton moles per day. multiply by 0.0145
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TABLE 4-3. REACTIVE EMISSION INVENTORIES FOR (continued)
THE 2-, 5-, AND 6- GROUP SCHEMES

(Metric Units)

TOTAL EMISSIONS REACTIVE EMISSIONS

METRI C % OF REACTIVE METRIC TONS/DAY' PERCENT OF TOTAL
TONS/DAY TOTAL

2-GROUP 5-GROUP 6-GROUP 2-GROUP 5-GROUP 6-GROUP
SOURCE CATEGORY SCHEME SCHEME SCHEME SCHEME SCHEME SCHEME

STATIONARY SOURCES: ORGANIC FUELS
AND COMBUSTI ON

Petroleum Production and Refining

Petrol eum Producti on 56 2.3 21 25 16 1.4 1.7 1.1

Petro1eum Refi ni ng 45 1.9 30 24 24 1.9 1.6 1.6

Gaso1i ne Marketi ng

Underground Servi ce
2.7 2.4 2.4Station Tanks 44 1.8 43 36 36

Auto Tank Fill i ng 94' 4.0 85 69 70 5.4 4.6 4.7

Fuel Combusti on 21 0.9 5 12 7 0.3 0.8 D.5

Waste Burnin9 & Fires 37 1.6 2D 29 24 1.3 1.9 1.6

STATIONARY SOURCES-ORGANIC CHEMICALS

Surface Coati ng

Heat Treated 13 0.5 8 7 7 0.5 0.5 0.5
Air Dried 117 5. a 80 64 64 6.0 4.3 4.3

Dry Cl eani ng

Petroleum Based Solvent 15 0.6 8 5 5 0.5 0.4 0.4
Sjlntheti c Sol vent (PCE) 23 1.0 a 1 1 O. a 0.1 0.1

Degreasing

TCE Solvent 10 0.4 5 5 5 0.3 0.3 0.3
1 ,1,1-T Solvent 86 3.6 a 4 4 0.0 0.3 0.3

Pri nti ng

Rotogravure 28 1.2 19 15 15 1.2 1.0 1.0
Flexigraphic 14 0.6 14 13 13 0.9 0.8 0.9

Industrial Process Sources

Rubber & Plastic Manf. 38 1.6 30 35 35 1.9 2.3 2.4
Pharmaceuti ca1 Manf. 15 0.6 9 8 8 0.6 0.5 0.5
Miscellaneous Operations 75 3.2 36 34 34 2.3 2.3 2.3

MOBILE SOURCES

Gasoline Powered Vehicles

Light Duty Vehicles

Exhaust Emissions 707 30.0 510 510 510 32.1 33.9 34.2
Evaporati ve Em; 5S; ons 436 18.5 314 266 266 19.8 17.7 17.9

Heavy Duty VEhicles

Exhaust Emissions 258 10.9 186 186 186 11.7 12.3 12.5

Evaporative Emissions 61 2.6 44 37 37 2.7 2.5 2.5

Other Gaso1 ine Powered Equipment

Exhaust Emissions 100 4.2 72 72 72 4.5 4.8 4.8
Evaporative Emissions 20 0.8 15 12 12 0.9 0.8 0.8

Diesel Powered Motor Vehiel eS 11 0.5 7 g 9 0.5 0.5 0.5

Aircraft

Jet 18 0.8 9 9 9 0.6 0.6 0.6

Piston 20 0.9 16 18 18 1.0 1.2 1.2

TOTAL 2362 100% 1586 1505 1487 100% 100% 100%

• To convert to reactlVe metelC ton moles per day, multlply by 0.0145
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service station tanks constitute 1.8% of total emissions but 2.7%.2.4%
or 2.1% of reactive 0mi5sions .

The relative contribution of exhaust emissions from gasoline engines is

not significantly affected by using reactivity criteria. The contribution

from exhaust of all gasoline engines (LDVls, HOVis, and other equipment)

is 45.1% of the total organic inventory. Using the 2-,5-, and 6- group

schemes, the contribution to reactive organics is 48.3%. 51.0% and 51.5%
respectively.

Likewise, the relative contribution of evaporative emissions from

gasoline engines (LOV's, HOVis, and other equipment) is not significantly

altered. These emissions contribute 21.9% to the total organic inventory

and 23.4%.21.0% &21.2% to reactive inventories based on the 2-,5-,
&6- group schemes, respectively.

All in all, the impact of using various reactivity criteria to compute

relative source contributions is certainly less than dramatic. Generally,
the total organic inventory is quite similar to each of the three reactive

inventories. The only notable differences occur among minor source types.

The overall similarity between the nonreactive and reactive inventories

may be a preliminary indication that a general policy of indiscriminate

control (with special considerations for only a few sources) is an appropri­
ate strategy for organics. However, it is premature to adopt this conclusion.

Chapter 6 will perform more in-depth analyses in order to determine the
costs and benefits involved in applying reactivity criteria to organic
control policy.
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5.0 EMISSION REDUCTION STRATEGIES FOR ORGANIC SOURCES

The previous chapter derived reactivity ratings for organic emission
sources in the Metropolitan Los Angeles AQCR. These reactivity ratings are
important to organic control policy because they allow a selective approach
to be taken in formulating emission reduction strategies. The present

chapter determines source emission reductions based on reactivity criteria
and compares these results to strategies based on indiscriminate control of
organics.

This chapter is organized in three sections. Section 5.1 discusses
the overall degree of reactive organic control that is required to attain
the national air quality standard for oxidant in the Los Angeles region.
It is found that substantial uncertainty surrounds present estimates for
degree of control required and that even 1-00% control of man-made sources
may not be sufficient to attain the oxidant air quality standard. An over-
all reduction of reactive organics by 90% is selected as an arbitrary target
level for the purposes of this study. Section 5.2 describes guidelines for
determining individual source emission reductions which attain a given over­
all degree of control. These guidelines include economic efficiency principles
as well as criteria which can be used when economic data are unavailable.
Section 5.3 determines emission reductions for individual organic source
categories for the Metropolitan Los Angeles AQCR. The emission reductions
are determined both for indiscriminate control and control based on reactivity
ratings.

5.1 OVERALL DEGREE OF REACTIVE HYDROCARBON CONTROL REQUIRED FOR LOS ANGELES

Considerable uncertainty surrounds the relationship between ambient
oxidant levels and precursor emission levels. This uncertainty has resulted
in an ongoing controversy concerning the percentage reduction in reactive
organic emissions that would be necessary to achieve the national ambient
air quality standard for oxidant in the Los Angeles region. On one hand,
it can be argued that background sources of reactive hydrocarbons are
sufficiently large to produce violations of the oxidant standard in Los Angeles
even if all man-made hydrocarbon sources were completely eliminated. At the
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posite extreme, it has been contended that the present new car control
ogram may attain the oxidant air quality standard in Los Angeles in the
r1y 1980·s [lJ, even though the associated reduction in total regionwide
ganic emissions will be only about 60% from 1972 levels.

In this study, it will not be possible to resolve the issue concerning

degree of reactive organic emission reduction required for Los Angeles.
~ever, to put some light on the issue, the problem will be reviewed below
ing the results of several recent oxidant air quality analyses. This
/iew will indicate that the overall reactive organic reduction for Los
~e1es should be at least 85% and probably as high as 95%.

There are several factors leading to uncertainty concerning the overall
luction in reactive organic emissions that is required to attain the
idant standard. A principal factor is the lack of a reliable modelling
thodo1ogy for relating oxidant concentrations to He and NOx precursors.
ree general modelling approaches have been followed: smog chamber simulation,
Itistica1/empirica1 analysis of aerometric data, and mathematical physico­
~mica1 modelling. Presently, each approach involves very significant
nitations. Here, the results of several empirical and smog chamber models
11 be reviewed to summarize existing evidence pertaining to the degree of
Ictive organic control needed for Los Angeles.

A second important area of uncertainty involves background levels, both
r hydrocarbons and for ozone. A very recent study indicates that about
to 13%* by weight of nonmethane organics in the Los Angeles atmosphere are

)m "geogenic" sources, [2J. The existence of this background level limits
~ oxidant reductions that can be achieved by controlling the source categories
sted in the man-made emission inventory. Existing air quality models do
t account for the background organic level.

Present air quality models also neglect background ozone contributions.
tura1 background ozone apparently occurs in the range of .01 to .06 PPM [3J,
significant level compared to the .08 PPM air quality standard. However,
~lecting background ozone in modelling the Los Angeles urban atmosphere is
)bab1y not important since NO emissions in Los Angeles tend to suppress ozone
le1s to nearly zero during the night. Before the photochemical reactions

The results of reference [2J have been mod~fie? sligh~ly by inclu~;ni d
ganic solvent and other miscellaneous contrlbutlons WhlCh were neg ec e
that study.
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begin in the morning, ozone concentrations in Los Angeles are typically less
than .01 PPM. In reviewing the modelling' studies below, background hydrocarbon
and ozone contributions will be neglected.

A third area of uncertainty in calculating required reactive organic
reductions involves the role of NOx. Ambient oxidant levels depend on
emission levels of both organics and nitrogen oxides. The degree of organic
emission reductions that is necessary to achieve the oxidant standard will
depend on the level of NOx emissions. In the analysis below, it will be
assumed that NOx concentrations will remain at 1972 levels. This assumption
appears reasonable in light of recent emission projections for Los Angeles
which indicate that the reductions in NOx from motor vehicles will be nearly
cancelled by increases in NOx from other sources during the 1970 1 s, [4J.

A final area of uncertainty involves oxidant measurement techniques.
It has been found that Los Angeles County APCD procedures yield oxidant
values that frequently differ substantially from measurements made with
EPA procedures, [5J. Some of the empirical models reviewed below use
data taken with the EPA procedure, while others use Los Angeles APCD
data. The results of the various empirical models should be standardized
to a single monitoring method. Since sufficient information to perform a
rigorous standardization is not available, the models will be used here
in their original form. Accordingly, the discrepancies in the aerometric
data base should be noted as a potential source of error in the analysis
presented below.

5.1.1 Review of Oxidant/Precursor Models

This section reviews the results of six oxidant/precursor methodologies
which have been applied to the Los Angeles region. The first four models
involve emnirical analyses of aerometric data; the last two models are based
on smog chamber simulation. Each model is reviewed specifically with respect
to the overall degree of reactive organic control that is indicated for
attaining the oxidant standard in the Los Angeles reglon. As noted above,
it will be assumed that total NOx emissions remain fixed at the 1972 level
in calculating required reactive organic reductions.

EPA Los Angeles Aerometric Model

Schuck and Papetti [6J, used the Ilupper limit" approach to analyze the

relationship between maximal one hour oxidant and hydrocarbons. They pro­
duced two types of upper limit curves for the Los Anqeles reqion. The first
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;ype, illustrated in Figure 5-1, is equivalent to the EPA Appendix J approach,
:7J, [8J. For each of the three locations listed in Figure 5-1, the solid
ine represents the upper limit of daily maximum one hour oxidant values
:hat are associated with various concentrations of 6-9 a.m. nonmethane
Iydrocarbons.* The daily maximum oxidant levels and the early morning
Iydrocarbon levels represent data taken at the same location from 1968 to
971. The dashed lines in Figure 5-1 are extrapolations of the upper
imit curves to zero based on data from other large U.S. cities which ex­
lerience lower hydrocarbon concentrations than Los Angeles.

Figure 5-2 illustrates the second type of upper limit curve derived
or the Los Angeles region. This curve gives the upper limit of daily maximal
xidant levels measured anywhere in the basin for various values of 6-9
.m. nonmethane hydrocarbons averaged over 8 stations in the basin. This
igure is based on 1971 data only.

Using Figures 5-1 and 5-2, Schuck and Papetti calculated the overall
egree of reactive hydrocarbon control needed to attain the .08 PPM oxidant
tandard in the Los Angeles region. Figure 5-1 indicated that 93% control
as required from the 1971 emission level. Figure 5-2 implied 91% control
rom the 1971 level. These levels of control were calculated by noting the
aximal oxidant level in 1971 (point A in Figure 5-2), finding the associated
aximal NMHC level (point A'), and then determining the degree of control
to point B') required to attain the ambient standard (point B). Allowing
or emission reductions which occurred between 1971 and 1972, the corresponding
egrees of control from 1972 emission levels would still be approximately
3% and 91% respectively.

To put the results of the EPA upper limit model in perspective, it is
seful to note some of the sources of error in the analysis. The following
ist summarizes the main limitations:

• The upper limit model is subject to inaccuracies in the aerometric
data base for oxidant and total hydrocarbons. Calculating NMHC
l~vels from total hydrocarbon levels introduces another source of
error.

~onmethane hydrocarbons were not actually measured as such. Rather, non­
~thane hydrocarbons were computed from total hydrocarbon measurements
:cording to the formula,

NMHC = .7 (THC-l.3).
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• The role of NOx in oxidant formation is neglected. The pr~sent

upper limit curves may no longer be appropriate if the
HC/NOx emission ratio is altered.

• Relating oxidant concentrations to 6tOO~9:00 A.M precursor concen~

trations neglects the role of post 9:00 A.M. emissions in oxidant
production.

• The EPA Appendix J approach (Figure 5-1) does not account for trans­
port. Early morning precursor and afternoon oxidant measurements
at one location are likely associated with two different air masses.
The modified approach (Figure 5-2) does account for transport,
but only in an approximate, aggregated way.

• The effect of meteorological variables is not accounted for. The
observed relationship of max oxidant to hydrocarbons may be spurious
in the sense that it may be due to· a mutual correlation with un­
accounted for meteorological variables.

• The upper limit curves are not defined in a statistically meaningful
manner. Likewise, the calculation of degree of control required
neglects statistical considerations.

Chevron Research Company Aerometric Model

Merz, Painter, and Ryason [9J used regression analysis to examine the
relationship between oxidant and early morning precursor levels at downtown
Los Angeles. They regressed max daily one hair oxidant against 6 to 9 a.m.
concentrations of NO and THC. To minimize meteorological variations, andx
therefore to minimize spurious oxidant/precursor dependencies due to mutual
interrelations with metoro1ogica1 variables, data were entered only for the
months of AUQQst, September, and October.

Using log-linear regression on three months of data for eight years
(1962-1969), they obtained the result,

NOx THC
1n OX = 2.6 + .150 1n 17.5 + .542 1n 4.6 ' (5-1)

where [OX] = pphm, [NOx] = pphm, and [THC] = ppmC.* Making the simple
assumption that 50 percent of THC is non-methane HC, they concluded that

NOx NMHC
1n OX = 2.98 + .150 1n 17.5 + .5421n 4:"6' (5-2)

This equation served as a basis for the "smog diagram ll illustrated in
Figure 5-3.

