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DISCLAIMER

The statements and concTUSiéﬁévin‘this report are those of
the contractor and not necessarily those of the California Air
Resources Board. The mention of commercial products, their
sources or their uses, in connection with material or methods
reported herein is not to be construed as either an actual or

implied endorsement of such products.
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ABSTRACT

This report presents the results of analysis of the use
pattern of 1977 estimated nonsynthetic hydrocarbons used for
pesticidal purposes in California. Alternative measures and
their associated impacts that can lead to a use reduction
of the nonsynthetics are also presented. The entire analysis
in this report is based on estimated 0il use obtained by
questionnaire surveys and 1977 California Pesticide Use Report,

The total estimated consumption of nonsynthetic hydro-
carbons for pesticidal purpose in 1977 in California was 225.2
million pounds. Of this quantity, 96.5% was applied in pure
0il form (formulation 10), and 3.5% as minor ingredients
(nonformulation 10)., The formulation 10 products were applied
in four categories: general weed control (53.9%), agricultural
use (27.5%), wood preservation (11.8%), and miscellaneous
uses (3.3%). The general weed control use overlaps with the
second and fourth categories. The miscellaneous uses of oil
pesticides include home and garden, industrial, manufacturing,
residential pest control, etc.

’ The top 17 commodities that had 500,000 pounds or more of
0il pesticide applied were studied with regard to o1l use pattern,
related pest probiems and alternative measures capable of re-
ducing oil use. The total pessible quantity of oil that could
be saved and the associated hydrocarbon emission reduction are
estimated. Recommendations are made on the most feasible alter-
native measures for reducing oil use based on energy,

economic and air quality impact assessments.

iii



Each of the alternative measures are evaluated for their
impacts on air quality, energy use, and cost. A1l alternatives

can achieve a reduction of hydrocarbon emissions as shown Lelow.

Potential
Estimated Potential % Reduction
011 Use Reduction Emission Reduction 1in Total 01l
Alternative (in 1000 1bs.) tons/TPD? Use
Synthetic Pesticides
Insecticide 11,063.4 4,949/13.8 5.1
Herbicide 111,127.0 52.630/144.2 51.1
Application
Method 4.023.2-5,275.7 1,813-2,202/5.0-6.0 1.9-2.4
IPM (Integrated 4,573.9-9,147.6 2,047-4,096/5.6-11.2 2.1-4.2

Pest Management)

4TPD "= Tons per day.

The alternatives will also result in reduced energy con-
sumption. The estimated annual energy use reductions were
55,307 barrels of crude 0il equivalent for alternative
application methods, 63,793-143.399 barrels for IPM practices
and 1,875,370 barrels for synthetic pesticide. The energy con-
sumption resulting from conventional oil application was 1,899,365

barrels of crude 0il1 equivalent.

Cost analysis of different alternatives provided a some-
what different impact pattern. The costs of synthetic pesticides
and their application are higher for citrus and lower for deci-
duous tree crops when compared to the costs of o0il insecticide
use. In vegetable c¢crops the cost of synthetic herbicidal treat-

ment is about three times lower than the cost for control with
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weed 0il. For school district and weed control unclassified,
the synthetic herbicidal treatment cost is higher than for o0i]l
use. In three citrus crops, costs for IPM-0il practice and
non-IPM 011 use are similar while costs for IPM-synthetic
practice are higher. These costs, however, are the cost per
treatment year. With IPM, treatment may not be required for
each year. For the long term consideration, the cost for IPM
will be reduced and become very competitive with conventional
0il application. The use of low volume spray can result in
011 use reduction and thus in cost savings.

Based on the impacts assessment of the different alter-
natives summarized earlier, the following conclusions are made
with consideration given to hydrocarbon emission reduction,
cost and energy use in descending priority of importance.

(1) Synthetic insecticides and herbicides are available
as substitutes for all but three of the crops consi-
dered in this report. These materials are, in
general, more toxic than the oil pesticides. In-
vestigations of the relative health impacts is beyond
the scope of this study. The cost of synthetic
herbicides, on the other hand, varies depending on the
particular applications, but in general are comparable

to the costs of nonsynthetics.



0i1 use reduction can be achieved in part by increasing
the use of low volume and new sprayer techniques

for some of the o1l appiication on deciduous and citrus
tree crops.

IPM procedures may or may not result in immediate o0il

use and cost reductions. In the long term consideration,

011 use and cost reduction can be achieved.
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1.0 CONCLUSIONS

The following conciusions are based on the interpretation

of data presented in this report.

(1)

The total estimated consumption of 01l pesticide in
California in 1977 was 225.2 million pounds. Of
this quantity, 217.3 million pounds {(96.5%) was
applied in pure o0il form (formulation 10), and 7.9
million pounds (3.5%) as minor ingredients (non-
formulation 10). The formulation 10 products were
applied in four categories: general weed control
(53.9%), agricultural use (27.5%), wood preservation
(11.8%), and miscellaneous uses (3.3%). The total
organic gas (TOG) emissions from formulation 10 oil
pesticide use was 91,010 tons or 249.3 tons per day
(TPD) and about 41 percent of this emission took
place in June through October. When compared to
CARB's 1976 Statewide Emission Inventory, the 1977
011 pesticide emissions would account for 10.3 percent
of the TOG emissions from all stationary sources. In
some counties, however, this source of emissions
accounts for more than half of all stationary source
emissions. (e.g. San Joaqu{n County - 55%; Monterey
County - 64%)

The major emission peaks during the year were in
April through June and then a relatively high monthly
emission rate was maintained through September. The months

of refatively high emissions correspond best to both



SN

(2)

—
o~

o

the high ambient levels of TOG in some areas in the
state and a high frequency of oxidant standard
violations. It appears that pesticide oil applications
during the summer and fall months could contribute
significantly to oxidant problems in some areas.

A reduction in the use of pesticide 0il with a resul-
tant emission reduction can be achieved by synthetic
pesticide substitution, using more efficient applica-
tion methods and by adopting IPM practices. The
emission reduction achievab]e by synthetic pesticide
substitution was 157.8 TPD or 63.3 percent of the annual
total o0il emission, and the reduction achievable by

new application methods and IPM procedures was 5.0-6.0 TPD
(1.9-2.4 percent of the total emission from o0il use)

and 6-11 TPD (2.1-4.2) percent of the total emission
from 0i1 use) respectively.

Alternative measures examined would result in a
reduction in energy use. The reduction was 55,307
barrels of crude oil equivalent for using more efficient
application methods, 63,793-143,399 barrels for IPM
practices, and‘1,875,370 barrels for synthetic pesti-
cides. The energy consumption of conventional oil
application was equivalent to 1,899,365 barrels of

crude 011 equivalent.

In comparing the cost of alternatives with conventional
0il applications, the cost of materials and application

labor in using synthetic insecticides and most herbi-



cides were generally Tower. With IPM practices,
during the treatment year, costs on a per acre basis
are higher than costs for non-IPM 0il use. Since a
high lTevel of treatment is not required each year

with IPM, costs for IPM practice could be lower in

the long run. Considerable savings would result in
changing to more efficient application methods. The
average costs per acre and the relative cost effective-
ness of emission reduction on a per ton basis realized
in each of the alternatives for those commodities
considered in this study, are presented below.
Relative cost effectiveness is defined in this report

as cost above or below the cost of oil use.

Potential
Emission Average b
Reduction Relative Cost Effectiveness
Alternative tons/TPDA {$/ton of Emission Reduced)
Synthetic Pesticides
Insecticides 4,949/13.6 -1,054
Herbicides 52,630/144.2 143
IPM
011 2,047/5.6 673
Synthetic 4.096/11.2 1,032
Application 1,813-2,202/5.0-6.0 ~568
Methods

4TPD = Tons per day.

b sign denotes a savings.

Based on the possible impact that each alternative
may have on energy use, costs and air quality, the
following alternatives are recommended for consideration

to implement in order to reduce oil use.
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Use of more efficient application methods
Adoption of IPM procedures

Synthetic herbicide substitution



2.

0

RECOMMENDATIONS

(1)

Three alternative measures are recommended for imple-
mentation to the extent possible for the reduction

of hydrocarbon.emission from oil pesticide use.

These alternatives are synthetic herbicide substi-
tution, adoption of IPM procedures and use of more
efficient application methods.

The use of weed oil for non-crop areas and for
those field crops considered in this report could
be phased out with synthetic herbicide substitutions.
There is some question, however, on the availability
of a real substitute for stoddard solvent as herbicide
for carrots. With the current increases in price of
petroleum products and energy considerations, the
use of weed 2i1 may be gradually phased out voluntarily
by the end-users themselves.

IPM procedures are available for some tree fruits
which include grapefruits, lemons, oranges, and
pears.

Reduction in 0il use and costs could be achieved
by using low volume spray and tower sprayers.
Implementation of the recommended alternatives can be
accomplished either by voluntary program or enforce-
ment procedures. Economic feasibility should be one
of the prime considerations in taking any implementation

steps.
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IPM procedure development is an existing function of
the University of California and the California
Department of Food and Agriculture (CDFA). With

the current interest of the Air Resources Board on
air pollution emissions from pesticide use., research
fundings should be pooled and efforts coordinated
between relevant institutions and agencies.

Air pollution emissions may not be a current primary
concern of the regulatory function of the CDFA, and
if this is the case, the air pollution concern should
be integrated into the overall pest management
consideration.

The current emission inventory was based primarily

on survey sales and use data. A study of this

design has some limitations with regard to assuring
the accuracy and representativeness of data. Data
generated by this approach should be validated by
source reconciliation field studies. Validation
should include intensive survey of end-users in the
studied areas. Such an effort is especially important
in better defining the pesticide uses in what are now

included in the category of weed control unclassified.



3.0 INTRODUCTION

Air pollution is usually viewed as associated with sources
such as motor vehicles, power plants, incinerators, and with
industrial processes such as chemical manufacturing, iron and
steel production, and cement production. Despite the fact that
pesticides have the potential for contaminating the air, until
recently agricultural processes have not been ordinarily con-
sidered as contributing to the pollution burden of the atmos-
phere in the same manner as some of the familiar pollutants such
as sulfur oxides, nitrogen oxides, and carbon monoxide. In two

studies,l’2

preliminary findings indicate that pesticide appli-
cations for agricultural purposes may be found to be one of the
major potential contributors to atmospheric hydrocarbons in some
rural areas in California. Nonsynthetic hydrocarbons (NSHC)
used as herbicides and insecticides appear to be by far the
greatest contributors to this air pollution problem. To date,
there has been no detailed county-by-county inventory made of
hydrocarbon emissions associated with the agricultural use of

NSHCs in California. In addition, the use patterns of these

NSHCs in different counties have not been analyzed.

3.1 Project Objectives

The primary objective of this project is to identify the
use patterns of NSHCs in California and recommend possible alter-
native substitutes for the NSHC pesticides. In achieving this

objective, a 1977 application and emission inventory associated
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with the pesticidal usages of NSHCs in California was conducted.
Specifically, this project seeks to:

1. Identify the use patterns of NSHCs in pesticidal
applications including applications for agricultural,
home and garden, and other non-agricultural uses,

2. Recommend possible alternative pest control methods
as substitutes for NSHC applications with the primary
purpose of reducing NSHC uses,

3. Inventory the hydrocarbon emissions associated with
NSHC applications as herbicides and insecticides, and

4, Establish a general methodology(ies) for an emission

inventory of NSHCs used for pesticidal purposes.

3.2 Scope

This entire report consists of three volumes. The body
of the report is presented in Volume II, while the executive
summary and appendices are presented in Volumes I and III
respectively.

The body of the report in Volume II is presented in four
parts. The first part is primarily concerned with data collection.
The second part presents the emission inventory while concomi-
tantly delineating the use patterns of NSHC pesticides. The
third part identifies possible a1tefnat1ve methods which may
lead to a reduction in NSHC applications. The last part provides
an environmental, economic, public health and energy impact

assessment of the alternative pest control methods.



The data collection effort in the first part involved
primarily unreported NSHC pesticide use data. The reported
data that were used in this report were obtained from the
Pesticide Use Report (PUR) through the data bank of the Food
Protection and Toxicology Center at U.C. Davis. The unreported
data were obtained by questionnaire surveys, telephone surveys
and personal and telephone interviews of pesticide manufacturers,
dealers, farm advisors, county agriculture commissioners, end-
users such as farmers, railroad companies, utilities, and
governmental agencies. Appropriate statistics from the literature
were also used.

The emission inventory was conducted in two steps. The
jnitial step was to estimate the total annual pesticide applica-
tions. The second step was to calculate the emissions resulting
from such applications on soil surfaces, leaves or water surfaces
based upon vapor pressure, molecular weight, relative humidity
and temperature, etc. At the same time, the 1977 use patterns
of NSHC pesticides in California were also identified.

The alternative pest control methods considered in this
report included chemical methods, cultural control, biological
control, integrated pest management (IPM) and application methods.
Application methods were included here not as a substitute for
NSHCs but as means to reduce use of NSHCs.

Impact assessment of the-various alternative control
methods were considered in the last part of this report. Consi-
derations in this part included the possible impacts of different

alternative control methods on public health, energy use,
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economics and air quality. Based on these impact assessments,
recommendations were made with regard to the use of NSHCs

for pesticidal purposes.

10
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4.0 BACKGROUND INFORMATION

4,1 1977 Air Quality in California

Air quality problems in California are both significant
and far-ranging. In order to carry out the C1ean Air Act
requirements (Sec. 107-d-1), the California Air Resources
Board (CARB) submitted designations of attainment/nonattainment
areas for the state of California to the Environmental Protec-
tion Agency (EPA). The submittal dated December 2, 1977 indi-
cates which areas of the state conformed to (attainment) or
violated (nonattainment) national ambient air quality standards,
and which were unclassified due to a lack of valid air quality
data. From this submittal, it is evident that the most serious
and widespread problem is the violation of the national ambient
standard for oxidant (8 pphm).* However, the EPA has since
modified this standard to 12 pphm while the state implementation
plan and the control strategies in other states are still based
on the 8 pphm standard. Figure 4-1 shows that most California
counties were classified as nonattainment for oxidant while
the remaining counties were unclassified in 1977. Areas in
which levels are high enough to be of concern are the South
Coast Basin, San Diego County, the San Francisco Bay Area, the
San Joaquin Valley, and the Sacramento Valley. Even though
there were no counties classified as attainment, some unclassi-

fied counties could p(obab1y have been designated as attainment

if valid data were available.

*
Parts per hundred million.

12
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Presently, in many parts of the state, control strategies
are being developed which are designed to achieve the national
ambient standard for oxidant. These control strategies in-
volve the reduction of emissions of oxides of nitrogen and
of reactive hydrocarbons which are the precursors of photo-
chemical oxidant. These strategies are being developed by
local planning agencies and air pollution control districts
as part of the State Implementation Plan (SIP). Most of the
agricultural counties in the state, including those in the
Central Valley, recognize the significant contribution of
pesticide applications to hydrocarbon emissions. The control
strategies for achieving the oxidant standards in these areas
include the use of Integrated Pest Management to reduce
organic pesticide app1ications. It is expected that the SIP
will be finalized and submitted to the EPA for approval some

time in the near future.

4.2 Use of 011 as Pesticides

4.2.1 Historical Development and Types of 0il

The use of petroleum oil as an insecticide was referred

1

to in the literature as early as 1787,  and kerosene was used

against scale insects on orange trees around 1865.2 A crude

3 as a summer and dormant fruit

0il emulsion was used by Smith
tree spray in 1897. However, there was damage to plants from
the unrefined 0il especially with variations in the oil obtained.

Experiments with various oil fractions showed that 0il in the

14



1ight Tubricating class was most suitable as a tree spray;4

however, various fractions continued to be used by growers.

In the 1930's, oils refined by the sulfuric acid process lowered

the unsaturated hydrocarbon content of spray oil so that in

many places it could be sprayed at any time of the year with-

out apparent damage to trees.5 Later improvements in refining

of 0i1 were made based on experiments which showed how to

select those characteristics of 0il which were needed to kill

insects while avoiding the characteristics which damage p]ants.6
There is no clear history of petroleum o0il use as a herbi-

cide prior to this century. Undoubtedly growers used various

7 §n 1919 noted

kinds of oils as available to kill weeds. Gray
that petroleum distillates killed plants better if they were
not refined with sulfuric acid.

