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ABSTRACT

This report presents the findings in estimating the air pollution emis-
sions associated with pesticide applications in Fresno County, California.
The investigation covers the calendar year 1976.

“To achieve the program objectives, this project was conducted in three
parts. The primary concern of the first part was data collection which
involved both reported and unreported pesticide use data. The reported

data were obtained from the Pesticide Use Report; the unreported data were

obtained by questionnaire surveys of farmers, pesticide dealers, and pesti-
cide supp]iersf. The second part involved an inventory of emissions re-
sulting from pesticide applications in Fresno County. The emission inven-
tory was conducted in two steps. The initial step was to compile a list of
the total pesticides applied in Fresno County classified as synthetic,
inorganic and nonsynthetic products. Synthetic and inorganic products were
further broken down into three groups: {norganics, organics, and inert |
. materials. The synthetic organics, inert organics, and nonsynthetic organics
weré separated according to their acreage and nonacreage app11cation§. The
second step of emission ihventory was to calculate the emissions of each
organic compound based ubon vapor pressure, mo]ecu]ar'weight, relative
humidity, and temperature, etc. Possible alternatives to pesticide use and
methods of pestfcide applications are discussed in the last part of the report.
Based on the findings of this study, the estimated pesticide application
in Fresno County for the calendar year 1976 was 22 mi]]%on pounds. This
quantity represents 25.2 percent synthetic organics, 29.8 percent inorganics,
and 45.0 percent of nonsynthetic petroleum oils. The major pesticide end

user is the agricultural industry which is responsible for an estimated



89.1 percént of the total consumption. Estimatied homé and garden application
is a distant second with 3.8 percent consumption. This rate of pesticide
app]ication leads to an éstiméted total organic gas (T0G) annual average
emission of 19.3 tons per day (TPD), and 18.6 TPD for reactive organic gas
(ROG) emissions. The highest monthly emission for 1976 occurred in December
with estimated TOG and ROG averages of 50.5 and 50.4 TPD respectively. The
total pesticide emissions in December, 1976 would account for 3.9 percent of
the ROG emissions and 3.0 percent of the TOG emissions from all Fresno County

emission sources (stationary and mobile) during 1973.
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1.0 CONCLUSIONS

The following conclusions are based on the interpretation of data pre-

sented in this study:

1.

In 1976 the estimated pesticide app1icatfon in Fresno County was

/¢ %59
22 million pounds. The quantity is comprised of 25#2 percent
6 /

synthetic organics, 29.8 percent inorganics, and 45.0 peréent

nonsynthetic petroleum oils.,

The major pesticide end user in Fresno County is the agricultural
industry which is responsible for 89,1 percent of the pesticides
used, while thé home and garden sector is a distant second,
accounting for 3.8 percent of the total pesticide applications.
The estimated total organic gas (TOG) emission from the 1976
pesticide applications in Fresno County was 19.3 tons per day
(TPD), and 18.6 TPD for reactive organic Qas (ROG) emissions.

The emissions of TOG and ROG resulting from pesticide applications
in Fresno County in 1976 are significant from an air quality per-
spective. ‘when compared to ARB's 1973 Emission Inventory for
Fresno County, the 1976 pesticide emissions would account for 33
percent of the ROG emissions and 22 percent of the TOG emissions
from all stationary sources, and 17 percent of the ROG emissions
and 13 percent of the TOG emissions from both stationary and mobile

sources.

There were four definite emission peaks during the year: 'February,
May, August, and December. The peak in.August corresponds best to

both the high ambient levels of TOG in Fresno and a high frequency



of oxidant standard violations. It appears that pesticide épp]i-
cations, particularly those of nonsynthetic pesticides, during the
latter part of the summer could contribute to oxidant probiems in
the Fresno area.

Pesticide use centributed significantly to hydrocarbon emissions
in Fresno County in 1976. Emission control efforts should be
directed toward reducing the use of organic pesticides respon-
sible for producing ROG emissions during the summer and falil
months with special emphasis on nonsynthetics;v

A reduction in the use of chemical pesticides can be achieved
without appreciabie reduction of agricultural output by'emp1oy-
ing appropriate alternative pest control methods. Integrated

Pest Management (IPM) is one alternative method which may be able
to reduce pésticide applications by 50 percent or more in some crops
where methods are developed. IPM is largely ﬁnexploited both with
regard to development of methods for many crops and implementation

of methods already developed.
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2.0 RECOMMENDATIONS

1. A more.comprehEﬁsﬁve survey of farmers should be conducted to
obtain a clearer picture of unreported pesticide applications,
particularly nonsynitheiic. Such a survey may alse help to de-
termine the reasons for farmers reluctance and concern in re-
sponding to survays such as those employed in this study.

2. Pesticide use in home and garden applications should be investi-
gated more thoroughly. Although the relative amount of pesticide
use in this sector is rather small in an agricultural region such
as Fresno County, 1t would probably be significant in urban and
suburban areas of Caiifornia.

3. A new and improved reporting system for governmental agencies
should be considered. At present, federal agencies are not
required to accurately account for their pesticide use; as a
consequence, these agencies are very likely to under-report.

4, Emission controi efforts should be directed toward reducing,
durihg the summer and fall months, the use of those organic pesti-
cides that produce ROG emissions; special emphasis should be given
to nonsynthetics.

5. A more intensive effeort should be directed toward the development
and validation of more accurate methodologies for estimating peéti-
cide emissicns. This effort should consider relevant parameters
such as pesticide persistence and degradation in soil and water
and on vegetation, In addition, calculated emission factors should
be validated with experimental data where possible,

6. Integrated Pest Management (IPM) should, as an alternative pest



control measure, be encouraged by governmental agencies by pro-
viding resources in method deve1opmeht as well as guidance and
education to farmers for implementation of ‘methods already de-
veloped., |

The agricultural community should be better informed on how reactive
hydrocarbons contribute to phatochemical oxidant formation which

adversely impacts crops, livestock, and humans.


https://informed.on
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3.0 INTRODUCTION

3.1 Air Poliution from Pesticide Uses

Pesticides have been effective in pest contrel and are responsible for
up to a 25 percent increase in the agricultural production of crops and
Hvestock.1 Because of these great benefits., the annual production of pes--
ticides has been gradualiy increased. In 1973 some 1.32 x 109 pounds of
pesticides were manufactured in the U. S.;2 this represents a 20 percent
1ncfease since 1970. <California is one of the biggest agricultural states
and pesticide user in the nation.

The Pesticide Use Report (PUR)3 published by the California Department

of Food and Agriculture states that over 90 million pounds of pesticides
were used in California in 1876, and about 10 percent of this quantity was
used in Fresno County which 1s the largest agricultural county in the state.
From the standpoint of air pollution, the major question of interest is the
quantity of pesticides which may enter the atmosphere.

Pesticides can enter the atmosphere in a number of ways. These
inc]uc_le:4

-spray drift during appiication,

-volatilization from crops and soils,

-entrainment with dust,

-évaporation from water,

-emissions from manufacturing and formulating plants, or

cemissions through wasts disposal.

Of all the modes of entry, spray drift and volatilization from crops

and soils are the two major routes through which pesticides gain entry into



the atmosphere.

These topics will be treated in more detail as background informaticn
in Section 4.0.

The propertion of pesticides applied that may enter the atmosphere

5+ 65 7 These estimates vary

from different sources have been estimated.
and are as high as 63 percent. The quantity of pesticide that reaches the
atmosphere depends on many factors such as volatility, environmental tem-
perature, and nature §f the target surface (soil, water, foliage, etc.).

The primary question of interest is how extehsiveiy the hydrocarbons
derived from atmospheric pesticides contribute to the formation of photo-
chemical smog. Although the mechanisms of photochemical smog formation have
been studied by many, some aspects of the process remain in the theoretical
realm. According to Ca]vert,8 all hydrocarbons are involved in the pro-

.duction of photochemical smog to different degrees. This implies that all
the organics in pesticides have a roie in smog production. The extent to
which a pesticide product is invoived in photochemical smog formation depends

largely on its reactivity. Research

‘relating pesticides to smeg production has been neglected.

3.2 Program Objectives

In defining the role of a pesticide in photochemical smog formation,
the initial step is to determine the guantity of the compound that will
enter the atmosphere and the extent to which it will react with other chem-
ical species in the air to form photochemical oxidants. With this mission
in mind, the California Air Resources Board initiated a program to provide

technical inputs to that effort. The objectives of the program are:



1. To provide an inventory, both temporal and spatial, of synthetic
and nonsynthetit organic emissions resulting from agricultural

and other idaniiFiaslz applications of pesticides in Fresno County
for the calends~ vaxr 1976. The inventory includes categorizing
pesticide use =nd classifying the reactivity of organic emissions,

2. To provide an appiication inventory of inorganics, including some
important heavy metais such as arsenics and iead, associated with
pesticide usage in Fresno County, and

3. To present discussions on alternatives to pesticide use and methods
of pesticide application that may minimize the effects of pesticide

organic emissions on ambient air qualitv.

3.3 Scope

This report presents the results of the inventory program which con-
sisted of three pértsu The primary concern of the first part was data
collection. The second part was to conduct an inventory of emissions re-
sulting from pesticide applications in Fresno County. The last part was
to discuss possible alternatives to pesticide Qée and methods of applications.

The data collecticn effort in the first part involved both reported
and unreported pesticide use data. The reported data were obtained from
the PUR through the data bank of the Food Protection and Toxicology Center
at UC Davis. The‘unreported data were obtained by questionnaire surveys of
farmers, pesticide dealers and suppliers. Appropriate statistics from the
Titerature were also used.

The emission inventory was conducted in two steps. The initial step

was to compile a list of the total pesticides applied in Fresno County



and classify them as synthetic and nonsynthetic products, The synthetic

products were divided into three groups: inorganics, organics, and inert
materials. The synthetic, inert organics, and nonéynthetic organics were
separated according to their acreage and nonacreage applications. The
second step of the emission inventory was to calculate the emissions ofk
each organic éompound based upon vapor pressure, molecular weight, relative
numidity, and temperature, etc. Each organic Compound was also grouped
under the California Air Resources Board's (CARB) three-tiered reactivity
classification.

Possible alternatives to pesticide use and methods of pesticide ap-
plications are discussed in the last part of this report; only an overview
of the subject matter is presented since this part was not the central
focus of this project.

Very few studies have been made to correlate pesticide use with air
poilution problems, specifically that of photochemical smog prdduction.
The most relevant, recent report was published by w1ens8 of the Caiifbrnia
Air Resources Boardn Wiens cbserved that the 1975 California PUR included
only 14 percent of the nonsynthetic organic materials actuaily applied and
- 52 percent of the éynthetic organics. The volatility for petroleum products
used as/or with pesticides was estimated to be 90 percent instead of 10
percent as found using existing assessment methodology. Wiens concluded
that the reactive organic gas emissions resulting from pesticide use in

1975 in California was estimated to be 339 tons/day. This quantity is 7.9
“times the amount published in the 1973 inventory.
With the many variables and uncertainties contained in the pesﬁicide

use data, Wiens' study is no doubt a pioneering and courageous effort.
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Howéver. there is much room for 1mprovemeﬁt; The emission factors used by
Wiens were based primarily on professional opinion which sould serve to
delineate priority areas Tor gernezrztion of sound experimental data.
The present study scuy™% to “mprove and contribute to existing infor-
métion by: |
1. Determining the amount of total and'reactive grganic gase§ (TOG,
ROG) emitted from pesticides appiied in Fresno County using the PUR
data and questiornaire survey results,
2, Determining the amount of inorganic pesticides applied in Fresno
County,
3. Estimating the unreported amounts of pesticides used in Fresnc
County, including petroleum oils and other unrestricted chemicals,
4. Recommending methods for conducting inventories of pesticide
applications and emissions,
5. Identifying the general use'pattern of some of the most widely
used pesticides, and

6. Providing a summary to identify altermatives to the use of pesti-

cides which would result in reduced reactive hydrocarbon emissions.
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4,0 BACKGROUND INFORMATION

4,1 Air Quality In Fresnc County

o~

California has a numbe- of air quality problems, but the most serious
state-wide problem is‘the excessive concentraﬁion of photochemical oxidants.
Based on their effect on health, the U, S. Environmental Protection Agency
(EPA) estabiished a national ambient air quaiity standard for oxidants of
0.08 parts per million éveraged over one hour.® Photochemical oxidants
comprised primarily of ozone are formed in the atmesphere in a series of
comp]ex chemical reactionélinvolving the oxides of nitrogen, reactive hydro-
carbons, and ultraviolet light.

- Like much of the state, Fresno County experiences numerous oxidant
standard violations during the course of the year. During the summer and
fall these violations are frequent and, at times, relatively serjous.

Figure 4-1 shows the frequency of oxidant standard violations at Fresno's Olive
St. monitoring station du%ing 1976, The highest hourly average concentration

recorded in each month is indicated in parewthesesc.‘ﬂ

‘The figures demonstrate
that numerous violations occurred at this station from July through November
‘and that oxidant Tevels ranged to over twice the ambient air quality standard.
Figure 4-2 shows the hydrocarbon concentrations detected at Fresno's Olive St.
- monitoring station throughout 1976; both the highest hourly averages occurring
each month and the averages of the daily high hourly averages occurring each
month are indicated. When compared with Figure 4-1, this figure shows the

relationship between oxidant formation, sunlight, and hydrocarbons. Oxidant

concentrations are the highest and oxidant standard violations are most frequent

qn June, 1978, the EPA changed the oxidant standard from 0.08 ppm to
to 0.10 ppm. Nevertheless, 0.08 ppm was the applicable standard in 1976,

11
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Figure 4-2. Hourly Average Hydrocarbon Concentrations at the Fresno Olive
Street Station in 1976.7
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during the summer and fall when hydrocarbon lTevels are also very high. How-
ever, high hydrocarbon concentrations in December (and to a lesser extent

in January and February) do not result in oxidant standard viclations because
of the much more limited amount and intensity of available sun]jght.

The high oxidant levels occurring in summer and faW] can also be attributed
td‘stabTe meteorological conditions which permit the oxidant precursors (hydro-
carbons and oxides of nitrogen} to accumuiate and reach higher conﬁentrations.
Air stagnation is especially commen in the fall and winter months. Conse-
quentiy, poilutant Wevefs_are not always indicative of high rates of emissions
from poliutant sources.

This in no way implies that emission rates are unimportant, but rather
that good air quality management practice dictates the need for careful planning
to reduce ambient po]iutant concentrations. To reduce oxidant standard viola-
tions in Fresno County, the following factors must be considered: (1) emis-
sions of oxidant precursors; (2) temporal (and perhaps spacial) distribution
of these emissions; and {3} meteorological parameters including atmospheric
stability, intensity of sunlight, and temperature. Only when all of these
factors are known can poliution control efforts bhe most effective. The re-
sponsible air pollution contral agency is them in a position to decide which
specific emissions are most important to regulate during specific times of
the day or months of the year.

An inventeory of reactive hyorscarbon emissions resulting from pesticide
applications, including a tempsrz” distribution of such emissions, is of
particular importance to air poliution control efforts in Fresno County.

This county is an agricultural area of major importance, and there is a large

amount of pesticide usage there. The last ARB-published state-wide emissions
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1nvéntory2 (1973)‘1nd1cated that the total emission of reactive organic
gases from stationary sources in Fresno County was 43.3 tons per day. Of
this total, 4.9 tons per <y or 11 percent were derived from pesticide ap-
plications. Although 4.9 tons per day was only an approximation, if is
apparent that pesticides contribute significantly to Fresno County's re-
active hydrocarbon pellutant burden and therefore to the County's oxidant
problem. With a more accurate and complete inventory of pesticide use and
associated emissions in the County, responsible air poliution control
officials can develop pesticide use strategies which will minimize reactive
hydrocarbon emissions during periods when photochemical oxidants are Tikely

to be formed.