* The numerical constants, 17.5 and 4.6, are the geometric average values
for NOx and THC.
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Using the smog diagram and a statistical analysis of pollutant con­
centrations, the Chevron group calculated the degree of NMHC control that
would be required to reduce violations of the 10 pphm California oxidant
standard to less than 9 hours per year (.1% of all hours) in downtown
Los Angeles. They concluded that, for fixed NOx emissions, NMHC emissions
would need to be reduced by 93% from the levels of the late 1960's. From
1972 NMHC emission levels, which are lower than levels of the late sixties,
the corresponding degree of control would be 91%.

To reduce violations of the federal oxidant standard (8 pphm) to~
hour per year at all locations in the Metropolitan Los Angeles AQCR would
require significantly greater hydrocarbon emission control than the case
investigated by the Chevron group. As a first guess, one would expect
that 91% degree of control for the Chevron case would imply at least 95%
control for the more stringent case of attaining the federal standard in
the entire air basln.

It is interesting to note that the simple log-linear regression used
by Merz, Painter, and Ryason indicated that NOx reductions would have a
slight but beneficial impact on oxidant air quality. This is in contrast
to the results of the three models which follow in this discussion. These
three models, two based on aerometric data and one on smog chamber data,
indicate that NOx emission reductions would probably have an adverse effect
on oxidant air quality.

With three exceptions, the Chevron study involves the same limitations
as the Schuck and Papetti analysis or the EPA Appendix J analysis. These
exceptions are as follows:

t The Chevron study does include NOx as well as HC.

• The Chevron analysis minimizes meteorological interferences in
the oxidant/precursor relation by restricting input data to
three months of the year.

• In the Chevron study, the required degree of control is determined
in a more statistically meaningful manner.

California Air Resources Board Aerometric Analysis

Kinosian and Paskind [lOJ examined the relationship between oxidant and
precursors at four locations in the Metropolitan Los AngelesAQCR. They used
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ambient data for 6-9 A.M. THe and NOx concentrations and for max-hourly
oxidant concentrations measured at the same station. The data base consisted
of measurements for July through September from 1969 to 1972.
THC measurements were converted to NMHC estimates using correlations estab­

lished between THC and NMHC at two Los Angeles monitoring sites.

At each location, the data were grouped according to various early
morning HC concentrations. For each HC level, a regression was run between
oxidant levels and NOx concentrations. The resulting curves, giving expected
oxidant levels as functions of early morning HC and NOx concentrations, are
illustrated in Figure 5-4.

The results of Figure 5-4 cannot be used in a straightforward manner
to calculate the overall degree of hydrocarbon control required for the Los
Angeles Region. The curves in Figure 5-4 refer to expected max one-hour
oxidant during the summer months and not the oxidant level that would occur
(for given NMHC and NOx concentrations) under worst case meteorology (e.g.
intense sunlight, persistent inversion, etc.). However, the results of
Kinosian and Paskind can be used to obtain some insight into the level of
early morning NMHC required for standard attainment. The curves indicate
that, at a high oxidant such as Asuza, oxidant levels up to .15 PPM can
be produced by 6-9 A.M. NMHC levels of .3 PPMC. Even taking an optimistic
approach and assuming that max oxidant is proportionally related to NMHC
below .3 PPMC,* the Asuza results imply that NMHC levels of .16 PPMC or lower
would be required to attain the federal standard at that site.

Maximal 6-9 A.M. NMHC levels at Asuza were about 4 PPMC in 1972,
[10], [11]. A reduction to .16 PPMC would therefore be equivalent to

96% overall degree of control from the 1972 level. This percentage re­
duction figure may be conservative since a constant NOx emission level
could imply that the HC/NOx ratio for greatest oxidant formation will no
longer occur in the atmosphere (i.e. for very low NMHC levels, morning NOx
levels may be all to the right of the peak of the curves in Figure 5-4).
However, counterbalancing that argument, 96% reduction may be too low since
the Kimosian and Paskind curves are not for worst case meteorology.

* This is optimistic since the curves indicate that max oxidant reductions
are distinctly less than proportional to NMHC reductions for all the data
above .3 PPMC NMHC concentration.
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The limitations in using the Kinosian and Paskind results to calculate
overall degree of NMHC control are similar to those associated with the
Shuck and Papetti analysis. The reader is referred to the previous listing
~f those limitations.

Environmental Quality Laboratory Aerometric Model

Trijonis [12] used a stochastic model to examine the relationship of
~xidant levels in central Los Angeles to hydrocarbon and nitrogen oxide
~mission levels. For given HC and NOx emission levels, he determined the
joint distribution of morning HC* and NOx concentrations (7:30-9:30 averages)
it downtown Los Angeles from five years of Los Angeles APCD monitoring data
(1966-1970). He also determined the probability that mid-day oxidant would
/iolate the state standard (.10 PPM for one hour) as a function of the
norning concentrations. For oxidant, an average was taken of maximum one­
lour values between 11 :00 A.M. and 1:00 P.M. at downtown Los Angeles,
)asadena, and Burbank, weighted according to wind speed and direction, so
that the maximum oxidant would correspond as closely as possible to that
in the air mass that had been over downtown in the morning. The joint
~orning HC/NOx distribution and the probability of a standard violation as
1 function of morning precursor levels were determined separately for
;ummer and winter.

By assuming that the joint HC/NOx distribution responds linearly to
~missions and that the oxidant standard violation function remains constant

as emissions levels change, Trijonls calculated the expected number of days
per year that mid-day oxidant in central Los Angeles would exceed the state
standard as a function of HC and NOx emission levels. Figure 5-5 summarizes

the results.

The Environmental Quality Lab aerometric model implies that (for fixed
lOx emissions) a 90% reduction in reactive hydrocarbon emissions from the
972 level is necessary to attain the California oxidant standard (.10 PPM
'or 1 hour) mid-day in the central Los Angeles area. To meet the more
;tringent federal oxidant standard (.08 PPM for 1 hour) at all times of
:he day and throughout the entire AQCR should require a significantly

, The HC measurements were adjusted for natural background methane using
the empirical formula derived by EPA for Los Angeles.
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jreater degree of control.
:arbon control would appear
;hroughout the basin.

As a first guess, at least 95% reactive hydro~

to be necessary to attain the federal standard

The EQL oxidant model
lther aerometric analyses,
1owever, there are several

involves many of the same limitations as the
(see discussion of Schuck and Papetti model).
improvements:

I The role of NOx (as well as hydrocarbons) is explicitly
examined.

I Transport is accounted for.

I Interferences in the oxidant/precursor relation from inter­
correlations with meteorological variables are reduced by
split analyses for summer and winter.

I The results are stated in a statistically well defined manner.

-he price of these improvements is that the application was restricted to
lnly mid-day ozone in central Los Angeles.

:PA Smog Chamber Model

Dimitriades [13J, [14J investigated the relationship of oxidant to pre­

cursors using the results of laboratory smog chamber experiments conducted
Nith auto exhaust. Figure 5-6 summarizes his analysis of emission reduction
~equirements for attaining the NAAQS for oxidant and nitrogen dioxide. HC
lnd NOx concentrations in the shaded regions (to the left of line ab or
)elow line bc) yield less than .08 PPM oxidant after six hours of irradiation
~quivalent to Los Angeles sunlight. NOx concentrations below line df imply
~ttainment of the national N02 standard (.05 PPM, annual average). Point g
in the Figure represents the maximal yearly one hour levels of HC and NOx
neasured in Los Angeles during the early 1970 1 s, [llJ.*

A cursory examination of Figure 5-6 would lead to the following con­
:lusions concerning the degree of control required for standard attainment:

I For present NO levels, the OX standard could be attained at point
h, equivalent fo a 65% HCreduction from levels of the early 1970 1s.

I Both the OX and N02 standards could be attained at point e, equiva.1ent
to a 90% HC and 7470 NOx reduction from levels of the early 1970's.

~ In Dimitriades' origin"a1 paper, I13], point g was given at typical con­
centrations measured in the Los Angeles region rather than yearly maximal
one-hour concentrations.
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1owever, as Dimitriades points out, the above argument misses a subtle, but
fery important point, [14J. The ratio of NOx to HC in the ambient atmos­
)here varies from day to day and is often considerably different than the
lverage emission ratio, (see Figure 5-7 for examp1e).* For a constant HC
ra1ue, measured NOx concentrations can vary by a factor of 5 or more. Thus,
:he ambient NOx concentration that is associated with the yearly maximal HC
:oncentrations may be much less than the yearly maximal NOx concentration.
;ince lowering NOx (at either point h or point e) increases oxidant in
)imitriades' diagram, the fluctuations in the ambient HC and NOx ratio imply
:hat a greater degree of HC control is needed than would be the case if a
:onstant HC/NOx ratio existed in the atmosphere. Assuming that, on the day
)f maximal HC concentration, the NOx concentration can be as few as one fifth
:he maximal NOx concentration, the overall degree of HC control required
Nould be represented by point h' rather than point h. For maximal HC concen­

;rations, NOx concentrations could range anywhere from h" to hi. The degree
If HC control for OX standard attainment implied by this argument would be
14% from levels of the early 1970's.

As was the case with aerometric models, smog chamber models are subject
;0 several limitations. The laboratory smog chamber is a very simplified
lode1 of the complex processes that occur in the atmosphere. Smog chambers
10 not simulate the effect of continuous addition of fresh precursor emissions
lS the day proceeds. Laboratory experiments do not include carry-over effects
'rom previous day smog reactions and may not be of sufficient time duration
:0 represent atmospheric reactions occurring for periods up to 10 hours on a
lingle day. Smog chambers do not simulate the simultaneous effect of several
Iynamic meteorological process that occur on smoggy days in Los Angeles
:e.g. turbulent diffusion, transport to regions with greater mixing height,
liurnal solar radiation pattern, etc.). Also, the interactions of pollutants
lith the ground may be much different than the wall effects which occur in
:he smog chamber. Finally, auto exhaust or other laboratory test hydro­
:arbons may not adequately approximate the reactive hydrocarbon mixtures found
n real atmospheres.

The fluctuations in measured HC/NOx ratio are not completely understood.
Some of the fluctuation may be due to variance in the stationary source
areas (HC intensive vs. NOx intensive areas) that the air mass has en­
countered. Some may be due to the dependence of evaporative emissions on
temperature. Some of the fluctuation may result from a dependence of the
HC/NOx ratio in auto exhaust on ambient temperature and relative humidity.
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~PCD Smog Chamber Model

Hamming, Chass, Dickinson, and MacBeth [1] of the Los Angeles County
~PCD used smog chamber tests with auto exhaust to examine the relationship
>etween oxidant and precursors. Figure 5-8 presents the relationship they
~ound between max one hour oxidant (after five hours irradiation) and initial
IC and NOx"levels." Point a in Figure 5-8 represents the maximal HC and
~Ox concentrations found in Los Angeles in the early 1970's.

A cursory examination of Figure 5-8 indicates that the NAAQS for oxidant
:an be met (at present NOx levels) by reducing HC levels to point b, a 73%
)verall degree of HC control. However, the above argument assumes that
laximal ambient HC concentrations will be associated with maximal ambient
lOx concentrations. As noted previously (under the discussion of Dimitriades'
'esults), the ambient HC/NOx ratio varies substantially from day to day,
lnd the NO concentration that is associated with yearly maximal HC levelsx
lay be much less than the yearly maximal NOx concentration. Since lowering
lOx at point b increases oxidant, the fluctuations in the ambient HC/NOx
'atio imply that a greater degree of HC control is needed than that associated
lith point b. Allowing for this effect, the necessary degree of control
)ecomes point c, 92% HC control. For maximal HC concentrations at point c,
lOx concentrations could range anywhere from c to d.

The above conclusion (that 92% HC control is required to attain the
IX standard in the Los Angeles region) should be contrasted with the con­
:lusion reached by Hamming et. al. from Figure 5-8. The Los Angeles APCD

;taff indicated that the present California new car control program for
ight-duty vehicles alone would attain the oxidant standard in the Los
\ngeles region in the early 1980's, even though the reduction in total
'egion wide reactive HC emissions would be only about 60%. The analysis
>Y Hamming et. al. differs from the present analysis in two respects. First,
:he APCD staff assumed that maximal yearly HC concentrations would be
lssociated with maximal yearly NOx concentrations. Accordingly, they would
:ontend that the line cd should be represented only by point c. Second,
:he APCD assumed that only light-duty vehicle emissions would participate
n the formation of maximal smog levels. They argue that downtown Los
~ngeles, where maximal precursor levels are experienced, is subjected to
legligible influence from sources other than light-duty vehicles and that
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10 growth in vehicle use will occur in the downtown area. Although total
IC emissions in the metropolitan Los Angeles AQCR will be reduced by only
;0% in the early 1980's, the APCD calculates that light-duty vehicle HC
!missions (with no growth in miles travelled) will be reduced by 87% in
:he downtown Los Angeles area from the early 1970's to the early 1980's.

As noted earlier, there are important limitations in using smog chamber
'esults to determine control requirements for real atmospheres. The reader
s referred to the discussion of these limitations in the previous section.

;.1.2 Conclusions with Respect to Required Emission Reductions

Table 5-1 summarizes the conclusions reached by the examination of
Ilternative oxidant/precursor models in the previous section. The degree
If RHC control required (according to our interpretation of each model)
s listed for the six models. The estimates of required RHC control obtained
'rom the alternati.ve models are notably similar; the values range from 91%
:0 greater than 95%. The apparent agreement among the models should be viewed
rith some caution. First, all models were subject to our interpretation
,hich may differ from other interpretations. For instance, we assumed that
laximal atmospheric HC levels could be associated with a wide range of NOx
evels rather than with maximal NOx levels alone. Variance in the ambient

TABLE 5-1. ESTIMATES OF REQUIRED DEGREE OF RHC CONTROL FOR
OX STANDARD ATTAINMENT IN THE METROPOLITAN lOS
ANGELES AQCR *

TRW's Interpretation of Degree of RHC
odel Control Implied by the Model

PA Los Angeles Aerometric Model [6J
hevron Research Company Aerometric
odel [9J
alifornia Air Resources Board
erometric Analysis [lOJ
nvironmental Quality Laboratory
erometric Model [12J
PA Smog Chamber Model [13J
ACounty APCD Smog Chamber Model [1 ]

91-93%

> 95%

96%

> 95%
94%
92%

:n calculating the required degree of RHC control, NO emissions
lere assumed to remain constant at the 1972 emission x levels.
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HC/NO ratio (for fixed emission levels) implies a greater degree of controlx
is necessary than if a constant ratio were assumed. Second, although there
are six alternative models, four are aerometric approaches founded on the
same data base and two are smog chamber approaches. Errors or biases in one
aerometric model may be shared by the other aerometric models. Similarly,
the two smog chamber models have certain approximations and limitations in
common. Thus, the uncertainty in the required degree of control may be much
greater than indicated by the variance in the numbers presented in Table 5-1.

It should be emphasized that the models reviewed above do not account for

contributions from background reactive hydrocarbons, e.g. the geogenic hydro­
carbons noted by Crabtree and Mayrsohn, [2J. The existence of background

reactive hydrocarbon sources would imply a greater degree of control is re­
quired for man-made sources. Since the required degree of overall control
is so severe (91 to >95%), and since background contributions may be sub­
stantial (up to 13% of total ambient reactive hydrocarbons by weight), a
strong argument can be made that even 100% control of the man-made emission
inventory will not achieve the oxidant air quality standard in Los Angeles.