8 the sulfonation test which

According to Gray and DeOng
measures unsaturated hydrocarbons was the most reliable indication
of phytotoxicity. Experiments by Crafts and Reiber,9 Havis
et a1.10 and others in the 1950's showed that aromatics were
the compounds most toxic to plants. Various low cost oil frac-
tions such as kerosene, diesel o0il and the tailings from solvent
extraction processes were used for weed control before and
since proprietary products specifically for weed control were

1 The oroducts marketed as weed 0ils are made to

marketed.
specifications while other products such as diesel oil may have
a decreasing content of aromatics due to improved refining

methods.

15



4.2.2 Types of 0il and 0il1 Specifications

Petroleum 011 is a mixture of a large number of organic
compounds which are predominantiy hydrocarbons, and there are
variations in the constituents present in crude petroleum

0il obtained from different regions.12

In the United States
the crude o0ils are classified as paraffinic-base, asphaltic-
base and mixed-base depending on the content of paraffin or
aspha1t.5 The finished o0ils refined from the different crude
oils differ depending on the source. For example, pesticide
spray oils produced from the highly asphaltic California crude
are higher in naphthenic hydrocarbons than are those produced
from crudes of the Eastern U.S.13
There are some 2,000 petroleum products in the U.S.

market, including about 25 kinds of distillates, 100 kinds of

14 1his 1ist does not

white o0ils and 300 kinds of solvents.
include compounds such as plastics and fertilizer which are
made by chemical modifications but only those separated

from the variety of molecular structures in crude o0il.

Other systems of classifications for the hydrocarbon
chemicals in petroleum have been used, but in the system most
commonly used in relation to pesticide oils, these chemicals
have been divided into four broad groups: (1) paraffins,

5 The term

(2) naphthenes, (3) aromatics and (4) unsaturates.
hydrocarbon designates molecules composed solely of hydrogen
and carbon atoms. These groups are briefly described.

Paraffins are saturated hydrocarbons. They have single

16



valence bonds between carbon atoms and the maximum number of
hydrogens are bonded to the carbon. The paraffins may be

straight-chained or branched-chain molecules as illustrated:

Straight-chain Branched-chain
H
{
H-C-H
H H H H H H H | H
I | | ! i ! { |
Ho- F - ?-—? - ? - ? - ? - H H-¢C - € - C-H
f | [
H H H H H H q H H
n-hexane iso-butane

Chemically, paraffins are relatively inert. At ordinary
temperatures they resist the action of most acids and bases,
and they are only slowly oxidized by bromine, chlorine and
iodine and in the presence of air.

Naphthenes are saturated ring structures which may be
single ring of multiple ring in higher boiling point fractions.

Examples of naphthenes are:

H H H H
’

N H v\ _H
C C—2<C

H RN _H Hoo/ N\ H
¢ ———¢C ¢ ¢’
HY H HT N\ / H

‘ H’C\—_‘/C\H

H H
Cyclopropane Cvclohexane



P

Chemically, naphthenes are similar to paraffins, but
physical properties may differ. For example, at the same
molecular weight, the naphthene 0il has a higher viscosity
than the paraffin.®>

Aromatics are ring hydrocarbons with double bonds. They

are unsaturated compounds which are usually composed of

benzene or its derivative. Twc or more rings may be bonded

together in different configurations. Some examples of aromatics

are:
H H H
| | |
H /H H~ M
| ] 1
H H H
Benzene Napthalene

Aromatic compounds are more reactive chemically than
saturated molecules and they can be removed from oil by acid
treatment. Aromatics usually have a higher boiling temperature
than saturated molecuies of similar weight.

Unsaturates. Unsaturated hydrocarbons (deficient in

hydrogen) have double or triple valence bonds between carbon
atoms, and there may be one or more such bonds in each molecule.
Some examples of straight-chain and branched-chain unsaturated

hydrocarbons (also called olefins) are:

18



i i / | l
H - - = H - C——¢C = € - H
N | [
H H H H- 9-—H
H
Propylene Isobutylene

Unsaturated hydrocarbons are the reactive components of
0il, whether open chain or aromatic. They are easily oxidized,
react with acid and have some tendency to poiymerize. They
are also the main components of o0ils which cause phytotoxicity.

There are also other sulfur and oxygen containing consti-
tuents in petroleum but these occur mainly in the higher boiling

point fractions which would not be found in pesticidal oils.

4.2.3 Refining of 0il

Crude petroleum is separated by distillation into various
fractions of different boiling points. The distilled fractions
are usually purified further by solvent extraction, chemical
treatment or other means.5

Pesticide 0ils come from the range of light and inter-
mediate distillates among the range of products shown in Table
4-1 which are distilled and refined from crude petroleum.

Weed oils may be produced from the highly aromatic resi-
dues extracted from other purification processes or they may
be distilled and blended to meet the required specifications.

Tree spray oil for application to foliage has stringent

purification requirements for pesticide oils. Tree spray 0il

19



Pammin®

Products Derived from Crude

TABLE 4-1

Metal Cutting Gas
Illumination Gas
Laboratory Ether
Motor Priming Ether

180ProPYl.ccieienannsnnane {

Sacondary Amyl

Secondary Butyl {

Sacondary Hexyl

[BENZENE, ccvvvvvosnssnnsan
Toluent..oosesevacesnnnen
Xylen®..sioiinsarcnianess
Naphthalene.....cveuveese
Anthracene,...coeeveenens
LReSIns.aivaarscnnvannanen

Paints
(Light Naphthas.......c.en

Heavy Naphthas.....ee00ve

ignal Ofl...vieenernanss
Mineral Seal O1l....yauss

(Carburetion Oils
Metallurgical Fuels

Household. Haating Fuels
Light Industrial Fuels
\Diesel Fuel Oils

Gasoline Recovery 01l
Benzol Recovery 0il
White 01lS.vscinvecanacne

QSaturating 0118 .seeeveess

Emulsifying O11s...0v0cee

(Flotation O118.v.vvanvnss
(Candymakers Wax
Candla Wax

(Liquefied Gases....{
Petrolaum Ether....
Alcohols.,..veuann
HYDROCARBON
GASES
Other Synthetics.. <
ubber Tires
Gas Black......... §Inks
Fuel Gas
\Light Naphthas.....
<
(Naphthas...........
LIGHT covsse
DISTTLLATES
| Refined C):Lll.s......«[S
Gas Odl......s...,.)CTacking Stock
INTERMEDIATE
NISTILLATES
Absorber Oil.......
(Technical Heavy 011
HEAVY,....

DISTILLATES

< J WaXeaonaaoaoanneneed

Sealing Wax

Etchers Wax

Saturating WaX..aiieaveean
Chewing Gum Wax
Medicinal Wax

Ingulation Wax

\Canning Wax

Petroleum

Solvents
Acetone

Lacquer
Solvents

14

Chemicals, Explosives, Pharmaceuticals

Explosives, Toluidine, Saccharin
Explosives, Dyes

Dyes, Perfumes

Dyes

Lacquers, Varnishas, Paints

(Gau Machine Gagoline.......veensnssss
PONtANE .. veuctenacsrsesnsassaravasas
HOXANe...veereracsascnnsnasasssnanses
Chemical SolventS...ciccvvencannnnese
Aviation Gasoline

Motor Gasoline

Intermediate Naphthas....{ Commerciasl Solvents.....ceeceveeveans

Blending Naphtha

Varnishmakers § Painters Naphtha
Dyars & Cleaners Naphtha
Turpentine Substitutes

Electrical OilSeicsesnvas {

Laundry WaX..eovesanancans {

\ Soaps
Lamp Fuel

(Kerosene.....veeeceseenes {Stova Fuel

Motor Fuel

Railroad Signal 011
Lighthouse 011

Coach & Ship Illuminants
Gas Absorption 0ils

PP NI | 11111 1-F % R

esncvescsossavsecMadicinal iieiiiaacan
Wool 0ils
Twine 04ls

" Cutting Oils

Transformer 0ils
Switeh 0ils
Metal Recovery Oils

Detergent Wax
Iron Wax

Mateh Wax
Paper Wax

{Cardhoatd Wax

20

Domestic Illumination Naphtha
Candlepower Standardization Nap.
Laboratory Naphtha

Drug Extraction Solvent

Fatty 011 Solvent (Extraction)

Rubber Solvent
Lacquer Diluents

Emulsified Spray 0il
Bakers Machinery 041
Candymakers 01l

Fruit Packers Oil

Egg Packers 0il

Slab 0il-=Candy and Baking
Internal Lubricant

Salves

Creams

Ointments



HEAVY......
DISTILLATES
(CONTINUED)

RESIDUES. . .{

REFINERY...
SLUDGES

Lubricating Oil....

(Lubticacing 01l....

Petrolatum Gresss..

Residual Fuel O1il.

St1ll WaX.,snesesa.

Anphal:n..‘.......{

(Light Spindle Oils
Textile 0ils
Transformer Oils

Compressor 0Oils

Ice Machine 0ils

Meter Qils

Journal Oils

Motor 0ils

Steam Cylinder 0ils
Compounded 01lSeca.nvnsan
Valve Olls

Turbine Oils

Tempering OLilS..c.vnnanes
Floor Oils

Transmission Oils
Railroad Oils

Printing Ink Qils

Black Oils

PetrolatulMec.cassevasnanes

Wood Pregervative Oils
Gas Manufacture 0ils
Boller Fueleeeceesaosovaees
Metallurgical Oils
Rovfing Material
(Liquid Asphalts }

Binders
Fluxes
Steam Reduced Asphalts..,

K CoKennanananaanss

Heavy Fuel O0ils
L Sulfuric Acid.....

Sulfonic Acid..... {

\Oxidized Asphalts........

Carbon Brush Coke
Carbou Electrode Coke
Fuel Coke
Saponification Agents
Desulsifying Agents

Fertilizers

21

Grease O4lS..iivsnneeanans

—_—

—_—

Terraeteas

Household Lubricating Oils

Water-Soluble Oils

Heat Treating Metals

Gear Grease
Axle Grease
Switch Grease
Cable Grease
Cup Grease

Compounded Greased
(For Gemeral Lubricaticm) *""""""""**

sessvesvrsssnasssoTechnical,iviiianiss {Lubricants

(Petroleum Jelly

Salves

Cold Cream

Skin Cream
Vanishing Cream
Wrinkle Remover
Massage Cream
Rouge

|Lipstick

chsrassesuvesena.Medicinal.ll el d

Merchant Marine Fuel
Naval Fuel

Railroad Fuel
Industrial Fuel

Road 0Oils

Roofing Saturants
Emulsion Bases
Briquetting Asphalts
Paving Asphalts
Shingle Saturants
Paint Bases
Fiooring Saturants
Roof Coatings
Waterproofing Asphalts
Rubber Substitutes
Ingsulating Asphalts

—h—

A A

Metal Coating Compound
Cable Coating Compound

Compounded Products



is refined by solvent extraction to remove aromatics and by hydro-
genation to further lower the concentration of unsaturates.s’16
Special narrow-distillation-range fractions are made for some
spray oils, e.g. NR-415, NR-440, in order to increase insecti-

cidal efficiency and reduce phytotoxicity.

4.2.4 Chemical and Physical Characteristics of Petroleum

0il1 Pesticides

The compositions of petroleum o0il pesticides are very
complex, and oils of exactly the same composition cannot be
made each time the o0il is produced. It was found necessary,
therefore, to specify limits for certain chemical and physical
characteristics of o0ils according to the intended use. The
main characteristics and importance of- the measurements are
described as fo]]ows:17

(a) Density (or specific gravity). The density of

petroleum is measured in "API degrees", this is the
minimum temperature for the appearance of the cloud
point for aniline and oil in a one to one mixture.

- API degrees may be converted to grams/ml by the
following formula:

141.5
Density (g/ml) =

131.5 + API degrees

The density of pesticide oil increases from paraffins
to naphthenes to aromatics and is important as one of
the criteria used in determining the content of

aromatics and naphthenics.18

22



(b)

Distillation Range. The distillation range is the

range of temperatures over which the component o0ils

of the product will boil or distill. Selection of

the right distillation rangé is the primary method

used to obtain the most appropriate oils for the pest

control problem. Use of the right range is particularly

jmportant with foliage spray oils. As shown in

Figure 4-2, oils which distill at less than 370°F

(at 10 mm Hg) are ineffective for pest control and

those which distill above 460°F are efficient miti-

cides but also cause increased plant damage. Only

0ils distilled in the range of 370° to 460°F are

efficient foliage sprays.lg’zo
Temperatures are usually reported for 10%,

50% and 90% distillation. Distillation of spray oil

is usually done at 10 mm Hg pressure in order to

avoid cracking or breaking apart of oil molecules

21

at temperatures above 750 F.

Unsulfonated Residue (UR). This is the percentage

of an oil which does not react with sulfuric acid
in a standard test. It is a measure of the content
of reactive components which are primarily unsaturated

® The UR

molecules such as aromatics and olefins.
indicates the extent to which a pesticide o0il may
be safely used on plants. UR's range from 15% for
weed 0ils to 85% for dormant oil and 92-96% for foi%ar

ogils.

23
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(d) Viscosity. Viscosity is a measure of the internal

resistance to flow of a fluid. Viscosity of pesti-
cide 0ils is measured with a Saybolt Viscosimeter
and reported in seconds Saybolt Universa]l(SSU), the
time it takes for 60 ml of fluid to flow through a
capiHary.5

Viscosity is closely related to distillation
range and molecular weight for oils from similar
origin. For pesticide oils, generally viscosity is
of some importance in that oils are generally applied
with a sprayer, and cils should not be so viscous
as not to spread easily to cover surfaces of plants
or insects.

Spray oils have SSU viscosities of 57 to 140

seconds.

Volatility and Vapor Pressure. Volatility is directly

related to the vapor pressure of a substance. Vapor
pressure has been measured for very few petroleum
hydrocarbons in the molecular weight range of pesticide

22 Volatility is easily measured5 but is not

0ils.
routinely reported.

The volatility of oil must be appropriate to
the purpose for which it is used. Selective weed
0il applied to carrots must not remain so long that it
is present when carrots are harvested. Spray oils

for insect and mite control are ineffective if they

are too light because they evaporate too quickly.

25
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(f) Aromatic Content. The content of aromatic hydro-

carbons in pesticide 0i1l is primarily responsible
for their phytotoxic action. General contact weed
killers should have a high aromatic content (50-100%)
and spray oils should be low in aromatics if they are
to contact foliage.

A 1ist of physical and chemical characteristics
of petroleum 01l pesticides classified according to

chemical types is shown in Table 4-2.

‘ 4.2.5 Use of Petroleum 0il Pesticides and Mechanism of Toxicity

Action
4.2.5.1 Insecticides

In insect control petroleums, oils may be used in the

following three ways:

a. They may bé used as adhesives in the formulation of
sprays and dusts -- when used in this manner, the in-
herent toxicity of 0il is not of primary interest;

b. They may be used as solvents which serve as carriers
for toxicants such as rotenone, pyrethrin, and diazinon
-- "fly spray" is an example of this type:; and

.c. They may be used as the principal toxic agent as in
the case of horticultural sprays.

Apparently 80 to 90 percent of petroleum oil pesticide

23,24

used is of the third type. The 1iterature indicates that

0ils have been tested against a wide variety of pests. In some

26
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cases, it is the egg stage against which oils are effective

and in other cases, it is the adult or juvenile insects.
However, the oil-susceptible species fall into rather distinct
biological groups. For example, oil is effective in the con-
trol of many scale insects in the family Coccidae -- which are
soft scale insects such as San Jose Scale and armoured scale
insects of the family Diaspididae such as California Red Scale.
Also, many mites in the order Acarina, like the citrus red

mite are controlled effectively by 011.5

Mode of Action of Qils as Insecticides. Although petroleum

0ils have for a long time been used as insecticides, the manner
in which they produce toxic effects is not fully understood.
Relatively little work has been directed at this seemingly
jmportant point. Undoubtedly, our meager knowledge on this
has hampered the development of more effective hydrocarbons.