4.2 Environmental Fate of Pesticides--With Emphasis on Atmospheric Occurrence

4.2.1 Introduction

By definition, pesticides are compounds that are toxic to certain
members of the biota; their usefulness lies in their abilities to terminate
or alter the natural life cycles of certain 1jving organisms which we call
pests. It would be ideal if pesticides could be applied just to such pests
without contaminating other biota, the soil, the water, and the air or if
the applied pesticides could be confined within the pests and degraded or
mineralized rapidly into simple materials 1ike carbon dioxide, chloride ion,
sulfur, or molecular oxygen after fulfilling their functions. Unfortunately,
perfect pesticides and such accurate application techniques are not yet
available, and for the time being, the following problems will persist:

‘Pesticides are distributed into the biosphere, 1ithosphere, hydrosphere,

and atmosphere during and following applications;

- «Pesticides move between the above four components; and
15



‘Although pesticides can be degraded within each of the four components, —
degradation is not always rapid and compiete,

While a vigorous address to the above problems is beyond the scope of this

preject, an attempt‘wi11 be made here to discuss the cccurrence of pesticides

in the atmosphere and some of the environmental factors that can affect such

an occurrence.
4.2.2 Intreduction of Pesticides inte the Atmosphere

The surface of the earth can be divided into two components--the hydra-
sphere, which consists of 140 miillion square miles of oceans, lakes, rivers,
and ponds, and the lithesphere of 57 million square miles of land. Sur-
rounding tﬁe surface--the hydrosphere and the lithosphere--is the atmosphére,
a 20-mile-thick layer of vakious gases, ﬂ.aéﬂy3 all living things together
form the biosphere. Except for those originating from a few pesticidal bombs
and strips, almost nc pesticides are added to the atmosphere intentionally,
and while considerab?e ambunts of aauatic herbicides, algaecides, and mos-
guito control pesticides are added directly to the wéter, the bulk of the
pesticides are aimed at the bicta in the 1ithosphere. The presence of pesti-
cides in the atmosphere results from the failure of sprayed peasticide partic-
uTates to settie from the atmosphere and from the transpert of pesticides

3 and Cowishee,4

between the Tour spheres. According to estimates made by Cope
as 1ittle as 20 percent of an applied pesticide hits the target with the remaining

80 percent being distributed between the air, the soil, the water, and non-target
bicta. FreedS suggestad that only about 50 percent to 70 percent of a_sprayed
pesticide ultimately finds its way to the soil surface within the target area, and the

majority of the rest ends up in the atmosphere due to air currents and volatil- -~



ization., Spencer et 1.6 indicated that volatilization from plant, water

and soil surfaces is a major pathway for loss of applied pesticides. For
chlorinated insecticides. Toss due to volatilizatieon can range from a few
percent to as much as 50 percent,?ﬁ 8 In a more recent study with MCPA,
an herbicide used in rice fialds, Soderquistg renorted that almost

all of the applied chemical ended up 1n the atmosphere due fo volatili-

zation,
4.2.3 Yolatilization Processes

Water. Volatilization of pesticides from water is governed by Henry's
Law which describes the partitioninag between the two phases. Mackay and
WoTkoff'C indicated that the volatilization rates of pesticides that are com-
pletely mixed with water are directly proportional to the pesticides vapor
pressures%énd, at the same time, indirectly proportional to their solubil-
{ties. Other variables such as temperature, the pH of water, suspensions of
organfc matter and sofls in water, depth of the water, and the presence of an
organic film on the water surfac_eH also contribute to the volatilization
rate of pesticides from water. With the use of Hénry's Law, taking into

consideration the variables, equations can be derived to predict the volatil-
10

ization rates,
Soil. Veolatilization of pesticides from soil can be very significant

and 1s greatly dependent on the pesticides vapor pressures which, f% turn, can

be affected by the interaction between them and the soils. Many report312° 13, 14

have indicated.that increases in soil water content and water 1oss were accom-

‘panied by greater loss of pesticides through volatilization. This is not due

. 15
to "codistillation" of pesticides with water but, as pointed out by Spencer,
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is a resuit of displacement of the pesticides from the soil sdffaces by
water. Spencer demonstrated that vapor density of dieldrin and lindane
increased rapidly with soil water content until the amount of water was
equivalent to a monqmoiecﬁlar laver on the soil surface; water content be-
yond that amount had no effect on the vapor densities of the pesticides.
Therefore, variables such as molecular structure of the pesticides, the

pH of water, pesticide concentration, 5091 types, and temperature which
affect the adsorpticn of pesticides by soils alsc govern the rate of their
volatilization Trom soil surfaces. Igue §3_§1:]6 also found that water
loss, per se, without being accompanied by an increase in the vapor density
of dieldrin did not increase the compoundis veolatilization.

Crop surface. There is very T1ittle information about the vaporization

of pesticides fraom c%op surfaces. According to Spencer and C]iath;17 the
initial depesit vaperizes at about the same rate as does the pure material,
but subsequent vaporization is severely retarded by factors such as adsorption,
penetration into the surface, and zartition into the plant waxes and oils.

Most dissipation curves of pesticides from p?ants show a very sharp
decrease of residues right after anplication foliowed by a much siower

‘J - [3
8 measurad the amount of methoxychlor on alfalfa

“leveled-off" rate., Frear
and found that about 70 percant of the residue dissipated within the first
day; it took an additional six days for the remaining 30 percent to disappear.
The fast decline in the pesticide concentration on plants right after appli-
cation is 2 résult of removal by wind, by water deposited on plant surfaces,
by vaporizatien, and by photedecomposition. Thus, it appears that the trans-

fer of pesticides from the biota to the other components in the environment is

primarily an immediate and significant process. Since most pesticide sprayings
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carried out on sunny days, the amount of pesticides and their degradation.
products being transferred into the atmosphere>is orobably much greater than

those remaining in the so?7 2nd wiants.
4.2.4 Volatilization and Envirenmental Transformation of Pesticides

As menfioned in the previous sections, the transfer of a pesticide from
water and seil to the atmosphere depends heavily on its vapor pressure, solu-
bility, and adsorbability to particulates: therefore, a change in its molecular
structure will certainly change its characteristics and subsequently affect
its volatilization rate. Although a comprehensive account of all environmental
degredation processes will not be discussed here, the following types of
reactions and ekamp1es can be used for purposes of illustration.

Chemical reactions. Because of the abundance and chemical nature of water

in the environment, hydrolysis is perhaps the most freguent and typical chemical
reaction a pesticide undergoes in the environment. For example, chlorophenoxy-
acetic herbicides such as Z2,4-D and 2m495~T‘are often applied as esters which

can be easily hydrolyzed, especially in alkaline water. Zepp g3!a1‘19 was

able to hydrolyze the butoxyethyl ester of 2,4-D in water, which was slightly
basic (pH 8.1), obtained from the Withacoochee River in southern Georgia.
The transformation from ester to carbexylic acid resulted in an increased
solubility of the compound in water and its adsorption to soil surfaces; the
volatilization rate was thus reduced. On the other hand, soil water éan
hydrolyze DMIT (Mylone) and vapam to the very volatile isothiocyanate;zo” 21
the conversion of vapam in a sandy loam was 87 percent within a few hours,

The triazineé also undergo hydrolysis in soil water. While the reactions
can be catalyzed by organic matter in the 5011922 they can also be inhibited

by montmori11on1te.23
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Photodegradation. Solar ultravioiet light in the range of 290 nm —~

to 450 nm provides ensugh energy for many types of photochemical

reactions. A typical example is the photelysis of 4-CPA (4—chlorophenoxy-

acetic acid, sea Figure 4-3}524

0CHO OH
A —
J—3
S [

1 o

——> Polymer

. . . et s . . . 24
Figure 4-3, Photolysis of [4-Chiorophencxyacetic Acid) in water.

The formation of the 4-chlorophenyl Tormate (II) is the result of photooxida-
tion. 7The replacement of the chlarine by a hydrox&l group is a photonuﬁﬂeo-
philic reacﬁion_which is the most common photodegradation pathway for chlorinated
aromatic compounds in water. The reductive dechlorination, which is a replacement
prmcéss of chlorine by hydrogen, is a major reaction when irradiation is

carried out with organic soivents such as methyl alcohol. This dechlorina-

tion process may produce end preducts with different chemical characteristics, and

o~
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it may transform a single compound. such as 4-CPA, to products (such as
the formate and the phengis; that are more volatile than the parent compound.
However, if a complete photodegrznation of 4-CPA takes place, a humic acid-
type polymer may be formed which can be adsorbed very firmly to the organic
matter in the water and on the soil surface. Similar results were also ob-

‘ 26 .. g 27, 28

. 25 L 28
tained from 2,4-D, " 2,4,5-T,77 MCPA,” and pentachlorophencl.

Biological reactions. The resident time of pesticides in the soil to-

gether with the large numper and varieties of seil microorganisms make micro-
biodegradation a very important mechanism of pesticide degradation. Similar
to the dechiorination process, microbicdegradation induces the formation of
products having volatilities which may be quite different from the parent

29 and parathion30 to

36

compounds. For example: {a) the degradation of 2,4-D

pheriols and the methylation of pentachlorophenci to anisole™ result in the

formation of very volatile products; (b) the hydrexylation of the aromatic

32, 33 and the reduction of parathion to

ring:in 2,4-D by Asperigiilus niger
aminoparathion34 result in more pelar and less volztile compounds.

In summary, many pestjc?des find their way into the atmosphere as unsettled
particulates formed during applications by velatiiization from water and soil
surfaces and, to a lesser extent, by wind erosion. Many factors such as
vapor pressure of the pestiaﬁdesg their solubility and concentration in water
and soil, the pH of water, temperature, the depth of the water, and the types
of soil govern the volatilization rates of pesticides. Molecular trans-
formations caused by chemical, photochemical, and biological reactions also
affect the transport and persistence of vnesticides and their degradation

products between and within the atmosphers, the hydrosphere, and the lithosphere,
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4,2.5 Removal of Pesticides from the Atmosphere

While spraying and the subsequent volatiiization add pesticides to the
atmosphere, precipitation and degradation are probably the major processes
for removing them from the atmosphere; drifting only transfers pesticides'
froﬁ one locaiity to another. Cohen and Pﬁnkertonsg reported the presence
of high concentrations of organochiorine hydrocarbons in rainwater. The
degradation of pesticides in the atmosphere as a result of thermal and photo-
chemica} reactions is conceivabie., However, only a few studies on these
types of degradation have been conducted such as these reported By Crosby and

Moi?anen40 on the photolysis of dieldrin and trifluralin in the vapor phase.

Degradation of pesticides in the atmosphere only represents the disappearance
cf the parent compoundsi the total amount of hydrocarbons in the atmesphere
is not affected.

Drifting during and after spraying may lead to a movement of chemicals

and the rapid dilution of ceoncentrated pesticides in the local atmesphere;

it is generally agreed that pzsticides move mainly as particulates in the

29
-

2
‘—\\-“

atmosphere. Cohen and Pinkertcn™ reported that dust containing DDT and DDE
e ; . 41

moved from western Texas to Cincinnati, Ohio. Tarrant and Tatton = sug-

gested that z reduction of particulates over London would result in the Tower-

. - . e . s , 42 . .
ing of DDT levals in the air. Risebrougn et al. = speculated that windborne

— -~

contaminants from the major rivar systems are responsible for the residues

-
<~

in the tropical Atlantic. Movement of pesticides in the atmosphere, together

with water transport, has succeaded in complete global contamination by pesti-

. X . . : : 43
cides while even involving sucn remote areas as the Antarctic snow.



4.3 Photochemical Reactions of Pesticides

Organic compounds usad az pasticides for both agricultural and non-
agricultural purposes a'= 2zt~ zl sources of hydrocarbon emissions that
may contribute significan:iy ta the formation of photochemical air pollu-
tion. Synthetic and nonsynthetic pesticides, acting as any other hydro-
carbons (R) in the ambiant air, may veact with LQE and 0, in the presence of

a third body "M".

NOp + hv (suniight) - NO +‘EDJ
R + [0]-+ R'0- + QOther Products
[0]+0p +M>05+H

- R+ 03 +R'0- + Other Products
05 + NO -~ NO2 + 0Oy

The free radicals {R'0-) resulting from reactions between hydrocarbonsn
03 &nd[in]are very reactiva because.of their unpaired e]ectronsf By
reacting with primary peifutants, other free radicals, and the normal con-
stituents in the air, these free radicals preduce a complex mixture com-
monly referred te as photochemical smeg. High concentrations of exidants
such as 03 and NO2 will result from these photochemical processes.

Although all hydrocarbons are, to some extent, invelved in photochemical
smog formation, some hydrecarbons are more 1ikely than others to produce oxi-
dants. The photochemical reactivities of a?%lorganic pesticides can be cate-
gorized according to the ARB three-tier reactivity classification (see Appen-
dix A). This schemé was designed to classify organic compounds based on their
chemical potential to rzact with other constituents in the ambient air and
cuase the formation of oxidants. Table 4-1 1ists the photochemical

reactivities of the top ten organic pesticide ingredients used in Fresno
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TABLE 4-1

Siructures., Formuias, and Photochemical

Reactivities of the Top Ten Organic
Pesticide Ingrediepts Applied in

Fresno County in 1976.

Pesticide Ingredient Structural Formula Compound Type E?i?gy
Omite-R (CHy)5C~4, =0 ~ A1 olefinic 111
R W hydrocarbons
0
]
U%ECCH2~0—5=O
Methyl Bromide CH3Br Partially halo- 1
' genated paraffins
DEF (CaH95}3PD C3+ paraffins 11
r’”ﬁ: CH,
Toxaphens 8(Cl)—r CH, | A1l olefinic I11
K }L ¥—~ Chy hydrocarbons
CH3
Folex-R \04H95}3P Cs* paraffins 11
Dimethoate S 0 N-alkyl Ketones 11
8y l
~P.S.CH,.C.NH.CH,
CH,0"
3

Chlordans Cl Partially halo- 111

genated Qlefins
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TABLE 4-1 (continued)

. : e ' ' Reac-
Pesticide Ingredient Srructural Formula Compound Type tivity
DBRCP CH,Br - CHBr - CHZH Partially halo- I

- genated paraffins
Xylene e CH AT1 other 111
e T3 aromatic
- ! hydrocarbons
Xy
DNBP e WO A1l other - II1
NOL. e : SH aromatic
27N\ / hydrocarbons
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County in 1976. Class II and III organics afe referred to as Reactive
Organic Gas (ROG), and thé sum of all three classes is referred to as
Total Organic Gas (T0G).

Ozone, atomic oxygen, and even molecular oxygen may react with photo-
~ chemically-derived free radicals or photoexcited states of pesticides to
form peroxides, epoxides, aldehydes, and ketones. Pesticides containing
aromatic meieties, double bdndsg and heteroatoms with non-bonding electrons
(e.g.. oxygen, nitrogen, suﬂ?urj are particu]af]y well suited for photochem-
ical reactions. The by-products formed in the photochemical reaction pro-
cesses may themselves cause more severe problems than are suggested by. the
photochemical reactivities of the specific pesticides. Some of these
by-products may be less desirable than the parent compoundé; they may be

more toxic andfor more persistent, The formation of paraoxen from parathion,35

D W

£Ea
G

" methyl isocyanate from carbary137 are some

[&

photodieldrin from dieldrin,
examples,

Simple halogenated hydrocarbons have long been reported to have the
votential to depiete the czone in the stratosphere,38 Ozone is the com-
ponent of the stratosphere that absorbs most of the ultraviolet 1ight in
solar radiation before it reachas the earth's surface. Depletion of the
stratospheric ozone is believed o have sarious consequences on human health
by increasing the incidence of skin cancer resulting from the increased ex-
posure to ultraviclet radiation. Halogenated compounds can photodecompose tc
yield free radical nhalogens anc oxyhalogens which reduce the ozone concentration
in the stratosphere if they rzach there. Since heavier, less volati1e'hé]o-
genated hydrocarbons cannot escape from the troposphere, they should not be a

threat te the ozone layer. Lignhter, more v01atﬁ1e halogenated hydrocarbons, su
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as methyl bromide and ethyiene dichloride, are photochemically less re-
active; therefore, they‘hava z much longer lifetime, and mere of them

will be transported to the stretesphere. Once reaching tﬁe stratosphere,
methyl bromide rapidiy photalyzes to form methyl and bromine free radicals.
Since large amounts of methyl bremide and ethylene dichloride are applied

as fumigants, more attenticn shoulid be given to research in this area.

4.4 Pesticide Requlations

California has deveioped a detailed pesticide requlatory system which
is administered by the state and, at the local level, by the counties. The
state agenéy responsible for overseeing the California Agricultural Pesti-
cide Regulatory System is the Department of Feed and Agriculture (DFA).

Local implementation of the pesticide reguiatory system is the responsfbi]ity
of each County Agricultural Commissioner (hereafter referred to as "Commis-
sioner"). Under the California Food and Agricultural Code, joint respons-
ibility for the enforcement of many pesticide laws and regulations is shared
by the Commissioners and the DFA Director. The‘Director'himself is respons-
ible for furnishing the counties with assistance in planning and in developing
county enforcement programs.