This argument is highlighted in a very recent paper by Duckworth and

Mc~lullen, [15J.

The above discussion of the degree of reactive hydrocarbon control
required for Los Angeles presents a more pessimistic conclusion than would be
reached by the "1inear rollback" model. Linear rollback is based on the
arbitrary assumption that oxidant levels are directly proportional to reactive
hydrocarbon emission levels. The linear rollback model indicates that only
85% reactive hydrocarbon control is required for Los Angeles.

In summary, a great deal of uncertainty surrounds the degree of reactive
hydrocarbon control that is necessary to achieve the NAAQS for oxidant in the
Los Angeles region. A review of aerometric and smog chamber models indicates
that at least 90%, and possibly much higher, control will be required. If
background hydrocarbon contributions are accounted for, it appears that even
100% control of man-made sources may not be sufficient.

In view of the uncertainty as to required degree of control, and in view
of the potential impossibility of ever attaining the oxidant standard, this
report will not derive source emission reductions aimed at actual attainment
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)f the oxidant standard. Rather, for illustrative purposes, 90% reactive
lydrocarbon control (for man-made contributions) will be selected as an
irbritrary target level. Reactivity criteria will be used to calculate
individual source emission reductions corresponding to the overall target
level of 90%.

5.2 GUIDELINES FOR DETERMINING INDIVIDUAL SOURCE EMISSION REDUCTIONS

The previous section discussed the overall degree of reactive organic
:ontrol that would be required to attain the federal oxidant standard in
the Metropolitan Los Angeles AQCR. Noting the uncertainties concerning
the required degree of emission control and the possibility that even 100%
:ontrol of man-made organic sources might be insufficient, 90% was arbitrarily
:hosen as a control target level for the purposes of this study. Having
;elected an objective for the overall degree of control, the problem remains
is to how to allocate emission reductions among individual sources in at­
taining the overall control level. This section discusses general principles
For determining individual source reductions.

Section 5.2.1. points out that the determination of individual source
:ontrol levels is a classical economic problem. Economic efficiency criteria
~hich govern this allocation problem are described. These criteria are

iiscussed for two cases, indiscriminate control of hydrocarbons and control
based on reactivity.

The cost data required to determine source emission reductions based
In economic criteria are often unavailable. Section 5.2.2 discusses how
source reductions can be allocated in the absence of cost information.

~gain, both indiscriminate control and control based on reactivity are
:onsidered.

5.2.1 Economic Efficiency Principles

The problem of selecting individual source emission reductions that
~ill attain a given level of overall air quality is a classical economic
Jroblem. Simply stated, economics is the study of how best to allocate
;carce resources among alternative ends in order to attain given objectives.
[n the problem at hand, we would like to allocate control expenditures among
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various emission sources in such a way that we minimize total social cost*
in attaining a given air quality objective.

Economic theory provides one basic principle for insuring that the
allocation of control expenditures is cost efficient. This is the "equality
of marginal cost" condition. Let us define the marginal air quality control
cost for a source as the extra control cost that will be incurred in attaining
one unit of air quality improvement by reducing that emission source. The
economic efficiency principle states that the marginal air quality control
cost must be the same for all sources. The necessity of this condition in
order to minimize total air quality control cost can be proven by a simple
contrapositive argument. If the marginal air quality control cost for some
source A were less than for some source B, the total social control cost
would be lessened (while maintaining the same air quality) by increasing
the degree of control on A while relaxing the degree of control on B.

If it is assumed that one ton of emissions from any source has the same
impact on air quality (e.g. the indiscriminate approach to controlling hydro­
carbons), the marginal air quality control cost condition applies directly to

marginal emission reduction costs. Figure 5-9 illustrates this principle
for two hypothetical sources (Source I and Source II). For each source,
Figure 5-9 presents a total cost curve and marginal control cost curve.
The marginal cost curve is simply the negative of the derivative of the
total cost curve.

In this hypothetical situation, total emissions are 6 tons per day at
the uncontrolled level, 4 tons from Source I and 2 tons from Source II.
In order to minimize the total cost of emission control, emission reductions
should be carried out such that marginal emission control costs remain the
same for each source. For instance, to achieve a 75% overall reduction,
Source I should be reduced to point A (.75 tons per day) while Source II
should be reduced to point A'(.75 tons per day). To achieve a 90% overall
reduction, Source I should be controlled to point B (.25 tons per day) while

* Actually, the distribution of costs among various economic sectors may
also be an important policy consideration. However, the distribution of
costs can always be adjusted ex post facto by appropriate transfer payments
(e.g. subsidies or taxes). Here we will just address the efficiency
criteria of minimizing total resource cost to society.
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'ce II should be controlled to point B'(.35 tons per day). In this case,
'ce I is always assigned a greater percentage reduction than Source II
luse Source I generally exhibits lower marginal control costs.

For the above example, points A-A and B-B were determined by a graphical
11 and error technique. In general, the problem of determining cost
cient source emission reductions from individual source control cost
'es is a nonlinear mathematical programming problem, [16]. This problem
be approximated by a linear programming problem if piecewise linear

11 control cost curves are used, [16J, [17], [18]. Solutions for real
basins have been obtained using the linear programming approach, [16J, [17J.

If there is a source-to-source variation in the air quality impact of a
!n tonnage of emissions, then the marginal cost rule should apply to
:ective ll emissions rather than total emissions. For instance, if re-
vity criteria are considered for hydrocarbons, the efficiency principle
d demand that the marginal cost of reactive emission reductions be equal
all sources. If it were assumed that Source I has a weight reactivity
1.5 and Source II has a weight reactivity of 1.0 in the hypothetical
lple above, then the appropriate marginal cost curves would be as shown
:igure 5-10. Of course, accounting for reactivity would alter the relative
'ees of control required for each source, (compare points C-C' to A-A and
, to B-B'). The concept of "effective" emissions" might be used for other
utants (e.g. S02' NOx' TSP, etc.) if the spatial distribution of emissions

luces source-to-source variations in air quality impact per ton. For
:ance, tall stack or nonurban emissions might be weighted less than
nd level or urban emissions.

2 Source Emission Reductions in the Absence of Control Cost Information

The previous section discussed economic guidelines for determining
vidual source reductions which attain a given overall degree of control.
pply these guidelines requires knowledge of the relationship between
rol costs and emission reductions for each source. Such cost information
ften unavailable, and it is useful to discuss rules for allocating
vidual source emission reductions when cost knowledge is lacking.
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First, let us consider the case where emissions from all sources have
the same impact (per ton) on ait' quality,. e.g. the indiscriminate approach
to organic control. In this case, it is reasonable and equitable (in the
absence of control cost data for individual sources) to allocate the same
degree of control to each source. Thus, if C were the overall degree of
control required, individual source emission reductions would each be
specifi ed by

where

E~ - E.
1 1 = C

E?
1

for i=l , ... ,N, (5-3)

E~ = weight emissions from the ith source before control,

Ei = weight emissions from the ith source after control,

and N = total number of sources.

Of course, equation (5-3) would automatically insure that the overall degree
of control would be C since, by simple linearity,

N
Total emissions after control = L E.

. 1 11=

N
= 2: (E~-E~C) by (5-3)

. 1 1 1
1=

N
= (l-C)LE~

i=l 1

= (l-C)(total emissions before control:

Next let us examine the case of source-to-source variation in the air
quality impact per ton of emissions. For instance, let us consider the use
of reactivity criteria in organic control, with SWR i representing the source
weight reactivity for the ith source. In the absence of control cost in­
formation, there appears to be one* simple and reasonable control allocation
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rule that accounts for varyinQ reactivities. This rule is that each source
should be controlled so that the fraction of emissions remaining is inversely
proportional to the reactivity of the source, or stated symbolically,

Eo
1

o
E.

1

= K
SWR:

1

for i=l, ... ,N, {5-4}

In this case, the constant {K} is determined by insuring that the overall
degree of reactive organic control is C. This is accomplished as follows:

l-C = total reactive emissions after control
total reactive emissions before control

N
L SWR.E.
. 1 1 11== N
L SWR.E~
i =1 1 1

N
KL: E?

1
i =1= ---:.,....-----

N
L SWR.E~
i =1 1 1

by {5-4}

= K/SWRo

where

SWRo = average source weight reactivity before control.

* The reader will find that other control allocation rules are either overly
complex or yield unreasonable results. For instance, the simple rule that
"each source be controlled in proportion to its reactivity" may require
that more than 100% control be established for some sources.
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Thus, we have,

K = (l-C)SWRo. (5-5)

Combining equations (5-4) and (5-5) yields the following control allocation
rule:

E.
1

E~
1

= (l-C)SWRO
,

SWR.
1

for i=l , ... ,N (5-6)

5.3 EMISSION REDUCTIONS FOR ORGANIC SOURCES IN THE
METROPOLITAN LOS ANGELES AQCR

Section 5.1 discussed the overall degree of reactive organic control
required to attain the national oxidant standard in the Metropolitan Los
Angeles AQCR. Section 5.2 presented guidelines for allocating emission
reductions among individual sources in achieving a given degree of overall
emission control. These guidelines included economic efficiency criteria
(Section 5.2.1) as well as equity criteria which could be used in absence
of economic data (Section 5.2.2). Based on these results, the present
section determines individual emission reductions for organic sources in
the Metropolitan Los Angeles AQCR.

The use of economic efficiency guidelines in establishing individual
source control levels requires knowledge of the relationship between emission
reductions and control costs for each source category. For this study of
organic control in Los Angeles, emission control cost curves are not available
for most source types. Some information exists concerning the cost of
specific controls for major source types [16J, but present data are insuffi­
cient to establish complete cost curves in most cases. To assemble detailed
control cost information is not possible within the resources allocated to
this project. Thus, the equity criteria of Section 5.2.2 will be used to
allocate control among individual sources rather than the economic efficiency
criteria of Section 5.2.1.

Table 5-2 summarizes control requirements for individual organic source
categories in the Metropolitan Los Angeles AQCR. These control requirements
are based on the arbitrary target level of 90% overall reactive organic control.
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~11owab1e emissions and percent reductions are listed for indiscriminate
Drganic control as well as for control based on three reactivity classifi­
cation schemes: the 2-group, 5-group, and 6-group schemes (see Chapters

and 4 for descriptions of these reactivity scales).

For indiscriminate organic control, source emission reductions are
calculated from equation (5-3); accordingly, each source is reduced by 90%.
For each reactivity classification scheme, source emission reductions are
jetermined from equation (5-6). As evidenced by Table 5-2, sources with
high reactivity are assigned the greatest emission reductions. The two
sources with extremely low reactivity, PCE dryc1eaning and 1,1 ,1-T degreasing,
~re actually assigned increased emissions (over uncontrolled levels) by
formula (5-6).

A very notable feature of Table 5-2 is that emission reductions are
~uite stringent for nearly all source categories under each reactivity scheme.
rwenty-one of the twenty-six source categories are allocated degrees of con­
trol ranging from 85% to 94% by all three reactivity schemes. Three other
source categories (petroleum production, stationary source fuel combustion,
~nd petroleum based dry cleaning solvent) are allocated somewhat lesser
:ontrol levels, generally about 80%. As noted above, PCE dry cleaning and
1,1 ,l-T degreasing are allowed to increase emissions.

The general uniformity in the degree of control assigned to most source
:ategories is a result of two factors. First, as discussed in Chapter 4,
~here is a uniformity in reactivity ratings among most source categories.
;econd, the very stringent degree of overall control (90%) requires that
11most all sources be controlled to very high levels.

Table 5-3 lists individual source emission reductions for various degrees
)f,overall control, ranging from 10% to 95%. These have been computed from
!quation (5-6), with source weight reactivities based on the 5-group re­
lctivity classification scheme. At high levels of overall control (>50%),
:he general uniformity of control requirements among most source categories
is again apparent. At very low levels of overall control «20%), several
,ource categories with low reactivity are allowed to increase emissions
lccording to formula (5-6).
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TABLE 5~2. INDIVIDUAL SOURCE EMISSION REDUCTIONS FOR
90% OVERALL DEGREE OF CONTROL

ALLOWABLE EMISSIONS* - TONS/DAY PERCENT REDUCTIONS
SOURCE CATEGORY I TOTAL 1972 E~llSsroNS SOURCE IIIEIGHT REACTIVITIES (90% OVERALL DEGREE OF CONTROL) (90% OVERALL DEGREE OF CONTROL)

TONS/DAY 2-GRQIJP 5-GRDUP 6-GRDUP 2-GROUP 5-GROUP 6·GRQUP 2-GROUP S-GRQUP 6-GROUP
SCHEI"E SCHEME SCHEME INDISCRIMINATE SCHEME SCHEI~E SCHEME INDISCRIMINATE S H ME <;rl-1.M. <;rl-1rMr