0ils are used effectively against both the egg stage and
hatched form of insects. However, the sensitivity varies not
only among different species but also among 1ife stages of
the same species. For instance, eggs of the pear psylla are
not highly susceptible to o0il sprays while the hatched forms
are readily killed by these sprays.

Theories on the mode of action of ovicides suggested

25 26 are summarized as follows: The oil

by Hoskins and Martin
may prevent the normal exchange of gases through the outer
casing of the egg, or may harden the outer casing so as to
prevent hatching. The oil may interfere with the water balance

of the egg, or may soften or dissolve the outer casing of the

28



'egg. Through interference with the normal development of
the embryo, the oil may penetrate the egg and interfere with
enzyme ovr hormone activity, or the oil may come in contact
with the emerging insect and exert its toxic effect upon the
delicate integument.

Considering these possibilities, it seems reasonable
that the mechanism of killing might vary with the different
species or that several modes of action might operate simul-
taneously or at different stages in the development of the
embryo. Many experiments have been done and most of the obser-
vations strongly suggest that oil exerts its Tethal effect
through a mechanical interference with the normal gaseous
exchange mechanism. This physical mechanism rather than chemical
seems to be further borne out by the fact that less reactive
paraffin oils show even greater ovicidal efficiency than do
the more reactive unsaturated oils.

The mode of action involved in the toxic effect of 0ils
on adult forms is no better understood than in the case of
ovicides. Several theories which have been advanced are

summarized by Shepard27

as follows: 0il blocks the spiracles
resulting in suffocation of the insects. 0il penetrates the
tissue in the 1iquid phase and kills by “corroding” them --

by breaking down the tissue structure. Volatile components of
the 0il are toxic and act as fumigants.

Again, it is more Tikely that several modes operate

simultaneously and that other modes of action are also involved.
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In general, it would appear that the chemically-active,
unsaturated oils might exert a toxic effect by virtue of their
chemical structure, and the highly refined saturated and in-
active oils would appear to exert their toxic effect chiefly
through their physical characteristics, but such is not

the case.
4.,2.5.2 Herbicides

0il toxicity. O0ils vary considerably in their toxicity

to plants. As with most herbicides, the basic causes of
herbicidal action are only partially delineated although the
effects are much better understood.
0ils wet plant surfaces readily and tend to spread as
a thin film. The 0il may rapidly penetrate the cuticle
especially if it is thin. Once o0il reaches the inside of the
leaf, it solubilizes the lipids of the cell membranes; cell
sap leaks into the intercellular-spaces, and the cell begins
to collapse. Plants sprayed with oil usually first show a
darkening of the youngest leaf tip presumably as a result of
the cell sap leakage into intercellular spaces. This gives
the plant a water-soaked appearance. There is a loss of
turgor and a dropping of stems and leaves, and the plants
may have an odor of macerated tissue of new-mown hay.3
fhe injurious action of o0il to plants was found to be
largely due to the aromatics and unsaturates present in the

8

oil. Such injury may be of an acute type with a quick
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burning of thé leaves due to oils of a Tow boiling fraction
or a chronic effect that develops slowly as a yellowing of
the foliage due to the oils of the high boiling fraction.
Part of the injury is due to the formation of organic acids
through the slow oxidation of the thin films of oil on or
within the Tleaf.

The phytotoxicity of oil is related to its viscosity
and surface tension. Light oils have lower viscosities and
surface tensions and they enter plant tissue more readily
than heavy o0ils. The hydrocarbons with boiling points between
280°F and 510°F are generally more toxic to plants than those
with higher or lower boiling points.8 The excessively high
rate of evaporation of the low boiling point oils and the
high viscosity of high boiling point oils probably account
for their lower toxicities.

Yerbicidal Uses. 0ils used in the field of chemical weed

control function as toxicants, solvents, film agents, and
carrigrs. In view of some very effective synthetic compounds
now used as toxicants, the toxicity of the oils themselves
is somewhat less important than it once was. O0ils used as
solvents and carriers have the property of aiding in the
contact, spreading, and penetration of pesticides.28
There are two general types of weed-killer pesticide:
selective and nonselective. The former destroys the weed but

does not affect the crop; the Tatter kills all types of plants.

The nonselective herbicides are used annually in treating
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rights-of-way and along roadside fences and ditches where

weeds are a fire hazard. For these purposes, a wide variety

of petroleum o0ils are used whichare primarily light aromatic
0ils registered as weed 0ils. These nonselective weed

0ils cause acute toxicity; also used are heavy oils, such as
diesel and fuel o0ils which cause chronic toxicity. Quite often,
the 0ils are fortified with other chemical toxicants to increase
their phytotoxicity.

Preemergence sprays are used with many crops after the
seeds have been planted but before they have started to grow
and the ground surface is covered with small weeds which are
vulnerable to 1ight petroleum distillates ranging from mineral
spirits to diesel fuel. Stoddard solvent and other Tight
distillates are used as selective petroleum herbicides with
certain crops where the weeds can be killed without leaving
a petroleum flavor in the crops. Crops treated in this manner
include beets, berries, carrots, celery, cotton, flax, grapes,
onion, parsnips, and soy beans. Some orchard crops are also
treated with selective o0ils. A common petroleum oil widely
used in this kind of service has a distillation range of around
300°to 400°F, API gravity of 40°to 44°F, flash paint above

100°F, and aromatic content of 14 to 15 percent.
4.2.5.3 Fungicides and Other Pesticides

Although o0ils have mainly been used as insecticides and
herbicides, the value of petroleum 0ils as fungicides has also

been realized. The 0il is applied to banana and other crops
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in the form of a fine mist by sprayer or by aircraft to
control Sizatoka disease and others. White mineral oil has
been found effective in preventing the growth of suckers on
tobacco p1ants.28’29
0ils may serve as adjuvants in formulations involving
2,4-D,2,4,5-T, DNBP compounds, trichloroacetates, and others.
Many halogenated hydrocarbons -- chloropicrin, ethylene
dichloride, etc. have proven highly effective against nematodes.
However, pure 0il alone has hardly been used as a nematocide.

Nevertheless, petroleum 0ils are used as parasiticides with

appiications on 1ivestock.

4.3 Photochemical Reactions of NSHC Pesticides in the Atmosphere

Photochemical "smog" or oxidants are formed when sufficient
guantities of hydrocarbons and oxides of nitrogen in the atmos-
phere are exposed to sunlight (hv). The reactions which pro-
duce these oxidants (primarily czone) are complex and only
partially understood. However, they can be summarized in the

following highly generalized scheme.30

(1) N02 + hv—>NO + 0

(2) 0+0 +M—}03+M

2
(3) 03 + NO-—-&NO2 + 02

(4) 0O + hydrocarbons —> stable products + radicals

(5) 03 + hydrocarbons = stable products + radicals

(6) Radicals + hydrocarbons—> stable products + radicals
(7) Radicals + NQ— radicals + NO2

(8) Radicals + NOZ-—;stab1e products

(9) Radicals + radicals—> stable products
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Reactions 1 through 3 represent those reactions which
occur in the atmosphere with 1ittle or no hydrocarbons pre-
sent. N02, when irradiated with ultraviolet 1ight, disassociate
to NO and a single oxygen atom. The single atom of oxygen
is highly unstable, and will rapidly combine with 02 in the
presence of another molecule to form 03, or ozone. Ozone, in
turn, reacts with NO to produce NO2 and an oxygen molecule.
This series of reactions is self-limiting and allows for
relatively 1ittle ozone accumulation. However, the introduc-
tion of reactive hydrocarbons to the atmospheric "mixture"
results in the formation of radicals (reactions 4 through 7),
which in turn oxidize the NO (reaction 7) to NO,. This action
breaks the self-1imiting cycle of reactions 1 through 3 and
allows more ozone to build up in the atmosphere. More speci-
fically, the radicals oxidize the NO molecules formed in
reaction 1 before the ozone can do so, thus "preserving" the
03 molecules. Reaction 3 becomes much more insignificant
as a consequence., It is important to note that the ozone
produced in this process‘is the result of the action of ultra-
violet light in sunshine upon NO2 in the atmosphere. Reactive
hydrocarbons do not enhance this action but only permit the
ambient concentration of ozone to increase.

Reactions 4 and 5 gradually convert the hydrocarbons to
stable (nonreactive) products and radicals, and reactions
6, 8 and 9 convert the radicals to stable products. Thus,

oxidant formation is limited by the relative concentrations
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of hydrocarbons (HC) and oxides of nitrogén (NO). If
[ﬁo;]>>[§§], the hydrocarbon is expended before NO is converted
to NOZ' With a significant quantity of NO remaining, reaction

3 prevents 03 buildup. If[@Oé}<<[ﬁ§], all NO is rapidly con-
verted to NO2 (reaction 7), with a great deal of HC still
remaining. The reaction of ozone and atomic oxygen (reactions 4
and 5) with the HC also prevents 03 buildup. However, there

is a broad range of relative HC and NOX concentrations between
these extremes which permits 03 levels in the ambient air to
become excessive.

With ample quantities of both hydrocarbons and oxides of
nitrogen in many areas in California (mostly from combustion
sources, such as automobiles), ozone production will be further
enhanced by additional hydrocarbon emissions in most instances.
This is certainly true of emissions of hydrocarbons resulting
from the application of NSHC pesticides. The reactivity of
these emitted hydrocarbons varies, but the bulk of them are
either moderately or highly reactive in terms of the rates at
which they foster ozone formation. Understandingly, the control
of these emissions is of concern to those involved in the study

or control of air pollution in California.
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5.0 APPLICATION AND USE PATTERN INVENTORIES

5.1 Introduction

This section summarizes the application distribution
and use patterns of nonsynthetic hydrocarbon (NSHC) pesticides
in California during 1977. The data presented in this report
are based on data obtained from a number of surveys of end-
users, farm advisors, pesticide dealers and manufacturers,
and from the PUR data base of the Environmental Toxicology
Library at U.C. Davis. The data in this report include reported
and unreported applications by growers and by commercial
applicators for agricultural and non-agricu}tural uses. These
uses are described in detail in the Tatter part of this section.
The presentation of this section is organized in three
parts. The first part is concerned with the application and
use pattern inventories methodology. The second part deals
with the temporal and spatial distributions of the applications.
The last part describes the use patterns of the nonsynthetic

hydrocarbon pesticides in California during 1977.

5.2 Application and Use Pattern Inventories Methodology

5.2.1 Qverview

An overview of the application inventory is presented in
Figure 5-1. The manufacturers of NSHC pesticides and the
dealers who are registered with the CDFA to sell pesticides

were surveyed by questionnaire to determine the types, quantities
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Manufacturers and Dealers
7 Questionnaire Survey of NSHC

! Pesticides Sold in California in
1977
NSHC pesticides reported NSHC pesticides not
by manufacturers reported by manufacturers

NSHC pesticides reported NSHC pesticides not

by dealers reported by dealers

Reported Total estimated NSHCs Extrapolated

Data sold to end users in 1977 Data

NSHC pesticide application data and use pattern inputs:

Questionnaire surveys: Interview surveys:

California growers Agricultural
County farm advisors commissioners
Floriculturists Irrigation districts
Railroads Flood control districts
Wood preservers School districts

' Vector control districts

Utilities

Governmental agencies

PUR
Input

Application and Use Patterns ‘
Inventory by Use, Commodity, Chemical
Month and County

Emission Inventory
Methodology

Figure 5-1. Application Inventory Overview
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and locations of the NSHC pesticides sold in California during
1977.

To determine the application and use pattern of the
NSHC pesticidal oils sold in California during 1977, question-
naire surveys were sent to: California growers, county farm
advisors, floriculturists, railroads and wood preservers,
and interview surveys were conducted with: agricultural
commissioners, irrigation districts, flood control districts,
school districts, vector control districts, utilities and
several governmental agencies. These inputs were supplemented
with the PUR data which provided a partial basis for the distri-
bution of application, by commodity, month and county. At
this point, after completing an application inventory, the
emission inventory methodology was applied as described in

Chapter 6.
5.2.2 Inventory Approaches

A statewide inventory of NSHC pesticidal oils required
knowledge of how much 0il was used on what commodities, during
which months and in what areas of the state. A survey of the
manufacturers and dealers was designed to provide the data
from which to extrapolate the gquantities of NSHCs sold to all
the end-users in 1977. Questionnaire and interview surveys
of different end-users and agricultural advisors, together
with PUR data, provided data for the determinations of use

patterns and application distribution.
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5.2.2.1 Pesticide Use Report

The PUR data obtained from the Environmental Toxicology
Library at U.C. Davis was used as the general framework for
the application and use pattern inventories. However, the
PUR data for each commodity had to be carefully evaluated
because only the NSHC pesticidal oils applied by licensed
pest control operators are required to be reported to the
CDFA and hence are included in the PUR. Grower applied NSHC
pesticidal oils are not required to be reported; therefore,
the PUR does not accurately describe the application pattern
in each county. For example, of all the pear growers in
California who use a dormant spray, only those areas sprayed
by pest control oberators will appear in the PUR as having
received a dormant spray. Therefore, it is necessary to
determine by other means what the actual application pattern
was for at least the most oil intensive commodities. This
was accomplished by the use of questionnaire and interview

surveys.
5.2.2.2 Questionnaire Surveys

A11 questionnaire surveys were mailed out with explanatory
cover letters and postage paid return envelopes. Copies of
each questionnaire and cover letter are in Appendix A.2.1.1 of
this report. A summary of all the questionnaire surveys is
detailed in Table 5-1. A brief discussion of each survey follows:

Manufacturer Survey. A computer printout was obtained
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TABLE 5-1

Summary Table of Questionnaire
Surveys Sent and Received

Positive Negative % Total
NSHC Survey # Sent ‘Rep]y % | Reply % | Response

Manufacturers Tisted in

Master Label File 47 18 38 4 9 47
Manufacturers not listed

in Master Label File 25 0 11 44 44
Dealers 1083 148 14 | 134 12 26
Railroads 22 6 27 9 41 68
Wood preservers 24 6 25 10 42 67
Floriculture 966 35 4 79 8 12
Farm Advisors 103 18 17 14 14 31
Growers (subsample) 742 42 6 37 5 11
Growers 5776 164 3 |280 5 8
Combined Growers Survey | 6518 206 3 1315 5 8
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from the Environmental Toxicology Library at U.C. Davis which
provided a 1ist of names and addresses of all the manufacturers
whose NSHC pesticides were sold in California during 1977.

The printout listed 47 manufacturers and the 135 products

they sold in 1977. To ascertain that the 1ist of 47 manufac-
turers was a complete list, a random sample of 25 California
0il companies was also surveyed to determine if they manufac-
tured any NSHC pesticidal oil products. All responses from
those of the 25 o0il companies that responded to the survey
reported that no NSHC pesticides were manufactured. The manu-
facturers survey requested use pattern literature, quantities
of products sold during 1977 as well as physical and chemical
properties of products so that emissions could be determined.

Dealer survey. A1l 1,062 pesticide dealers licensed by

the CDFA for the year 1977 were surveyed to determine the
quantities of NSHC pesticide oils sold in each county during
1977. Additionally, the dealers were asked to describe the
intended use of the oils as well as the approximate percent

of the 0ils sold directly to users rather than to other distri-
butors. In Table 5-1, the number of dealer surveys reported

as sent out is 1,083 because one of the major weed oil dealers
dunplicated our survey and sent it out to an additional 21
dealers who were not on the original mailing list but responded
to the survey.

Grower Survey. The CDFA reported that California had

65,000 farms in 1977, so it was decided that 10 percent of
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the growers would be surveyed. A mailing 1ist of California
growers was obtained from Dun and Bradstreet Marketing Services
and used for the survey. The mailing list sample consisted of
producers actually engaged in growing operations according to
the Standard Industrial Classification (SIC) numbers supplied
with the 1ist. The mailing 1ist included farms in every

county except one which has only 4 farms recorded in the 1974
U.S. Census of Agriculture. A sample of appropriate size

was selected by computer through random selections from the
list.