Both the state and the U.S. EPA require the registration of any pesticide
or "economic poison" prior to its sale by the manufacturer, Federal registra-
tion is required either concurvent with or prior te registration in California.
In this state, a manufacturer, importer, or dealer must abtafn a license and
register each individual pesticide annually with the DFA. Registration

involves two primary steps: evaluation and 1abe]ing, Each pesticide is eval-
27
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uated to determine its performance, its effects on the eﬁvironment, and
its effects on public health and safety. Registration is refused or can-
celled if it is determined: (a) that the peéticide has serious adverse
envjronmenta1 impacts; (b) that iis advantages de not outweigh its dis-
advantages to the public and the envirenment; (c) that reasonable altern-
étives exist which are less environmentally deleterious; {(d) that there
are detrimental effects to vegetation (except weeds) , to domestic animais
or to the public'heaith and safety even when properly used; (e) that it is
generaliy ineffective for its intended purpose, ar (f) that the registrant
or his agent provided false or misleading ﬁmformation.b

Labeling of a pesticide contrsls its use. The EPA, under the Federal Insec-
ticide, Fungicide and Rodenticide Act as amended in 1972 (FIFRA), specifies the
information which must be inciuded on labels: a statement of ingredients;
a cautjon or warning statement which if complied with will prevent harm to
numans, domestic animals, useful plants and the environment; directions for
use: and'the name and address of the preducer, registrant, or person for
whom the manufacturer has produced Ihe pestitide.c The Taw also prohibits
the use of a pesticide in confiict with labeling unless authorized by the
Diractor or Commission,

Although there is some cverlap between state and EPA registration pro-
grams, the state program still fills a need. First, the EPA registration

program has been halted since 1975 while that agency develops a proper

bCa?ifornia Food and Agriculture Code, Sec. 12325.

€49 cFR 162, 10.
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approach to validating data. Second, California has some need to apply'dif-
ferent restrictions than EPA {allowed under FIFRA as amended if the state does
not allow any sale or uss prohibited by EPA) in accordance with special local
needs or problems. Finzily. he California program utilizes the Pesti-

cide Reporting System under which pesticide use information is-compiled.

Data on all restricted pesticids use and on all pesticides applied by com-
mercial applicators is collected for use by the gevernment, universities;

and private businesses. A summary of this data, the Pesticide Use Report,

is published quarterly and annualiy by the DFA, and includes the amount of
nesticides used by crop and county. |

However, some Aegree of contrel beyond registration is also required to assure
proper use of pesticides. Therefore, the Director has estab1ished a list

of closely-controlied or restricted substances, All of these restricted

pesticides have the potential of endangering public health, worker health,

crops, domestic animals, or the environment. The Director may "adopt
reguiations which will prescribe the time when, and the conditions under
which, a restricted material may be used or processed in different areas

of the state,“d

A list has also been established for "exempt," or non=
restricted pesticides.

Many pesticide uses ars also conditioned upon obtaining a permit. The

County Agricultural Commission has the primary responsibility for administering

and enforcing the permit system. The use of any restricted pesticide re-

quires a permit, as does the application of any pesticide by a commercial

dref (1), Secs. 14005-14006.
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app]icator“e Permifs may be issued subject to a wide variety of condi-
tions, inciuding area, time, concentration or quahtity, specified safety-
related conditions, or any other Timitation or condition which the Director
or Commissicner feels is necessary. The Commissioner may refuse to grant
a permit if he finds that the pesticide has excessive detrimental effects.
Applicants for permits ares interviewed orally by the County Agricuitural
Commissioner befare permits are granted, and the permittees are subject to in-
spection and surveillance when restricted pesticides are applied. The Commission
may afso-inspect the property to which the pesticide is to be applied and
the applicator's equipment and facilities to determine whether a permit
should be granted or additional conditions should be applied. In the case
of commercial applicators, the Commissioner has the option to issue a |
seasonal permit which enables the applicator to apply specific pesticides
.thruughout the county for a given time'periodﬂ
There are numerous other regulations and restrictions which apply to
all pesticides and pesticide users. These regulations, found in the Cali-
fornia Administrative Code, relate to the condition of application equipment;
application techniques; and storage, transportation, and handling of pesti-
cides éhd pesticide containers. Special care must be taken by the appli-
cator not to damage or endanger property or -persons not invelved in the‘
appiicaticn process. If the pesticides are known to be harmful to bees,
beekeepers must be advised.ﬂ8 hours in advance of applications to blossoming

plants in which baes are working. The California Food and Agriculture Code

SUnder the regulations appiicable in 1976,
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(Secs. 12980-12982) also includes regulations which require employers to
provide safe conditions for agricultural workers; specific safety precautions
are stipulated.

s

Enforcement of pesticidz ~zgquiations is the responsibility eof the
Agricultural Commissionars. Commissieners and their staffs perform thou-
sands of inspections of equipment, facilities, and application processes
each year. CEnforcement zctions vary from informal warning to more stringent

measures such as revocation

of permits or wegistrations and the filing of
criminal complaints.

The Director is resmonsible for the i{censing pfogram in California.
Licenses are required for three Tevels of pesticide-related activity:
recommendation, sale, and application. Any person seeking a license must
provide the Director with personal fnformatian bearing on his fimancial
and personal responsibility, and must pass a written test,

The first level of pesticide-related activity, recommendation, in-
cludes pest control advisors. These advisors pravide guidance to the farmer
seeking help with specific pest contrel problems. By Taw they must provide
their advice in writing and include specific items of information, including
necessary warning and precautions.

The second level of activity, sale, includes pasticide manufacturers,
distributors, and retailers. These dealers must keep, for one year, a record
of all pest{cides sold or delivered. When a restricted pesticide is seld, the
deéier must verify the buyer's restricted materials permit. The Commission

-may audit a dealer’s records to determine compliance with pesticide sale re-

quirements.



The last level of activity, application, is subject'to the closest
controln in addition to obtaining a state license, pesticide operators
must register with the Commissicner in any county where they operate. A
license is granted only 1f the operator meets certain criteria, inciuding
possession of qualified staff, proper equipment, and an adequate record
system. The operator must also comply with safety requirements. The
operator must maintain, for a period of three years, a recordiéf specified
information pertaining tc each pesticide applicatien. A license is not
requirad if an individual wishes to apply pesticides to his own property
or that of his neighbors (if not done “under hire").

The penaities connected with improper or illegal activities by a
licensed pest control adviser, dealer, or applicator include prosecution,
revocation or suspension of his Ticense.

In summary, California's pesticide regulatory system is well-structured,
1t receives central direction undzr state law but is administered principally-
at the county level. California’s system aiso provides for recordkeeping at
étate and Tocal levels enabling special studies such as this emission inven-

tory to be conducted more accurately and efficiently.
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5.0 PESTICIDE APPLICATION'INVENTORY

5.1 Introduction

This section presents the methodology for-and findings of the pesticide
application inventory. Since a major part of the inventory methodology
involves the identification of pesticide ingredients, a brief description
of pesticide formulations is in order. |

Most pesticide prodﬁcts are made up of two components: the active
ingredients and the inert materials. The active ingredient component of a
product may include one or more chemical compounds with the major chemical
ingredient often referred to as the parent compound. The active ingredients
are usually identified on the label of each product. The composition of
inert materials, hoWever, is confidential, and they are usually coj]ective1y
v1abe1ed as "inert materials" with the percentage of composition identified.

Pesticide products are sold in different forms. They may be sold as
technical active ingredients or in formulated packages. Most technical
active ingredients cannot be used for control of pests without undergoing
formulation processing. "Formulation" is the process by which technical
active ingredients are made ready to be used by mixing liquid or dry di-
luents, grinding, and/or by the addition of emulsifiers, stabi1izefs, and
other formulation adjuvants.

In California all pesticide products sold on the market fall under one
- of sixteen formulation types. Table 5-1 presents these formulation types.
For the purpose of this project, the primary interest is organics. Of all
the types applied iﬁ Fresno County in 1976, only three types (formulation

codes 4, 9, and 10) are identified as having significant organic inert
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TABLE 5-1

List of Pesticide Farmulation Types Used in California.

Formulation
Code Formulation
1 Bait
2 Coatings
3 Dust

Emulsifiable Concentrate

Fertilizer

Remarks

Product that a pest consumes as
food, usually labeled "bait."

Products used on the outside of
an object, such as paints, pre-
servatives, or animal smears.

Finely divided solid applied
“dry," usually labeled "dust.”

Liquid product mixed with water
to form an emulsion before ap-

-plication.

Dry product used as a fertilizer
as well as an insecticide.

Solid products in granular, tablet,

crystaiine, or other similar form. -

Products impregnated with an in-
secticide, such as dog collars
and pest strips.

Liquid phase materials not coded
as anything else.

Products containing 98% or more

petroleum derivatives as active

ingredients.
Spray powder, "“aerosol” type.

Pressurized gas, such as methyl
bromide, .chloropicrin, etc.

Smoke bombs, mosquito coils, etc.
"Aerosol" type sprays.
Finely divided solid for appli-

cation as a dust or a suspension

in water. Does not dissolve.

Finely divided solid which
dissolves in water for application.

) Gels, Creams, Pastes., Waxes
7 Granuiar
8 Impregnated Materials
-, L
9 Liquid
10 011
'11) Pressurized Dust
12/f Pressurized Fumigant
i3 Self-generating Smokes
14 Pressurized Sprays
15 Wettable Powder
15 Soluble Powder
Scurce: California Department of Food and AgriCUltdre.



ingredients. Since products in formulation code 10 contain 98 percent or
more petroleum derivatives as active ingredients, only the inert materials

in formulation 4 and 9 require elucidation.

5.2 Application Inventory Methodoiogy

5.2.1 Qverview

An overview of the application inventory is presented in Figure 5-1.
Reported synthetic and inorganic pesticide application data were obtained

from the Pesticide Use Report (PUR) for Fresno County. The synthetic pesti-

c¢ides were grouped according to the classification of the parent compouﬁds
(restricted or nonrestricted). The quantities of parent compounds, active
ingredients, and inert ingredients in formulations 4 and 9 were then calcu-
lated separately and modified according to the grouping classification. The
quantities in the restricted group were modified to account for reporting
errors and improper applications and to account for unrecorded applications
based upon DFA information. Attempts were made to assess the illegal appli-
cation of pesticideé, but such data were not‘avajjabie. The quantities in
the unrestricted group were subjected to the same modifications as the re-
strictéd group plus an additional modification for unreported app]iCations‘
based upon survey data and assumed use ratio calculations. Likewise, the |
restricted and nonrestricted inorganic pesticides were grouped according to
whether they were restricted or nonrestricted and modified as were the syn-
thetics. The combined result of the modified restricted and nonrestricted
pesticide application data was a synthetic and inorganic pesticide applica-
tion inventory. To this synthetic and inorganic pesticide application

inventory was added a nonsynthetic pesticide,(oi]s) inventory based upon
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Synthetic and Inorganic Pesticides
' (Reported)

Source: PUR

RESTRICTED COMPOUNDS NONRESTRICTED COMPOUNDS
Parent | Active Inert - |Parent Active | Inert
Compounds | Ingredients | Ingredients Compounds | Ingredients | Ingredients

(Formuiations 3 {(Formulations
4 and 9) ' 4 and 9)
éggi?i?;;s . __|Inorganic Pesticides
Source: PUR Source: PUR
Modification to Correct for Modification to Correct for
Errors and Unrecorded Syn- Errors and for Unreported and
thetic Pesticide Applications Unrecorded Synthetic Pesticide
Source: Fresno County Ag. Applications
Commission, DFA Information Source: Fresno County Ag.
Commission, Farmer Survey,
PUR Use Ratio Calculations,
and DFA Information
Synthetic and Inorganic Pesticide
Appiication Inventory
Nonsyhthetic Pesticides
Source: Dealers Surveys,
Supplier/Manufacturers Survey
Pesticide Application
Inventory
{ |
Synthetic Pesticide Inorganic Pesticide Nonsynthetic Pesticide
Application Inventory Application Inventory Application Inventory
[ |
[ I [ A
Acreage Nonacreage Acreage Nonacreage
Applications| iApplications Applications| |Applications
! [ { {
Emission
Inventory
Methodology

Figure 5-1. Application Inventory Qverview.
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surveys of dealers and supp11ers/manufacturers.»

To determiné the actué1 emissions resulting from the pesticide applica~
tions, the synthetic and nonsynthetic pesticide applications (inorganics
were excluded) were grouped according to "acreage" and "nonacreage" (e.g.,
animals, buildings) applications. It was assumed that all pesticides used
in agriculture were "acreage" appliications, and all nonagricultural appli-
cations were "nonacreage" applications. At this point, the emission inven-
tory methodology was applied as described in Chapter 6. ‘An application

inventory was calculated for each month of 1976.
5.2.2 Synthetic and Inorganic Pesticide Application Inventory

For the purposes of the application inventory, the synthetic and inorganic
pesticide applications were classified as either reported or unreported.
Reported applications were those which were accounted for in the PUR. By .
law, all restricted pesticides applicaticns by growers and all applications
by commercial applicators (whether restricted or nonrestricted) had to be
reported in 1976,

Reported pesticide application data were obtained from a data tape of
‘the Environmental Toxicology Library at UC Davis. The UC Davis' data
outputs included the amount of pesticides used recorded by registration
number and by month. Two sets of data were obtained: one indicating
acreage for the pesticides applied on acreage and the other showing amounts
of those pesticides not applied on acreage, The Master Label File obtained
from the California Department of Food and Agriculture (DFA) lists the
parent compounds and active ingredients in each pesticide according to its

registration number, With the combined use of the UC Davis' data outputs
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and the Master Label File, a monthly application inventory of.a11 individual
pesticide ingredients, except inert ingredients, was compiled. Of the 965
pesticide products reported to be used in Fresno County in 1976, only those
pesticides with annual usages of 100 pounds or more--about 150‘chemicaTs--were
included in this inventory. These 150 chemicals account for approximately
99.98 percent of all reported applications by weight. For classification
purposes, all pesticides in this inventory were grouped according to the
pesticide group list shown in Appendix C.

~ As stated earlier, only the inert ingredients in formulation codes 4
and 9 are important to this inventory study, since these are the only for-
mulations which may contain significant quantities of organic inert ingre-
dients.® Since the compesitions of the inert ingredients in pesticides are
generally considered to be confidential by the pesticide manufacturers,
special permission to obtain such information was necessary. A letter,
signed by Dr, John Ho?mes of the Air Resources Board, was sent to manufac-
turers of formulation 4 and formulation 9 pesticides requesting thai the
manufacturers grant Eureka Laboratories, Inc. access to the information on
the inert ingredient composition. This information is contained in the
files of the Department of Food and Agriculture (DFA). Permission for
access to DFA files was granted by 24 of the 72 companies that were contacted.
These 24 companies manufacture 39 formulation code 4 pesticides and 44 code
9 pesticides. As shown in Table 5-2, the organic and inorganic inert in-

gredients in the 39 code 4 and 44 code 9 pesticides were assumed to be

38Hydrocarbons are used as propellants for some formulation code 11, 12,
and 14 pesticides. However, pesticides using such propellants are generally
for home and garden use only. Since home and garden pesticides comprised
such a small proportion of overall pesticide applications (see Section 5.4),
the gquantity of hydrocarbon propellants released was assumed to be insignifi-
cant, ‘
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representative of all code 4 and code 9 pesticides, respectively, applied

in Fresno County in 1976, Gonsecusntly, the inventory of the total organic
inert ingredients of ai~ r~zrorizi code 4 and 9 pasticides appiications in
Fresno County in 1978 was zalculaced by extrapoiating the quantities of
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these ingredients found nesticides and the 44 code 9 pesti-
cides.

Synthetic and inorganic pesticides were groupad as either restricted or
nonrestricted. The grouping of esach pesticide was based upon the classifica-
tion (restricted or nonrestricted) of the parent compound. The restricted

“and nonrestricted cHemica?s are identifiad in Appendix C. This also means
-that minor active ingredients and inert ingredients in any particular pesti-

cide were grouped ir the.same category as the parent compoundgb The purpose
of this grouping was to assure that the proper modification or correction
factor was appiied te the appropriate pesticide application data. Table 5-2
indicates correction factors of 1.377 and 1.387 applied to the extrapolated
inert ingredient inventory {(for formulation codes 4 and 9, respective_]y)°
The derivation of these factors will be described later in this chapter.