STATIONARY SOURCES: ORGANIC FUELS
ANDCQMBUSTION

Petroleum Production and Refining

Petroieum Production 62 ,38 .45 .29 I 6 11 9 13 I 90% R2% 85% 75%

Petroleum Refining 50 66 ,53 .58 5 5 6 5 90% 90% 88% 90%

Gasoline Marketina

~~~~~~~o¥~~k~ervice 48 .98 ,84 ·84 4 90~ 94% 92% 92%

Auto Tank Filling 104 ,90 ,73 .74 10 8 9 9 90% 92% 91% 91%

Fuel Combustion 23 .28.55 .33 2 6 3 4 90% 74% 87% 83%

Waste Burning to Fires 41 .54 .77 .67 4 5 3 4 90% 86% 93: 90t

STATIONARY SOURCES: ORGANIC CHEMICAL:..

Surface Coating

H~dt Tr.eated 14 67 59 .59 1 1 2 1 I 90% 93% 86%

Alr Oned 129 68 55 55 13 13 15 15 90% '8< '"
. 9M 8M

OryCleaninq

Petroleum Based Solvent 16 .55 .36 .36 2 2 3 3 I 90% 87:1; 81% 81';1;
Synthetic Solvent (PCE) 25 ,00 .04 .04 3 ** 40 39 90%

** -60~~ - 56%

U1 I D""""9
I TCE Solvent 11.52 .50 .50 1 1 1 90% 91% 91% 91%

~ 1,l,l-T Solvent 95 .00 .05 .05 10 .... 122 120 I 90% ** -28t -26%

Printing

Rotogravure 31 .69.52 .52 1.:1 .:I 4 4 I 90% 90% 91b Bn;
F1exigraphic 15 .98 .92 .92 1 1 1 1 90% q3% 03r, 93%

Industrial Process Sources

Rubber to Plastic Manf. 42.19 .92 .93 I 4 4 3 3 I 90% 90t; 93% 93%
Pharmaceutical Manf. 16 .61 .59 .59 2 2 2 2 90% 87% 87% 8n:

Miscellaneous Operations 83 .48 .46 .46 8 12 12 11 90% 862: 86% 87%

~8IlE SOURCES

Gasoline Powered Vehicles

light Duty Vehicles

Exhaust Emissions 780 72 .72 .72 78 73 69 68 I 90% 91% 91% 91%

Evaporative Emissions 481)2 .61 .61 48 45 50 50 90% 9U' 90% 90%

Heavy Duty Vehicles

Exhaust Emissions 285}2 .72 .72 280 27 25 25 I 90% 91% 91% 91%

Evaporative Emissions 67}2 .61 .61 7 6 7 7 90% 91% 90% 90%

Other Gasoline Powered Equipment

Exhaust Emissions 110,72.72.72 11 10 10 10 I 90% 911 91$ 91%

Evaporatlve Emissions 22.72 _61 .61 2 2 2 2 90% 9l% 91% 91%

Diesel Powered Motor Vehicles 12 67 .79 .78 1 1 1 1 90% 92% 92% 92%

Aircraft

Jet 20 52 .50 .50 z j 3 3 90% 85% 85% 85%

Piston 22 81 .91 .89 2 2 2 2 90% 91% 91% 911

TOTAL OR WEIGHTED AVERAGE 2604 .67 .64 .63 260 -- 408 407 90% 84.3% 84.4%

* Calculated according -to equation (5-6)

** Equation (S-6) assigns infinite allowable emissions in this case



TABLE 5-3. INDIVIDUAL SOURCE EMISSION REDUCTIONS
FOR VARIOUS DEGREES OF OVERALL CONTROL
(ACCORDING TO THE 5-GROUP SCHEME)

/ SOURCE CATEGORY PERCENT REDUCTIONS FOR VARIOUS DEGREES OF OVERALL CONTROL

10% 20% 30% 40% 50% 60% 70% 80% 90% 95%

IONARY SOURCES: ORGANIC FUELS
AND COMBUSTI ON

'oleum Production and Refining

Petroleum Production -27 -15 0 15 29 44 58 71 B5 94
Petro1eum Ref; ni ng -B 4 16 28 40 52 64 76 8B 94

Iline Marketing

Underground Service 31 40 46 54 63 69 77 85 92 96
Stati on Tanks

Auto Tank Fill i n9 21 30 38 47 56 65 74 83 91 95

Combustion -4 9 17 30 43 52 65 78 87 96

:e Burning & Fires 24 29 41 51 59 66 76 83 93 95

'IONARY SOURCES: ORGANIC CHEMICALS

ace Coating

Heat Treated 0 14 21 36 43 57 64 79 86 93
Air Dried -5 7 19 30 42 53 65 77 88 94

Cleaning

Petroleum Based Solvent -63 -44 -25 -6 13 31 44 63 81 94
Synthetic Solvent (PCE) -1340 -1180 -1020 -860 -700 -540 -380 -220 -60 20

'easing

TCE Sol vent -18 0 9 27 36 45 64 73 91 91
1,1,1-T Solvent -1052 -924 -796 -668 -540 -412 -2B4 -156 -2B 36

~

Rotogravure -10 0 13 26 39 52 65 74 91 94
Fl ex; graph; c 40 47 53 60 67 73 80 87 93 93

lstrial Process Sources

Rubber & Plastic Manf. 38 45 52 57 64 71 79 86 93 98
Phannaceutical Manf. 0 13 25 38 44 56 69 81 87 94
Miscellaneous Operations -25 -11 2 17 30 45 5B 72 B6 93

ILE SOURCES

)line Powered Vehicles

1t Duty Vehicles

Exhaust Emissions 20 29 3B 47 56 64 73 82 91 96
Evaporative Emissions 0 16 27 37 48 58 69 79 90 95

'y Duty Vehicles

Exhaust Emissions 20 29 38 47 55 65 73 82 91 95
Evaporative Emissions 0 16 27 37 48 58 69 79 90 94

::!r Gasoline Powered Equipment

Exhaust Em; ssions 20 29 38 46 55 65 74 B2 91 95
Evaporative Em; ssions 0 18 27 36 45 59 68 77 91 95

sel Powered Motor Vehicles 25 33 42 50 58 67 75 B3 92 96

craft

Jet -15 0 10 26 35 50 60 75 85 95
Pi stan 36 45 50 59 64 73 77 86 91 95
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6.0 EVALUATION OF ALTERNATIVE APPROACHES
TO ORGANIC EMISSION CONTROL

The present chapter briefly evaluates the benefits and costs associated
with using reactivity criteria to formulate organic control strategies.
The basic benefit in using reactivity criteria in organic emission control
consists of increased flexibility. Reactivity criteria introduce the
possibility of selective emission control as a potentially advantageous
alternative to the less flexible approach of indiscriminate control. The
costs of using reactivity criteria are extra administrative and testing
expenditures. This chapter provides a very approximate assessment of these
benefit/cost trade-offs.

Three alternative approaches to organic control will be considered
here, indiscriminate control and two reactivity based policies. Indiscrim­
inate control neglects source-to-source variations in reactivity. The first
reactivity based policy involves establishing emission standards for each
source category based on reactivity ratings. In this policy, emission
standards are to be achieved by reducing total emissions. The second
reactivity based policy also establishes emission standards based on
reactivity. However, the second policy allows standards to be attained by
substitutive contro1s* as well as by total emission reductions.

Section 6.1 evaluates the benefits and costs of the first reactive
policy as compared to indiscriminate control. Section 6.2 assesses the
extra benefits and costs of the second reactive policy as compared to the
first reactive policy. Section 6.3 provides a brief summary and discussion
of the trade-offs.

6.1 ORGANIC EMISSION STANDARDS BASED ON REACTIVITY WITH NO SUBSTITUTIVE CONTROLS

The first level of sophistication in applying reactivity criteria to
organic control policy is to establish emission standards for various source

* Substitutive control for an organic emission source involves the re­
placement of reactive constituents with less reactive organics so as
to lower the reactivity rating of the source.
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~tegories based on present reactivity ratings. Sources with high reactivity
Juld be assigned a greater degree of control than sources of lesser re­
:tivity (see Table 5-2 for example). Each emission source category would
~ required to attain the standards by reducing total emissions, not by
Jbstituting less reactive compounds for more reactive compounds.

This type of reactivity based strategy would have the benefit of
Jncentrating emissions reductions among the most reactive sources. This
Juld allow a given reduction in reactive emissions to be attained with
~sser control of total emissions than would be called for by indiscriminate
rganic control. In essence, more total hydrocarbons would be emitted
Nhile maintaining the same air quality) by adopting this reactivity based
pproach. Of course, the reactivity based strategy would also involve
Ktra costs as compared to the indiscriminate approach. These would be
he administrative and testing costs involved in determining reactivities
)r various source categories. The benefits and costs of applying this
)proach to reactive organic control in the Metropolitan Los Angeles AQCR
re discussed in Sections 6.1.1 and 6.1.2, respectively .

.1.1 Benefits of the Reactivity Based sttategywith No Substitutive Controls

There is only one rigorous way to assess the economic benefits of
stablishing organic emission standards based on reactivity. The cost of
ttaining the stipulated emission reductions for each source category
hould be determined for both the reactivity based strategy and the in­
iscriminate strategy. The total cost of control (the sum of the costs
)r all sources) should then be compared for the two strategies. The
:onomic benefit of the reactivity based approach, as compared to the
ndiscriminate approach, would be the savings in total strategy control
Jsts.

In order to perform this assessment of economic benefits, information
n emission reduction costs would be required for every source category.
his is exactly the same type of control cost information that is necessary
J allocate source emission reductions based on economic efficiency
riteria (see Section 5.2.1). As noted in Chapter 5, these cost data are
Jt available for most organic source categories in the Metropolitan Los
ngeles AQCR. Thus, we cannot perform a rigorous analysis of the economic
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benefits of a reactivity based approach for the same reason that we could
not use economic efficiency guidelines in allocating individual source
emission reductions.

Fortunately, the results of Tables 5-2 and 5-3 allow a simplified
interpretation of the economic benefits associated with the reactivity
approach. Table 5-2 indicates an obvious saving from the reactivity based
approach at 90% control; 148 more tons per day of emissions are allowed
with the (5-group) reactivity based strategy than with the indiscriminate
strategy. The benefit from the reactivity based approach is the expenditure

that is saved by not having to control this 148 tons/day.

A close examination of Table 5-2 reveals that the 148 tons/day saving

essentially involves only two sources, PCE dry cleaning and l,l,l-T
degreasing. These sources are allowed to emit 162 tons per day under the

5-group reactivity strategy, whereas they would be allowed only 13 tons/day
under the indiscriminate strategy. Although there are some source-to-source
variations in control levels among the other 24 source categories, the other
24 categories as a whole are controlled by 90% in the reactivity based
strategy as well as in the indiscriminate strategy. Thus, for 90% overall
control, the benefit from the reactivity based strategy is essentially that
PCE dry cleaning and 1,1 ,l-T degreasing need not be controlled.

An analysis of the results of Table 5-3 indicates that the above con­
clusion also holds for other degrees of control (from 10% to 95%). The
24 source categories (sources other than PCE dry cleaning and 1,1 ,l-T
degreasing) as a whole are controlled to the same degree in the reactivity
based strategy as in the indiscriminate strategy. Thus, the one basic'
benefit from the reactivity approach is not controlling the two source
categories of very low reactivity. This is apparently a consequence of
the general uniformity in reactivity ratings among the other 24 source
categories.

6.1.2 Costs of the Reactivity Based Strategy with No Substitutive Controls

This section will consider the program requirements and associated
program costs of adopting reactivity based organic emission regulations.
The discussion of program requirements consists of an outline of the basic
activities that are necessary for the implementation and operation of
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~eactivity based emission regulations. The costs of these activities are
jescribed only in a very qualitative way. Since it is very difficult to
~stimate costs accurately, showing probable upper and lower bounds seems
nost appropriate. It is, in fact, difficult to assess accurately what the
:osts of past programs have been, [1] ..

For the purposes of this discussion, it is assumed that the regulations
~ill apply to each type of industry based on the industry average reactivity,
lot on the reactivity of individual plants. That is, the average reactivity
~or all the plants in an industry will be used to establish emission regu­
lations for each individual plant in that industry. It is also assumed
:hat the regulations will be administered by a local governmental unit,
;uch as a county Air Pollution District. Another tacit assumption is
that a suitable reactivity scale will exist that includes all types of
:ompounds.

There are two types of program requirements and costs for implementing
~eactivity based emission regulations. The first includes those activities

that are performed only once, (or only occasionally), such as determining
the composition of the organic emissions for the var.ious source types. The
;econd involves continuing operating activities, such as enforcement.

Prior to establishing new regulations, compositional data on the
=missions from each type of organic source must be obtained. As evidenced
~ Chapter 3, the open literature probably will not provide sufficient data
to determine compositions accurately enough for regulatory purposes. This
indicates that a substantial test program will be necessary. The test
Jrogram will have to analyze the composition of a statistically significant
lumber of each type of source in order to account for the differences that

=xist between one plant and another in the'same type of industry.

It should be noted that obtaining composition data for some source types
~ill probably have to be performed separately for each jurisdictional area,
;ince previous emission regulations may vary from area to area. Previous
~mission regulations in some areas may have altered source compositions from
the norm (see Section 3.3.1 which describes how the composition of paint
iolvents is different in Los Angeles than elsewhere in the nation because
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of local regulations). The mix of process type may also vary from area
to area.

In the present case, emission regulations will be met by total emission
reductions and not by substitutive controls. Thus, the enforcement function
will be essentially the same as the case of indiscriminate control. Accord­
ingly, enforcement costs will be the same as for indiscriminate control.

Table 6-1 shows the approximate costs of the activities necessary to
establish reactivity based emission regulations. For the present case,
the costs are essentially just the expenses of determining source compositions.
Also shown in Table 6-1 are the annualized, initial costs amorti2ed
over 5 years and 20 years. The 5 year values are shown because it is possible
that the regulations will be reviewed every 5 years in order to determine
changes in the composition of the emissions as changes in technology occur.

The 20 year values are shown for the case where 5 year reviews are not