Some tests for the reliability of the 1ist indicated a
fairly close correspondence between the list and the total
number of farms in the state. When the percentage in the list
for the number of employees per farm, for 5 groups ranging
from 0 to 99 employees per farm, was compared with similar
figures for all farms in California according to statistics
from the CDFA, the correlation coefficient for the comparison
was 0.949. The correlation coefficient was 0.931 for the com-
parison of the number of farms in each county shown in the
sample list and the number recorded in the U.S. Census of
Agriculture, 1974, the latest year available.

The survey was conducted in two parts. The first part
consisted of a random subsample of 742 growers out of the total
6,518 growers that were eventually surveyed. The subsample
was initiated to determine what kind of response could be
expected from the survey and cover letter before the entire

survey was mailed out. As a result of the subsample responses,
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the cover letter was rewritten and some low response questions
were clarified along with some of the sample information pro-
vided on the questionnaire.

The farmer survey was designed to solicit information
concerning: the pesticide oil product used, the manufacturer's
name, the specific use of the product, the target pest, the
commodity being treated, gallons of product used per application,
the acreage or units treated, the months when applied and the
method and cost of application.

Floriculture Survey. California floriculture growers

were also surveyed to determine if they used any NSHC pesticidal
oils. The CDFA reported that there were 941 floriculturists

in California in 1977, each with gross sales of over $10,OOO.1
The floriculture mailing 1ist obtained from Dun and Bradstreet
Marketing Services contained 966 names; therefore, it is
assumed that most, if not all, of the California floriculture
companies were surveyed. The floriculture questionnaire
requested essentially the same information as the growers with

only a few changes.

Farm Advisor Survey. The farm advisor questionnaire

survey was initiated due to a low grower response. It was
hoped that the farm advisors would be able to provide NSHC
pesticidal oil use information for each county for the crop

of their specialty. County farm advisors seemed to be the
individuals who would have the greatest familiarity with crops

in their areas of specialization with regard to recommended
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practice and to what farmers are actually doing.

The accuracy of oil use estimates made by farm advisors
cannot be verified. Generally no other source is available
for unreported oil use on the crop considered. Most farm
advisor estimates used in this report are based on crop
acreage and an estimate of the percentage receiving a particular
type of 071 treatment. Usage often varies from one county to
another. For example, carrots in Kern County received an
estimated 80 gallons of weed oil per acre,2 and for San
Bernardino County it was stated that no oil was used but only

synthetic herbicides.3

Although application estimates by farm
advisors have a degree of uncertainty, they are based on re-
corded crop acreages and some knowledge of usage in each county.

The questionnaire sent to farm advisors requested detailed
0il use information on the 16 most oil intensive crops: lemon,
orange, almond, peach, prune, pear, plum, grapefruit, nectarine,
olive, apricot, carrot, alfalfa, c]err, celery and onion.
According to the 1977 PUR, these crops received 89 percent of
the total reported formulation 10 oil applied in California.

The University of California Extension Service farm
advisors for the 16 crops were surveyed in each county, and

a total of 103 gquestionnaires were mailed out.

Wood Preserver Survey. A list of 24 companies selling

wood preservatives or performing wood preserving in California
was developed from the California telephone directories and

the 1977 California Manufacturers Register. These companies

46



were surveyed to determine the amounts and types of creosote

that were used or sold for wood preserving in 1977. The wood
preserving companies were also requested to provide a description
of the items treated, the treatment rates 1in 1bs./ft.4, the

month of the treatment and the manufacturer or distributor

of the creosote.

Railroad Survey. The 22 railroads operating in California

were surveyed to determine the types and amounts of weed 0ils
and creosotes used in 1977 for right-of-way maintenance and
wood preserving. They were also requested to provide infor-
mation including a description of the items treated, treatment
rates, month of treatment and the manufacturers or distributors

of the creosote and weed 0ils used.
5.2.2.3 Interview Surveys

Interview surveys were used to contact the numerous
agencies throughout the state to determine the application
inventory and use pattern of any NSHC pesticide o0ils they may
have used in 1977. Most of the interviews were conducted by
telephone, but some of the interviews were conducted in person.
Some of the agencies interviewed in selected counties were:
agricultural commissioners, irrigation districts, flood control
districts, and vector control districts. Interview surveys
were also conducted with representatives of four electric
utilities and one telephone company which provide service to
97 and 79 percent of the California population respectively.

Additionally, telephone interview surveys were conducted with
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a random sample of 5.8 percent of 1,110 school districts in
California to provide an application inventory and use pattern
data base that could be used to extrapolate the NSHC pesticidal
oil used by the 7,471 schools in California.

Manufacturers who did not respond to the questionnaire
survey were contacted by telephone. Of the 30 manufacturers
contacted, two major manufacturers responded, and the remaining
did not provide any data. Of the two responding manufacturers,
input from one manufacturer was included in the manufacturers:
total sale figure. The sale statistic from the second manufac-
turer (6.2 million pounds), was not considered in the manufac-

turers' total figure due to late input.
5.2.3 Method of Calculating Application Inventory

The pesticide application inventory was conducted according
to the format of the CDFA classification system for pesticide
use types, chemicals and commodities. The weed 0il for which
a specific use could not be specified and the oil use estimates
based on the school district survey were placed under general

weed control, a new use category not included in the CDFA

classification. The weed 0il under this use category for which
the specific commodities treated are not definitely known are

placed together as a commodity designated weed control

unclassified.

The total quantities of pesticide oil of various types

sold in the state were estimated on the basis of survey results.
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The distribution of o0il applications to different types of

4 for o0il sold as insecticide

usage was based first on the PUR
or herbicide. Quantities of 011 for some applications reported
in the PUR were modified on the basis of applications estimated
in surveys for the same commodities. The distribution of oil
used as wood preservative was made on the basis of surveys

and inputs from local Air Pollution Control Districts.

Pesticide o0ils are purchased by some of the smaller
pesticide manufacturers from larger producers and are sold to
pesticide dealers. The total of the sales by all manufacturers
of pesticide oils is therefore vulnerable to double counting.

In order to avoid the double counting, manufacturers and dealers
were requested to provide names and transaction volumes of

their customers and suppliers, respectively, in their survey
responses.

The manufacturer survey, including both questionnaires

and interviews, provided basic types of information. First,
the survey provided descriptions of the physical and chemical
properties of the pesticide oils sold. This information was
used in determining the emissions inventory as described in
Section 6.0. Second, the survey results indicated the total
quantity of pesticide oils sold by 18 of the total 47 manufac-
turers listed in the Master Label File. Third, the estimate of
the ratio of spray oils (i.e. insecticides) to weed oils

used throughout the state (1:4) was provided. Finally, the
survey results were used to estimate a major part of the dis-

tribution of o0il usage among the 58 counties in the state.
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The total amount of pesticide 0il sold in the state
had to be estimated by extrapolation since none of the surveys
provided a complete accounting for this figure. This total
could be extrapolated from either the sales reported in the
manufacturer survey or the dealer survey. A larger quantity
of 0il sales was reported by manufacturers than by dealers

(Table 5-3) but the number of manufacturers reporting such

sales was much smaller (17 to 148) than the dealers' responses.
A statistical calculation of confidence intervals indicates
the dealer survey data set is a much better predictor of total
sales than the manufacturer survey data set. The 95% confidence
intervals are + 35% of the mean quantity sold per dealer and
+ 105% of the mean quantity sold per manufacturer.

The extrapolation of total oil sales was performed by

dividing the total amount of o0il reported sold by the dealers,

46 .19 x 106 1bs., by 0.26, the proportion of the total number

of dealers who responded. The resulting figure is 177.7 x

]06 1bs. This figure for the total formulation 10 o0il use

in California receives some support from PUR data. Those
products registered by the 18 manufacturers who reported their
sales in the manufacturer survey accounted for 83 percent of

the total formulation 10 product use reported in the 1977 PUR.
Note that the total 141.2 x 10% Tbs. of oil sold by the 18
responding manufacturers is 79 percent of the total estimated
formulation 10 use of 177.7 x 106 1bs. in this report. If

the sale of 6.2 x 106 1bs. from the late responding manufacturer

is also considered, the responding manufacturers' total would
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be 147.4 x 106 1bs. or 83 percent of the total estimated oil
use. Considering the possible sales by those manufacturers

who did not respond, the total estimated o1l use of 177.7 X 106
appears to be rather conservative.

The grower/farmer survey yielded too low a response (8%)
to allow extrapolation to total 0ils used. However, the data
obtained in this survey were useful in estimating the use of
diesel and miscellaneous oils, and the monthly distribution
of weed 0il applications. Miscellaneous oils reported used
included gasoline, kerosene, motor oil, used motor 0il, road
0il, and others. The responses also indicatéd that the use
ratio of miscellaneous 0ils to general weed oils was approximately
1:10. This ratio was used to estimate the quantity of diesel
and miscellaneous oils applied where this figure was not pre-
sent in the survey. The monthly distribution of applications
for oil in weed control unclassified was based on the weed oil
use reported in the farmer survey.

Because of the lTow grower survey response, Qver 100 farm
advisors were contacted by phone or by mail. As was mentioned
in Section 5.2.2.2, the farm advisors were questioned as to
0il use in their counties on the 16 most oil intensive crops.

The relevant data in the PUR were modified to account for the
input from the farm advisor survey. This survey accounted for
52.3 x 105 1bs. of oil application. Of this quantity, 24.8 x

6

106 1bs. was spray oil and 27.5 x 10" 1Ibs. was weed oil.

Table A.2-1 lists the farm advisors estimates of applications
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to crops in each county. The vector control agency and school
district surveys provided information on the geographical
distribution of oil applications by these organizations and

the types of o0ils applied - spray oils, weed oils and miscella-

® 1ps.

neous 0ils. The total applications reported were 7.5 x 10
of which 2.5 x 106 1bs. were diesel and miscellaneous oils.

A more complete breakdown of survey results is shown 1in

Table 5-3.

Commodities in the PUR not modified by substitution of
farm advisor, school district or vector control figures
accounted for 12.7 x 106 1bs.

The survey of floricultural businesses produced both low
application figures and a low response (11%) - too low for
extrapolation. The reported application for 1977 was only
0.026 x 10° 1bs.

The survey of railroads and wood preservers yielded a
high response, about 68%. The survey results indicate that
poles, piling, railroad ties, and lumber are the primary wood
products receiving creosote or creosote-petroleum mixture.

In California, these wood products are primarily Douglas fir
and Ponderosa pine products. The creosote used for wood
preservation purpose is low-residue cr"eosote.4

From the wood preserver study results and the American
Wood Preservers' Association (AWPA) wood preservation
statistics for 1977,5 it was determined that there were four

treatment plants in California that treated with creosote

or creosote solutions during 1977. Two of these plants responded
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to the survey and provided data. Use pattern information for
the third treatment plant was obtained from data provided by

the local APCD. Creosote use for the fourth treatment plant

was estimated by Tinear regression. The total number

of cubic feet of pressure treatment cylinder space at each plant

(taken from the wood preserving statistics) and the amount of

creosote that was used by each of the three known treatment
plants were used as the ordinates for the regression. The
unknown creosote usage ordinate for the fourth plant was then
computed. This estimation was based on the assumption that all
the treatment plants pressure treated wood in amounts propor-
tionate to their pressure treatment cylinder capacity.

A1l but two of the railroads responding to the survey
reported that the creosoted wood products used in 1977 were
purchased from treatment plants in California; therefore, only
the creosoted wood products reported by the one railroad as
purchased out of the state but used in California and the
other railroad that reported treating their own ties were
added to the inventory.

The quantity of creosote sold in California during 1977
and reported by wholesalers that responded to the questionnaire
survey was also included in the inventory. The treatment plants
and wholesalers were not identified to avoid disclosure of
information from an individual company. Table 5-2 details the
estimated use of creosote in California during 1977 based on

questionnajire survey responses.
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TABLE 5-2

Estimated Creosote Use in California During 1977 Based
on Questionnaire Survey Responses

Pounds of creosote
Products treated | and creosote solution
used or sold

Wood Preserving poles, piling 12,768,100a+b
Plants ties, lumber

Railroad cross ties 12,824 ,200%

Wholesale unknown 963,800°
Distributaors

Total 26,556,100

a reported

b estimated
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A summary of all the survey results and extrapolated
estimates are shown in Table 5-3.

With the sum of all the above information, total oil
application figures were calculated. First, the total extra-
polated dealer-supplied pesticide oil figure of 177.7 x 106 1bs.
was used. Of this total value, 70.4 x 106 1bs., can actually
be broken down to crop type or other use as shown in Table 5-4.

The remaining 107.2 x 10°

1bs. was classified for purposes of
this study as "weed control unclassified”. Based upon the
grower survey, 1t was determined that the ratio of miscellaneous
and diesel o0ils to weed oils used was about 1:10. Thus, a total
miscellaneous 0il application figure of 10.6 X 106 1bs. was
calculated. The addition of non-formulation 10 cils (from the
PUR), miscellaneous oils used by school districts and for

vector control, and wood preservative oils rounds out the list,

as shown in Table 5-4.

5.3 Application and Use Pattern Inventories

The terms application inventory and use pattern inventory
are synonymous to many. For the purpose of this study,
application inventory deals with the quantities of pesticide
applied in relation to time and space temporally and spacially,
and use pattern inventory deals with the quantity of pesticide
applied in a specific type of use. The application inventory
will provide the data base for emission inventory calculations.

The use pattern inventory will serve as an indicator of where

55



TRLULOSELERD UL SIOLAISLP [00YDS QLL‘{ 3yl jo jusduad g'g jo bupjdwes wopued e uo paseg °q
*3N0 JuU8S SsaJapeuuc)isanb 4o Jaqunu Yl jo Juadsad 03 SABYAY ®

*$3touabe |0o4jU0D U03IBA
ajels £q pajzaodsds uoijed

-11dde 10 f/6] uo paseq Sy £Sh ¢t 2001 gl2 917°2 {043U0) ADIIBA
“asuodsau
jo uotyentidrypam yGreas
£q uotjepodealxy -wopuedt je

U3SOYD SIILAISLP 40 3suodsad .

Aanans suoydaldy uo paseg 0S¢ Lzt 52€°2 050°0 5°0v2 9°£9 g2l L bb 55 16 530843510

9 ooyds
'S3L31UN0d 22 4o KaAuns
auoydaal dn-moi |0}

LeUOLYILppe pP3IINPUO) vrz<2s a5y /2 91g e Il £ SHOS LAY taey

X4 89 speosj tey
‘SA3AINS

OM3 JO uolleuLquod y G5 9¢ §56°92 G2 /9 SOA11PALDSIUY

POoH
‘uolrjejodeaixs 404 | |ews

001 st dsuodsad jo 3 - - - - 8r°'9z2 | 52 9522 FN| v 2L sistaminotaogy
‘uotleodeaixa 4oy [fews

0031 sl asuodsss jo g - - - - 160°6 oce 186°2 ovz 2 £ 8 SJ43MOJD

§59°LL1 h - - 061°9¢% - v2z'ce 996°'21 12} 92 sJdajeag

- - - - OvL*tbl| OSb°Zioce°tit | 082°92 9 Sf sJasnyoegnuey

(sl 401) (' quay) (-suf) ("sqy mo_v ("quay) | ("sup) | posuodssy pasuodsay
SyJeuay 9 48430 110 110 J3y1Q Lo (R4 aAtLlLsod Jo | [eiol jo
{e10] paapn Aeadg {eioy pasp Keads % %
(*sat o) pasn (*sqL ¢0l) Aenung asuodsay skonang
SEi0 ®30f pare|odeayn] butpuodsay go 10 jeiol aJdteuuotrysany

$1|nsay A3Aung Jo Adewwns

£€-G 3749Vl

56




TABLE 5-4

1977 Estimated 011 Pesticide Use in California by Source

Source

Quantity of 011l
(106 1bs.)

Farm Advisors
PUR, Other

School Districts, pesticide oils

Vector Control, pesticide oils

Weed Control Unclassified, pesticide oils

Subtotal

School Districts,
Vector Control,

Weed Control Unclassified,
miscellaneous oil

Subtotal

PUR, Non-Formulation 10 oil
Wood Preservers

Subtotal

GRAND TOTAL

diesel o0il
diesel o0il

Estimated from dealers'

diesel

and

survey data.

52.
12.
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Miscellaneous oils include gasoline, kerosene, diesel,

motor oil,

used motor oil,

road oil,

and others.