A1l reported pesticide usage in Fresno County in 1976 was subject to a

e

small percentage of error. Tha s aff of the Fresno County Agricultural

Commission indicated that 3 ““'mxzvat@?y 0.

i
1

ail pesticide use
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]

fercent ¢
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application forms were incomplete, illegible, or ctherwise improperiy filled
out, and could not be corvacted by f ”o??ow»up action by the Commission. The
staff also estimated that "impronar appiications® (defined as overspray

during applications and groduct use in conflict with Tabeling) amounted to

bIn some instances, nonrestricted minor active ingredients or inert
ingredients were classified For calculation purposes as restricted because
the parent compounds were rastricted. Eleven chemicals fell into this
"craossover" situation, and they arzs identified in Appendix C.
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TABLE 5-2

Summary Calculations of Inert Ingredients

for Pesticide Products Used in Fresno County in 1976

Pesticide Products

Pesticide Products

Reported and Unre-
orted inert Organics
ETbs,) (Code 4 = I x ~
1.381; Code 9 = I x
1,377)8

Items with Formulation Code 4. with Formulation Code 9

. No. of Products Checked 39 44

. Total Weignht of 572,947 278,916
Products Checked (1bs.)

. Inert Ingredients of ' 154,961 84,815
Product Checked (1bs.)

. Organic Inert Ingre- 149,379 19,956
dients (ibs.) (96.4%) (23.5%)

. Inorganic Inert Ingre- 5,582 64,859
dients {1bs.) (3.6%) {76.5%)

. Active Ingredients of - 417,986 194,101
Product Checked (B - C)

. Active Ingredients | 1,533,296 1,971,244
Applied (PUR) {1bs.)

. Percentage of Products _ 27.26% 9.85%
Checked by Weight
(F/G x 100)

. Quantity of Reported 547,879 202,600
Inert Organic
(p/H) {1bs.)

. Quantity of Reported 20,477 658,467
Inert Inorganic {E/H)

. Adjusted Total : 756,758 278,980

‘8See page 52 for the derivation of these factors.
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less than 1 percent of the total reported use. Thus, it was determined-that
approximately 99 percent of "recorted" pesticide usage was reflected in the
PUR for Fresno County in For calculation purcoses in this inventory,

the correction factor was ¢.%9. This correction factor dees not account for

any pesticide application wn oy regulation required reporting to the agri-
cultural commissioner but vwas niv reporied.

The next step in the appiication inventory was to cerrect for ail un-
reported and unrecorded synthatic and inorganic pesticide applications. The
deferminatfon of unreported anplications was originally intended to be
accomplished exclusively through a survey of farmers and pesticide dealers
in Fresno County. Explanatory letters and questionnaires developed with
assistance from the ARB and the Fresno County Agriculturai.Commission were
mailed to 221 farmers and 124 distributors. Copies of these questionnaires
are shown in Appendix B, The 221 Tarmers were selected at random by the
Fresno County Agriculturai Commission. Few of the farmers and only about
20 percent of the dealers respended to this survey. Consequently, a foi]ownup
survey of 251 additicnal farmers (randomlv selected by the Commission) was
conducted. Of the total 472 farmers surveyed, only 80 responded. These 80
farmers indicated that 63 percent of all pesticides they used were reportad.

Because of the Tow respons of farmers and dealers, it was suspected
that the data obtained in these surveys might noi be completely representa-
tive of unreported pestﬁcﬁde use., Conseguently, a different approach was
selected. Based on its Tield experience, the sta¥f of the Fresno County

Agriculture Commission suggested that in past vears (including 1576) individual

growers tended efther tu 2
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work out to commercial applicators. As a consequence, the relationship
between quantities of pesticides applied by growers and commercial applicators
may be expressed as:

{a) Grower, nonrestricted _ (c) Commercial, nonrestricted
(b) Grower, restricted (d) Commercial, restricted

Reported = (b) + (c) + (d)

Unreported = (a) = (b) x %%}

This relationship may be used tec determine the total nonrestricted syhthetic
and inorganic pesticide use by the development of a correction factor to be
applied to reported nonrestricted pesticide use. For this inventory, the
correction factor was calculated based on data obtained from over 3400
original pesticide use permits from Fresnc County. These permits represented
all reported pesticide applications in the following township-ranges during

the months of January-February, April, July, and October of 1976:

West Side Fast Side

Firebaugn 12-13 Clovis - 12-21
Mendota 14-14 Sanger 14-22
San Joaguin 15-16 Seima - 16-22
Five Points 16-17 Orange Cove 15-24
Coalinga 20-13 Caruthers 16-19

The Fresno County Agricuitural Commission staff recommended these township-
ranges as a representative cross-section of Fresno County's agricu1turé]
areas. The staff also recommended these months as "busy months," representa-
tive of pesticide applications throughout the yeér.

The data obtained from each of the 3400+ permits included the pesticide's

"name and/or registraticn number, total pounds appiied, the crop, and whether
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the applicator was commercia] or the'gfower. Once the pesticides applied
were classified as restricted or nonrestricted, the following summary was
developed:

From the information *r Tabie 5=3, the ratio of reported synthetic and

inorganic pesticide use to <otal synthetic and inorganic pesticide use was

calculated. Using the souzi on prasentad eaviier,
(a) Grower, nonrestricted . {c) Commercial, nomrestricted
(b) G?owe:, restriciad (d) Commercwa] restricted

the quantity of nonrestrictad, grower-applied {unreported synthetic and

inorganic) pesticides was calculated as:

PR =) N 587,331
ta) = {b) x fﬁ?' 55,384 x 185470

= 205,278 1bs,

Alsa, it is evident that,

P
[

-

o

i
vi’\:/
1

ol
o

L

%%%‘ %gg*%%% 0.2986, or approximately 0.3

Since {a) = 0.3 x {2}, the total nonrestrictad pesticide use, (a) + {c),
would equal 1.3 x {c
“Therefore, the correction factor of 1.3 should be applied to all nonre-
stricted products in order te inzlude the grower “@nwestrﬁcte& applications
in the inventory.

From the data obtained from 3400+ application permits, a list of the
L P

restricted and nonrestricted pesticide applicdtiens for several crops is
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TABLE 5-3

Pesticide Use Report Totals of Synthetic Pesticides Used
in Selected Months and Selected Areas of Fresno
County® (Petroleum 011 Excluded)

Pesticide Applicator and Inventory

Month GA-R (Tbs.)  CA-MR (Tbs.)  CA-R (1bs.)
Jan-Feb 9,042 31,038 11,648
ApriT 23,524 24,287 12,625
July 22,736 196,674 130,116
Oc tober 84 435,332 31,031
TOTAL 55,384 687,331 185,420

GA-R = Restricted pesticide applied by grower applicator
CA-NR = Nonrestricted pesticide applied by commercial application
CA-R = Restricted pesticide applied by commercial applicator

aBased upon 3400+ pesticide use application forms
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shown 1in Table 5.4, Also shown in Table 5-4 is the factor by which the
reported commercial nonrestricted pounds should be multipiied to obtain an
estimate of the total norrastricied pesticide applied or the crops shown.
The adjustment factor for =11 crops (1.30) is the average derived from the
pourdage applied to all ¢rops inciuded in the 3400 apelicatien permits,
Table 5-4 presents only those crops that had the most peundage.

The cocrrection for unrecorded pesticide appiications was obtained from
information suppjied by the DFA.” Unrecorded applications were applications
for which permits were issued, but these permits were incorrectly filled
out. As a conseguence, the DFA rejected the permit forms without entering
the relevant data on data tapes or reparting the daté in the PUR. Permit
‘form data are rejected by the DFA for any of 24 possible errors. Examples
of such errors include irvalic county numbers, invalid or missing township

=

or range numbers, and unit of measure errors.

A summary of PUR rejects due to errors for Frasne County in 1977 is
shown in Table 5-5. This tabie consists of rejects for a period of twenty-
five weeks in January and June through December, 13977. The average rate
of rejection for all pesticide use permits in that period was 10.4 percent.
It was assumed for purposes of this study that the rejection rate for 1977
. in Fresno Cdunty was essentially the same as Tor the entire year of 1976,
In addition, it was assum=d thet the propertion of rejectsd pesticide use
permits was equivalent to the proportion of the astual

pesticides applied in Fresno County which was unrecorded in the PUR. Based

’!
LQ
~3
(=)}

an these assumptions, th2 data which zppear in the PUR for Fresno
County pesticide applications represent 1 - 0.104, or 0,838 of the data

which would have been veported hac there been no permit errors.
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TABLE 5-4

Pesticide Use for Selected Crops and Factors for Estimate

of Nonrestricted Organic Pesticides.? -

Factor
Estimated for Non-
, .Pounds "~ restricted
Crop GA-R (Tbs.) CA-NR (1bs.) CA-R (Ibs.) Unreported Total®
A1l Crops 55,384 687,331 185,420 205,278 1.30
Almond 236 4,182 406 2,431 1.58
thton 14,812 124,154 35,356 51,990 1.419
Grapes 22,555 37,944 13,230 64,733 2.71¢
Orange 4,767 9,655 6,421 7,150 | 1.74
Nectarine 1,023 6,962 1,098 6,486 | 1.93
Plum 332 2,561 1,795 474 1.185
Peach 1,220 4,338 373 3,989 1.920
Tomato 135 15,347 5,965 347 1.023

GA-R = Restricted pesticide applied by grower applicator
CA-NR = Nonrestricted pesticide appiied by commercial applicatoer
CA-R = Restricted pesticide applied by commercial applicator

3Based on 3400+ pesticide use application forms from selected months
and areas of Fresno County.

PThe pounds under {CA-NR) multiplied by this factor gives the estimated
total nonrestricted pesticide applied.

“This correction factor may lead to Jower than actual unreported poundage
due to grower application of an unusually high percentage of the total sulfur
dust applied. Mr. L. Peter Christensen, the viticulture farm advisor for
Fresno County, estimated that 95 percent of the sulfur dust used on grapes is
applied by the growers and is unreported.
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TABLE 5-5°

Summary of Pesticide Use Report Rejects Due tu Errors

. e 1
for Fresno County in 1977.

Use
Use Report Bgricultural Structural  Governmental Total
Total Recorded 32,347 529 . 698 33,574
Number of Errors 3,247 163 92 3,502
frrors +x 100% 10.04 30.81 13.18 10.43




After combining the correction for unrecorded anq improper pesticide
apph‘cafions9 & resulting figure of 0.896 x 0.99 or 0.887 was calculated. The
inverse of this figure, 1.13, is the factor whicﬁ'must be épp]ied to all
reported pesticide application data, restricted and unrestricted.

In summary,.the correctidn factor for restricted synthetic and inorganic
pesticides is 1.13, which includes the factors for impropér and unrecorded
applications. The correction factor for.unrestricted synthetic and inorganic
pesticides is 1.13 x 1.3 or 1.47, which includes the factors for improper
and uncorrected épp]icationsj plus the factor for unreported applications.
These correction factors, 1.13 and 1.47, wefe appiied to all reported re-

- stricted and reported nonrestricted synthetic and inorganic pesticide
applications, respectively, to caiculate the total synthetic and inorganic
pesticide applications feported in this inventory.

The restrictéd and unrestricted pesticide correction factors were aiso
applied to inert organic ﬂhgredients although in a compesite form as shown
in Tine K of Table 5-2. These composite factors were developed in the
following manner. First, the formulation code 4 and 9 data obtained from
fhe PUR were broken down intc four classes: 4-acreage appiications; 4-
honacreage applications; 9-acreage applications; and 9-nonacreage applications.
Next, factors were developed for each of these classes weighted according
to the proportion of restricted and nonrestricted chemicals in each class,

Hence,

TR = Summation of restricted chemicals (1bs.)
INR = Summation of nonrestricted chemicals (1bs,)

1.132R1 + 1.47zZNR
zR1‘+ z}\ﬂmi

-

1

= 1,3806 (Formulation 4-acreage)
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1.13ER2 + 1.47ZNR2

iR, ¥ IR, = 1.3967 (Formulation 4-nonacreage)
1.I35R, + & 472R3

TR T TR = 1.373C (Formulation 9-acreage)
1.~13_Q1 -+ ,&7ZR4

spmrg T = 1.4463 (Formulation 9-nonacreage)

Finally, one composite corrsction factor was deveicped for the formulation 4
pesticide products and another was developed for the formulation 9 pesticide
products. For the formulatian 4 products, this was accomplished by calcula-
ting the average of the two formulation 4 factors determined earlier (1.3806
and 1,3967) weighted according to the propertion of acreage and nonacreage |
applications for that formulation code. The composite factor for the formu-
lation 9 products was calculated in a similar manner. These composite
factors equal 1.381 and 1.377 for formulation cades 4 and 9, respectively.

The monthly distribution of the inert organic ingredient applications
was determined from the PUR data. For each of the four classes of formuia-
tion code 4 and 9 data mentioned previeusly, the monthly application data
reported in the PUR were corrected by the four weighted factors (1.3806,
1.3967, 1.3730, and 1.4463) described above. These corrected PUR data are
shown in Tables D-4 through D-7 in Appendix D.

There are eleven cther chemicals which are nonrestricted, but some portion

B

of each was applied as an active ingredient in 2 resiricied product and should

(

be weighted the same as restrictad chemﬁcaiga Another portion of these chem-
icals was applied in nonrestricted products. Since only ene appiication
pbundage appears in the PUR for each chemical. this poundage was adjusted
using a composite correction factor welghted according to the amounts applied
as restricted and nonrestricted nroducts. These factors were derived in the

same manner as those for inert organic ingredients.
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The correction factors for these chemicals are as fb]]oW&

Chemicals Correction Factor
Sulfur 1.44
Naled 1.30
Botran-R 1.43
PCNB ' 1.13
Tetrazole-R 1.13
Borax 1.13
Aromatic Petroleum Solvent 1.18
Petroleum Distillates 1.13
Petroleum Hydrocarbon 1.37
Xylene 1.13
Xylene-Range Aromatic Solvent 1.13

5.2.3 Nonsynthetic Pesticides

Nonsynthetic pesticide products include the following seven classes of
materialis: aromatic petroleum solvents, pet?o]eum 0il (unclassified),
petroleum hydroﬁarbons, petroleum distillate, mineral oil, petroleum dis-
tillate aromatic. and xylene including xy]ene-range aromatic solvents, The
nonsynthetic pesticide applications in Fresno County reported for 1976 in
the PUR totaled 1.043,248 1bs. This figure includes 521,539 1bs, of pes-
ticides with formuletion cods 10 {"pure oils") and 5219710 1bs. of nonsyn-
thetics used as active ingredients in other pesticides that were reported
applied in the PUR.

There are 124 pesticide dfsﬁributorldea?ers registered with the Fresno
County Agricultural Commission. A survey letter was mailed to each of
them soiiciting information on all pesticide sales to Fresnc County users.
0f the 124 distributor/dealers, approximately one-fourth responded. The
information pertaining to nonsynthetic pesticides obtained from this survey
{("1st survey“) is summarized in Table 5-86. In an effort to obtain more in-

formation specific to nonsynthetic pesticides, a second series of survey

1
i

\
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TABLE 5-56

Responses to. Surveys on Nonsynthetic Pesticides

Reported Sales (gal.)

1st Survey 2nd Survey
Total % to Total % to Amt. Applied
Respondents 0i1 Type Sales Fresno Co. Sales = Fresno Co. 1in Fresno Co,
1. Agri. Business Omni 675 100% --- - 675
Enterprises Supreme
Superior 340 100% 340 100% 340
0i1
Maxipreme - -—- 30. 100% 30
2. Brea Agri. Weed 071 3292 60% - - 1975
Service, Inc. _
3. California Weed 011 19489 81% -— --- 15786
_ Fresno 011
Co. .
4. Currie Bros., Weed 011 35000 95% 47617 60% 33250
Inc. '
5. Mortin 011 Arco Weed 56243 90% 56243 100% 50619
Co. Killer A _
6. Otten 011 Weed 0il 8000 100% 16000 100% 16000
7. Oxchem Oxy Super 600 4.9% --- -— 29
Reedley 94 0i1
8. Panoche Weed 0il 36146 100% - -~ 36146
Chemical & :
Supply
9. Red Triangle Weed 0il 14299 20% 14000 60% 8400
Supply :
10. Robert L. Weed 071 24049 100% o --- -—- 24049
Vernon
11. Western Farm Weed 0i1 86200  100% I 86200

N

Service
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TABLE 5-6 (continued)

Reported Sales (gal.)