conducted. A basic assumption in Table 6-1 is that the necessary source testing
and analysis would be contracted to the private sector. This seems the
most likely approach since the tests would only be performed on one occasion
and would require expensive and specialized equipment which would not be'
necessary for normal control agency operations.

TABLE 6-1. ESTIMATED COSTS POR ESTABLISHING REACTIVITY
BASED ORGANIC EMISSION REGULATIONS

Program Requirement Composition Data

Initial Cost .. ············· .$50,000 to $500,000
(100 to 500 tests
at $500 to $1 ,000
per test)

Annualized Cost
Over 5 Years* $13,200 to $131,900

Annualized Cost
Over 20 Years* $5,900 to $58,700

Per Year

Per Year

* Using In = I { n:i)n-l
n = years lifetime of the
annualized cost.

+ i ), where i = 10% (interest rate),
program, In = the original cost, and In =

6-5



, ORGANIC EMISSION STANDARDS BASED ON REACTIVITY WITH SUBSTITUTIVE CONTROLS

The second reactivity based approach to organic emission control allows
,stitutive control measures in addition to establishing emission standards
ed on reactivity. Allowing substitutive control measures increases the
Iber of potential control options. Extra benefits are accrued from this
'roach whenever the substitutive control options are less expensive than
ssion reduction controls. Increased costs with this approach result
m additional administrative and testing requirements. The extra benefits

costs of applying this second reactivity based strategy to the Metropolitan
Angeles AQCR are discussed in Sections 6.2.1 and 6.2.2, respectively .

.1 Benefits of the Reactivity Based Strategy with Substitutive Controls

An accurate evaluation of the benefits from allowing substitutive con­
Ils would require detailed documentation of substitutive control alter­
ives and emission reduction control alternatives for each source category.
efits would arise whenever substitutive control measures (either alone
in conjunction with emission reduction measures) allow a given degree
control to be attained at less expense than pure emission reduction
sures. These benefits should be summed over all source categories.

As noted previouslY, the data to perform a comprehensive cost analysis
alternative control options are not available for most source categories.
the absence of data for a thorough evaluation, we can only describe the
ential benefits in a qualitative manner. The discussion below gives
ery general assessment of potential benefits from substitutive controls.

An examination of the source categories in the present organic inventory
Los Angeles reveals two cases where substitutive controls have yielded

stantial reductions in reactivity. These are the substitution of 1,1 ,l-T
reaser for TCE degreaser and the substitution of PCE dry cleaning solvent
petroleum based dry cleaning solvent. 1,1 ,l-T degreaser has weight

ctivities of .00, .05, and .05 according to the 2-group, 5-group, and
roup classification schemes, respectively, while TCE degreaser has weight
ctivities of .52, .50, and .50. PCE dry cleaning solvent has weight
ctivities of .00, .04, and .04, while petroleum dry cleaning solvent
es at .55, .36, and .36. In each case, a synthetic solvent (1 ,l,l-T or
) was used to perform the substitution.
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Because of APCD Rule 66, some substitution control has also been
carried out among other solvent categories, in particular air dryed sur­
face coating. However, from the present reactivity ratings of these other
solvent sources (see Table 4-2) it does not appear that the reductions in
reactivity were very large (at least as measured by the oxidant reactivity
schemes used here). For instance, air dried surface coating still rates
at .68, .55 and .55 according to the 2-group, 5-group and 6-group schemes.
These values are nearly as great as the average reactivity for all sources.
It is interesting to note that, in this case, one petroleum based solvent
was substituted for another petroleum based solvent.

As a gross generality, it appears that large reductions in reactivity
cannot usually be achieved by substituting one petroleum product for
another. To attain large reductions in reactivity apparently requires
major substitution of Class I compounds for compounds in Classes III to V.
This would usually be practical only by switching to synthetic solvents
(e.g., PCE dry cleaner or 1,1 ,1~T degreaser) or by converting to gaseous
fuels (e.g., methane or methanol). Substitution of Class II compounds
does not generally seem practical because Class II compounds are rare.
Substitution of one petroleum product for another would usually be
restricted to replacing Class IV and V compounds (e.g., olefins and
aromatics) by Class III compounds (e.g., C4+ parafins). Table 6-2
illustrates that replacement of all Class IV and V compounds with Class
III compounds would not have extreme effects on the reactivities of
solvents, gasoline engine exhaust or evaporated gasoline.

The conclusion that SUbstituting one petroleum product for another
will generally not yield substantial reductions in reactivity is also
supported by the uniformity in source weight reactivities noted in
Section 4.2. Table 4-2 illustrated that reactivity ratings changed
little among all the varied uses of petroleum solvents and petroleum
fuels. Among sources involving petroleum based solvents or fuels,
weight reactivities varied only from about .5 to .9.

It should be noted that substitution of low reactivity compounds
may not be feasible for many petroleum based solvents if these solvents
are to retain their utility. For instance, the substitution of lesser
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TABLE 6-2. THE EFFECT OF SUBSTITUTING CLASS III COMPOUNDS FOR CLASS IV
AND CLASS V COMPOUNDS IN SEVERAL SELECTED SOURCE CATEGORIES

POTENTIAL REACTIVITY
REDUCTION FROM REPLACEMENT

PRESENT COMPOSITION (MOLE %) OF ALL CLASS IV AND CLASS V
COMPOUNDS BY CLASS III

SOURCE CATEGORY CLASS I CLASS II CLASS III CLASS IV CLASS V COMPOUNDS

Surface Coating

Heat Treated 20 0 28 50 2 24%

Air Dried 14 0 52 29 5 19%

Dry Cl eani ng

Petroleum Based
Solvent 0 0 94 5 1 3%

Printing

Rotogravure 16 0 61 23 0 11%

Flexigraphic 19 0 8 73 0 29%

Industrial Process Sources

Rubber &Plastic Manufacturing 16 1 24 7 52 44%

Pharmaceutical Manufacturing 34 1 5 60 0 30%

Miscellaneous Chemical Manufacturing 44 0 29 18 9 25%

Gasoline Powered Vehicles (All)

Exhaust Emissions 28 0 30 19 23 32%

Evaporative Emissions 5 0 58 21 16 24%



reactives in surface coatings (under APCD Rule 66) has already been
carried out to the extent that further substitutions might produce
deterioration in performance. Thus, not only will substitution of lower
reactivity petroleum compounds have limited effect, but also it may be
costly in terms of performance losses.

To summarize, the utility of substitutive controls in attaining
substantial reductions in reactivity will be mostly limited to the use of
synthetic solvents or gaseous fuels which have near zero reactivity. The
substitution of lesser reactive petroleum products (e.g., C4+ paraffins)
for highly reactive petroleum products (e.g., aromatics) will usually not
result in major reductions in source reactivities and may be associated
with high costs in terms of product performance. Accordingly, the
benefit from allowing substitutive controls will be most significant for
sources where synthetic solvents or gaseous fuels are a viable control
measure.

6.2.2 Costs of the Reactivity Based Strategy with Substitutive Controls

This section considers the extra program requirements and program
costs of allowing substitutive controls. The extra program requirements
(in addition to those described in Section 6.1.2) are increased labora­
tory and field test capabilities. The increased costs are for additional
equipment and personnel.

The type of regulation being discussed allows compliance by sub­
stitution of low reactivity compounds for high reactivity ones as well
as by emission reduction measures. Because of this, the allowable
emissions would have to be recalculated each time the process causing
the emissions changes.

The additional program requirements involve upgrading laboratory and
field test capabilities and increasing the number of tests to be run.
Although most air pollution control agencies already have some labora­
tory facilities, in most cases, they would not have the necessary
equipment or personnel to conduct the much more sophisticated analyses
that this type of enforcement program would require. Similarly, the
actual taking of the sample at the emission source would be more com­
plicated and would probably require new equipment. Since the number
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f source tests would most likely be increased, the number of source
est personnel would probably have to be increased also.

Since the composition of the emissions from each individual source would
acome important, the field testing requirements might become prohibitive
f only the local agency could certify the composition and thereby set
he legal mass emission rate. Because of this, it is probable that
rovisions would be made in the law which would allow qualified private
esting labs to conduct the testing and analysis at the expense of the
lant operator. This would be to the advantage of both the agency and
1e operator in the cases where a large backlog of testing was forcing

1e operator to comply with more restrictive mass based regulations.

It is also conceivable that a dual system could be instituted whereby
mass emission rate is set for all sources in a given type of industry

Jbject to being made less restrictive when analysis showed that the
~activity was sufficiently low. In this case, the burden of proof
Ju1d lie with the operator. Under this system the costs to the control
~ency would be reduced since the testing costs would be transferred to the
Jurce operators.

Table 6-3 shows the anticipated additional costs for enforcing
~gu1ations which allow substitution of low reactivity compounds for
igh reactivity ones. These costs are calculated based on the assumption
lat all tests are conducted by the control agency.

i.3 IMPLICATIONS OF THE BENEFIT/COST EVALUATION

The previous two sections briefly evaluated the costs and benefits
Issociated with alternative approaches to organic control policy in Los
Inge1es. Section 6.1 compared indiscriminate organic control to a re­
lctivity based policy which establishes emission standards based on present
;ource reactivities but which does not allow substitutive controls. It
las noted that the reactive policy generally would yield the benefit of
:oncentrating emission reductions among the most reactive sources. This
lou1d allow more total organics to be emitted for a given degree of over­
111 control. However, for Los Angeles, this benefit translated only into
'e1axing controls on peE dry cleaning and 1,1 ,1-T degreasing. The extra
ldministrative and testing costs for this reactive strategy (over an
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TABLE 6-3. COSTS OF THE SECOND REACTIVITY BASED POLICY

ADDITIONAL INITIAL COSTS
OPERATING ANNUALIZED OVER TOTAL ANNUAL

PROGRAM REQUIREMENT INITIAL COST COSTS 20 YEARS; $/YEAR COST COMMENTS

Additional Testing $0 - $75,000 --- $0 - $8800 $0 - $8800
and Analysis
Equipment

Additional Test --- $125,000 - --- $125,000 - 5 to 10 extra
and Laboratory $250,000 $250,000 man-years per
Personne1 year; cost

based on aver-
age man-year
expense of
$25,000 per
year*.

TOTAL $0 - $75,000 $125,000 - $0 - $8800 $125,000 -
$250,000 $258,800

*This includes salary, fringe benefits and overhead; based on data from the Los Angeles County Air
Pollution Control District,[2].



1iscriminate control policy) were estimated to be about $10,000 to
)0,000 on an annualized basis.

Section 6.2 compared the first reactivity based policy to a second one
ich establishes emission standards based on reactivity and allows sub­
itutive controls. The extra benefit of this policy (as compared to the
'st reactive policy) consisted of increased flexibility in selecting among
:ernative control measures. The increase number of control options intro­
:ed the possibility of reducing the costs of control. For organic sources
Los Angeles, it was noted that large reductions in reactivity probably
Ild not be attained by substituting one petroleum product for another.
~ benefits of substitutive controls apparently would be substantial only
. those sources which could attain very low reactivity by conversion to
Ithetic solvents or gaseous fuels. The extra costs of this reactive policy
, compared to the first reactive policy) were estimated to be about
10,000 to $250,000 on an annualized basis.

Definitive recommendations concerning organic control policy cannot
made based on the brief benefit/cost assessment performed above. However,
~ following simple control policy does appear to have general merit in
ht of the above results. Since emission reductions according to re­
.ivity based schemes are close to 90% for nearly all sources (for 90%
rall control), organic control policy in Los Angeles should require large
ssion reductions for nearly all sources. Variations in degree of control
ng these sources should be dictated more by technical feasibility con­
erations than by reactivity considerations. Exceptions to this general
e should be made only for sources of extremely low reactivity. peE
cleaning and 1,1 ,1-T degreasing now qualify as exceptions according to
reactivity classification schemes used in this report. By the use of

stitutive controls, other source categories may qualify as exceptions in
future. These exceptions are likely to involve only sources which convert

synthetic solvents or gaseous fuels.
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APPENDIX A
COMPUTATION OF AVERAGE SOURCE MOLECULAR WEIGHTS

Tables A-1 through A-26 show the actual or estimated molecular weights
of the compounds or groups of compounds emitted by the various emission
sources. In the cases where sufficiently detailed data were available