¢. Estimated from survey and 10% of weed oil use.
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control strategies should be formulated.

5.3.1 General Summary

Table 5-5 is an overall summary of nonsynthetic hydrocarbon
pesticide application in California in 1977. From this table
it is evident that the vast majority, (96.5%) of all oils applied
were formulation 10, or "pure oils", including diesel and
miscellaneous 0il. Only a very small portion, 3.5%, was 0il
present in non-formulation 10 pesticides as minor active
ingredients. Of the pure oil application, most were in the
"general use" (includes weed control unclassified) category.
As was explained in Section 5.2.3, the weed control unclassified
is comprised of those pure oil applications which could not be
assigned to any specific use category, nor be accounted for
by the PUR or farm advisors. Nevertheless, the use of this
quantity of oils is substantiated by both the dealer and manu-
facturer surveys.

After the general use oils, formulation 10 acreage
applications are the next largest category - 29.7% of all
0ils applied. This category contains 95% of formulation 10
0ils, other than wood preservatives, to which a specific use
could be assigned as a result of the farm advisor survey and
the use of PUR data. Of the 66.8 million pounds of oil applied
in this category, most (61.8 million pounds) were for agricul-
tural purposes.

Wood preservatives also make up a significant fraction of

58



TABLE 5-5

Total Nonsynthetic Hydrocarbon
Pesticide Application in California

in 1977
Pounds Acreage Percentage
Type (106 1bs.) (108 acre) (%)
Pure Gil
(Formulation 10)
-A- 66.8 1.1 29.7
-0-
(General use) 124.0 55.1
Creosote
(Wood preservative) 26.6 11.8
Subtotal 217 .4 96.59%
Minor Active Ingredients
(Non-FormuTlation 10)
-A- 6.1 5.0 2.7
-0~ 1.7 6.8
Subtotal 7.8 3.5%
GRAND TOTAL 225.2 100%

p=)
1}

acreage application

Q
1}

non-acreage application
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the total oil applications (11.8%). These preservatives con-
sisted entirely of creosote, with which fence posts,‘ra11road
ties and other wooden structural components are treated to
prevent rot and insect damage.

The non-formulation 10 o0il1 application figures are based
upon the PUR. Most of these oils (about 80%) were acreage

applications.

The chemical classification of NSHC pesticides used in
this report is the classification followed by the CDFA and used
in the PUR where NSHC o0ils are classed as aromatic petroleum
solvents, mineral 0il, petroleum distillates, petroleum
hydrocarbons and petroleum 0il unclassified. Two additional
categories, creosote and diesel and miscellaneous 0ils, were
added to account for such o0ils reported by wood preservers,
school districts, vector control districts and farmers. Miscella-
neous oils included such products as gasoline, kerosene, motor
oil and road oil.

0ils which fall under one chemical type in the CDFA
classification are almost all registered for one type of use.
For example, nearly all general contact and selective herbicides
are registered as petroleum hydrocarbons. Reported usage of
petroleum hydrocarbons not registered as herbicides were less
than one-thousandth percent of total herbicide use in the 1977
PUR.

Estimated quantities of 0il were placed in the application

inventory in the appropriate usage category and received the
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chemical designation according to the major chemical usage in
that category. These chemical and usage categories are shown
in Table 6-2.

Table 5-6 shows the breakdown of the 1977 pesticide oil
application by chemical. The majorjty of these o0ils, about
two-thirds, were classified as petroleum hydrocarbons.
Unclassified petroleum oils (12%) and creosote (12%) were also
large categories. These chemical classifications were used

to develop the emission inventory, described in Section 6.0.
5.3.2 Application Inventory
5.3.2.1 Temporal Application Patterns

The distribution of pesticide oil applications over time
is particularly important for assessing potential air quality
jmpacts. Hydrocarbon emissions resulting from these applications
can contribute to ozone formation during California's "smog
season," which includes the summer and fall months, July, August
and September in particular.

Figure 5-2 is a summary of total nonsynthetic pesticide
0i1 (formulation 10) applications in California in 1977, broken
down by acreage (-A-) and non-acreage (-0-) applications and
creosote wood preservatives. The figure shows a major peak
in April, with smaller peaks in January, June, August and
Movember. Of these, the August peak is of greatest concern,
although applications remain relatively high throughout spring

and summer. The April peak is too early in the year to present
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TABLE 5-6

Formulation 10 Pesticide 0il1 Applications
By Chemical in California in 1977

. Pounds Percentage
Chemicals (106 1bs.) (%)

Aromatic Petroleum 0.83 0.4
Solvent

Mineral 011 2.41 1.1

Petroleum Distillates 3.04 1.4

Petroleum Hydrocarbons 144,27 66.4

Petroleum 011 27.13 12.5
Unclassified

Diesel & Creosote 13.15 6.0
Petroleum

Creosote 26.55 12.2
TOTAL 217.38 100
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a great air quality problem in most parts of the state, and
November is too late in the year. Another pattern appears in
this annual distribution of applications: except for the winter
months of December, January and February, the nonacreage
applications exceeded the acreage application, generally by a
wide margin. This is reflective of the large weed control
unclassified use classification, which is placed in the
nonacreage category. Figure 5-3 reflects the large amount of
general weed control applications. This figure is a plot of
the use of formulation 10 pesticides throughout the year.
While the use of insecticides is relatively low and constant,
the use of herbicides is much greater for all seasons except
December, and the overall proportion of herbicide use is very
high. Herbicide use is also almost solely responsible for the
pesticide 0il use peaks mentioned earlier.

The uses which have major influences on the total application
in some part of the year.are alfalfa, deciduous fruit trees,
citrus fruits and weed control unclassified. The monthly
distributions of each of these is shown in Figure 5-4.

The major use of herbicidal oil during winter months
was for the dormant season control of weeds in alfalfa. An
0il treatment was applied in summer months for defoliation of
the alfalfa seed crop. 0il was used on dormant alfalfa pri-
marily in the Sacramento and San Joaquin Valleys. Defoliant
was applied mostly in the Sacramento and San Joaquin Valleys

and in Imperial County.
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Pesticide 0il Application (thounsands of pounds)

8L

6k Alfalfa, herbicide
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0

Carrot, herbicide
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8| Deciduous Fruit Trees,
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Figure 5-4. Monthly Distribution of Application for Major
Pesticide Qi1 Uses in California, 1977. -
Note the difference in scale for Weed Control
Unclassified. 66



Qi1 use on the éarrot crop was distributed into three
broad peaks which extend throughout most of the year (Figure
5-4). Most of the carrot 0il is applied to multiple crop
cycles grown each year primarily in Imperial, Monterey and Kern
Counties.

Almost all of the insecticide o0il applied in January

and February (95%) was for dormant season control in deciduous

fruit trees. These applications are predominate in the
Sacramento and San Joaquin Valleys but considerable amounts
of 0oil are also used in center coast counties.

A considerable amount (6.6 million pounds) of insecticidal
spray oil was applied to citrus crops (Figure 5-4) in the months
of August through October, with relatively 1ittle applied at
other times. Most of the citrus application of oil was in
the south coast and southern interior citrus growing regions.

0i1 applications by school districts and vector control
agencies did not contribute in a major way to the overall
pattern of pesticide oil use in the state (Figure 5-4). These
uses were low in winter and reached a maximum Tevel in August
for both agencies. The applications were also widely distri-
buted geographically, although somewhat larger quantities
were used for vector control in the Sacramento and San Joagquin
Vaileys.

0i1 applications under Weed Control Unclassified account
for the largest portion of pesticide 0il use in California and

have the greatest influence on the temporal use pattern.
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TN

Herbicide o0il applications are made according to the need

for the control of weeds. 1In accord with the pattern shown

“in Figure 5-4, the largest amount is used in spring when the

weather is warm and there is a plentiful supply of water.
The need for weed control decreases as weeds are brought under
control and the supply of water decreases during the later
months of summer.

The distribution of 0il under Weed Control Unclassified
to individual crops or other uses is not known. Some estimatés
of this distribution within larger use categories are considered
in Section 5.3.3.3.

Table 5-7 gives a more detailed numerical breakdown
of formulation 10 pesticide application throughout the year
and by type. Once again, it is apparent that herbicide appli-
cations comprise the bulk of all formulation 10 applications
(excluding creosote). Insecticides make up a much smaller
fraction, and the use of the remaining types of oils is almost
insignificant.

Table 5-8 shows the types of formulation 10 oils applied
to the 18 main crops, in terms of the quantities of oils applied,
in California in 1977. As was pointed out in Sectioq 5.3.2,
alfalfa receives more pesticide oil applications than any other
crops, followed closely by carrots, lemons, almonds, oranges
pears, school districts and vector control which also receive
large oil applications. In addition, this table indicates that

certain crops receive a very large proportion of a specific
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pesticide o0il type. For example, alfalfa, carrot and school
districts receive herbicide and defoliant type oils almost
exclusively. On the other hand, almond, grapefruit and other
fruit tree crops receive insecticide type oil applications,

and Tittle reported application of herbicides. 0il applications
for vector control, however, show a fairly even distribution

of insecticide and herbicide 0ils. The nature of the crop
clearly dictates what oil types will be used.

Finally, Table 5-9 provides a breakdown of pesticide oil
applications by chemical, like Table 5-5, only with distribution
by month. Petroleum hydrocarbons are the Targest classification
for every month of the year, often by a wide margin, except

for the month of December.
5.3.2.2 Spatial Distribution

The spatial, or geographical, distribution of pesticide
oil applications is also vefy important. In those areas where
particuiarly high ozone concentrations occur, hydrocarbon
emissions are of special concern.

The geographical distribution of oil use was obtained
from the surveys or other sources used for NSHC application data.
To obtain the estimated spatial distribution for weed control
unclassified applications, all designated applications of weed
0il from the PUR, farm advisors, school districts, and vector
control districts were added together in each county. The o1l

use under weed control unclassified was distributed in each
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county in proportion to the county total of weed oil app]%cations
from these other sources.

Table 5-10 shows those 13 counties with pesticide o0il
applications of about five million pounds or more. As des-
cribed in Section 4.1, all of these counties are designated
as ozone nonattainment areas. Of these, those located in the
San Joaquin Valley and South Coast Air Basin have the greatest
ozone problems. Most of the counties lTisted are located in
one of these basins. This table also shows the commodities
which accounted for the greatest pesticide oil applications
in each county. General weed control accounted for the
greatest amount of oils applied in every county. The second
major commodity in most of the counties was an agricultural
crop. Los Angeles County was an exception with school dis-
tricts being the number two commodity.

Table 5-11 presents an overall summary of pesticide o1l
applications in each of the 58 counties. The applications
in each county are divided into formulation 10 (acreage and
non-acreage), non-formulation 10 and creosote. Total pesticide
0il applications range from 33.3 million pounds (14.8% of the
state total) in San Joaquin County, to about 4,000 pounds 1in
Alpine County. Pure oil application accounts for the majority
of all pesticide oil applications in most counties although
in a few counties creosote applications comprise the major

0il type applied.

5.3.3 Use Patterns
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TABLE 5-10

1977 0il1 Pesticide Consumed By the Top 13

Counties in California

Total Qi1 Use Reported Main Commodities
County Used in PUR Receiving
(106 1bs.) (106 1bs.) Pesticide 011
San Joaguin 33.25 2.43 w.c.u.® alfalfa,
almond, vector control
Monterey 29.63 5.11 w.c.u. carrots, celery
Tulare 19.44 0.80 w.c.u. citrus, plum,
nectarine, olives
Kern 16.32 1.38 w.C.u. carrots, almond
vector control, aifalfa
Fresno 14.51 0.97 w.c.u. alfalfa, peach,
plum, almond, vector
control ;
Sacramento 13.85 0.48 w.c.u. alfalfa, pear,
vector control, clover
Stanislaus 10.49 1.48 w.c.u. almond, alfalfa
vector control, peach
Imperial 10.14 1.85 w.c.u. carrots, alfalfa
sorghum
Ventura 8.57 5.71 Ww.Cc.u. lemon, orange,
flood control
Merced 8.36 1.93 w.c.u. alfalfa, almond
peach, vector control
Los Angeles 7.95 0.70 w.c.u. school districts,
vector control, agencies
Madera 6.54 0.71 w.c.u. alfalfa, almond,
irrigation districts,
vector control
San Bernardino 4.81 1.41 w.C.u. orange, lemon,
school districts
Subtotal 183.86 24.96
(106 1bs.)  (81.64%) (80.0%)
Statewide Total 225.2 31.2
(100%) (100%)

a- w.c.u. =

Weed Control Unclassified.
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5.3.3.1 Agricultural Use

Use pattern data were obtained from the NSHC application
inventory which was prepared according to procedures described
in Section 5-2. Table 5-12 shows the uses of pure oil pesticides
in California in 1977, exclusive of wood preservatives. General
weed control is the largest single use category at 64% of total
pure o0il applications. Although much of the general weed
control applications were undoubtedly for agricultural purposes,
it was not possible to verify this. The general weed control
category in relation to agriculture is considered again in
Section 5.3.3.3. Applications readily classified as agricultural
comprised 32% of the total pure oil‘app]ications._ If oil in
weed control unclassified is added to this the total would be
94% agricultural.

Table 5-13 shows the 12 main commodities for which
over one miilion pounds of oil was used in California in 1977.
After weed control unclassified and wood preservation, agricultural
applications account for nearly all pesticide oil use. OQver
one million pounds of oil was applied to each of the following
crops: alfalfa, carroi, lemon, almond, orange, pear, peach,
and avocado. Among these crops, the greatest quantity of
0il was applied to alfalfa, 17.0 million pounds. Carrots
received nearly as great a quantity of oil applications
at 11.1 miltion pounds. A further breakdown of the types

of oils applied (i.e. insecticides, defoliants, etc.) is
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TABLE 5-13

Twelve Main Commodities For Which Over
One Million Pounds of 0il was
Used in California in 1977

Commodities Poundage (106 1bs.) Perc?ggage
Weed Control 117.91 54.24
Unclassified
Wood Preservation 26.55 12.21
Alfalfa 17.04 7.84
Carrots d1.11 5.11
Almond 8.16 3.75
Lemon | 6.55 3.01
Vector Control 4.43 2.04
Orange 3.78 1.74
School District 3.50 1.61
Peach 2.71 1.25
Pear 2.43 1.12
Avacado 1.24 0.57
TOTAL 205.41 94 .49
Statewide
Total Pure 0ils Used 217.37 100%
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presented in Table 5-7 to 5-8.
5.3.3.2 Non-Agricultural Use

Other than general weed control, which undoubtedly includes
both agricultural and non-agricultural uses, the non-agricultural
uses of pure oils are rather limited. At 26.6 million pounds,
the use of creosote for wood preservation accounts for most of
the non-agricultural applications. From Table 5-12, only 7.6
million pounds of pure oils were applied in other uses. These
uses included home and garden, industrial, manufacturing, non-
crop and spreader-sticker.

Non-crop, at 6.0 million pounds, was the largest use
category in this latter group. This use category includes
pesticide oil applications to non-agricultural areas such as
rights-of-way, ditch banks, non-crop land, etc. Some of the
end-users in this category are governmental agencies such as
school districts and flood control districts.

The home and garden category, an important indicator of
non-commercial consumption, shows only a 0.4 percent of the
total pure oil applied. In an on-site store survey for home
and garden pesticide products in Sacramento, California,

Leung et al. observed that about 15% of the 100 on-the-shelf
items were formulation 10 products.6

The pesticide o0il applications in all the other non-
agricultural use categories were minor, with less than one

million pounds in each category. Definitions of these use
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categories are tabulated in Table 5-14.

5.3.3.3 General Weed Control

Tables 5-4 to 5-8 indicate that 121 million pounds of
0i1 were used for general weed control. This is more than
twice the amount used in any other category. The major part
of the estimated oil used in this category is based on figures
for the amount of weed oil produced and sold by dealers in
1977, as described in Section 5.2.3.