1st Survey 2nd Survey
Total % to Total % to Amt. Applied
Respondents 011 Type Sales Fresno Co, Sales Fresno Co. 1in Fresno Co,
12. Leman Agri. Super 94 -—— -—- 210 100% 210
Chem.
13. Vingro Agri. Volck —— - 500  100% 500
Enterprises Supreme
14. Selma Volck ——- - 2216 99% 2194
Supreme
15. Chevron, Weed 011
U.s.A. @
Sales to
following
dealers/end
users:
Telles Ranch -—- - 120617 100% 120617
Giffen, Price --- -—- 40814 100% 40814
and Assoc. '
Peck, Sumur --- - 6740 100% 6740
Ranch S
Rusconi Farms ——- —-- 20286 100% 20286
Ketscher Div. -—— -—- 7000 100% 7000
R. V. Jensen” SR 13227 100% 13227
Great Western - - 437 100% 417
Consolidated --- -— 55 100% 55
Milling
Beach, S. C. --- -—- 474 100% 474
City of Clovis --- -— 54 100% 54
16. Keen Petr. Co.2
Sales to
following
dealers/end
users:
Nicoletti 0110 Weed 011 — - 60983 Assume 100% 60983
Tom Ward Weed Qi1 #40 --- --- 6746 Assume 100% 6746
Weed 011 #60 --- -— 7516 Assume 100% 7516

GRAND TOTAL

= 561,332 gal
,024,649 1bs

A ax

~enfa mtirar /Cunnliar

hR
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letters was sent to all the distributor/dealers requesting information on

only nonsynthetic pesticide sales to Fresno County users. The results of

"

this survey ("2nd surveyv”! sz 27sp tabulated in Table 5-6. Some of the
respondents to this survey did neot respond to the first survey, and some
of the first survey responzsnts corrected their earlier responses,

In addition to thesa distirizutor/dealers, scveral large manufacturer/
supplier firms were also contacted to obtain further information on the use
‘of nonsynthetic pesticides in Fresno Cduntym These manufacturer/suppliers
included Chevron, Martinez Petroteum, FMC, Keen Petroieum, Golden State, and
Mobile Petroleum. Of these, #MC did not respond and all cthers except
Chevron and Keen reported no sales in Fresno County. The guantities of
nonsynthetic pesticides seid by Chevron and Keen to dealers and end users in
Fresno County are also shown $n Table 5-6. Finally, Table 5-6 summarizes
all the nonsynthetic pesticidas used in Fresmo County which were reported
in the surveys. It shouid be noted here that all survey data were reported
in gallons. The conversion to pounds from gallons at the botlom of Table
5-6 was based upon ah assumad o911 density of 7.16 ibs/gal, representing a
specific gravity of 0.86. This specific gravity was based upon the overail
makeup of the nonsynthetics; approximately one-third of the total poundage
was insecticides and two-thirds was herbicides. Most of the petroleum
insecticides have density valuves of 0.8C to 0.85, while nonselective weed

)

jities nzar 0.9. Consequently, the 0.86 figure used

oils have specific gra
would be very near average for all nonsynthetics.

The data obtained in these surveys were extrapolated to szstimate the
total nonsynthetic pesticide use in Fresne County. The method cof extrapo-

lation is shown in Table 5-7. In this extrazpeiaiion, the assumption was

made that the survey respondents were proportionally representative of all



Response Patterns in Surveys on Nonsynthetic Pesticides

TABLE 5-7

Question- Total Positive No 0il Duplication
naires Respaonses | Responses Sales between 2
Mailed® ' Surveys
ist Survey 124 33 20 -
2nd Survey 124 35 23 5 positive
responses,
9 no oil
sale
Additional
responses
through manu-
facturer/
suppliier -
survey

Total responses:

33 + 35 - 14 (duplications between 2 surveys)
Total nonsynthetic pesticide use reported in surveys = 4,024,649 1b,

Assuming 56 responses are rapresentative of all 121 dealers

Total dealers = 124 - 5 {assumed out of busineés) + 2 (extra dealers not
included in Agriculture Commission list of 124) = 121.

Fresne County users, total nonsynthetic pure oil pesticide use in Fresno

County = 4 024,649 x 2L

= 8,696,117 1bs.

24171 dealers registered with Fresno County Agriculture Commission,

bQuestﬂonnaires returned without forwarding addresses-- assumed to be out
of business.

CTwo of these were not included in the list of 124 dealers obtained

from the Agriculture Commission,
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the dealers, suppliers, and distributors who sell nonsynthetic pesticides to
Fresno County users. Az “»dicatad in Table 5-7, the *otal estimated nonsyn-

thetic pesticide use in F.

conty In 1876 was aperoximately 8.7 miliion

mount reported in the PUR. It should be

o3

pounds, more than 8.5 timas ihs
notad here that bscause of The nature of the surveys upon which the nonsyn-
_thetic inventory is based. 1t was not pessible o estimate the gquantities of
diesel oil and other non-pesticide oils which may have actually been used

as pesticides.

As mentioned in the overview {Section 5.2.1), the combined results of
the synthetic and nonsynthetic appiication inventory are inputs to the
emission inventory. The inorganics were assumed to contribute no significant
oxidant precursor emissions, ancg only the application inventory of these
substances is reported.

-
H

As a summary, Table 3-8 preszints all application inventory correction

factors used in this study.

5.3 1976 Pesticide fApplication inventory

5.3.1 Synthetic and Inorganic Pesticides

The tables in Appendiz D indicate the monthiy application of each type

icides in Frazsno County during

15

of synthetic, inorganis. and norsynthetic pest

H

1976, These pesticides are

major ¢lassifications: eorganic,

acreage; organic, nonacreage: inarganicy inert organic ingredient, acreage;

and inert organic ingredignt, ncnacreags. The orcanic synthetic pesticides
are further classifded 22 inss Tungic nes

ides . and nematocides.

. The tables in Appendix D includs a7l parent compounds and minor active ingre-

v

dients excluding nonsynthetics. A1 poundage figures have been corrected to


https://oxida.nt

TABLE 5-8

Correction Factors for Appiication Inventory

Chemical

Correction Factor

Restricted Synthetic Organics
Nonrestricted Synthetic Organics
Restricted-Nonrestricted Synthetic Organics:

Naled
Botran-R
PCNB
Terrazole-R

Restricted Inorganics
Nonrestricted Inorganics
Restricted-Nonrestricted Inorganics:

Sulfur
Borax

Formuiation 4 Inert Ingredients:‘

Acreage Application
Nonacreage Application

Formulation 9 Inert Ingredients:
Acreage Application
Nenacreage Application
Nonsynthetic Organics:
Formulation 10 - Pure 071
Nonrestricted Nonsynthetic COrganics
(Nonformulation 10 Chemicals)

Restricted-Nonrestricted Nonformulation 10 Chemicals:

Aromatic Petroleum Solvent
Petroleum Distillate
Petroleum Hydrocarbon

Xylene

Avlene Range Aromatic Sclvent

1.13
1.47

1.30
1.43
1.13
1.13

1.13
1.47

Based on survey

1.47

-1.18
1.13
1.37
1.13
1.13
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account for unreported pesticides. A summary of all synthetic and inorganic

pesticide applications “s zuowp o

i/

It should be nciec v Talk': 3-8 that the major pesticide type, in
N e, -
terms of pounds applied, &: irorganics. More inerganics were used in Fresno
County ¥n 1976 than all =tn=2 zynthetics combined, and.of thase inorganics,

-
1

approximately 75 DEPCELﬁ wrsoEyd

“ur {see Table 0.3, Othar inorganic pesti-
cides applied in relatively Targe guantities included sedium chlerate (11
percent) and cryclite {9 percent). Approximaisly 2,000 lbs. of arsenate
compounds (sodium and lead arsenate) were applied in Fresnec Couhty in 1976,
buf this only amounted to about 0.13 percent of the total inorganics applied.
0f the remaining types of synthetic pesticides, only insecticides used on
acreage accounted for a very large proportion {15.6 percent) of applica=

tiens.
5.3.2 Nonsynthet1r Pesticidss

The data on pure oil use in the PUR were used to determine the split
between acreage and nonacrsage applications and to determine the application,
by month, of each type of nonsynthetic pesticide. The nonsynthetic pesticide
application figures shown in the tables in Appendix D were calculated by

proportional extrapolatior of the dealer surveyr data to arrive at the total

nonsynthetic pesticide appifcation Ffigure of 9.2 million Ibs. This figure

was determined as specifizd ir Section 5.2.3.
A summary of nonsynthelic pesticide applicetions is shown in Table 5-10
which includes not only pure ofi appiicetion data but also nonsynthetic

minor active ingredients

this table, pure coils account Tor the vast majority (88 percent) of all



TABLE 5-9

Synthetic and Inorganic Pesticides Used in Fresno County in 1976

{Corrected Data)

Pesticide Type Pounds Acreage . Total (Ibs.) Percent
Insecticide: acreage 1,889,685 1,687,492 1,979,113 16.31
nonacreage 89,428
Fungicide: acreage 352,346 189,368 371,932 3.06
nonacreage 19,586
Herbicide: acreage 673,030 814,379 714,676 5.89
nonacreage 41,646
Nematocide: acreage 600,160 10,767 678,079 5.59
' nonacreage - 77,919
Plant Growth
Regulators: acreage 3,054 9,940 91,939 0.76 ~
nonacreage 88,885
Adjuvants: acreage 24,549 195,846 24,549 0.20
Defoliant: acreage 658,413 637,718 - 661,497 5.45
nonacreage 3,084
Subtotal: acreage 4,201,237 3,545,510 4,521,785 37.26
nonacreage 320,548
Inorganic: _
acreage and nonacreage 6,579,274 6,579,274 54.21
Inert Ingredient: ‘
acreage 976,699 5,127,086 1,036,014 8.53
nonacreage 58,315 ' —_
TOTAL ' 12,137,073 100%
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TABLE 5-10

Nonsynthetic Pesticides Usad i3 Fresno

County in 1876 {Corrected Data)

Pesticide Type Pounds Acreage Percentage
Pure 0il = acreags: 6,786,156 2,321,048 68,5
nonacrzage 1,909,951 18.3
Subtotal | 8,696,117 87.8

Minor Active Ingredients -

acreage 955,020 203,330 9,6

nonacreage 258,914 ' ' 2.6
Subtotal - 1,213,934 12,2
TOTAL NONSYNTHETIC 9,910,081 100%
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nonsynthetic pesticide applications. Most of these pure 0115 were used in
acreagé applications.

A summary of all pesticide applications {(synthetic and nonsynthetic)
is shown in Table 5-11, along with the percentage proportions of major pes-
ticide classes. This table indicates the large quantity of nonsynthetic
pesticide applications (45 percent, by weight, of all pesticides applied)
with respect to the organic synthetic applications (25 percent). The large
quantity of inorganics (which are mostly sulfur) app]ied should be noted as

well,
5.3.3 August 24, 31 Data

At the request of CARB, appiication data were obtained for the days
of August 24th and August 31st. These data and the associated emissicns
will be used as input to an air quality modeling study of Fresno County,
conducted by CARB's Research Division. Application data shown in Table 5-12
were obtained in the following manner. Data reported ih the PUR for these
two days were cbtained from the data tapes of UC Davis' Environmental
Toxicology Lﬁbrarya A1l synthetic and inorganic pestiéide data from these
tapes were multiplied by the 1.13 or 1.47 correction factors, depending on
whether the specific pésticides were restricted or nonreétricted, respectively.
For nensynthetic pesticide applications, the pestfcide chemicals were
grouped under pure oi] and minor active ingrediehts. Each minor active in-
gredient figure thus determined was then multiplied by an appropriate cor-
rection factor (see Table 5-8). The pure oil figure, caTcu]ated earlier,
was then corrected for unreported usage by multiplying by 16.67 (see footnote,

Table 5-19).
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Pesticides Used in Fresno County in 1976 (Corrected Data)

Pesticide Type Pounds Percentage
Synthetic
Organic?® 5,557,799 25.2
Inorganic 6,579,274 29.8
Nonsynthetic 9,910,051 _45.0
TOTAL 22,047,124 100%

2nclude inert organic ingredients.
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TABLE 5-12

Application of Pesticides in Fresno County on August 24

and August 31, 1976.
- number is Tbs.; the lower number in () is acreage.)

{Corrected Data) (The upper

Chemicals August 24 August 31 Total
(A) Synthetic Organic Products

Balan-R 42 42
{57) (57)

Benomy 125 a8 213
(279) (336) (615)

Bidrin-R 299 299
(299) (299)

‘Botran-R 300 123 423
{183) (68) (251)

Captan 624 49 673
| (92) (49) (141)
Carbofuran 23 23
{91) (91)

Carbaryl 1383 564 1947
{780) (400) (1160)

Chloropicrin 255 255
(11) (11)

Chlorothaloni? 1514 1614
{719) (719)

DNBP 1872 3451 5323
(1731) (2437) (4168)

Diazinen 343 182 526
{198) (582) (778)

Difolatan-R 1085 1085
(434) (434)

Dimethoate 51 51
(152) (152)

Di-Syston-R 160 160
{164) (164)

Endothall 242 489 730
(181) (325) (487)
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TABLE 5-12 (continued)

Chemicals August 24 Augus? 31 Total
170 170 340

{170) {170} (340)

1951 714 2665

J1951) {714) (2665)

Kelthane-R 835 835
{557 (557)

42 42

\57) (57)

Malathion 148 148
143) (43)

- 58 58

{73} (73)

Methyl Bromide 519 519
{11) (11)

- 1317 502 1519

{1708) {1155) (2863)

Methyl Parathion 595 164 759
. {1378) (690) (2068)
Monitor-R 1023 - 295 1318
(1289) {295) (1564)

1544 441 1985

{1274) {415) (1689)

Paraquat Dichloride L1l 11
. {23} (23)
Parathion 450 398 888
1511) (942) (1453)

82 231 320

(e1) (255) {346)

Phosdrin-R 54 53 147
(293) {240} (540)
Supracide-R 35 35°
(14) (14)

Toxaphene 182 g2z 704
(45} (130} {175)

Subtotal: 15938 3719 25657
{13722) {1@284} (24006)




TABLE 5-12 (continued)

Chemicals August 24 August 31 Total
(B) Nonsynthetic Petroleum Products
(1) Minor Active Ingredients
Aromatic Petroleum Solvents 1663 520 2183
(1776) (580) (2356)
Petroleum Distillates 98 98
(198) (198)
Petroleum Hydrocarbons | 191 109 300
(457) (315) (772)
Xylene 1134 194 1328
(1208) (1280) (2488)
Xylene Range Aromatic - 57 49 106
Solvent {45) - (39) (84)
(2) Pure QiT |
Petroleum 071, Unclassified 15494 15494
~ {(400) {400)
Subtotal: 18539 970 19509
(3886) ° (2412) (6298)
{C) Synthetic Inorganic Products
Cryclite 1106 1106
(200) (200)
Diammonium Phosphate 18 8 26
[373) (339) (712)
Lignin Suifonic Acid 25 17 42
(167) (110) (277)
Sutfur 845 86 1031
{184) (22) (206)
Subtotal: . 988 1217 2205
(724) (671) (1395)
Total: ‘ ‘ 35465 11906 47371
— (18332) (13367) (31699)




5.4 Pesticide Use Patterns

The pesticide use patterns in Fresne County in 1978 inciude both the

type of pesticide use anz Ihs uzogr aph*ca] distribution of pesticide appli-

cations., Pesticide type :nd usz classivications are defined in Tables

- 5-13 and 5-14, respectively,

Table 5-15 is a summary of all pesticide appiications by use and type

in Fresno County in 19?6a The use patterns in this tabie are based on

'PUR data. As can be seen in this table, agricultural appiications accounted

far more than 89 percent of all anplicatiens in 1976. At 3.8 percent, home
and garden applications were ths second largest uses of pesticideé in the
county. The latter figure is relatively small in the 1ight of some home and

garden pesticide use. Dr. Jake MacKenzie, of the DFA, has stated that home
c

and garden use may account for as much as 20 percent of total pesticide use,
However, the 3.8 percent figure (from the PUR) represents the only data
available for Fresno County in 19786. Also, this figure dees not appear
unrzasonable considering the heavy agricultural erientation of Fresno County.

A 1972 study?

of home and garden pesticide use in three U.S. cities:
Philadelphia, Dallas, and Lansing, indicated an average pesticide use af

0.14 1b. per capita, as shown in Table 5.16. Fresno County's estimated home.
and garden pesticide use amounisd to 1,80 1bs, per capita in 1976. The rasults

of the three~cities study cartainly give no indication that the Fresno

County data are underestimates.

CStatement made in fLesti
mental Quality's hearing
October, 1973.

ommitiee on Environ-
cidas im Califoraia in
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TABLE 5-13

List of Pesticide Types and Their
Definitions (in California)

Type Remarks

Adjuvant Spreader—stickers; wetting agents, etc.

Algaecide Control of algae or algae and fungus.

Disinfectant Bacteriocide, germicide, etc.

Fungicide Control of fungus.

Herbicide Control of weeds, brush, any undesirabfé
plant growth.

Insecticide Control of insect pests.

Nematocide Control of nematedes.

Rodenticide Control of any animal pest.

Growth Regulator

Defoiiant

Repelient

For the promotion or hindrance of plant
growth.
For defoliation of plants.