the actual molecular weights were determined either, in the case of a
single compound, by recording the published molecular weights or, in the
case of a group of compounds, by recording the appropriately weighted
average molecular weight. Where composition estimates were required, the
molecular weights were estimated by determining the molecular weight of an
average compound. The average compound used was signified by the notation
(C ) where n is the number of carbon atoms in the molecule. In the case ofn -
halogenated compounds, the notation (CnC1 m) was used where m is the
number of chlorine atoms in the molecule.

The average molecular weight shown in each table was determined by
calculating a weighted average based on the mole fraction of each type of
compound as listed in the appropriate tables in Sections 3.2.1 and 3.4.5.

The following shows the tables which apply to each source type:

STATIONARY SOURCES ­
FUELS AND COMBUSTION

Petroleum Production and Refining
Petroleum Production
Petroleum Refining

Gasoline Marketing
Underground Gasoline Tanks
Automobile Gasoline Filling

Fuel Combustion
Waste Burning and Other Fires

A-l

Table
A-1
A-2

A-3
A-4
A-5
A-6



TATIONARY SOURCES ­
ORGANIC CHEMICALS

urface Coating
Heat Treated
Air Dried

I'y Cleaning
Petroleum Based Solvents
Synthetic Solvents

~greasing

TCE Solvent
l,l,l-T Solvent

ointing
Rotogravure
Flexigraphic

Idustrial Process Sources
Rubber and Plastic ManUfacturing
Pharmaceutical Manufacturing
Miscellaneous Chemical ManUfacturing

IBILE SOURCES

ght Gasoline Powered Vehicles
Exhaust Emissions
Evaporative Emissions

avy Duty Gasoline Powered Vehicles
Exhaust Emissions
Evaporative Emissions

her Gasoline Powered Equipment
Exhaust Emissions
Evaporative Emissions

esel Powered Vehicles

rcraft
Jet
Pi ston

A-2

Table
A-7
A-8

A-9
A-10

A-ll

A-12

A-13
A-14

A-15
A-16
A-17

A-18
A-19

A-20
A-21

A-22
A-23

A-24

A-25
A-26



TABLE A-l AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED BY PETROLEUM
PRODUCING OPERATIONS

):>
I

W

CLASS I CLASS II CLASS III CLASS IV CLASS V

CI-C 3 paraffins 21 Mono-tert-a 1kyl C4rparaffins 70 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetyl ene Cycloparaffins 87 a-methyl styrene
Cyc1i c ketones Oi alkyl benzenes

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-nitropropane benzenes

Acetone N-a 1kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a1kyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrro I idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11050I yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT G
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CLASS I CLASS II CLASS I II CLASS IV CLASS V

Cl -C3 paraffins (C
2

) 30 Mono-tert-a 1kyl C4+-paraffins (C
7

) 100 Prim-& sec-alkyl (C8) Aliphatic olefins (Cs) 84
benzenes benzenes 106

Acetylene 26 Cyc10paraffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes (Cg) 120

8enzene 78 Alkyl acetyl enes Ali phatical dehydes
Tert-a1ky1 aceta tes Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-a1ky1
2-ni tropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl alcohols Prim-& sec-alkyl
acetates Celloso1ve acetate Diacetone a1coho1

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Ce11 oso1yes

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT GJ
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TABLE A-3 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED FROM UNDERGROUND
GASOLINE STORAGE TANKS

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

Cl -C3 paraffins 24 Mono-tert-a 1kyl C4+-paraffins 66 Prim-& sec-a1kyl Aliphatic olefins 64
benzenes benzenes

Acetyl ene Cycloparaffins 70 a-methyl styrene
Cyc 1i c ketones Di alkyl benzenes

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched al kyl

Benza 1dehyde Styrene ketones Tri-& tetra-al kyl
2-ni tropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell 0501 ve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrro1idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha 1ogenated
hydrocarbons

Partially halo-
gena ted paraffi ns

AVERAGE MOLECULAR WEIGHT
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GASOLINE TANK FILLING

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 42 Mono-tert-a 1kyl C4rparaffins 71 Prim-& sec-alkyl 96 Aliphatic olefins 71
benzenes benzenes

Acetylene Cycloparaffins 72 a-methyl styrene
Cyc1i c ketones Di alkyl benzenes 107

Benzene 78 Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 120

Acetone N-a1kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Pdm-& sec-a1kyl
acetates Ce11 oso1ye aceta te Di acetone a1coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cell osol yes

Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT G
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TABLE A-5 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED DURING FUEL
COMBUSTION

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 18 Mono-tert-a 1kyl C4+-parafflns (C6 ) 86 Prim-& sec-al kyl (C g) 120 Al iphatic olefins (C5) 70
benzenes benzenes

Acetyl ene 26 Cyc1oparaffi ns a-methyl styrene
Cycl ic ketones Dial kyl benzenes

8enzene Alkyl acetyl enes Al iphatic aldehydes (C
5

) 86
Tert-a 1ky1 acetates Branched al kyl

Benza 1dehyde Styrene ketones Tri-& tetra-al kyl
2-ni tropropane benzenes

Acetone N-al kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates CellosolYe acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrolldone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT G
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CLASS I CLASS I I CLASS III CLASS IV CLASS V

Cl -C3 paraffins 17 Mono-tert-a 1ky1 C4+-paraffins (C 6) 86 Prim-& sec-alkyl Aliphatic olefins (C 5) 70
benzenes benzenes

Acetyl ene 26 Cyc10paraffins a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes (Cg) 120

Benzene Alkyl acetylenes (C
4

) 54 Aliphatic aldehydes (C5) 86
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1ky1 ketones (C
4

) 72 Prim-& sec-alkyl (C
4

) 74
alcohols Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-alkyl
acetates Ce11os01ve acetate Di acetone a1coho1

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methy1 benzoa te olefins
N.N-dimethy1 Ce11 oso1yes

Ethy1 ami nes acetamide

Dimethyl formamide

Methanol 32

Perha1ogenated
hydrocarbons

Parti a11y ha 10-
genated paraffins

AVERAGE MOLECULAR WEIGHT G
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TABLE A-7 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED DURING HEAT
TREATING OF SURFACE COATINGS

CLASS I CLASS II CLASS I II CLASS IV CLASS V

C1-C3 paraffins (C2) 30 Mono-tert-a 1ky1 C4+-paraffins (C 5) 72 Prim-& sec-alkyl (C8) 106 Aliphatic olefins (C4) 56
benzenes benzenes

Acetyl ene Cycloparaffins a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes (Cg) 120

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza 1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-alkyl
alcohols Un sa turated ketones

Tert-alkyl alcohols Pr·iJl1-& sec-alkyl
acetates Cellosolve acetate Diacetone a1coho1

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT G
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CLASS I CLASS II CLASS III CLASS IV CLASS V

CI -C3 paraffins Mono-tert-a 1kyl C4+-paraffins (C
6

) 86 Prim-& sec-alkyl (C
8

) Aliphatic olefins
benzenes benzenes 106

Acetylene Cycloparaffins (CIO ) 140 a-methyl styrene
Cyc1i c ketones Dialkyl benzenes (C g) 120

8enzene Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl (C6)

Benza1dehyde Styrene ketones 100 Tri-& tetra-alkyl (C
ll

)
2-ni tropropane benzenes 148

Acetone 58 N-al kyl ketones (C4) 72 Prim-& sec-alkyl (C4)
74alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl (C
5

)
acetates 116 Cell osol ve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Cellosolves (C

4
) gO

Ethyl amines acetamide

Dimethyl formamide

Methanol 32

Perha 1ogena ted
hydrocarbons

Partially halo- (C 2C1 2)
genated paraffins S 98

AVERAGE MOLECULAR WEIGHT G
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TABLE A-9 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED FROM
DRY CLEANING OPERATIONS USING PETROLEUM BASED SOLVENTS

CLASS I CLASS I I CLASS III CLASS IV CLASS V

C1-C3 paraffins Mono-tert-a 1kyl C4+-paraffins (Cll ) 156 Prim-& sec-alkyl (C
8

) 106 Al iphatic olefins
benzenes benzenes

Acetylene Cycloparaffins (C8) 114 a-methyl styrene
Cyc 1i c ketones Oi alkyl benzenes (Cg) 120

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched a1 ky1

Benza1dehyde Styrene ketones Tri -& tetra-alkyl (C
ll

) 148
2-ni tropropane benzenes

Acetone N-a1ky1 ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alky1 alcohols Prim-& sec-alkyl
acetates Celloso1ve acetate Diacetone alcohol

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethy1 Ce11 oso1yes

Ethy1 ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT R
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CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns Mono-tert-a 1kyl C4+-parafflns Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza ldehyde Styrene ketones Tri -& tetra-al kyl
2-nitropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Pdm-& sec-a1kyl
acetates Ce11 oso1ve aceta te Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethy1 ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
166hydrocarbons

Partially halo-
gena ted paraffi ns

AVERAGE MOLECULAR WEIGHT [;]
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TABLE A-ll AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED BY
DEGREASING OPERATIONS USING TCE SOLVENT

CLASS I CLASS II CLASS I II CLASS IV CLASS V

Cl -C3 paraffins Mono-tert-a 1kyl C4vparaffins Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetyl ene Cycloparaffins a-methyl styrene
Cyc1 ic ketones' Di alkyl benzenes

Benzene Alkyl acetyl enes Al iphatic aldehydes
Tert-a1ky1 aceta tes Branched alkyl

Benza ldehyde St.vrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl a1coho1s Prim-& sec-alkyl
acetates Celloso1ve acetate Diacetone aI coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated 132 Ethers

Methyl benzoate olefins
N,N-dimethy1 Ce11 osoI yes

Ethy1 ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons

Partia11y ha 10-
genated paraffins

AVERAGE MOLECULAR WEIGHT GJ
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CLASS I CLASS II CLASS I II CLASS IV CLASS V

Cl -C3 paraffins Mono-tert-a 1kyl C4+-parafflns Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetyl ene Cycloparaffins a.methyl styrene
Cyc1i c ketones Dia 1kyl benzenes

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a1kyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Parti a lly hal 0-
gena ted paraffins 134

AVERAGE MOLECULAR WEIGHT B
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TABLE A-13 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED BY
ROTOGRAVURE PRINTING

CLASS I CLASS II CLASS I II CLASS IV CLASS V

CI -C3 paraffins Mono-tert-a 1kyl C4+-paraffins (C
6

) B6 Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes (CB) 106

Acetylene Cycloparaffins (CB) 112 a-methyl styrene
Cyc1i c ketones Dial kyl benzenes (Cg) 120

.Benzene AI kyl acetyl enes Al iphatic aldehydes
Tert-a I kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl (C4)
alcohols 74 Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
125'"acetates Cellosolve acetate Oiacetone aIcoho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 osoI yes

Ethyl amines acetamide

Dimethyl formamide

Methanol 32

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

* C5 Acetates and other, C7 esters in a two to one mole ratio.

AVERAGE MOLECULAR WEIGHT ~
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TABLE A-14 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED BY
FLEXIGRAPHIC PRINTING

CLASS I CLASS II CLASS I II CLASS IV CLASS V

C1-C3 paraffins Mono-tert-a 1kyl C4+-paraffins Prim-& sec-alkyl Aliphatic olefins
benzenes benzenes

Acetylene Cycloparaffins a-methyl styrene
Cyc 1i c ketones Di alkyl benzenes

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a 1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone 5B N-a 1kyl ketones (C4) 72 Prim-& sec-alkyl
alcohols 58 Unsaturated ketones

Tert-alkyl alcohols Pr<im-& sec-alkyl
acetates Ce11 oso1ye aceta te Diacetone alcohol

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methy1 benzoa te olefins
N.N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formami de

Methanol 32

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

..

AVERAGE MOLECULAR WEIGHT G
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TABLE A-15 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED DURING
THE MANUFACTURE OF RUBBER, PLASTIC, PUTTY AND ADHESIVES

CLASS I CLASS I I CLASS III CLASS IV CLASS V

CI -C3 paraffins Mono-tert-a I kyl C4+-paraffins (C6) 86 Prim-& sec-alkyl Aliphatic olefins (C4) 56
benzenes benzenes

Acetyl ene Cyc10paraffins (C7) 98 a-methyl styrene 132
Cyc1 ic ketones (C6) 98 Di a I kyl benzenes (C9) 120

Benzene 78 Alkyl acetyl enes A1 iphatic aldehydes (C
3

) 58
Tert-a I ky1 acetates Branched alkyl (C

7
)

Benza1dehyde Styrene 118 ketones 114 Tri -& tetra-alkyl
2-nitropropane benzenes

Acetone 58 N-a1ky1 ketones (C 5) 86 Prim-& sec-alkyl
alcohols (C 5) 88 Unsaturated ketones

Tert-a1kyl alcohols (C
5

) 88 Prim-& sec-a I ky1 (C4)
acetates 72 Ce11 oso1ve aceta te Diacetone alcohol

Phenyl acetatl!
N-methyl pyrro1idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 osoI yes

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially ha10- (C2 CI 2):
genated paraffins ~ 98

AVERAGE MOLECULAR WEIGHT GJ
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MANUFACTURING OF PHARMACEUTICALS

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

CI -C3 paraffins Mono-tert-a 1kyl C4+-paraffins Prim-& sec-al kyl Aliphatic olefins
benzenes benzenes

Acetylene Cyc 1opa ra ffi ns a-methyl styrene
Cycl ic ketones (C

l
) 112 Di alkyl benzenes

Benzene AI kyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl (C l )

Benza1dehyde Styrene ketones 114 Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone 58 N-al kyl ketones (C
5

) 86 Prim-& sec-alkyl (C
5

)
alcohols B8 Unsaturated ketones