Although the quantity of weed 0il1 sold is large, no
definite pattern of use has emerged for a large part of the
estimated usage which has been nlaced in the category of weed
control unclassified. 1In attempts to define the pattern of
weed 0il use, the following potential users, distributors
and specialists were contacted:

Farmers and Growers

Public School Districts

Public Utilities

Rajilroads

Irrigation Districts

Caltrans

Local Military Installations

Flood Control Districts

Wood Preservative Industry

Vector Control Districts

County Farm Advisors
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TABLE 5-14

List of Pesticide Uses and Their
Definitions (in California)

Use

Remarks

Agricultural

Home Garden

Household

Industrial

Residential

Structural

Noncrop

Turf

Nursery

Spreader Sticker

Soil Fumigation

Agricultural
Commissioner

General Weed Control

Used on crops and agricultural areas.

Used by consumer on noncommercial
crops and ornamentals in home garden.

Used in the home or on human beings.

Used in industrial areas such as fac-
tories, processing plants, structural
treatments in schools, restaurants,
and similar institutions.

Pest control by professional operators
only.

Used on buildings, boats, and other
structures. Usually in paints, and
wood preservatives, and for termite
control.

Used in nonagricultural areas such as
rights-of-way, railroads. noncrop
land, ditch banks, etc.

Used on turf only.

Used in nurseries and/or greenhouses
on ornamentals and/or fruit trees.

Used to obtain better adhesion to target
surfaces.

Used for preplanting or postplanting
treatment of fallow land or noncrop
Tand.

Used by county agricultural commission-
ers. Usually rodenticides.

Usgd for general weed control purposes
which are not specified in the above
uses.
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County Agricultural Commissioners

Pesticide Manufacturers and Dealers

University Weed Control Specialists

The usage of some weed 0il was accounted for on the basis
of information from the above contacts including School Districts,
Flood Control Districts and Vector Control Districts. After
this information was incorporated into the use pattern estimates,
there remained some 118 million pounds of weed 0il for which

the use is still somewhat uncertain.

Some organizations, public utilities, railroads, Caltrans,
and military installations, indicated that they used Tittle
or no pesticide 0il in 1977, but that they are using other
forms of weed control. The other forms of weed control used
were primarily mechanical methods and synthetic pesticides.

Weed control specialists were not aware of wide spread
use of weed 0il in quantities sufficient to account for the
total 0il use, nor were they able to estimate the average use
per farm. The total of estimates from farm advisors for use
of weed 0il on crop and on non-crop use fall far short of
the amount of weed 0il sold. 1In fact, some farm advisors
indicated weed o0il was used, for example, on fruit and nut
crops, but declined to estimate the quantity.

There is some evidence that most of the weed oil use
has been agricultural. This is primarily from the dealers
who sell weed o0il. In the mailed questionnaire survey of

dealers, the 148 who reported pesticide oil sales reported

87



more than 99 percent of weed oil was sold for agricultural
and less than one percent for other purposes. Thirteen
pesticide 0il dealers were later contacted by telephone
specifically for the purpose of learning where weed 0il was
sold. A1l of these dealers reported selling primarily to
agribusinesses.

The most appropriate source of information on the use of
0il in agriculture is the farmers and grcwers who used the
0il. Unfortunately, from among the growers surveyed by mailed
questionnaires, only 78 responses reporting use of weed 0il
were received which showed the gquantity of o0il applied. We
have considered this number too small to be used as a basis
for estimating the total quantity of weed 0il used or the use
pattern. However, the use of weed 0il in these 78 reports
is highly informative in helping to substantiate the total
weed 0il use in agriculture and in giving an indication of
the general pattern of weed 01l use by growers.

The pattern of herbicidal 01l use reported by responding
growers 1is shown in Table 5-15. About one-third of the total
was used on field crops which is a category fairly well
reported from other sources, e.g. farm advisor estimates and
the PUR. More than half of the oil was used on fruit and nut
crops which are poorly reported from other sources. Reports
from other sources were available for only four of these crops,
each reported in only one county. Fifteen percent of the 01l

was for non-crop uses which are almost entirely unreported
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TABLE 5-15

Herbicide 011 Use Reported in Survey of Growers

! Weed 011 ; Diesel & Misc. 0il
Use Amount Used Percent ' Amount Used Percent
! (Pounds) ; (Pounds)
Field Crops
Alfalfa 726,039
Carrot 22,050
Clover 53,539
Celery 12,285
Corn 8.802
Lettuce 15,600
Subtotal 838,315 35.9
Fruit and Nut
Crops
Avocado 69,436 14,568
Citrus 136,305 6,693
Grape 327,600 19,203
Grapefruit 146 -
Fruit trees 4,680 630
Lemon 44,021 -
Orange 15,902 945
0Tdive 46,046 -
Peach 156 4,116
Pear - 945
Plum 15,912 4,116
Nectarine - 4,116
Strawberry 780 -
Almond 446,043 14,175
Pistachio 163,800 14,175
Walnut 1,040 -
Subtotal 1,271.867 54.5 83,682 33.0
Non-Crop
Ditches and 195,070 94,059
roadsides
Around build- 1.170 -
ings
Yards 2,535 -
Fence lines 4,033 -
Irrigation 234 -
ditches
Non-crop,other 19,964 75.967
Subtotal 223,006 9.6 170.026 67.0
TOTAL 2,333,188 100 253,708 100
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from other sources.

The data of Table 5-15 show that farmers did apply
herbicidal o0il to at least 16 fruit and nut crops and for
various non-crop purposes. Unfortunately, the number of
farmers reporting applications averaged only 2.6 for each
fruit and nut crop. The number is too small to permit use of
the distribution pattern for extrapolation to statewide
application estimates for specific crops.

If the 0il placed in weed control unclassified is

considered to consist of agricultural applications with all
reported and estimated agricultural applications distributed
into three general areas of usage according to the percentage
in each found in the grower survey, the 118 million pounds

in this category would be distributed as shown in Table 5-16.
When it is distributed in this way, the 14.9 million pounds
for non-crop use in the second column appears unrealistically
low. This is not an unexpected result from a survey with

low response. O0il applications to crops such as alfalfa and
citrus are relatively easy to record and report. The
applications generally are larger and standardized with regard
to rate and application time. By contrast, most non-crop
applications are not applied to known acreages. They are
applied according to need and often to small areas. The
app]icétions are more difficult to record and report so that
the response to surveys would be less. From the qualitative

responses in the farmer survey in which the weed 0il use was
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stated but not the quantity, more than three times as many
applications were reported for non-crop as for crop use. The
number of non-crop responses is increased by about 50 percent
if these qualitative responses are counted. On this basis it
is estimated that the non-crop total in Table 5-16 should be
1.5 times as large as shown in the second column. The third
column of Table 5-16 is an estimate of the statewide distri-
bution of o0il into the three usage groups based on the acreage
reported for each county for field crops and field and nut
crops by the California Crop and Livestock Reporting Service.
The acreage used included only those crops for which 01l is
registered as a herbicide and excluded carrot and alfalfa
which are adequately covered elsewhere. An estimate of 19%
(12.6% x 1.5 in Table 5-16) of the weed control unclassified
0il in each county was used for non-crop purposes, and the
remaining quantity from the application inventory was applied
in proportion to the field crop and fruit and nut crop
acreages in each county. The non-crop use statistics were
derived from farmer data survey as noted above. The estimated
applications into the three usage groups is shown for each
county in Table 5-17. The total for non-crop is greater
than 19% because every county does not have fruit and nut
and field crops.

S1ightly more than 10 percent of those who responded
to the grower survey reported use of weed o0il, and the average

quantity reported is 29,000 pounds per farm in 1977. If the
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TABLE 5-16

Estimated General Distribution of 0il
in Weed Control Unclassified Category

Quantity Shown Weed Control | Weed Control
in Application Unclassified Unclassified
Use Inventory Distribution by Estimated

(1000 1bs.) Farmer Survey@ Distribution
(1000 1bs.) (%)1(1000 1bs.) (%)
Field Crop 29,131 23,785 (20.2)| 24,255 (20.6)
Fruit and 4,995 79,267  (67.2) 70,500  (59.8)

Nut Crops

Non-Crop 659 14,859  (12.6)! 23,146 (19.6)
TOTAL 34,785 . 117,913 (100)1117,913 (100)

a. The total quantity of weed 0i1 under these categories shown
in the application inventory (34,785,000 1bs.) was added
to the 107 million pounds of weed o0il under Yeed Control
Unclassified. The total was distributed in proportion to
weed 011 use in Table 5-15, then the quantities shown in
the application inventory were substracted and 10 percent
was added for estimated diesel and misc. oil use.
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Estimated Distribution
Unclassified by Use and County in 1977

TABLE 5-17

of 01l

in Weed Qi1

T

County Field Crops |Fruit & Nut Crops Non-Crop Total
(Pounds) (Pounds) (Pounds) (Pounds)
Alameda 172,147 328,350 119,698 | 620,195
Alpine | - - 2,940 2,940
Amador - 12,576 3,612 16,188
Butte - 69,756 20,020 89,776
Calaveras -
Colusa 1,304 14,139 3,693 19,136
Contra Costal 68,775 214,876 67,837 | 351,488
Del Norte - - 134,718 134,718
E1 Dorado - 42,342 12,152 54,494
| Fresno | 542,778 6,922,225 1,785,311 | 9,250,514
‘Glenn | 1,125 57,896 14,115 73,136
Humboldt @ 36,895 49,809 20,736 | 107,440
Imperial 13,879,924 914,386 1,146,595 | 5,940,905
Inyo : - 20,582 5,907 26,489
‘Kern | 259,183 6,949,211 1,723,941 | 8,932,335
Kings § 1,882 52,751 13,0681 67,711
Lake | - - 2,991 ! 2,991
Lassen 13,891 - 19,990 33,881
Los Angeles . 716,473 1,452,799 518,798 . 2,688,070
'Madera 7,664 2,966,425 711,275 | 3,685,364
‘Marin - 130,065 37,329 167,394 |
‘Mariposa - 12,340 3,542 15,882 |
'Mendocino 37 54,599 13,067 67,703
Merced 269,195 3,061,719 796,613 4,127,527
‘Modoc 9,053 - 13,027 . 22,080
‘Mono - - 13,246 13,246
Monterey 10,933,340 7,168,618 4,329,217 (22,431,175 |
 Napa - 60,264 17,306 77,570 .
‘Nevada - 22,887 6,568 29,455
Orange 343,509 693,382 247,980 | 1,284,871
Placer - 71,387 20,488 91,875
Plumas - 13,746 3,945 17,691
Riverside | 28,590 210,468 57,172 296,230
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TABLE 5-17 (cont'd)

comer | "igngnisse | nn e | et [ sl
Sacramento | 1,788,842 5,107,477 1,649,305 | 8,545,642
San Benito 19,658 44 ,807 15,417 79,882
San 3,869 435,919 105,179 544,967
Bernardino
San Diego 59,820 633,216 165,745 858,781
San - - 198,377 198,377
Francisco
San Joaquin | 3,139,752 15,507,904 4,459,725 |23,107,381
San Louis 406,660 970,031 329,246 | 1,705,937
Obispo
{San Mateo 213,522 22,504 56,447 292,473
Santa 58,864 65,993 29,860 154,717
Barbara
Santa Clara 229,383 351,715 138,974 720,072
‘Santa Cruz 64,161 90,490 36,986 191,637
Shasta - 92,796 26,632 119,428
iSierra - - 13,252 13,252
Siskiyou 30,680 - 44,150 | 74,830
'Solano 208,791 1,006,880 290,737 | 1,506,408
Sonoma 148 147,206 35,241, 182,595
Stanislaus 463,344 4,039,752 1,076,948 | 5,580,044
Sutter 8,027 27,662 8,535 44,224
Tehema | 79 61,438 14,712 | 76,229
Trinity 2 : - 26,537 26,537
Tulare 98,926 9,565,264 2,311,262 11,975,452
‘TuoTlumne - 17,128 4,916 | 22,044
Ventura 164,712 618,282 187,259 970,253
Yolo 30,970 24,883 13,358 69,211
Yuba 598 37,145 10,832 48,575
'TOTAL 24,276,581 70,569,574 23,174,839 118,020,994%"

a - Due to rounding-off errors in computor calculations, this total
differs slightly from that shown for Weed Control Unclassified
in other tables.
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farms comprising those in the survey responses are considered
representative of all 65,000 farms in California, then the
total weed 011 use extrapolated from 10 percent of the farms
would be 194.4 million pounds in 1977. This is more than the
total estimated use of 145.6 million pounds in the state.
Some additional information on the unreported uses of
weed o0ils in California was obtained from the distribution
of sales of various 0il products reported in the survey of

pesticide dealers. The reported sales of the various products

in each county were grouped according to the registered
uses of the products. The reported quantity sold for each
use category was compared with the usage of these products
reported in the PUR for the respective counties and commodities
plus usage estimated from other sources such as farm advisors.
In the comparison of reported sales with usage shown in
Table 5-18, reported sales of some types of 0il exceed esti-
mated usage by more than 10 million pounds. Most of this
excess of sales over estimated usage is in the area of fruit
crops which concurs with the Targe amount of usage in this
category noted in the survey of growers. Other categories
in which sales exceed usage are aquatic weeds; residential
pest control, and vegetable crops. In each of these, the
number of counties in which sales are reported is smali and
they may not be representative of other counties. The three
groups of products for which estimated usage exceeds reported

sales include the products registered for field crops such
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as alfalfa and carrot for which reports of usage are most
complete.

The data presented in Table 5-18 clearly demonstrate
that a large quantity of 0il registered for uses such as
fruit crops was sold in California in 1977 although no quanti-
tative record of the usage is available. In consideration
of this data, the following points should be borne in mind:

The quantity of weed 0il reported by the dealers is
estimated to be about one-fourth of the total amount
sold in 1977.

Some of the registered uses are shown in more than
one of the registration groups.

There were other products sold in the state which
were not reported in the dealer survey.

0ils registered for field crops and fruit crops

are also registered for non-crop use which among

farmers is largely unreported.

5.4 Conclusion and Recommendation

The total estimated consumption of nonsynthetic hydro-
carbons for pesticidal purpose in 1977 in California was
225.2 million pounds. Of this quantity, 96.5% was applied
in pure oil form (formulation 10), and 3.5% as minor ingre-
dients (non-formulation 10). The formulation 10 ﬁroducts
were applied in four categories: general weed control (55.7%),

agricultural use (28.4%), wood preservation (12.2%), and
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miscellaneous uses (3.7%). The last three categories involve
appolication of 0il pesticides to specific uses, while infor-
mation is insufficient for specific use designation for a
major part of the first category. The general weed control
use overlaps with the second and fourth categories. The mis-
cellaneous uses of 0il pesticides include home and garden,
industrial, manufacturing, residential pest control, etc.

The use patterns of pesticide oils in California in 1977
are reflected in the temporal and spatial distributions of
the pesticide oils. The majority of the o1l was applied during

the spring and summer months, and most of the o0ils applied at

this time were herbicides. The counties in which most of the
pesticide 0il was applied are located in nonattainment areas
for ozone. Additionally, most of these counties are located
in air basins which have the state's most serious ambient
ozone problems. Studying use patterns of pure oil pesticides
is important for air quality planners attempting to determine
the significant sources of air quality problems and the most
effective means of reducing emissions. Not only does total
pesticide oil use vary widely among the 58 counties and
throughout the year, but major commodities and pesticide 01l
types also vary significantly. Air quality planning must take
this Tatter fact into account in forming control strategies.
The data reported in fhis application inventory were
based in part on a number of estimates and assumptions, as

discussed earlier. These estimates were derived in two steps.
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The initial step was to arrive at a staéewide total oil pesti-
cide consumption. The second step was to make a detailed
breakdown of 0il pesticide application by county and by use.
The 1977 statewide o1l pesticide consumption estimate
was 225.2 million pounds. The oil pesticides incluce 177.7
million pounds of formulation 10 products, 26.6 million pounds
of creosote, 13.1 million pounds of miscellaneous 0il (e.g.
diesel o0il, road oil, etc.) and 7.8 million pounds of non-
formulation 10 o0il. The formulation 10 figure of 177.7 million
pounds was extrapolated from the dealers' survey responses.
This figure is considered to be conservative when it 7is
compared to the reported sale of 141.4 million pounds by 47%
of the 0il pesticide manufacturers in California. The impli-
cation that a smaller amount of o0il was sold by the remaining
53% of the 47 manufacturers is supported by the 1977 PUR
data on product sales. Further credence is lent to this
figure since it was extrapolated from 282 dealers’' responses
(26%), a rather significant statistic. The data on creosote
applications are well supported numbers. The creosote data
were derived from wood preservers' inputs and calculations based
on the number of cross ties treated in the total railroad
track mileage in every county in California. The data on
non-formulation 10 oil and miscellaneous o0il applications
represent the best available data to date. The non-formulation
10 data were obtained from the 1977 PUR,4 which excluded the

improper, unrecorded and unreported pesticide appliications.
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The non-formulation 10 o0il pesticides are usually applied as
a minor ingredient in synthetic products. There is no infor-
mation available as to the quantity of unreported synthetic
pesticide applied in California. The miscellaneous 0il use
was extrapolated from a low farmer survey response (8%).
It is felt that data reported here for non-formulation 10 and
miscellaneous o0il uses are conservative estimates. The estimate
for these two categories is less than 10 percent of the total
applied o011 pesticide.