For repelling animal and insect pests.




List oF Sesticide Uses and Their
Definitions (in California)

Use Remarks

Agricultural Used on crops and agricultural areas.

Home Garden Used by consumer on noncommercial crops
and ornamentals in 2 home garden.

Household Used in the home ar on human beings.

Industrial Used in industrial areas such as fac-

tories, processing plants, structural
treatments in guh@uhsg esbﬂurantsm
and similar institutions

Residential Pest control by professional operators
‘ anly.
Structural Used on buildings, boats, and other

structures. Usually in paints, and wood
preservatives, and for termite control.

Noncrop dsed in n@nag“*fust'n a1 ar=ss such as
rights-of-way, railroads, noncrop land,
ditch-banks, etc,

Turf ' Usad on turt only.
Nursery , vrseries and/or greenhouses on
: vuamennaus and/er fruit trees,

Spreader-Sticker

Seil Fumigation

k)

Agricultural Commissioner vy county agriculiural commission-

U ua11y rodenticides,

70



T
Summary of tse Patterns of All Pesticide

ABLE 5-15 .
Types in Fresno County in 1976 {Correcled Data)

Synthetic Organics

Type
Insec- Fungf-  Herbi«  Nemato-

Use ticides cides cides cides
Agricultural 1883191 300636 1052118 92976_
llome dardeﬁ 2470
Ho#sehold
lndu§trials. 492 8031 92
Manufacturing 197
Residential 4079

~
Structural ** 40885 55
Noncrop 8758 27486
Turf Areas 83
Hursery 1363
Spreader Sticker 1 100
Soil Fumiqate 49660 209478
Agricultural
Conmissioner
TOTAL 1991169 308667 1079851 302454

Ronsynthetic

Products
]

Inert
As Minor | Organic
Fun. & Fun. & Fun. & Herb.  Plant Grewth  Adju- Sub-~ . ) As Pure  Active Ingre-
Ins. Herl. & Ins. flegulators vants Defol, total {Inorganic { 01 Ingr. dients jTotal {lbs.)
12834 1987 2716/ 433533 3786042 6557955 7516534' 900435 871207 19632173
(89.05%)
2470 713179 56432 593 832674
(3.78%)
493 144 33 670
H1 8696 3287 7404 2089 21476
{0.1%)
197 47 244
4079 110265 3628 980 118952
{0.54%)
2 40942 5869 25033 9837 | 868l
(0,374)
247 4 36495 5022 18652 198971 8702 267842
(1.21%)
74728 74811 1183 144 17973 94111
: (0.43%)
13563 1901 365 325 3944
35576 35677 14655 264754 21378 8571 345035
. ’ (1.56%)
4797 5095 261993 531023 65327 596350
(2.70%1)
1642 50330 51972
(0,242)
17633 5095 e 7, 55O
R 210227 77500 35576 433633 4521785 | 6579274 | 8696117 1213934 | 1036014 | 22047124

(100%)




TABLE 5-18

i
and Garden Pesticide Use.

Total Pesticides Pesticides Used Per
Study Area Poculaticn Used {1bs.) Capita {1bs.)
Philadelphia 3.866,000 417,000 0.11
Dallas 1,327,000 301,090 0.23
Lansing 272,000 471,000 ¢.15
Total 5,465,000 759,000 C.14 (Average)
Fresno £o. : 461,300 832,574 1.8C




Tables 5-17 and 5-18 present additional details on synthetic and non-
synthetic pesticide use patterns, respectively. These demonstrate the use
of various types of pesticides on specific crops in Fresno County in 1976
based upcn PUR data. From Table 5-17 it may be seen that considerably more
synthetics are applied to cotton than to any other major crop. Table 5-18
indicates that more pure oils are applied to alfalfa (24 percent) than on
any other crop and that appiicationé to a]fana, carrots, and peaches alone
account for more than half (55.6 percent) of all pure oil applications.
Unclassified petroleum oils comprise the single largest class of pure oil
use. Appendix E includes other related information including a 1ist of the
top 50 pesticides, by weight, applied in Fresno County in 19763 leading
crops in Fresno County; and the crops to which major pesticides are applied.

Table 5-19 indicates the use patterns of pésticides among governmental
users in Fresno County. Pesticides are 1isted according to type and by
ﬁounds applied. “Other agencies” account for the majority (81 percent) of
governmental use of pesticides. In additien, 80 percent of the pesticides
used by governmental agencies were petroleum products.

The spacial distribution of pesticide use in Fresno County in 1976 is
depicted in a series of maps in Appendix E. These maps indicate the use
density, by pounds, of 35 major pesticides.  Since certain pesticides are
used most extensively on specific crops, pesticide use distribution tends .
to reflect crop patterns. In general, the eastern portion of Fresnb County
is more oriented toward orchard crops and truck gardens while field crops
are mere dominant in the western portion of the county. Lists of crop types
and the major pesticide applied to each type are found in Appendix F and in

Tables 5-17 and 5-18, as mentiecned eariier.
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TABLE 5-17

Distribution of Syrtheiic Pasticide Uses {More than 1000 Tbs
Among Fresno County’s ~'vs lz:ling Crops in 1975 {Corrected Data)
Craps (Ibs.)
Pesticide Applied Cotion  Grapes natoes  Alfalfa  Barley Plums
Toxaphene 361186 78754 18284
Paraquat Dichloride 53412 9242 2279
Azodrin-R 45444
Monitor-R 3122C
Aldicarb 23159
Phorate 17187 15154
Supracide-R 9842 6267
Methomy1 5289 21049 14976
Bidrin-R 5007 4396
Methyl Parathion 2506 3714 13047 7312
Parathion 1810 2948 3168 9672 9991 5641
Carbaryl 1214 23101 1138 1730
Chlordane 73543
Dialifor 18500
Dialifor, Other Related 1834
Endosulfan 1461 19411 12521
Guthion-R 1333 2317
TEPP 11772
TEPP, Other Related 17857
Carbofuran 7970
Phosphrin-R 5196
Phosphrin-R, Other Related 3457
4(2,4-DB) Isooctyl Ester 2619
41919

2,4-D, Dimethylamine Salt

-3
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TABLE 5-17 (continued)

Pesticide Applied Cotton  Grapes Tomggggz Alfalfa Bariey Plums
2,4-D, Alkanclamine Salts 30462
Di-Syston-R 8130

2.4-D 7734
2,4-0,N-0ley1-1,3-Propylene 7147

2,4-D, Buthyl Ester 2858

MCPA, Dimethylamine Sait 22686

Sodium Arsenate 9224

Ethion 7187

Carbophenothion 1323

Methyl Bromide 9297

Chioropicrin 2669

TOTAL 372573 55819 141517 129564 135252 5641
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- TABLE 5-18

Reﬁorted and Calculated Quantities of Nonsynthetic

Products (Pure 0ils) Used in Fresno County

in 1976.

istad by

Individual Type and by Uses.

Quantities (1bs.)

' Calculated
Pure 0il1 and Use Reported Based on Survey Data
Aromatic Petro]eum'So]venﬁ
Alfalfa iP7,120 {24,.37%) 2,119,593
Mineral 0Qil
Peach- 12,221 {2.34%) 203,756
Nectarines 6,085 {1.17%) 101,461
Almonds 2,758 {.53%) 46,004
Plum 2,468 {.47%) 41,118
Walnut 1.425 {.27%) 23,776
Petroleum Distillates
Structural Control 4z {.03%) 2,368
Petroleum Hydrocarbons : .
Carrot 88,800 {17.03%) 1,480,647
Agencies, Other 51,960 (9.96%) 866,379
Irrigation Districts S,440 (1.81%) 157 ,402
Petroleum Qil, Unclassifisd :
Peach 74,088 (14.21%; 1,235,506
Almonds 56,162 (10.77%) 936,442
Plum 38,288 (7.34%) 638,412
Nectarines 27,362 (5.25%) 456,233
O0lives 8,722 _(1067%) 145 430
Orange 2,509  (.28%) 41,834
Prune 1,480  (.25%) 24 844
Grapes 1,277 (.25%) 21,292
Apricot 10 {.002%) 167
Residential Pesticides 6,613 £1.27%) 110,265
Federal Agency 1,288  {.25%) 21 476
Agencies, Other 636  {(.12%} 10 604
University of California 270 (.04%) 4,502
Structural Control 210 (.02%) 3,501
Turf 71 {.01%) 1,183
Deciduous Ornamental Tress 114 {.02%) 1,901
TOTAL | 521,539 {100%) 8,696,117




TABLE 5-19

Distribution of Pesticide Types Among Governmental Users in Fresno County in 1976.

L1

Pesticide Type and Amount Used (1bs.)®

3 @
7] [¢}] 9 (43} o o =3 (&)
e F - TR I =
Agency o ) = o s & 20 5
= e 43 = o o 4 [ e ] o
| 2 2 33 2 2 = 53 5
g 5 b b = i @ L = Total
e =t . I of = —t = o o —

Agencies, Other 12,369 11,526 88,884 15,850 6,007 77,300 893,677 16,403 1,122.016
County Agricultural - 43 e 2,577 8,135 5,392 16,729 4,952 37,828
Commission _
Federal Agency - - e 2,276 --- - 21,482  --- 23,758
Irrigation Districts .- —— e 9,698 -—- -—- 176,593 - 186,291
State Highway 1,045 ——— - 8,086 27 ~-- 34 1,226 10,418
University of ——— 7 - 70 285  --- 4,503 522 5,387

California
Water Resources -—— - - 2,685 1 --- - 238 2,924
:jTOTAL 13,414 11,576 88,884 41,242 14,455 82,692 1,113,017 23,342 1,388,622

aAT1 values presented here have been adjusted (Individual values of restricted chemicals multiply 1.13

and that of nonrestricted, 1.47) except values for the petroleum products.,

94 percent of the petroleum

products here 1s from Formulation Code 10; petroleum product values have been adjusted by,

(Survey Estimates

_ 8,696,117

PUR Formulation 10

= 16.67>(adjustment factor).



Finally, the time of day during which pesticidgs were applied in Freéno
County during each month ¢F 197¢& is indicated in Table 5-20. This table
was based on data obtai~zd "r-uw :iproximately 500 pesticide use application
forms selected at randem -~ t5: Fresno County Agricultural Commissioner’'s

1976 files. This table fv: " cates

that during the spring and summer months
the greatest number of pesticide appliications occur in the merning hours
while middle-of~the-day appliications predominate during the fali and winter

applications.

8.5 Discussion and Recommendations

The data reported in this application inventory was based on a number
of estimates and assumptions, as noted earlier. Major estimates, the 1,13

and 1,47 factors used to correct for improper, unrecorded, and unrepprted

=i
H

fcations, are in line with an earlier

£
12}

synthetic and inorganic pesticide app
DFA estimate. In their 1873 Keport to the Legisiature {pursuant to the
Catifornia Food and Agricuitzure Code, Sec., 14104}, the DFA estimated that
80 - 85 percent of pesticide use is reported in the PUR {T%TE'X 100% = 88%;
1%27-= 68%). However, thﬁs DFA estimate probably included nomsynthetics,
while the 1.13 and 1.47 factors deo not apply to pure cils. The use of pure
" 0ils has been undersstimated because they are nonrestricted pesticides,
and growers are not required to report their applications.

" A second significant estimate invoived the organic inert @ngvedient
application inventory. The makaup of all formulation 4 and 9 pesticides,
the only pesticides having & significent quantity of erganic inert ﬂngredienﬁss
was determined by extrarolating <eta cbiained Trom a reietively small sample.

As explained in Section 5.2.2, the inert constituenis of the formulation



TABLE 5-20

Percentage of Time for Pesticide Applications in a Day

Hrs. 1 9.3 36 -9 9-12 12-15 15-18 18-21  21-24
Month
Jan 15 33 38 14
Feb 13 37 44 6
Mar . 4 ag 12 20 o 18
Apr 5 -4z 23 20 6 4
May 5 38 17 21 15 4
June ; 14 49 13 8 12 4
July 4 19 32 24 14 4 1 2
Aug 5 34 28 19 14
Sept 19 30 25 12 13 1
Oct 8 49 23 . 19 1
Nov 7 39 42 12
Dec 8 a4 39 9
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céde 4 pesticides (27,3 percent, by weight) and the formulation code 9 pes-
ticides (9.8 percent, by waight; épp]ied in Fresno County in 1976 were
determ1ned after gaininy =o72ss o the propristary Ti'les of numerous pesti-
cide manufacturers. This - Tormztion was assum2d to be repfesentative of
all pesticides of those ferwiation codes applied in Fresng County. This
assumption dains credence vrom ths atively Jarge number of
manufacturers (24) and pesticides (83) wera representad in the sample upon
which the extrapolation was based.

Another important estimate was the extrapolation of all “pure oil"
nonsynthetic pesticide zpplications based on survey respenses from 46
percent of the pesticide deziers and distributors who sell to Fresno County
users. The primary assumption here was thét these dealers were representa-
tive of all dealers selling to Fresno County users, i.e., they sold 46
percent of all the pure oils usad as pesticides in Fresno County, Although
this assumption could ba guestioned, it is the best position which could be

e
1

‘taken under the circumstances. The survay effort {two dirsct-mail surveys
of every dealer registered with the Fresno County Agriculture Commission
plus a survey of major manufacturers and suppiiers) was intensive, and it
is not even certain that perszoral survays could have vielded z higher
response rate,

A final point is that thz use patterns prasentad in this inventory are
not representative of all pesticide appiications. Within the scope of this

study, the use pattern information could only be obtained from the PUR.

i

Nevertheless, sufficient use patizrn Information 15 presentad to {1lustrate
general trends in spacizl, temporal, and crop=specific pesticide application

patterns.



Overall, the data reported are credibie. fhis study relied upon
several assumptions, but, at the same time, it represents a major pioneering
effort in developing an inventory of reported and unreported pesticide appii-
cations. More importantly, it illustrates the large quantity of pesticides
which are not included and recorded in the PUR.

Several recommendations for further study are in order., First, the use
of pesticides in home and garden applications should be investigated more
thoroughly. Although the relative émount of pestjcide use in this sector
may be rather small in an agricultural region such as Fresno Qounty, it
would most Tikely be significant in urban and suburban areas in California.

Secondly, a new and improved reporting system for governmental agencies
should be considered. At present, there is noc requirement for federal
' agencies to give an accurate accounting of their pesticide use, and, as a
consequence, these agencies are likely to under report. In addition, the
“other agency" user category in the PUR needs to be refined. This category
was found to include private pest control users as well as public agency users.

Finally, a more comprehensive survey of farmers should be conducted to
cbtain a clearer picture of unreported pesticide'app1ications, particularly
nonsynthetics. Such a survey, particularly if conducted in conjunction with
a 1imited faca-to~face survey, may also help to determine the reasons for

the farmers' concern and reluctance in responding to surveys of this nature.
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6.0 PESTICIDE EMISSION ESTIMATION METHODS

6.1 Introduction

Metheds for est’mz:ing thz rates of emissicn of pesticides and their
related compounds can h2 cziegorized into Tive simple mathematical models
dapending on the sourcss =7 smission:

A. Emissions frovw waver surfacaes:

B. Emissions from water bodiess

C. Emissions from seci! surfaces:

D. Emissions from incorporated soil; and

E. Emissions from vegetated Tand.

Models A and B can be used to predict the emissions resulting from
pesticides applied to lakes, reservoirs, rivers, rice paddies and areas
filled with irrigational water. Pesticides with high vapor pressure and
those likely to evaporate relatively fast are most likely to fit into
model A. Long-term evaporation of some pesticides, generally those with
a low vapor pressure, would occur when they are dissolved in the water body.
Model B would most iikely apply.in these situatﬂ@ns,

Models C and D are used to predict the emissions from pesticides on
the soil surface and those incorporated into soil. Model C can be used for
pesticidesvand their related compounds that have high vapor pressﬁres and
would be released into the atmosphere relatively quickly. Model D is most
appropriate for pesticides which have either high evaporation rates and
are likely to be incorporated into the soil immediztely after the applica-
tion to achieve its planned affectiveness or have low evaporation rates

and are 1ikely to be incorporated inte the soil by dissclving in the
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irrigation water and rainfail.

| Model E is used to predict emissions from'vegetated land. Soil sur-
faces and vegetated land differ in the amount of available surface area.
Vegetated land provides a much larger surface because of the leaf surfaces
of the crop. Therefdre, evaporative loss of peSticides is much greater

on vegetated land.
6.2 Methods
6.2.1 Emissions from Water Surfaces

Most organfc solvents and hydrocarbons are not soluble in aqueous
systems. They usua11y remain in suspended form or float on.the water sur-
- face. Mackay and'wo1koff; developed an evaporation model to describe ﬁhe
rate of emission from a water surface. If we consider m, 1b/acre of
compound i on the water surface, the "equilibrium mole ratic” of compound

i in the vapor above the water is Pi/P where:

W

P. = partial vapor pressure of compound i; and

1

Pu = partial vapor pressure of water.