Tert-alkyl alcohols (C 5) 88 Prim-& sec-alkyl
acetates Ce11 0501 ve aceta te Diacetone a1coho1

Phenyl acetate
N-methyl pyrrolidone Partially halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Ce11 0501 yes

Ethyl ami nes acetamide

Dimethyl formamide

Methanol 32

Perha1ogenated
hydrocarbons

Partially halo-
gena ted paraffi ns

AVERAGE MOLECULAR WEIGHT GJ
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TABLE A-17 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED BY
MISCELLANEOUS ORGANIC SOLVENT OPERATIONS

CLASS I CLASS II CLASS I II CLASS IV CLASS V

Cl -C 3 paraffins Mono-tert-a 1kyl C4+-paraffins (C
7

) 114 Prim-& sec-a1kyl (C
8
) Aliphatic olefins (C

7
) 112

benzenes benzenes 106
Acetylene Cycloparaffins (C7) 112 a-methyl styrene

Cyc1i c ketones Di alkyl benzenes (Cg) 120
8enzene 78 Alkyl acetyl enes Aliphatic aldehydes (C

5
) 86

Tert-a1kyl acetates 8ranched alkyl (C6)
Benza1dehyde Styrene ketones 100 Tri -& tetra-alkyl (ClO )

2-ni tropropane benzenes 134
Acetone 58 N-a1 ky1 ketones (C

4
) 72 Prim-& sec-alkyl (C5)

alcohols 88 Unsaturated ketones
Tert-a1ky1 alcohols (C

5
) 88 Pr,im-& sec-a1kyl (C6)

acetates 116 Cell 0501 ve acetate Diacetone alcohol
Phenyl acetate

N-methy1 pyrrolidone Partially halogenated Ethers (C5) 88Methy1 benzoa te olefins
N,N-dimethy1 Celloso1ves

Ethyl ami nes ac~tamide

Dimethyl formamide

Methanol 32

Perha10genated
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT ~
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FROM LIGHT DUTY, GASOLINE POWERED VEHICLES

CLASS I CLASS I I CLASS III CLASS IV CLASS V

C1-C3 paraffins 20 Mono-tert-a1kyl C4+-paraffins 97 Prim-& sec-alkyl Aliphatic olefins 40
benzenes benzenes 92

Acetylene 26 Cyc10paraffins a-methyl styrene
Cyc1i c ketones Di alkyl benzenes 113

Benzene 78 Alkyl acetyl enes Aliphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-nitropropane benzenes 123

Acetone N-a1ky1 ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl alcohols Pr,im-& sec-alkyl
acetates Ce11 oso1ve acetate Diacetone a1coho1

Phenyl acetate
N-methy1 pyrro1idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

...

AVERAGE MOLECULAR WEIGHT G
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TABLE A-19 AVERAGE MOLECULAR WEIGHT OF THE EVAPORATIVE EMISSIONS FROM
LIGHT DUTY, GASOLINE POWERED VEHICLES

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins
.

Mono-tert-a 1kyl C4+-paraffins 88 Prim-& sec-alkyl Aliphatic olefins 8243
benzenes benzenes 92

Acetylene Cycloparaffins 70 a-methyl styrene
Cyc 1i c ketones Dialkyl benzenes 115

Benzene 7B Alkyl acetyl enes Aliphatic aldehydes
Tert-a1kyl acetates 8ranched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 120

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Pr,im-& sec-a I kyl
acetates Cellosolve acetate Diacetone a1coho I

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

A\f!='RA~F Mnl Frill AR wnr,HT I q, I
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TABLE A-20 AVERAGE MOLECULAR WEIGHT OF THE ORGANIC EXHAUST EMISSIONS
FROM HEAVY DUTY, GASOLINE POWERED VEHICLES

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 20 Mono-tert-a 1kyl C4+-paraffins 97 Prim-& sec-alkyl Aliphatic olefins 40
benzenes benzenes 92

Acetyl ene 26 Cycloparaffins a-methyl styrene
Cyc 1i c ketones Di alkyl benzenes 113

Benzene 7B Alkyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes 123

Acetone N-a1kyl ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methy1 benzoa te olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
gena ted paraffi ns

..

AVERAGE MOLECULAR WEIGHT ~
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TABLE A-21 AVERAGE MOLECULAR WEIGHT OF THE EVAPORATIVE EMISSIONS FROM
HEAVY DUTY, GASOLINE POWERED VEHICLES

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

cI -C3 paraffi ns 43 Mono-tert-a I kyl C4+-paraffins 88 Prim-& sec-alkyl Aliphatic olefins 82
benzenes benzenes 92

Acetyl ene Cycloparaffins 70 a-methyl styrene
Cycl ic ketones Di a I kyl benzenes 115

Benzene 78 AI kyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza I dehyde Styrene ketones Tri-& tetra-al kyl
2-nitropropane benzenes 120

Acetone N-a I kyI ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

PerhaI ogenated
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT N
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TABLE A-22 AVERAGE r10lECULAR WEIGHT OF THE ORGANIC EXHAUST EMISSIONS FROM
OTHER TYPES OF GASOLINE POWERED EQUIPMENT

CLASS I CLASS II CLASS I II CLASS IV CLASS V

Cl -C3 paraffi ns 20 Mono-tert-a 1kyl C4rparaffins 97 Prim-& sec-alkyl Aliphatic olefins 40
benzenes benzenes 92

Acetylene 26 Cycloparaffins 110 a-methyl styrene
Cycl ic ketones Di alkyl benzenes 113

Benzene 78 Alkyl acetylenes Al iphatic aldehydes
Tert-a 1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 123

Acetone N-a1kyl ketones Prim-& sec-alkyl
al cohol s Unsaturated ketones

Tert-alkyl alcohols Pr,im-& sec-alkyl
acetates Ce11os01ve acetate Diacetone a1coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Ce11oso1ves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Parti a11y hal 0-
gena ted paraffins

..

AVERAGE MOLECULAR WEIGHT l 69l
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TABLE A-23 AVERAGE MOLECULAR WEIGHT OF THE EVAPORATIVE EMISSIONS FROM
OTHER TYPES OF GASOLINE POWERED EQUIPMENT

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffins 43 Mono-tert-a 1kyl C4+-paraffins 88 Prim-& sec-al kyl Aliphatic olefins 82
benzenes benzenes 92

Acetyl ene Cycloparaffins 70 a-methyl styrene
Cycl ic ketones Di alkyl benzenes 115

Benzene 78 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza 1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes 120

Acetone N-a1ky1 ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Pr,im-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrro1i done Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Parti a lly ha 10-
genated paraffins

AVERAGE MOLECULAR WEIGHT
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DIESEL ENGINE EXHAUST

CLASS I CLASS I I CLASS I I I CLASS IV CLASS V

Cl -C3 paraffins 16 Mono-tert-a 1kyl C4+-paraffins 196 Prim-& sec-alkyl Aliphatic olefins 41
benzenes benzenes 125

Acetylene 26 Cycloparaffins a-methyl styrene
Cycl ic ketones Dial kyl benzenes 191

Benzene Al kyl acetylenes Al iphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
582-ni tropropane benzenes

Acetone N-al kyl ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl acetate
N-methyl pyrro1i done Partially halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Cellosolves

Ethy1 ami nes acetamide

Dimethy1 formami de

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffi ns .

AVERAGE MOLECULAR WEIGHT G
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TABLE A-25 AVERAGE MOLECULAR WEIGHT OF THE ORGANICS EMITTED IN JET
ENGrr~E EXHAUST

CLASS I CLASS I I CLASS II I CLASS IV CLASS V

CI -C3 paraffins 30 Mono-tert-alkyl (C
lO

) C4+-paraffins (Cg) 128 Prim-& sec-al kyl (C
8

) Al iphatie olefins 1.12
benzenes 134 benzenes 106

Acetyl ene 26 Cyeloparaffins a-methyl styrene
Cyc 1i c ketones Di a1ky1 benzenes (C g) 120

Benzene 78 Alkyl acetyl enes Ali phati cal dehydes 128
Tert-a1kyl acetates Branched al kyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl (C
ll

) 148
2-ni tropropane benzenes

Acetone N-al kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a1kyl
acetates Ce1.1oso1ve acetate Diaeetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partia1.1y halogenated Ethers

Methyl benzoate olefins
N.N-dimethyl Ce1.1oso1 yes

Ethyl amines acetamide

Dimethyl fonnamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffi ns

AVERAGE MOLECULAR WEIGHT G
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PISTON ENGINE AIRCRAFT EXHAUST

CLASS I CLASS I I CLASS III CLASS IV CLASS V

C1-C3 paraffins 20 Mono-tert-a 1kyl ~ C4vparaffins 97 Prim-& sec-a1 kyl Aliphatic olefins 40
benzenes benzenes 92

Acetyl ene 26 Cycloparaffins 110 a-methyl styrene
Cyc 1i c ketones Dialky1 benzenes 113

Benzene 78 Alkyl acetyl enes Aliphatic aldehydes
Tert-a 1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-nitropropane benzenes 123

Acetone N-a1 ky1 ketones Priw.-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1kyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Diacetone alcohol

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methy1 benzoa te olefins
N.N-dimethy1 Ce11 oso1yes

Ethy1 ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

AVERAGE MOLECULAR WEIGHT G



APPENDIX B
ADDITIONAL SUPPORT DATA FOR COMPOSITION ESTIMATES

Tables B-1 through B-18 present additional documentation to support
the composition data shown in Sections 3.2.1 through 3.4.5.

TABLE B-1 COMPOSITION OF THE VAPORS FROM UNDERGROUND GASOLINE
STORAGE TANKS [lJ

,/
Compound

Methane
Ethane
Ethylene
Propane

Propylene
Isobutane
n-Butane

Isobutene}
Butene-l
trans-2-Butene

cis-2-Butene
3-Methyl l-butene

Isopentane
n-Pentane
,l-Pentene

2-Methyl l-butene
2-Pentene
2,2-Dimethyl butane

2-Methyl 2-butene

2,3 Dimethyl butane}
2-Methyl pentane
Cyclopentane
3-Methyl pentane

n-Hexane

2,4-Dimethyl pentane}
2,3-Dimethyl pentane

n-Heptane
Octene isomers
Benzene
Toluene

1,3-Dimethyl benZene}
1,4-Dimethyl benzene

"

~Iole r' *
Vent Vapors from Regular Vent Vapors from Premium

Grade Gasoline Storage Tank Grade Gasoline Storage Tank

3.47 3.09

1.93 1.66
0.37 0.63
0.90 0.56
0.17 0.10
2.06 2.52
6.24 7.26

0.37 0.32

0.40 0.36
0.31 0.32

3.22 } 6.43+ 2.93} 5.86+
3.21 2.93
3.49 2.99
0.32 0.24
0.63 0.49
0.68 0.43
0.28 0.29

1.00 0.74

1. 50 1.34

0.42 0.38

0.69 0.50

0.55 0.46

0.08 0.14

0.02 0.04

0.01 0.01

0.07 0.03

0.01 0.01

* Volume %assumed to equal mole % +Approximately 50/50 split assumed.

B-1



TABLE B-2 COMPOSITIOi~ OF ThE EO~ILIbRIUM VAPORS AbOVE A LOS ANGELES AREA
REGULAR GRADE GASOLINE - 80°F [lJ

..

ro
I

N

CLASS I CLASS II CLASS III CLASS IV CLASS V

CI-C3 paraffins 4 Mono-tert-a I kyl C4Vparaffins 64 Prim-& sec-a I kyl 2 Aliphatic olefins 26
benzenes benzenes

Acetylene Cycloparaffins 2 a-methyl styrene
CycIi c ketones Dialkyl benzenes 1

Benzene 1 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched al kyl

BenzaIdehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a I kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a I kyl
acetates Cellosolve acetate Di acetone aIcohoI

Phenyl acetate,
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

PerhaIogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 5 TOTAL CLASS II
J

0 TOTAL CLASS III I 66 TOTAL CLASS IV I 3 TOTAL CLASS V I 26



TABLE B-3 COMPOSITION OF THE EQUILIBRIUM VAPORS ABOVE A LOS ANGELES AREA
REGULAR GRADE GASOLINE - 85°F ['-J

MOLE %

OJ
r
w

CLASS I CLASS I I CLASS III CLASS IV CLASS V

CI-c3 paraffi ns 4 Mono-tert-a I kyl C4vparaffins 66 Prim-& sec-alkyl Aliphatic olefins 26
benzenes benzenes I

Acetylene Cycloparaffins I a-methyl styrene
CycIi c ketones Di aI kyl benzenes I

Benzene I Alkyl acetylenes Al iphatic aldehydes
Tert-alkyl acetates Branched aI kyl

BenzaI dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a I kyl ketones Prim-& sec-a I kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a I kyl
acetates Cellosolve acetate Di acetone a I cohoI

Phenyl acetate
Partially halogenatedN-methyl pyrrolidone Ethers

Methyl benzoate 01 eflns
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha I ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 5 TOTAL CLASS I I j 0 TOTAL CLASS I II I 67 TOTAL CLASS IV I 2 TOTAL CLASS V I 26



TABLE B-4 COMPOSITION OF THE EQUILIBRIUM VAPORS ABOVE A LOS ANGELES AREA
PREMIUM GRADE GASOLINE - 790F [lJ

MOLE %

....

ro
I

+::-

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

Cl -C3 paraffins 2 Mono-tert-a1kyl C4+-paraffins 77 Prim-& sec-alkyl Aliphatic olefins 15
benzenes benzenes 3

Acetylene Cycloparaffins 1 a-methyl styrene
Cyc 1i c ketones Dia1kyl benzenes 1

Benzene 1 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-nitropropane benzenes

Acetone N-a 1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl aceta te
Partially halogenatedN-methyl pyrrol idone Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 3 TOTAL CLASS I I ! 0 TOTAL CLASS I I I I 78 TOTAL CLASS IV I 4 TOTAL CLASS V I 15



TABLE B-5 COMPOSITION OF THE EQUILIbRIUM VAPORS ABOVE A LOS ANGELES AREA
PREMIUM GRADE GASOLINE - 85°F [lJ

MOLE %

OJ
I

U1

CLASS I CLASS I I CLASS III CLASS IV CLASS V

Cl -C3 paraffins 1 Mono- tert-a1ky1 C4rparaffins 78 Prim-& sec-alkyl Aliphatic olefins 15
benzenes benzenes 3

Acetyl ene Cycloparaffins 1 a-methyl styrene
Cyc 1i c ketones Dial kyl benzenes 1

8enzene 1 Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone alcohol

Phenyl acetate
Partially halogenatedN-methyl pyrro1i done Ethers

Methyl benzoate 01 efins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl fonnamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffi ns

TOTAL CLASS I I 2 TOTAL CLASS I I j D TOTAL CLASS II I I 79 TOTAL CLASS IV I 4 TOTAL CLASS V I 15



TABLE 8-6 COMPOSITION OF AVERAGE LOS ANGELES AREA GASOLINE VAPORS - 79-80oF [1J

MOLE %

..

ro
I

m

CLASS I CLASS II CLASS II I CLASS IV CLASS V

Cl -C3 paraffi ns 3 Mono-tert-a1kyl C4+-pa ra ffi ns 73 Prim-& sec-alkyl 3 Aliphatic olefins 18
benzenes benzenes

Acetylene Cycloparaffins 1 a-methyl styrene
Cyc 1i c ketones Dialkyl benzenes 1

Benzene I Alkyl acetylenes Aliphatic aldehydes
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a 1kyl ketones Prim-& sec-a1kyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Di acetone a1coho1

Phenyl acetat,e
Partially halogenatedN-methyl pyrrolidone Ethers

Methyl benzoate 01 efins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perhalogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 4 TOTAL CLASS I I
J 0 TOTAL CLASS III I 74 TOTAL CLASS IV I 4 TOTAL CLASS V

1
18

Assuming 30 volume % regular grade gasoline and 70 volume % premium grade gasoline



TABLE B-7 COMPOSITION OF AVERAGE LOS ANGELES AREA GASOLINE VAPORS - 85°F [1J

OJ
J

-....J

CLASS I CLASS II CLASS I II CLASS IV CLASS V

C
l

-C 3 paraffi ns 2 Mono-tert-a 1kyl C4+-paraffins 75 Prim-& sec-alkyl 2 Aliphatic olefins 18
benzenes benzenes