The task of breaking down application estimates by county

and by use was more difficult than estimating total quantities.

The distribution of o0il pesticide use was based primarily
on the 1977 PUR along with specific information from county
farm advisors for specific crops in individual counties. Some
of the distributions in smaller use categories may deviate
considerably from actual use but quantities involved have
less influence on the total distribution.

Patterns based on surveys were used for oil used in
wood preservation, school districts and vector control. The
first two include data from a significant number of respondents
and the last includes data for all of the oil applied by
vector control agencies. The data are probably the most
accurate among all categories.

There are some uncertainties about.the specific uses of
general weed o0il. The use pattern estimates reported here

are based on the grower survey response, the school district
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and vector control surveys and the sale of week oil products

registered for various uses as reported by dealers. None of

these give an accurate picture of use for all of the weed 01l
applied, but the estimates represent the best obtainable from
the available data.

In summary, the data reported are reasonable. This study
relied upon several assumptions, and, at the same time, it
represents a major effort in developing an inventory of
pesticide use where applications are mostly unreported. More
jmportantly, it's findings include a large quantity of pesti-
cides which have never been reported previously.

Several areas that deserve further consideration are
recommended. First, the use of pesticides in home and garden
applications should be investigated more thoroughly. Although
the relative amount of o0il pesticide use in this sector is
rather small, the quantity of synthetic pesticide use may be
significant.

Secondly, effort should be extended toward defining
the unreported synthetic pesticide use. At present, there
is no regquirement for farmers or non-commercial applicators
to report the use of unrestricted synthetic pesticide
applications. Such information is important for hydrocarbon
emission inventory especially for those counties classified

as nonattainment areas for ozone.
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For use in estimating hydrocarbon emissions from pesti-
cides, manufacturers of pesticide oils should be required
to report to state agencies on an annual basis the quantity
of various types of oil sold by them in California. An alter-
native approach is to require the manufacturer to submit

annual sales records by pesticide formulation type to the

"state. This information can be pooled together as a statewide

statistics, and thus avoid revealing confidential sales

information.
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6.0 EMISSION INVENTORY

6.1 Introduction

Two of the primary objectives of this project were to
establish a methodology for estimating pesticide emissions, and
based on that methodology to conduct an inventory of emissions
associated with nonsynthetic hydrocarbon pesticide applications
in California for the calendar year 1977. In meeting the first
objective, experimental and theoretical data were obtained from
the literature to establish a general emission estimation metho-
dology. In meeting the second objective, application data secured
from surveys and interviews of farmers, pesticide manufacturers
and dealers, farmer advisors, floricultural businesses, utilities,
railroads, and wood preservers were used. Based on the survey
data, emissions were calculated.

The emission estimation methodology was based on the pesti-
cide evaporation equation proposed by Hart]ey.1 Hartley's equation
was modified to include considerations of emissions during pesti-
cide applications, sorption and sequestration of pesticide, and
pesticide degradation. The methodology allows for emission esti-
mation from carry-over of residual pesticide from applications
of previous month(s). Depénding on weather variables, the resulting
emissions range from about 85 percent to 95 percent of the applied
pesticides. This methodology was not applicable to creosote used
as wood preservatives. A simple emission factor was used to esti-
mate creosote emissions. \

The 1977 total emissions resulting from formulation 10
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nonsynthetic hydrocarbon pesticide applications in California
amounts to 182 million pounds or 249 TPD. In some counties,
pesticide use is a major source of hydrocarbon emissicns. De-
pending on the seasonal use patterns, pesticide applications
may have potential significant impacts on air quality in some
nonattainment areas.

The following sections summarize the methodology used to
estimate emissions, the assumptions and input data, and the
1977 inventory of emissions resulting from formulation 10
nonsynthetic pesticide applications in California. Appropriate
discussions of the implications of these emissions on air

quality are also made.

6.2 Emission Estimation Methodology

6.2.1 Pesticide Vaporization
6.2.1.1 Methodclogies

The subject of pesticide vaporization was reviewed exten-

2 3,4

sively by Spencer at al.” and by Spencer and Cliath. Other

reviews covering different aspects of pesticide volatilization
were made by Wheatley,5 PHmmer6 and TayTor.7

Most of the work on pesticide vaporization has been concerned
with the various factors which influence the evaporation rate,
e.g. temperature and soil moisture. The models which have been
proposed for predicting vaporization rates include one for esti-

mating loss from surface deposits.1 A number of other models have

been proposed which depend on calculation of the rate of movement
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to the surface for pesticides mixed in soil or dissolved in

bodies of water.8’9’1O
The present discussion of pesticide vaporization will be

concerned with those particular aspects of pesticide vaporization

which affect the rate of evaporation loss of petroleum oil.

Since 0il pesticides are applied as surface deposits and are not

normally mixed with soil nor dissolved appreciably in water,

only the model proposed by Hart]ey1

for surface deposits is
applicable.

The rate of evaporation of a chemical is related to its vapor
pressure (P) and the rate of diffusion of vapor away from the
evaporating surface.1 This diffusion of mass away from the eva-
porating surface is proportional to the vapor density times the
diffusion coefficient of the vaporizing substance. Since the
diffusion coefficient is inversely proportional to the square root
of the molecular weight (M) and the vapor density is proportional
to P x M the rate of evaporation loss will be proportional to

1
P(MZ).1 Hartley1 proposed the following egquation to predict the
rate of evaporation of compound 1 based on the known rate for a

model compound 2:

1
P.(M,?2)
1*71 (Eq. 6-1)
P17 R T
2 (M)

where: E = evaporation rate
P = vapor pressure
M = molecular weight

and 1 and 2 are subscripts designating compounds

with unknown and known evaporation rates respectively.
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If the model compound is water, the water evaporation rate in
the equation must be modified to account for the affect of

relative humidity (R.H.):

1
£ P. (M, %)
. W x (Eq. 6-2)

D _ %
(1-R.H.) P (M%)

where: Ep = the evaporation rate of compound i per unit

area; and
Ew = the evaporation rate of water per unit area

The water evaporation rate, Ew, for Cquation 6-2 can be obtained
by one of the methods developed for estimating evapotranspiration

(ET), the combined loss of water from evaporation and transpiration

11

of plants on vegétated Tand. - Some of the methods which are

applicable under a wide range of conditions are the following:
(1) Empirical methods. These relate meteorological factors
to measured ET from individual crop surfaces. The

most well-known use the Thor‘nthwaite12

13

and the Blaney-

Criddie formulas. The latter requires a separate.
crop factor for each month and is the most widely
used on semi-arid lands of the western U.S.

(2) Energy-balance calculations. In these methods ET

is estimated as a function of available radiant energy.

The approach was found appropriate for use in a wide

range of ch’matesqw"15 Some methods are based
solely on weather and radiation data.16
(3) Use of evaporimeters. Evaporimeters are: a) aopen

water pans or b) porous surface type atmometers.
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The water lost from the evaporimeter is correlated
experimentally with water lost by evapotranspiration

17 The ratio of

from water, soil or crop surfaces.
evaporation from a pan to evapotranspiration from
a crop needs to be determined for each growing stage
of the crop and for areas with similar weather if
the values are to be reasonably accurate.17
The evaporimeter method is used in this report for estimation
of water evaporation rates to be used in Equation 6-2. Monthly
water evaporation and other climatological data are reported for
many points in California by the Environmental Data Service.18
Water evaporation from evaporiméter pans is not the same as
evaporation from crop lands of various kinds, nor even the same
as evaporation from large bodies of water. The pan evaporation
must be modified by a coefficient experimentally determined for

17,18

each surface. This coefficient has been reported to vary

between 0.75 and 1.15 for a variety of mature crops.17

The
mid-value of 0.95 was taken as representative of the average
condition and used for calculating evapotranspiration from
vegetated Tand. An additional factor of 0.77 was applied to

the pan evaporation to account for the difference which has been
observed when pan measurements were made outside the vegetated

20

surface area. Therefore, the value of ET will be designated

EA and for vegetated surface EA = O.95Epan x 0.77 = 0‘73Epan”
A separate value of EA was used for calculation of emission
from soil since evaporation of water is generally lower from soil

than vegetated surfaces. The pan to soil evaporation ratio varies
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greatly depending on the amount of drying that has occurred
after watering. A pan ratio of 0.40 has been found for soil
kept moist enough to maintain seedling growth and this value
was used 1in the ca]cu]ation.lg’zo
The average coefficient for evaporation from water surface

2z This coefficient was

in relation to Class "A" pans is 0.70.
used in calculation of emissions from water surfaces.

The acreage was considered to be vegetated land if an
insecticide, fungicide or defoliant was applied since such treat-
ments are applied to mature or maturing crops and, therefore,
the surface is vegetated. Herbicides are applied to soil or
to immature weed growth, therefore, the treatment surface was
considered to be soil if an herbicide was applied. The treated
water surfaces are those to which aquatic insecticides or

herbicides were applied.

Time-dependent changes in vaporization rate. The rate of

evaporative loss from applied pesticide would be constant from
a complete, unbroken surface layer. The rate of loss would
decrease if the surface exposed to the air is decreased through
evaporation.

23,24 have shown that evaporation

Laboratory experiments
of pesticide from finely divided particles or from very thin
layers follows first order kinetics which can be described by

the equation:

2.303 10g —p—me = kt (Eq. 6-3)
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where: a is the initial amount of chemical,
k is the rate constant and
a-x is the amount of chemical remaining at time t.
Thus, the rate of loss is proportional to the amount remaining.
First order volatility loss has been demonstrated for several
5-tr1‘az1’ne524 and a number of organochlorine insecticides25
evaporated from glass or metal surfaces.
Volatility losses from soil applied pesticides may follow
a similar pattern of first order kinetics under constant envi-

ronmental conditions.z’6

Many soil-applied pesticides are
strongly adsorbed to soil particles especially if they are dry.

Higher soil water content can displace the pesticides from the

1,26

adsorption sites leading to a much higher rate of evaporation.™’
Evaporation of pesticides from leaves of plants is also rapid
immediately after application and decreases with time. This

kind of evaporative loss was observed by Taylor et a1.27

following application of heptachlor and dieldrin to orchard

grass. The rate of loss for these compounds was proportional to
the residue remaining for about 10 days and then continued at
a much Tower rate.

Figure 6-1 shows examples of the relationship between time

and the 0il residue remaining on and in fruit trees after appli-

cations of 1light and light-medium foliar spray oil in the field.

In these examplies the rate of loss is greater than first-order
for about one week and approximately first-order for some time
thereafter. The actual percentages of initial deposit reported

28

by Rohrbaugh may be in error, since his first measurement was
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Figure 6-1. Loss of Spray 0il From Leaves of Fruit Trees.

Pesticide applications were in July or August.
1) 0i1: Volck light spray oil. Source:Rohrbaugh, 1934.
2) 0i1: Petroleum oil, unclassified. Source:Calculation, based
on conditions in Madera County. Assumed application,
July, 1977.
3) & 4) 0i1: Light-medium summer spray oil. Source:dohn Dibble and
Clarence S. Davis, 1967 {unpublished).
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made after detached leaves became dried in the Taboratory. He
did find however, that residues of spray oil remained in citrus
leaves at least 12 months after the time of application.

Heavier spray oils evaporate at a considerably slower rate
than 1light and Tight-medium oils. On the basis of residue

29) estimated that

measurements, Allison (reported by Ebeling
eighty percent of a light-medium o0il applied to citrus trees
in the fall at 1.75 percent solution can be expected to leave
the foliage in 17 to 25 days. A medium o0il will require about
40 to 45 days for 80 percent and a heavy oil 4 to 5 months.

No experimental evidence has been found on the kinetics

of NSHC evaporation from soil or water but it would presumably

be similar to the kinetics noted above for synthetic organic
2,6,24,27

pesticides.
In this report, emission rates from oil pestigides are
assumed to follow first-order kinetics, except in the case of
0il applied td vegetation. Since the experimental evidence
cited above (Figure 6-1) shows that evaporation of pesticidé
0il from fruit tree foliage is initially faster than predicted
from the first-order equation, the method of estiﬁation for
emission from vegetation was modified in order to more nearly
match the experimental loss curves shown in Figure 6-1. Curve
2 of Figure 6-1 is a loss curve calculated by the modified method
which is described in Section 6.2.2.
The observed rates of 0il loss shown in Figure 6-1 are
more rapid than would be calculated by Hartley's equation
(Eq. 6-1). A high evaporation rate of this kind probably occurs

from vegetation because the surface area of leaves is usually
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several acres on a crop covering one acre of ground surface.
This difference in area should be compensated by using the
comparison of pesticide loss with water loss as in Equation 6-2,

but apparently the compensation is not adequate in some instances.
6.2.1.2 Emission During Pesticide Application

Pesticides in most cases are applied as sprays and in
almost every instance the amount which can be measured on the

30 Some of the

target surface is less than the amount applied.
quantity lost is carried away in particulate form as spray drift
and some as vaporized chemical. Wheatly estimates that not more
than 5 percent of conventionally applied ground sprays are

4531 though it is difficult

lost from the target area as drift,
to assess the proportionate amounts in drift and vapor, and no
reports of actual measurements have been found. The Tosses
reported during application vary with the pesticide, the mode
of app?ication and the conditions of applications.

No models or procedures have been found in the literature
for estimation of pesticide loss during application. The esti-
mation of evaporative loss of NSHC pesticides will be based
on the data of reported application losses shown in Table 6-1
using the same method followed in a previous report.32

The data in Table 6-1 indicate an average of 18.5 percent
of applied pesticide with average vapor pressure of about 10_3 mm Hg
was lost during application when the temperature was 68.8°F (20.4°C).

The application loss in these data appears to be approximately

linearly related to the log of the vapor pressure of the pesticides,
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with negiigible loss for vapor pressure less than 10—7 mm Hg.
A similar relationship was observed for herbicide evaporation

from metal p]anchets.24

From other evaporation data, it was
estimated that the rate of pesticide evaporation is approximately
proportional to the square of the temperature within the range

of about 5° to 30°¢.36-37,38

By incorporating these relation-
ships, the following equations were obtained for estimation of

emission during pesticide application:

Ay - A, = Emission during application (Eq. 6-4)

A, = Ay [ .625) (Tog P.+7)(0.0024 T 2y(0. 0141 (Eq. 6-5)

3
=
(2]
-
®
=

[
i

the amount of pesticide applied

the amount of pesticide deposited on soil

xs
N
It

or other surface after application Toss
P. = the vapor pressure in mm Hg of pesticide 1
at 20°C
T = application temperature in °C (average
monthly temperature used), and 4.625 and
0.0024 are constants obtained by solution of
the equation using the empirical data.
The calculated values for application loss will be treated as
emissions in this calculation since the proportions of drift and

evaporation are not known.
6.2.1.3 Sorption and Sequestration of Pesticide

After pesticides are sprayed on foliage or soil surfaces,
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a considerable portion of the deposited pesticide enters the
atmosphere over a period of time in the form of vapor.6’28
Some portion of the pesticide on leaves will enter the Teaf and
may remain there for a year or more, some will be washed off
onto the ground. Some of the pesticide which reaches the soil
is firmly bound to soil particles, especially to dry soil. A
part of the pesticide will be carried to Tower levels in the
soil.