The mass ratio is thus MiPi/WS Pw9 where:

M. = molecular weight of compound i; and

5
18

1

It

molecular weight of water.

If the monthly evaporation rate € in Ib/acre-month of water evaporétes from
the water body, the evaporation rate of compound i would be:

dm

_1=-EMP./I8P

dt (EQ. 6-1)
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However, Spencer gg_glf

2 suggested that the ratio of compound i to

water in the vapor phase was dependent not only on the amount of compound i

vaporized but also an the =
controlled by the relaziva
Water‘vapor was diffusing
with water vapor while Zhs

compound i; this is a valid

maunt of water vaporized which, in turn, was
runidity (R.H.) of the air above the surface.

“rnto an atmosphere a]"eady partially saturated

campound 1 was diffusing into air devoid of

assumption. Since water vaporization depends

on the R.H. of the air cveriying the waier surface, water fiux will be

proportional to P (1 - R.H.
correct aquation for pradic

pe:

} rather than to Pw only. Therefore, the

ting the evaporation rate for compound i would

HP,/18 By {1 - RKL) (Eq. 6-2)

The monthly water evaporation rats £ can be accurately estimated using

where: P

temperatures,

the water surf

Il i I U
B, =P Q+vm {Eq. 6-3)

saturated watl er vapor pressuve at the mean monthly surface

nomm Hgs

P. = actual water VEROY pressure measy rad about 7.5 meters above

ace, in mm Mg

u = wind velocity measured about 7.5 meters above the water

surface, in mph:

C = empirical coms
C = 133,520

c

88,000 i

Tor shallow ponds and

o ”d

tent having the following values:

CL

small puddles of water;

for small Takes and reservoirs.
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By substituting Equation 6-3 in Equation 6-2, the-monthlyl1oss of

compound i from one acre of water surface can be formulated as:

dmi

S = C (R - ) (L mpyy [1a R, (1-RH)] (Fa. 6.4)

Acree gg__l,4 suggested that a codistillation process operates in the
vaporization of pesticides from water or moist surfaces. Hard]ey5 and

6 however, concluded that codistillation does not play a role in

Hamaker,
pesticide volatilization since pesticide molecules and water molecules
volatiiize from water or a moist surface independent of each other; this

can be predicted from known physical chemical principles.
6.2.2 Emissions from Bodies of Water

The exact rates of evaporation of organic compounds dissolved in
aqueous systems depend on the relative rates of evaporation and of 11quid
diffusion or mixing with the siower process controlling the overail rate.
Evaporation is a molecular transfer process occurring between air and
water, and the interface between the two phases can be considered to be a
two-layer (film) system. Since molecular diffusion is responsible for
transport through the layer system, Liss and Slater’ suggested that Fick's

Tirst law {in the one-dimension form) is applicable,

- 3C
F=-0D37 (Eq. 6-5)
where: [ = flux of compound i through layer;
D = molecular diffusion coefficient of compound i;
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~ o
1 ]

thicknass of thza

concentration of compound i; and

aver.

A more useful form of =zguation 6-5 is:

F = kAl

where: AC = concentraiion 35 Fference across
K= D/Z.

(Eq. 6-6)

By applying Equatiwn 5-5 .to the two-layer system and assuming the

evaporation of gas agros: ths interface is a steady state process, it

follows that:

oy X -~
w
1 it 114

ng

Cs1
G

exchangs consian

4]
[l
=h

= .
or gas phass

1 ‘exchange constant for liquid ph
gas concentration in gas phase;
gas concentration at the hHottom of
gas concentration at the top of

gas concentration in the liguid

According to Henrv's Taw,

where: H = Henry's

If ng aﬂd \-.JSL

i
a2

Taw conztant

fquations 6-7 and 6-8

H)

ase

(Eq. 6-7)

(Eq. 6-8)

(Eq. 6-9)



where: /K = 1/k = H/k (Eq. 6-10)
g g 1 »
and: ‘ ' 'il/l(_l =']/k] + 1/H kg (Eq. 6-11)

MacKay and Leinonen8 have used the same approach to evaluate the
process of evapqration of pesticides and other organic compounds from
water surfaces. Under the valid assumption that the background level
the compound in the atmosphere is low compared to the local level, they
concluded that the rate of change in concentration would be:

dc _ ' -
STk (Eq. 6-12)

where: L = average depth of the water body.
Equation 6-12 can be integrated to express the concentration of the

compound as & function of time:
C=Coexp (- th/L) (Eq. 6-13)

According to Liss and Siater,7 the gas'and 1iquid exchange constants

.oarel

Z ] \|=n e o -
KW(HZO’ 27,600 meter/month; Kg(COZ)

144 meter/month.

The following equations can be used to cbtain K] values for liquids other

than water and Kg values fTor gases cther than COZ:

1
¢

(Eq. 6-14)

~
—
ey
—
et
{

18
= KT(HZO) X (ﬂ;)

~
o~
o
st
il

] K_(C0.) (ﬂ)/z ' 15
gt g 2 X Mi {(Eq. 6-15)

where: Mi = molecular weight of compound 1.

i
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The Henry's law constant can be obtained for compound i by using the

following equation:

Pis

o= IS Eq. 6-16
i T R (Eq )

where: P,

1]
(L

vapor prassure oF compound ;

)
]

= solubiTity of ~ompound i:

A
il

gas constant: and

—
il

absolute itemperature.
If the data on the vapor prassure and water soclubility can be obtained,
the values of Kg’ K.ﬁg and H, can be caiculated using Equations 6-14, 6-15,

and 6-16. Thus Ki can be obtained by substituting these values in Equation

6-11. The monthly evaporation of compound 1 when completeiy dissolved in

the water body can be cbiainad by the Tollowing equation:

dms - iy _j".;._,____._.“ A . wnla ¥ E}b
- HEE‘— Mmc Lgmp‘~ K.g T Jom eXPi- Ry L’J (Eq. 6-17)
. where: t = Fter the appliication of compound i to the

number of montns a7
water hody: 2

M;o = number of pounds app
Here, the total number of zcres s nel imporiant provided that the initial

concentration of compound T 2023 not axceed 1is solubility.
6.2.3 Emissions from Soil Surfaces

The rate of loss of = pure substance inte the atmosphere from a clean

and inert surface is governed under stable conditions by two of its
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properties: 1its saturation vapor concentration (SVC) and the rate at
which its vapor diffuses through the still air layers next to the treated
surface.” This principle can be applied to the volatilization of surface
deposits or to initial velatilization of soil-incorporated pesticides
before the concentration on the surface is depleted. Hartley® assumed
that the rafe of evaporation would be dependent on diffusion of the vapor
away from the soil surface into the surrounding air. Thus, the rate of
mass transfer by molecular diffusion would be proportional to the
diffusion coefficient and the SYC.

Since SVC is proportional to the vapor pressure (P) times the molecu-
Jar weight (M) and the molecular diffusion coefficient of organic vapdrs

in air indicates an inverse proportionality to the square root of molecular
' 7

1
2
.

weight, the rate of evaporation should be proportional to P (M) Spencer
proposed the following equation to predict the rate of evaporation of
compound 1 based on data for a model compound 2:
e, = £, M) (Eq. 6-18)
PzngiZ

where: E = evaporation rate;

P = vapor pressure;

M = molecular weights

C} = vaporizing compound; and

model compound.

(]
XS]
]

Hart]eygs however, pointed out that if the model compound is water, the
water evaporation rate must be corrected for the relative humidity (R.H.)

in the ambient air:
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b

~ d‘“i E
dt 1 - R.H ) 1

(Eq. 6=19)

Coj—

dmi = monthly evrrzritian oF compound 1 per acre; and
dat~

where:

%

E = monthly watar z-:zc-ation per acre.

6.2.4 Emissions from Soil=Incorparated Pestiicides

According to Equation 5-19, the surface pesticide will evaporate at a
constant rate under constant conditions, namely, constant rate of water
evaporation, constant temperaturz, and constant retative humidity. But this

o

is not the case for volatilizatien o

iy

pesticides incorporatad inte soil.
Volatilization decreases rapidly as the pesticide on the surface is depleted,
then volatilization levels off at a much reduced rate which depends on the
movement of pesticide to the soi? surface. Prediction of this movement to
the surface 1s very compiex. Thzare is abundant evidence that movement will
be affected by the pesticida's solubility and vapor pressure, the soil tem-
perature, the air flow vrate, thz soil’

moisture and organic content, the

¢
[=]]

(4]

relative humidity, the pH, the type of seil, the water evaporation rate,
5, 9, 10, &

Bt

prgcipitation, etc. Equations to predict volatilization rates
that would include all these factors have not been developed.

Although Spencer2 concluded that it wilil be necessary to use models
which include beth diffusion ant mass-Flaow-movement of pesticides to the
surface for subsequent volatilization, equations have not been developed to
predict both processes simultanzcusly.

-

3 e e . s
Meyer et al.” developad ¥ive mathamati

ot

21 modeis for zredicting

3

volatilization based on pasticids movement %o the soil surface by diffusion
only. The use of these medels reqguires 2 knowledge of diffusion coefficients,
of adsaorption isotherm, and of cther parameters that may or may not exist

21
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for any individual pesticide. The boundary conditions involved in these

models are either of no practical means (e.g., the background concentrations)

or may be too detailed to be obtained (e.g., the depth of the soil).
Haw'ﬂley5 used the mass-flow-movement apprpach to explain that water
can accelerate the evaporation of pesticides from the soil. When evapora-
tion of pesticides occurs from the exposed surface, liquid solution moves
up the capiliaries of the wick to replenish that which was Tost through
evaporation at the top. Thus, pesticide dissolved in the soil water would
be brought to the surface where it would evaporate or accumulate depending
on its solubility and vapor pressure. Spencer'and 'Clh'a_th]2 demonstrated
that the mass-flow-movement of pesticides toward the soil surface through
water evaporation can accelerate the pesticides evaporation rates. The
magnitude of the effect is related to the water evaporation rate and con-

centration of the pesticides in the soil water:

F =F x¢C (Eg. 6-20)
b W
Where: Fp = pesticide flux in ng,/cm2 per day:
Fw = water flux in mﬂfcng and
C = concentration of pesticide in the soil water. in ng/mi,

which can be estimated from its solubility and its
desorption isotherm.

However, using the mass-Tlcw-movement approach, the amount of pesticide
(FP) that would be brought to the surface with soil water is not the same
as thé amount that would be evaporated. On the other hand, a simpie dif-
fusion modei cannot be used to explain the acceleration of evaporation by

the wick effect. In the absence of such a combined mathematical model, the
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6

simplified model developed by Hamarker  can be used to accurately estimate

the volatilization loss from soil:

v 10X (Qw)\! + C, x (QW)l (Eq. 6-21)

amount O

1l

where: Q
Ei = concentration oF compound 1 In the soil water:
i = compound i

w = water;

Y = Joss as vaoDory and

L= loss as liguiag;

D = diffusion coefiicient in soil.

P.M.y . - . . mm a .
The term ({1 §) in Tguation 8-27 i 2n e3timate of the vapor phase

R
P

diffusion, and the term is an 23timate of mass transfer. However, breaking

due to

<

down the water loss inte Toss

[51)
=

sater vapor diffusion and loss due to
mass transfer of soil solution is. practically, wery difficulit to achieve.
However, we can assume that the normal water loss due to water vapor dif-

fusion can be calculatzd using Scuation 8-3. I the total water loss {(Qw)
b

l .
is smaller than the calcuy I, then all the
4

L]

ot

water loss Qw will be used =3 {Ow), in the @Quatizn acausa no matter how
much of the pesticide was brought to the surface. it would accumulate on
the surface. If Qw is jarger than (Quwl,. then {Ow) = (Qw)my and (Q@)

Qw - (Qw)Na here the scoeleration caused by the wick effect would be shown.

Green and Obien'~ develoned the Following equation to determine the

QJ
(e



concentration of pesticide in the soil water:

. (Eq. 6-22)
i mlwe + K)

total amount of pesticide applied;

=
=
m
S
m
O
-t
i

m = total solid weijght:
W = effective water content; and
K = bartition coefficient (the ratio of the concentration of

compcund accumulated at the soil surface to that in the

soil water).
Since the information on the partition coefficients for all pesticides is
very Timited, the effective water content varies with time and place, and
the calcuiation requires information that is not available. Thus, it is
very difficult to obtain an accurate estimate of the concentration in the -
soil water. However, the solubility of the compound can be used as the
upper 1imit of the concentration in the soil water. This is a valid
substitution particularly for insciuble pesticides in the upper part of the
soil. |

Since the ratio of diffusion coefficients can be representéd as the

ratic of the sgquare root of molecular weight,5 the‘mbnth1y loss of compound i

incorporated in soil can be rewritten as:

dm, -Pi(w.)% (Eq. 6-23)

1 1
g = (@ x 5o ¥ (Qu), x C.

€.2.5 Emissions from Vegetated Land
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The rates of evaporation of pesticides and their related compounds
from vegetated land mzy ©: cuite different from the ratss of evaporation

from inert soil surf:-z. 7o ate of water evaporation from the soil

.
[

AU

pur

alone cannot be used % z:=F2nt the rats of svapotranspiration from veg-

etated land. However, "z 07=2¥'s Equation can still be applied here:

Fry
as
.
hrcid
S
e

am, I,

- ey o b (Fq. 6-24)
n —

.

£

v

pat =

Seer
=
—
0
g

[}

where: dm, ) . - - )
1 = monthly evaporation of compoung 1 Dper acrs;
dt
* ET, = monthly evapatranspiration from fand with a crop Js

R.H. = monthly avaracs relative humidity:
P_i = yapor pressure of compound 1;

= vapor pressure cf water:

M, = molecuiar weight of compound i:

18 = molecular weight of water.

The monthly ET rate can be obtained from its relation to the potential
evapotranspiration (PE) rate of the vegetated jand. However, most of the
methpds used to caleulate the P: rate reguire detailed basic data which may
not be available. The %?&ﬁa;aﬂw@‘dTe method” nas baen used for years
to calculate the FE rate anc onily reguires data on the monthly average
temperature, the monthly percentage of dayiime hours and the available.

moisture {precipitation, irrigation water, or natural ground water.) The

monthly PE can be computzd by tha following eguetd

[Es
(&3]



u = ktp/100 | " (Eq. 6-25)

‘where: u = monthly PE in inches;
k = monthly PE coefficient for a specific crop and month;
t = mean monthly temperature (°F); and
p = monthly percentage of the year's daytime hours.

The values of p for Fresnc County are shown in TabTe'6-1.]6

Equation ©6-25 can be converted for use with metric units:

u = kp {45.7t + 813)/100 (Eq. 6-26)
where: u = monthly PE in mm; and
t = mean monthly temperature (°C).

Examples of the Blaney-{riddle monthly PE coefficient are shqwn in
Table 6-2.1 |

However, the monthly PE coefficients for most crops in Fresno County
are not available. While 1t is recognized that a number of climatological
factors affect the month?j PE coefficient, complete climatological data on
the relative humidity, wind movement, hours of sunshine, evaporation, etc.,

18

are seldom available for a specific site. Phelan’~ found that the monthly

- PE coetficient can be approximated by the fo]]oWing equation:

k = ke x {0.0173t - 0.314) (Eq. 6-27)
wherei kc = monthly PE stage coefficient; and
t = temperature (°F).

Thus, the Tocal monthly PE coefficient k can be obtained only if the month1y'

PE stage coefficient kc and the iocal monthly average temperature are known.