Acetyl ene Cycloparaffins 1 a-methyl styrene
Cyc1i c ketones Dial kyl benzenes 1

Benzene Alkyl acetyl enes Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes

Acetone N-al kyl ketones Prim-& sec-alkyl
alcohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell 0501 ve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl amines acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffi ns

TOTAL CLASS I I 3 TOTAL CLASS I I
J

0 TOTAL CLASS II I
1

76 TOTAL CLASS IV I 3 TOTAL CLASS V I18

Assuming 30 volume % regular grade gasoline and 70 volume % premium grade gasoline



TABLE 8-8 COMPOSITION OF LOS ANGELES AREA GASOLINES [1]

Mole %*
Liquid Regular Regular Grade Regular Grade Liquid Premium Premi um Grade Premi um Grade
Grade Gaso1i ne Gaso 1i ne Vapors Gaso 1i ne Vapors Grade Gaso1 ine Gaso1 ine Vapors Gaso1i ne Vapors

Compound at 800 F at 850 at 790 F at 850 F
,

Methane V.UI

Ethane 0.35 0.28 0.02 0.01

Ethylene 0.09 0.09 0.05 0.01

Propane 0.02 0.39 0.54 0.01 0.36 0.17

Propylene 0.08 0.08 0.03 0.02

Isobutane 0.24 0.95 1. 21 0.21 1.01 0.95

n-Butane 1. 72 3.46 4.59 3.10 4.02 3.95

Isobutene I
0.02 0.16 0.25 0.03 0.22 0.20

1-Butene f
Trans-2-butene 0.06 0.21 0.28 0.04 0.22 0.19

Cis-2-butene 0.13 0.24 0.28 0.05 0.21 0.21

3-Methy1 Butene 3.71 t 7.43+ 1. 84 } 3.69+ 2.50} 5.00+ 3.67 } 7.34 + 1. 70 ( 3.40+ 1. 82} +

Isopentane 3.721 1. 85 2.50 3.67 1.70 j 1.82 3.64

n-Pentane 4.74 2.14 2.89 3,83 1. 66 1. 97

l-Pentene 0.32 0.20 0.25 0.18 0.16 0.23

2-Methy1-l-butene 0.68 0.42 0.46 0.50 0.36 0.45

Pentene 0.88 0.41 0.49 0.57 0.45 0.40

2,2-Dimethy1 butane 0.60 0.17 0.21 0.40 0.14 0.15

2-Methyl-2-butene 1. 48 0.86 1.04 1.03 0.70 0.83

2,3 Dimethyl butane}
6.09 0.96 1. 32 5.13 1.01 0.98

2-Methyl pentane

Cyclopentane 0.88 0.28 0.27 0.54 0.16 0.18

3-Methy1 pentane 3.57 0.52 0.68 2.48 0.50 0.45

n-Hexane 3.96 0.50 0.66 2.90 0.48 0.46
2,4 Dimethyl pentane 3.30 3.73
2,3 Dimethyl pentane 4.51 0.31 0.34 5.24 0.29 0.34
n-Heptane 2.30 1.88
Iso-octane 10.0 } 12.2++ 10.0 } 11.1++
Octene isomers 2.2 1.1
Octane Isomers 6.6 } 13.1+ 0.08 0.09 3.16 } 6.33+ 0.09 0.08
Octene isomers 6.5 3.17
n-Octane 0.30' 0.38
Benzene 6.92 0.12 0.18 3.77 0.21 0.19

To1 uene 6.11 0.32 0.30 9.58 0.39 0.36

n-Nonane 0.13 0.12
Ethyl benzene 1. 23 0.01 0.01 1. 58 0.02 0.02

1 ,3 Di methyl benZene}
5.08

1,4 Dimethyl benzene 0.06 0.05 9.10 0.09 0.08

1,2 Dimethyl benzene 1. 83 0.02 0.02 3.43 0.02 0.02
n-Propyl benzene 1. 67 0.42
1-Methyl-3 ethyl benZene}
l-Methyl 4-ethy1 benzene 2.46 0.01 0.01 3.53 0.01 0.01

Terti ary butyl benzene 0.38 0.61
1,3,5 Trimethyl benzene 0.38 1.14++ 0.61 1.84++ 0.01 0.01
1-Methyl-2-ethy1 benzene 0.38 0.62
Secondary butyl benzene 0.79 0.01 1. 35
Isobutyl benzene 0.79 2.37++ 0.01 1.35 2.76++ 0.01 0.01
1,2,4-Trimethy1 benzene 0.79 1. 36
n-8uty1 benzene 0.61 1. 22+ 1.38 t 2.76+
1,2,3-Trimethy1 benzene 0.61 1.38
Other C-10 Aromatics 1.52 . 2.81

* Volume % assumed to equal mole % +Approximate1y 50/50 split assumed.

B-8

++Sp1it assumed.



TABLE 8-9 COMPOSITIUN OF A LOS ANGELES AREA REGULAR GRADE GASOLINE '[1]

MOLE %

ro
I

1.O

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C 3 paraffins Mono-tert-a 1kyl C4vparaffins 53 Prim-& sec-alkyl 11 Aliphatic olefins 16
benzenes benzenes

Acetyl ene Cycloparaffins 1 a-methyl styrene
Cyc 1i c ketones Di alkyl benzenes 9

Benzene 7 Alkyl acetylenes Al iphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes 3

Acetone N-al kyl ketones Prim-& sec-a1kyl
alcohol s Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-a1kyl
acetates Cell oso1ve acetate Di acetone a1coho1

Phenyl acetate
Partially halogenatedN-methyl pyrrol idone Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 7 TOTAL CLASS II ! 0 TOTAL CLASS III I 54 TOTAL CLASS IV 120 TOTAL CLASS V 119



TABLE 8-10 COf,jPOSITIlJN OF A LUS Ai~GI:LI:S ARE.A PRHlIUM GRADE GASOLIHE [1 ]

..

t:tI
I
--'
o

CLASS I CLASS II CLASS III CLASS IV CLASS V

Cl -C3 paraffi ns Mono-tert-a I kyl C4+-paraffins 47 Prim-& sec-alkyl 15 Aliphatic olefins 9
benzenes benzenes

Acetylene Cycloparaffins I a-methyl styrene
Cyc 11 c ketones Dialkyl benzenes 19

Benzene 4 Alkyl acetylenes Aliphatic aldehydes
Tert-alkyl acetates Branched al kyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes 5

Acetone N-a I kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-al kyl
acetates Celloso1ve acetate Diacetone alcohol

Phenyl acetate
Partially halogenatedN-methyl pyrrol idone Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl fonnami de

Methanol

PerhaIogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 4 TOTAL CLASS II J 0
TOTAL CLASS III I 48 TOTAL CLASS IV I 34 TOTAL CLASS V

1
14



TABLE B-11 COfvlPOSITION OF AVERAGE LOS ANGELES AREA GASOLINE [1]

o::J
I............

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
l
-C

3
paraffi ns Mono-tert-a1kyl C4+-paraffins 49 Prim-& sec-alkyl 14 Aliphatic olefins 11

benzenes benzenes
Acetylene Cycloparaffins 1 a-methyl styrene

Cyc1i c ketones Dial kyl benzenes 16
Benzene 5 Alkyl acetylenes Aliphatic aldehydes

Tert-alkyl acetates Branched alkyl
Benza1dehyde Styrene ketones Tri-& tetra"alkyl 4

2-ni tropropane benzenes
Acetone N-al kyl ketones Prim-& sec-al kyl

alcohols Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-al kyl

acetates Cellosolve acetate Di acetone a1cohoI
Pheny1 aceta te

- N-methyl pyrroI i done Partially halogenated Ethers
Methyl benzoate olefins

N,N-dimethyl Cell oso1ves
Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha10genated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 5 TOTAL CLASS II
J 0 TOTAL CLASS I II I 50 TOTAL CLASS IV I 30 TOTAL CLASS V I IS

Assuming 30 volume % regular grade gasoline and 70 volume % premium grade gasoline



TABLE B-12 ESTIMATED COMPOSITION OF THE ORGArlICS EHITTED AS AUTOMOBILE EXHAUST - UNCONTROLLED [2J

MOLE %

..

00
I.....

N

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

C1-C3 paraffins 20 Mono- tert-a 1ky1 C4+-paraffi ns 22 Pri m-& sec-a 1ky1 6 A1 iphatic olefins 31
benzenes benzenes

Acetylene 12 Cyc10paraffins 1 a-methyl styrene
Cyc1i c ketones Dial kyl benzenes 4

Benzene 2 Alkyl acetyl enes A1 iphatic aldehydes
Tert-a1kyl acetates Branched a1 ky1

Benza 1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 2

Acetone N-a 1ky1 ketones Prim-& sec-alkyl
alcohol s Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-alkyl
acetates Celloso1ve acetate Diacetone alcohol

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methyl benzoate 01efins
N,N-dimethy1 Ce11 oso1yes

Ethyl amines acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 34 TOTAL CLASS II
J 0 TOTAL CLASS I I I , 23 TOTAL CLASS IV I 10 TOTAL CLASS V I 33



TABLE B-13 COMPOSITION OF THE ORGAi~ICS EMITTED AS AUTOMOBILE EXHAUST - MODIFIED COMBUSTION [2]

MOLE %

ro
I.....

W

CLASS I CLASS II CLASS III CLASS IV CLASS V

C1-C3 paraffins 19 Mono-tert-a1ky1 C4+-paraffins 15 Prim-& sec-alkyl Aliphatic olefins 41
benzenes benzenes 5

Acetylene 11 Cyc10paraffins 1 a-methyl styrene

2
Cyc1i c ketones Dia1ky1 benzenes 4

Benzene Alkyl acetylenes Aliphatic aldehydes
Tert-a1ky1 acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 2

Acetone N-a 1ky1 ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-a1ky1 alcohols Prim-& sec-alkyl
acetates Celloso1ve acetate Di acetone a1coho1

Phenyl acetate
N-methy1 pyrro1 idone Partially halogenated Ethers

Methyl benzoate 01 efins
N. N-dimethy1 Ce110s01ves

Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffi ns

TOTAL CLASS I I 32 TOTAL CLASS II
J

0 TOTAL CLASS III
1

16 TOTAL CLASS IV I 9 TOTAL CLASS V I43

Modifi ed combus tion cons i sts of 1ean mi xture and modi fied spark timi ng.



TABLE 8-14 COMPOSITION OF THE ORGANICS [JUTTED AS !\UTOMOBILE EXHAUST - AIR IIJJECTION [2]

...

to
I
--'
~

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
l

-C
3

paraffins 17 Mono-tert-a 1kyl C4+-paraffins 18 Prim-& sec-alkyl Aliphatic olefins 40
benzenes benzenes 5

Acetylene 9 Cycloparaffins a-methyl styrene
Cyc1i c ketones Dia1kyl benzenes 4

Benzene 2 Alkyl acetylenes 1 Aliphatic aldehydes
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Trl-& tetra-alkyl
2-ni tropropane benzenes 4

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cell oso1ve acetate Diacetone a 1coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N. N-dimethyl Ce11 oso1yes

Ethyl ami nes acetamide

Dimethyl formami de .
Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 28 TOTAL CLASS II j 0 TOTAL CLASS III I 19 TOTAL CLASS IV I 9 TOTAL CLASS V I 44



TABLE B-15 COMPOSITION OF AUTOMOBILE EXHAUST HYDROCARBON EMISSIONS IN
AN ENCLOSED AREA [3]

Weight %
Sepulveda

Molecula Blvd. 2nd Street Mole
tomoound Weiaht Tunne 1 Tunnel Averaae %

Ethane 30 1.5 :!" 0.95 1.2:!"0.10 1.4 :!" 0.81 3.3

Ethylene 28 7.0:!: 0.71 4.4:!: 0.43 6.3 :!" 1.4 15.8

Acetylene 26 5.0 :!: 0.69 3.9 :!" 0.56 4.7 :!: 0.80 12.7

Propane 44 1. 0 :!: 0.85 1.0:!"0.13 1.0:!: 0.71 1.6

Propylene 42 3.2 :': 0.33 2.0 :!:O. 18 2.8 :!" 0.61 4.7

Isobutane 58 0.8 :!: 0.16 0.9 :!: 0.06 0.8 :!: 0.14 1.0

Butane 58 2.5 :!" 0.37 2.5 :!: 0.15 2.5 :!: 0.31 3.0

Isopentane 72 5.4 :!: 0.39 5.9:!: 0.49 5.5 :!: 0.46 5.3

Pentane 72 2.8 :!" 0.24 3.0 :!: 0.24 2.9 :!" 0.24 2.8

2-Methyl pentane + 93 2.2 :!: 0.24 3.3:!: 0.59 2.5 :!: 0.61 1.9
2, 3-Di methyl Pentane

3-Methyl Pen tane 86 3.3 :!: 0.29 3.6:!: 0.33 3.4 :!: 0.31 2.8

C6 01efins 84 1.7:!: 0.13 1.9:!:0.14 1.7:!: 0.16 1.4

Hexane 86 1.9:!:0.18 2.2 :!: 0.14 2.0 :!: 0.22 1.6

Methyl cyclopentane 84 --- --- --- ---
2,4-Dlmethyl pentane 100 2.0 :!" 0.16 2.1 :': 0.13 2.0 :!: 0.17 1.4

Benzene 78 3.4 :!: 0.16 2.7 :!: 0.22 3.2 :!: 0.38 2.9

2,3-Dimethyl p·entane 100 1.9:!:0.14 1.9:!: 0.08 1.9 :!" 0.12 1.3

3-Methyl Hexane 100 1.3 :!: 0.09 1.4:!:0.10 1.3:!"0.10 0.9

2,2 ,4-Tr i methyl Pentane 114 2.2 :!: 0.16 2.3 :!: 0.08 2.2 :!: 0.16 1.3

Heptane 100 1." :!: 0.10 1.3:!:0.10 1.3 :!: 0.09 0.9

Methyl cyclohexane 98 0.9 :!: 0.06 0.9 :!: 0.10 0.9 :!: 0.07 0.6

Isooctane 114 1.0 :!: 0.07 1.0 :!" 0.06 1.0 :!: 0.07 0.6

Toluene 92 9.2 :!: 1.03 8.6 :!: 0.22 9.0 :!: 0.90 6.9

Dimethyl Hexanes 114 1.5 :!: 0.49 1.9 :!: 0.61 1.6 :!: 0.54 1.0
methy 1 ,Heptane

Octane 114 1.8:!: 0.22 1.9:!:0.10 1.8 :!: 0.20 1.1

Dimethyl Heptane + 128 1. 2 :!: 0.09 1. 3 :!: 0.00 1.2 :!: 0.09 0.6
Nethyl Octanes

meta-and para-Xylenes 106 9.4 :!: 0.54 9.5 :!: 0.42 9.5 :!: 0.49 6.3

'Ortho-Xylene 106 4.1 :!: 0.17 4.2!O.13 4.1 :!: 0.16 2.7

Nonane 128 0.9:!: 0.10 1. 1 :!: 0.13 1.0:!:0.13 0.6

2,4,5-Trimethy Octane 156 0.7 :!: 0.12 0.8:!: 0.08 0.7 :!: 0.12 0.4

Isodecane 142 0.3 :!: 0.25 0.0 :': 0.00 0.2 :!: 0.25 0.1

3-and 4-Ethyl Toluene 142 6.8 :!: 0.48 7.7:!: 0.75 7.1 :!: 0.69 3.5

Decane 142 5.0 :!: 0.51 5.5:!: 0.70 5.2 :': 0.59 2.6

1,2,4-Trimethyl Benzene 120 1. 5 :!: 0.38 1.6 :': 0.31 1.5:!: 0.35 0.9

l,2,3-Trimethyl Benzene 120 1.0 :!: 0.31 1.2 :!: 0.34 1.0:!: 0.32 0.6

3-Propyl Toluene 134 2.3:!: 0.75 2.7 :!" 0.67 2.4:!: 0.72 1.3

C4 Benzenes 134 2.4 :!: 1. 66 2.7:!: 1.47 2.4 :!: 1. 52 1.3

100.5 % 1OQ.T % 100.0 %

Methane [4] 10.0*

*Approximately 10.0 mole %of the organic compounds emitted in automobile
exhaust is methane; methane was not measured at the same time as the com­
pounds shown above.
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TABLE b-16 ESTIMATED CO~lPOSITION OF THE' ORGANICS E~JITTED IIi GAS TURbIIJE EXHAUST - TAXI-IDLE r'JODE [5]

..

O:l
I
--'
(j)

CLASS I CLASS II CLASS III CLASS IV CLASS V.
:

Cl -C3 paraffins 7 Mono-tert-a1kyl C4+-paraffins 22 Prim-& sec-a1kyl Aliphatic olefins 20
benzenes 4 benzenes 16

Acetylene 1 Cycloparaffins a-methyl styrene

1
Cyc1i c ketones Dialkyl benzenes 15

Benzene Alkyl acetyl enes Aliphatic aldehydes 10
Tert-a1kyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri -& tetra-alkyl
2-ni tropropane benzenes 4

Acetone N-alkyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Cellosolve acetate Di acetone a1coho1

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol
-

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffins

I TOTAL CLASS II
J

TOTAL CLASS III I 22 TOTAL CLASS IV I
..

TOTAL CLASS V I 34TOTAL CLASS I 9 4 31

•



TABLE B-17 ESTItv'lATED COMPOSITION OF THE lJRGAfHCS t.lv1ITH.D II~ GAS TURBINE EXHAIJST - TAKEOFF ~10DE. [5]

MOLE %

to
J

--'

"

CLASS I CLASS I I CLASS I II CLASS IV CLASS V

C
l
-C3 paraffins 2 Mono-tert-a 1kyl C4Vparaffins 15 Prim-& sec-alkyl Aliphatic olefins 20

benzenes 6 benzenes 8
Acetylene Cycloparaffins a-methyl styrene

Cyc1i c ketones Dia1kyl benzenes 13
Benzene Alkyl acetyl enes Aliphatic aldehydes 30

Tert-alkyl acetates Branched alkyl
Benza1dehyde Styrene ketones Tri-& tetra-alkyl

2-ni tropropane benzenes 6
Acetone N-a1kyl ketones Prim-& sec-alkyl

alcohol s Unsaturated ketones
Tert-alkyl alcohols Prim-& sec-al kyl

acetates Cell oso1ve acetate Diacetone alcohol
Phenyl acetate

Partially halogenated EthersN-methyl pyrrol idone
Methyl benzoate olefins

N,N-dimethyl Ce11 oso1yes
Ethyl ami nes acetamide

Dimethyl formamide

Methanol

Perha1ogenated
hydrocarbons

Partially halo-
genated paraffi ns

TOTAL CLASS I I 2 TOTAL CLASS II j 6 TOTAL CLASS I II
1

15 TOTAL CLASS IV I 21 TOTAL CLASS V I 56



TABLE B-18 ESTIMATED COMPOSITION OF THE ORGANICS tJiITTED IN GAS TURBINE EXHAUST - APPROACH MODE [5]

MOL.E%

10.

OJ
I......

co

CLASS I CLASS II CLASS III CLASS IV CLASS V

C
l

-C3 paraffins 1 Mono-tert-a1kyl C4Vparaffins 10 Prim-& sec-a 1kyl Aliphatic olefins 10
benzenes benzenes g

Acetylene Cycloparaffins a·methyl styrene
Cycl i c ketones Dia1kyl benzenes g

Benzene 1 Alkyl acetylenes Aliphatic aldehydes 60
Tert-alkyl acetates Branched alkyl

Benza1dehyde Styrene ketones Tri-& tetra-alkyl
2-ni tropropane benzenes

Acetone N-a1kyl ketones Prim-& sec-alkyl
alcohols Unsaturated ketones

Tert-alkyl alcohols Prim-& sec-alkyl
acetates Ce11 oso1ve aceta te Diacetone alcohol

Phenyl acetate
N-methyl pyrrol idone Partially halogenated Ethers

Methyl benzoate olefins
N,N-dimethyl Cellosolves

Ethyl ami nes acetamide

Dimethyl formami de

Methanol

Perha1ogena ted
hydrocarbons

Partially halo-
genated paraffins

TOTAL CLASS I I 2 TOTAL CLASS II
J 0 TOTAL CLASS III

1
10 TOTAL CLASS IV I lB TOTAL CLASS V I 70
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