Pesticide binding by soil or other materials is generally

39,40 The actual removal of

considered a reversible process.
pesticide from the sequestering sites may require long periods
of time and there is some recognition of the concept that a
pprtion of the bound pesticide may be unavailable to processes
which lead to degradation or remova].41
There are models designed to estimate the loss of pesticide
from sites or pools having different rates of 1oss,41 but there
is not sufficient data available to apply fhese models to
highly variable regional applications of pesticides such as that
involved in NSHC applications in California.
Since it is recognized in this report that some portion
of applied NSHC pesticide can be unavailable for evaporation for
an indefinite time, it will be estimated that 2 percent of de-
posited pesticides are bound. The magnitude of such loss 1is

uncertain and this estimate is based on an assumption that loss

by sequestration is small.

6.2.1.4 Degradation of Pesticides
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Applied pesticides are degraded in the environment by
a variety of mechanisms. Among the known mechanisms are
chemical, photochemical, and biological degradation.

Pesticide 011 degradation has not been specifically studied
although there are numerous reports of petroleum oil degradation

4
in soil and water.‘2’43’44

Most of this petroleum 0il degradation
has been attributed to the action of micro-organisms.
The chemical conversions involved in pesticide degradation
do not necessarily reduce the quantity of hydrocarbon compounds
which may be subject to vaporization and atmospheric reactions.
If a molecule is split in two, there may be two molecules with
the same total mass as before. The volatility of degradation
products may also be higher or lower than the original chemical.
The ultimate products of biodegradation of organic pesticides are
carbon dioxide and water, but studies do not show most pesticides
degraded to that point. There is very little reported on the
degradation products of NSHC 1in 3011.41’42’44
Quantitatively, soil degradation of pesticides has mainly
been interpreted using first order reaction kinetics. Burschel

and Freed,45

for example, studied the decomposition rate of

‘three herbicides in soil and concluded the rate of degradation
followed first order kinetics which is true for most microbio-
logical processes. Some others have found the pesticide degra-
dation rate to be more complicated and influenced by environmental

factors such as soil moisture and temperature.“’43

42

In one investigation, Raymond et al. studied the loss of

five petroleum o0il fractions worked into the soil of field plots.
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The 0ils included used crankcase 0il, crude oil and fuel ocil.
After one year the average reductions ranged from 48.5 to 90
parcent. No estimate of evaporation was made though the expected
evaporation would be small for oil mixed into the soil.

No established procedures or models have been found which
may be applied to calcuation of the degradation losses of
pesticide o0ils applied to crop or non-crop surfaces. Therefore,
in the present report the rate oFf degradation of deposited NSHC
pesticide will be estimated to be 4 percent per month for the
0il available at the start of the month. This degradation loss
rate is based on the average monthly dagradation rate in the

study by Raymond et a].42

6.2.2 General Emission Methodology

The method for estimating emissions from applied NSHC

31 with some modifications.

pesticides is that used by Leung et al.
This method depends primarily on the modei developed by Hartley
for pesticide volatilization from surface deposits. The basic
emission rate is calculated from Equation 6-2 which is derived
from physical principles. After the initial rate is established
from Equation 6-2, the emission is considered to follow a
time-course through each month which is first order or a summation
of 2 first order time-ccurses.

The factors which were discussed in Section 6.2.1 and
which need to be considered in pesticide emission estimation
are:

Emission. during pesticide application

Sorption and sequestering of pesticide
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Degradation of pesticide
Emission from deposited pesticide
a) Emission surface, i.e. soil, vegetated Tand, water
b) Time-dependent change in emission rate
A flow diagram of the emission estimaticn methodology is shown
in Figure 6-2. Details of the steps in the calculations are
explained in the following pages.

The estimation of hydrocarbon emissions from a NSHC pesticide
applied to acreage was determined by the method which follows.
The pesticide application in pounds per acre for each month
was obtained from the application inventory.

1. Calculation of emission during application. The emission

during application is the amount which evaporates from the
pesticide spray before it is deposited on the target surface.
This quantity is calculated through use of Equation 6-5 which
makes adjustments for variations in the temperature during appli-

cation and for differences in the volatility of the pesticide.
A2 = Al zl- K4.625)(Tog Py 7)(0.0024 TZ)(O.OIE? (Eg. 6-5)

where: A2 = the quantity of pesticide i deposited after

emission loss during application

Al = the quantity (pounds) of pesticide 1 applied
P. = the vapor pressure of pesticide 1 at 20°C

T = averace temperaturs (°C) during the month
application occurs
Al-Az = the quantity (pounds) of emission during

application
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Flow Diagram for Emission Estimation

Fmission during application.

Emission

Figure 6-2.
Loss
Pesticide
Applied Ay
(pounds)
0.02 A, Sequestration Pesticide
(adsorption, etc.) Deposit
Eq. 6-6 A, (Eq. 6-5
— — 3 ¥
0.04 X Ay Pesticide
Degradation Deposit
Eq. 6-7 [ Az (Eq. 6-6

Ay - A, > 0.1 pound

v

Pestitide
Deposit
A4 (Eq. 6-8)

Determine initial emission
rate (Eq. 6-2)

Evaluate constant, k

(Eq. 6-8)

A{///;mission

from deposit

Al‘AZ
(Eq. 6-5

v

Pesticide
Deposit end
of month
Ag - Ay

Deposit carry-over to

next month

top

Lzﬁ - Ax < 0.1 pound

~ (Eq. 6-8)

Add emission
quantities in
each month

The letters Ay to A4 and A, refer to quantities in equations (Eq.) indicated in

the text.
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The guantity of emission from the application is added Tater to
the total emission. The amount of pesticide deposited (AZ) is
used in the next step of the calculation.

2. Calculation of pesticide 1oss by sequestration (adsorption

and other). It is assumed that the amount of pesticide removed
by irreversible sequestration equals 2 percent of the amount

deposited. Therefore:

A3 = (l—T)AZ (Eq. 6-6)

where: 1 the loss coefficient for sequestration,
evaluated here at 0.02
A2 = the quantity of pesticide deposited on the

surface

A3 the quantity remaining after loss by sequestration.
The estimated amount of pesticide lost by degradation is calculated
from A3.

3. Calculation of the pesticide loss by degradation. Loss by

degradation is calculated from A3 in the month the pesticide was
applied and, in subsequent months, from the quantity of pesticide
left from the previous month. Degradation loss is obtained from

the following equation:

A4 = (1-1')A3 (Ea. 6-7)
where: 17 = the loss coefficient for degracdation evaluated
at 0.04 per month
A, = the pesticide remaining after loss by seques-

tration
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A4 = the pesticide quantity remaining and capable
of evaporation in any month.
The quantity A4 is used in step (5) after determination of the
initial emission rate.

4, Calculation of the pesticide emission rate. The emission

rate (Ep) is determined for each pesticide as an estimate of

the evaporation rate which takes into account the vapor pressure
and molecular weight of the pesticide and also those environmental
conditions during the month which influence the water evaporation
rate. The emission rate is calculated by use of Equation 6-8

as follows:

1
By PiMy)®

E_ = : . (Eq. 6-2)
p T-R.H. PW(MW)2
where: E_ = the maximum, initial emission rate of compound

i per acre
EA = the adjusted water evaporation rate per acre
E = the quantity of water evaporation per acre

calculated from pan evaporation

R.H. = relative humidity
Pi = vapor pressure of compound i at cited temperature
PW = vapor pressure of water at temperature cited
for Pi

Mi = molecular weight of compound 1

=
i

W molecular weight of water

ED is calculated for each month that there is pesticide available

for evaporation. EA is equal to 0.73 E, 0.04 E and 0.70 E for
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applications to vegetated Tand, soil surfaces and water surfaces
respectively,

where: £ = inches of water evaporated x 226,600 pounds

per inch of water on one acre

Since the evaporation rate of applied pesticide does not
remain constant, it is assumed that the initial rate is established
from Equation 6-2, but the change in rate follows first order
kinetics as calculated from Equation 6-3. In calculation of
emission from vegetated Tand surfaces, the emission rate and
chance of rate were adjusted by use of 2 first order rate
constants to more closely approximate observed loss kinetics.

5. Calculation of the monthly emission from deposited pesticide.

The quantity of pesticide evaporated per acre in each month is
calculated by using Equation 6-8 after the rate constant, k, is
evaluated from the initial emission rate obtained from Equation
6-2.

In the calculation of emissions from pesticide applications
to vegetated surfaces, the amount deposited per acre, K4, was
divided into 2 equal parts which may be designated part 1 and
part 2. Emission for each part was then calculated in exactly
the same way as emissions from soil or water appiications except
that in the calculation for part 2 the réte constant, k, was
multiplied by 8 after it was obtained. This was done so that
the calculated loss curve would more closely match the empirical
loss curves shown in Figure 6-1.

The first order equation used to calculate emission is:
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2.303 log — 4 = kt (Eq. 6-8)

=
=
(]
=5
®
I
B~
[]

the quantity per acre of pesticide i
available for evaporaticn in any month
A_ = the quantity per acre of pesticide i
evaporated at time t
k = the rate constant
t = time
The constant, k, is first evaluated in each month that pésticide

i was available for evaporation by substitution of E_ (pounds/

p
acre/day) x R into Equation 6-8 such that Ep x R = A, when t =1
day and _
A, - A
where: R = 4" 2
A4

That is, R is the fraction of the initially available pesticide
deposit, K4, remaining at the time of evaluation. The emission
from the pesticide for the month, AX, and the quantity per acre
remaining, K4 - AX, are then determined by substitution of the
calculated rate constant into Equation 6-8, with t = the number
of days in the month. Then (AX X acres in the application) +
(A; - A,) = emission in that month. If Ay - A, < 0.1 pounds
per acre it was assumed that there was no pesticide remaining
to evaporate the next month. If K4 - AX > 0.1 pounds per acre
it was assumed that there was carry-over of pesticide to the next
month. A calculation was then made for emission the next month
(see heading 6 on next page).

Calculation of emissions were made separately for pesticide
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applications in different months, and if there was carry-over
the total pounds of emissions for one pesticide were summed for
each month.

6. Calculation of monthly emission and carry-over for pesticides

partially evaporated during any month. If from emission calcu-

lation with Equation 6-8, K4 - R, > 0.1 pounds per acre at the
end of the month, the quantity A - AX was carried to the next
month. In emission calculations for the second or succeeding
months (& - AX) X acres was treated in the same way as A3 in
the first months calculation, that is, degradation of 4 percent
was subtracted, Ep was calculated for the second month, the
rate constant for Equation 6-8 was estimated and the pounds of
emission and pesticide remaining were determined from Equation 6-8.
The calculations of carry-over and emissions were continued
until the applied pesticide ran out (Ay - AX < 0.1 Tb./acre) ovr
up to 12 months, whichever came first. Pesticide remaining in
December was carried over to January on the assumption that
applications in the previcus year would be similar to the current

year,

Mon-acreage applications. Calculation of emissions from

reported non-acreage anplications of NSHC pesticides were made
in the same way as for acreage applications for the fo]iowing
quantities:

1) Emission during application.

2) Pesticide loss by sequestration.

3) Pesticide remaining after loss by degradation, A4.

Since no anplication rate (pounds/acre) was presented with
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the non-acreage data, an emission rate could not be calculated
from Equation 6-2 and 6-8. The pesticide remaining after loss by
degradation, A4, was assumed to evaporate in the month of appli-
cation. Therefore, the total emission in that month was estimated
as A, + Ay-A, (emission during application).

0i1 applications for vector control are reported as non-
acreage applications but are treated here as acreage applications
to water. The application poundage is divided by the average
recommended application rate of 2.0 pounds per acre48 to get
an estimated value for acreage. Calculations thereafter are
the same as for other acreage applications.

Data for emission estimation. For emission estimation

data was required on physical characteristics of the pesticides,
the climatic conditions during and after application and the type
of surface to which application was made. The source and methods
of obtaining these data are indicated.

The average molecular weights, boiling points and vapor
pressures of NSHC pesticides are shown in Table 6-2. Pesticide
0ils are placed in different chemical classes according to the
DFA registration system. The molecular weights (petroleum
hydrocarbons excepted) and boiling points for these chemical
catagories are based on values for 33 NSHC products of various
types reported in returns from the survey of manufacturers. The
molecular weight estimates for the 2 petroleum hydrocarbons
were obtained from a plot of molecular weights versus boiling

49

points for 11 aromatic hydrocarbons found in creosote. The

mean temperatures for 50 percent distillation which are reported
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Physical

TABLE 6-2

Characteristics of

Nonsynthetic

Hydrocarbon Pesticide Chemicals

2 Based on usage reported in the 1977 Pesticide Use Report.
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Chemical, Pesticide Boiling Molecular Vapor
Type and Major Percent Chemical Point Weight Pressure
Application Use in Qi1 Type? (Mean) (Mean) (mm Hg at 20°C)
Aromatic Petroleum Solvent
Herbicide, Aquatic o
Weed 01l 100 279°F 110 6.50
Mineral Qil
Insecticide, Fruit and o “
Nut 071 Spray 100 690°F 327 7.4 X 107~
Petroleum 011 Unclassified
Insecticide, Fruit and o -5
Nut 0i1 Spray 99.3 680°F 307 2.89 X 10
Petroleum Distillate
Insecticide, Mosquito 1
Larvicide 100 571°F 253 9.11 X 107
Petroleum Hydrocarbon
Herbicide, Non Selective
General Contact Herbicide -4
and Defoliant 56.7 569°F 160 9.54 X 10
Herbicide, Selective (il
for Carrot, QOther
Vegetables 43.3 350°F 124 0.546
Diesel Qil~
Herbicide, Solvent or 3
Adjuvant 200 2.0 x 10~



in the manufacturers survey responses were used to estimate

vapor pressure (Table 6-2) for each chemical based on the

vapor pressure-boiling point correlation of Maxwell and BonneH.50
The mean monthly temperature, relative humidity and water

evaporation for each county were obtained from Environmental

Data Service Pub]ications18

and in some cases from reports

of the University of California Agricultural Experiment Stations.
A complete set of climatological data was not available for

each county. . When a datum for a county was missing the value
from the nearest county with similar conditions was substituted.
The climatic data used for each county and the location of the
recording station are listed in Appendix A.2.1.

In emission calculations, NSHC applications of insecticide,
fungicide and defoliant to acreage were considered applications
to vegetated surfaces and an EA coefficient of 0.73 was used.
Applications of herbicide were considered soil applications
and an EA coefficient of 0.40 was used. For a combination of
insecticide and herbicide, the 0.73 coefficient was used. Vector
control is the only major catagory under which oil is applied
primarily to water. Emissions from vector control applications

are calculated using an EA coefficient of 0.70.
6.2.3 Emission Calculation for Hood Preservatives

6§.2.3.1 Introduction

51,52,53

Creosote evaporation studies have shown that after

creosote is impregnated into wood, it is not held tightly by the
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wood but continually flows downward and outward as long as there

is a volatile carrier oresent. The downward gravitational flow

of creosote in poles and posts, for example, continually replenishes
the creosote that is lost at the groundline where attack by wood
destroying organisms is the greatest. Also, as creosote is

Tost at the surface of the treated products, it is continually
replaced from the inner areas as long as there is a sufficient
quantity of volatile carrier remaining.

An evaporation study with creosoted posts showed that a
vapor loss of up to 37.5 percent for low-residue creosote
occurred after just one year.51 However, posts have a relatively
large surface to volume ratio compared to ties and poles, and
evaporation Tosses would be expected to be highest from posts.

A study with creosoted poles concluded that after three
years, the evaporation Toss was 27.5 percent for seasoned poles

53 This averages out to an

treated with low-residue creosote.
approximate loss of 9 percent per year. However, when the
author of the study was asked if there was a greater loss during
the first year than during the second and third years, he agreed
that there would be a greater evaporation Toss during the first
year. As a result, a conservative value of 10 percent evapor-
ative loss for the first year following treatment with creosote
will be used for all wood products treated with creosote and
used in California. The creosote emission estimation for 1977
only includes those emissions from wood treated in 1977 and does

not include any residual volatilization from creoscted wood that

was already in place or in storace prior to 1677.
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