%



TABLE 6-1

Monthly Percentacz o7 =nmizt Daytime Hours in Fresnd Countyl6
Month — Latit;de .
3587 377N 387N
January 6.98 6.92 6.87
February £.85 £.82 £.78
March 8.35 8.34 8.33
April 8.85 8.87 8.89
May 9.80 2.85 9.90
June 9.82 9.8% 3.96
July 9.8% 10.05 16.11
Auqust 9._47 9.44 9.47
September g.3¢ 8.37 8.37
‘October 7.85 7.83 7.80
November : 6.93 6.88 £.83
December 5.81 5.74 £.68

O
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Monthly Potential Evapotranspiration (PE) Stage Coefficients

TABLE 6-3

18

Month Alfalfa Avocados Citrus Grapes
January 0.63 0.27 0.63 0.20
February 0.73 0.42 0.66 0.24
March 0.86 0.58 0.68 0.33
April 0.99 0.70 0.70 0.50
May 1.08 0.78 0.71 0.71
June 1.13 0.81 0.71 0.80
July 1.11 0.77 0.71 0.80
August 1.06 0.71 0.71 0.76
September 0.99 0.83 0.70 0.61
October 0.91 Q.54 0.68 0.50
November 0.78 0.43 0.67 0.35
December 0.64 0.30 0.64 0.23

——



TABLE &-4

Retationship of Z7/PE to Available Soil Mm’:sturelg
Available Soil Moisture (%)
10 20 30 40 50 100
ET/PE
0.71 0.82 0.50 0.94 i 1
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3. Exéct and detailed data on crop distribution afe needed to
calculate the local PE rate. |
4. The available data of kc for certain types of crops may or may
not be applicable to Fresno County. Different farming seasons
and different weather situations would change the value of kc
considerably. |
Estimating the water Toss from evaporation or evapotranspiration from
water, soil, or crop surfaces can also be accomp]iéhed through comparfson
with water loss from an evaporating pan {usually a U.S. Weather Bureau
Class A pan). The pan should be placed near the crop surface where evap-
oration is to be estimated. The water loss from the pan (Epan) must be re-
lated experimentally to the amount lost from the ground surface or water
surface. The ratics of evapotranspiration of crops to pan evaporation must
be determined for each growing stage of each kind of crop and for areas
with fairly similar weather i¥ the values are to be reasonably accurate.20
Properly used, the pan evaporaiion method is more accurate than the Blaney-
Criddle method and most of the other methods which are baéed on calculations

using environmental factors.?!

8.2.6 Emission During Pesticide Applications

When pesticides are applied in the field or even in the laboratory, the
amdunt which can be measured on the target surface is in almost every case
less than the amount applied. Part of the leoss is a result of small particles
or droplets drifting to off-target areas, and part is due to evaporative

Toss. It is difficult to separately assess the amounts lost to evaporation
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and drift, and only estimates of the proportionate amounts have been found.
Woodel 53_51,23 found less than 50% reached the target from pesticides
applied aerially to forests, a condition which might be conducive to high
losses. Other losses reported during application vary depending on the
pesticide and conditions of app]icationgz’ 24, 25, 26 In addjtion, the
evaporative loss of a pesticide may be different if it is mixed with other
chemicals rather than being applied alone.27» 28

No procedure developed for estimation of evaporative loss during
pesticide application has been found in the literature. The same is true
for estimation of the changes in volatility which may occur on mixing of
chemicals. An estimation of application losses must be based on observed
experimental values and assumptions regarding the influences of en-
vironmental or other variables. The causes for observed changes in the
evaporation rate of a pesticide on mixing with other chemicals are not

clearly known at this time; therefore, no model or procedure can be used

to quantitatively predict this effect.
6.2.7 Biological Degradation of Pesticides

Pesticides in the environment may be degraded to other chemicals through
chemical reaction, photodegradation, and biological reaction as was pointed
out in Chapter 4. It was also noted that these chemical conversions do not
generally reduce the quantity of hydrocarbon which may be subject to
vaporization and atmospheric reactions. Probably the only way that a
pesticide may be essentially removed by degradation from the pool of chemicals

which can be emitted into the atmosphere as reactive hydrocarbons is for the
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pesticide to be modified through a series of chemical or bidchemica] —
reactions until it is converted into a naturai chemical metabolite of
a biological system. These biological metabo]ifes may eventually be
converted to carbon dioxide (C02), or in some instances, the carbon may
be fixed into reascnably stable poiymers such as celluiose or other
components of Tiving orgaﬁisms. |

There are some pesticides which are known to be readily degraded
by microorganisms in the soil to products which are common biological
metaboﬁtes,29 and there is.a much larger group of pesticides which are
not easily degraded or for which final degradation products are largely
unknown. Among the easily degraded compounds are aliphatic acids such as

30, 31 Endosulfan is an

dalapon, and the phenylalkanoates such as 2,4-D.
example of a pesticide which can be biologically degraded but for which
the end products are most1y unknown. In one ekperiment endosulfan was
degraded by each of 49 bacteria or 10 fungi, some of them metaboiizing'more
than 30 percent of the applied pesticide in 6 weeks; nevertheless, the
average conversion to C02 was less than 0.2 percent.32
No procedures have been put forward in the Titerature, and data is
not available on which a firm empirical estimate can be based for de-

gradation losses of the kind that have been considered here.
6.2.8 Retention of Pesticides by Sorption

Adsorption of pesticides by soil or other materials is generally treated

33, 34, 35

as a reversible process whereby a pesticide is not considered to be

permanently attached to the adsorbant. There is occasional mention by some

—~—
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authors of possible irreversible adsorption and a recognition that some
pesticide in the soil is to some degree unavailable to processes leading
to degradation or remova].36 Simulation models to be used for in-
corporating the concept of pesticide pools with varying degrees of avail-
ability into pesticide Toss calculations are in the beginning stages of
deve]opment.36 However, at present there is an absence of data from which
pesticide adsorption or other pesticide movement restricting processes

can be calcu]ated.34

6.3 Application of Methodology

In 1976 the farmers in Fresno County harvested 2,543,215 acres of crops,37
which included 50 to 100 crop varieties and were reported to have consumed
about 9 million pounds of pesticides sold under 900 different brand names. 38
In choosing an applicable method for estimating the hydrocarbon emissions re-
sulting from pesticide use, the complexity and magnitude of pesticide use in
Fresno County makes it evident that the method will have to be relatively

simple in operation and will require the input of data which are readily

available.
6.3.1 Emission from Deposited Pesticide

Of the methods reviewed in Section 6.2, the model developed by Spencer
to estimate volatilization loss from soil surfaces emerges as the mosﬁ
appropriate one to be adopted for use in this study. This model is simple
and requires input data which can be readi1y obtained. In addition, the

accuracy of this model has been demonstrated in one study by direct
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emission measureménts.6 The ﬁode1 ié depicted by Equation 6-19 and was
discussed in detail in Section 6.2.3. |

In order to take into consideration the different evaporative Tosses
from water, soi]; and vegetated land, an appropriate adjﬁstment of the E
value (representing the water evaporation rate) will have to be made. The
values of E for emission calculations are calculated using the monthly
evaporation from a Class A_pan reported from measurements made in 1976 at

the Friant Government Camp station.39

The evaporation and other weather
data for Fresno County are shown in Table 6-5.

The pesticide-related water surfaces in Fresno County would consist
primarily of irrigation canals and ditches and, for part of the year, rice
plantings. The acreage planted in rice in 1976 was about one-half of one
percent of the total crop acreage in Fresnc County, and the water surface
exposed during irrigation was comparatively small and highly variable.
Therefore, the difference between evéporation of pesticide from water
surfaces and other crop lands ié negligible when compared to the total
pesticide evaporation, and an estimate of this evaporation from water sur-
faces is not included in emission calculations.

Empirical data relating evapotranspiration from each crop on vegetated
Tand in Fresnb County to evaporation from an open pan are not available.
In different, mature crops, this ratio has been reported to vary between

0.75 and 1.15.29: 21

The mid-value of 0.95 may be taken as representative
of the average condition and is used for calculating evapotranspiration
from vaegetated land although it may overestimate ET for early crop stages

An additional factor of 0.77 was applied to the pan evaporation to correct
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TABLE 6-5

General Climatc’ z3ical Data for Fresno County in 1976

Wind Spesd R.H. Fvaporation  Temperature
Menth (mph) ENCA {inches) °r)  (°c)
January 3.4 75 1.76 . 44,3 6.8
February 8.1 80 2.39 49.6 9.8
March 6.7 &5 413 52.4 11.3
April 6.2 &0 5.49 57.2 14.0
qu ' 6.9 a4 10.81 59.7  20.9
June 8.4 B 12.48 73.0 22,8
July 9.0 a4 4.7 794 26.3
August - 8.1 58 13.07 72.7 22.8
September 6.4 62 7.96 72,2 22.3
October 4.3 &3 4.98 65.1 18.4
November 4.7 8¢ 2.33 53.4 11.9
December 5.0 69 1.72 46,5 8.1
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for the excess evaporation which occurs when pan measurements are made
in a drier area not surrounded by vegetated 1and.40 Therefore, the value
of ET will be designated EA and for vegetated surface EA = G.QSEpan x 0.77

= 0'73Epan.

A separate value of EA for evaporation from soil was used in the
emission calculations since a large amount of pesticide is applied on to
bare or nearly bare soil surfaces as pre-emergence sprays. The pan ratio
for soil evaporaticn varies greatly depending on the ahount of drying that
has dccurred after watering. An Epan value of 0.40 has been found for
soil kept moist encugh to prdmote seadling growth and this value was used
in the calcu]ations.17’ H

The acreage treated was considered to. be vegetated land whgn insecticide,
fungicide, plant growth reguiator or defoliant was applied and was con-
sidered to be soil when herbicide or nematocide was applied.

Pesticide emission from soil or.crop surféce is proportional to the
water evaporation potential (E) as indicated in Equation 6-19. This
relationship is shown in Figure 6-1 for three pesticide chemicals used in

. -7
Fresno County in 1976 with vapor pressures varying between 0.2 and & x 10 .

The August, 1976 pesticide emissfon under 58 percent relative humidity and
10.0 inches of water evaporation was taken as the basis for the caicylation
and determines the slopes of the curve.

It was noted above that pesticide emission is pfoportiona] to the
water evaporation potential expressed in'Equation'6-19, by the empirical water

evaporation factor E.
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s E P, (My)* (Eq. 6-19)
@t T [TO-rAY * J_('Pw 82

Also, it was indicated preyiously in Section 6.2.1 that water
'evaporétion is proportional to PW(] - R.H.)Z. In effect, -in equation
6-19 we haye the factor E in the numerator which is proportional to
(1 - R.H.) and the factor (1 - R.H.) as part of the molecular diffusion
coefficient in the denominator. Therefore, the pesticide evaporation

rate - am does not have a direct relationship to relative humidity.

i
dt
6.3.2 Emission During Application

The estimation of evaporative loss of pesticides during application
will be based on generalizations from the measured Tosses observed in the .
studies listed in Tabie 6-6.

From the data in Table 6-6, it is estimated that 18.5 percent of a
pesticide with a vapor pressure of 10'3 mm Hg wiil be lost during applica-
tion when the temperature is 68-8°F (20.49C). Application loss of a
pesticide appears to have an approximate1y linear relationship to the log
of .its vapor pressure, but Toss may be assumed to be nég]igibIe from
compounds with vapor pressures less than 10"'”7 mm Hg. Other data suggest
that the pesticide evaporation rate is approximately proportidna] to the
square of the température within the range of about 5 to 30° c.28 43 44

. By combining these considerations, the equations obtained for the calculation

of emission during application are:

Emission during application = A - Au

where:
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TABLE 6-6

Reported Pesticide Losses During Application

" Appiication
Yapor Pressure Temperature Percent Loss
Pegticide (mm Hg) (9F) During Application  Reference
Disulfoton 1.8 x 107/ (20°¢) 70 18 42
Phorate 8.4 x 10°% (20%) 70 0 47
Zinophos 3 x 1073 (30%) 71 26 25
Dyfonate 2.1 x 107% (25%) 61 12,6 25
Dimethoate 8,6 x 1070 (25%) 72 16 26
Average 8,12 x 107 68,8 18.5




A=A - A@.625)Uog Pi + 7))0.0024 T2)(__Lﬂ | (Eq. 6-28) —
00

H]

and: A the amount of pesticide applied,

A = the amount of pesticide deposited on soil or other surface
after appliication losses,

)
P
il

the vapor pressure in mm Hg of pesticide i at 200C
{adjusted in proportion to the water vapor pressure and
temperature curve when needed).-
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 values for application loss are treated as emissions in this
calculation since the proportions of drift and evaporation in the reference
data are not known. Nevertheless, they may be judged not to be overestimations
for the majority of pesticide applications. Von Rumker-24 has estimated the
average of drift and evaporation loss at 30 to 40 percent during application. -
In aerial appliicaticns to forests, DDT Joss was estimated to be over 50-percent,23
and in extreme cases more than 70 percent of aerially applied pesticide is

reported to be 1ost.22

6.3.3 Biodegradation Losses

Establﬁshed procedures and data are not available for calculation of the
percentage of each pesticide removed by biologiéa] action, but since biological
degredation is one of the main processes removing pesticide from the pool
available for evaporation, the loss by this means will be estimated for this
report to be 2 percent each month for most of the pesticides for which

emissions are ca]cu]ated.zg Exceptions to this will be the aliphatic acids
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and phenylalkanoates where it will be estimated that the loss is 30 percent
of the amount availablz =ach wonth, and those pesticides classed as highly
persistant (half-11fs -7 sonihs) will not be considered fo undergo

biologita] degradaticr.

6.3.4 Pesticide Sorptic: L¢

Since it is recognizad in this repert that scme portion of applied

. o m . . . 27
pesticide can be unavaiiablie for evaporation due to adsorption and absorption

for a considerable or indefinite time, it will be estimated that 2 percent

of deposited pesticides are bound except Tor compounds with high vapor pressures

(1.0 mm Hg or greater at 20°C}.

6.4 Conclusions and Recommendations

The method of estimating pesticide emissions, which was discussed and
used in this study, is based on theoretical considerations and is modified
by certain factors to account for variocus en fnronm@nta1 differences. It is
possibly the most appropriate method now available, and it may, in fact, be
the only method which can be applied to the wide-range of pesticide chemicals
and environmental conditions encountersd in Fresno County. However, the

method might be improved by maling additional

diustments based on any of the

s}

specific experimental data which is avaliablie or which may become available
in the future.

The calculation of emissions by the methods used here has been shown

through a limited number of messuremanis to provide reasomably accurate

o 5. A5 . , s
values under some conditions.”» Different conditions and estimations
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for other pesticides could lead to some error. In order to identify and

reduce the error in future estimates of pesticide emissions, the following

recommendations are made:

i.

Calculated vaporization rates of individual pesticides should be
compared (where possible) with literature reports of measured
values. This is advised for the purpose of validating the method
as well as for making adjustments in the emission calculations.
Ca]cu1ated estimates of the persistance of specific pesticides
should be compared with measured persistance of the same pesti-
cides in soil, water, and on vegetation. The possible degradation
products should be included in the measurements of persistance,

and they should be considered in relation to differences in vol-

atility from the parent compounds.

‘For applications made to soil, water, and vegetation, the pesti-

cide emission calculations should be made separately. To do this,
it would be necessary that accurate records be maintained of the
kind of appiication of each pesticide including inert organic

ingredients.
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7.0 PESTICIDE EMISSION INVENTORY
7.1 Intreduction

The primary cbjecti s -7 this project was to conduct an inventory

of hydrocarbon emisszionz =zs:-vriztad with pasticide applications 1in

Fresno County for the calendar vear 1976. In meeting this objective,

appiication data from the PUR and datz obtained from fTarmer and pesti-
cide dealer/suppiier surveys were used. Based on these data, emissions
were calculated.

Calculating tihe amissions resuiting from pesticide use differs from
similar efforts invelving smissions from cther sources. The more "con-
ventjonal® air pollutant emission estimation is based on emission fac-
tors derived from enginsaring spacifications and/or from actual measure-
ments of specific sources. To calculate smissions resulting from pesti-
cide app1jcationsg gne has to consider the type of surfaces to which
pesticides are appiied. Emission rates will differ depending on whether
the type of surface is soil, water, or crop. In addition, factors such

as temperature, relative humidity, and the molecular weights and vapor
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The follewing sections summarize the methodology used to estimate
emissions, the assumptions and input data, and the iﬁventory of emis-
sions resulting from pesticide applications in Fresno County. Appropriate
discussions of the implications of these emissions on air quality are

also made.

7.2 Methodology and Assumptions

7.2.1 Calculation Methods

In calculating emissions, it was assumed that there were no emis-
sions from inorganic pesticides or from ndnvo]ati]e organic pesticides.
The assumption of no emissions from nonvolative organic compounds is not
entirely accurate in the long-term, since, to an uncertain extent,
emissions can possibly occur from these compounds after degradation in
s0i1 or elsewhere.'® 2

The estimate of.emissions from organic pesticides was made through
calculations based on prinéiples and assumptions discussed in sec-
tion 6.3.1. The estimate for pesticides with significant vapor pressure
appiied on acreage requires the following ca]culations:

1. Calculation of the maximum monthly emission rate using equa-

tion 6-19 with the foilowing modifications:

‘ 172
. -dni_ . Py(M;) (Eq. 7-1)
pT @ TTERE) A )72 | :
W' W
where: E_ =

D - dmi, the monthly evaporation rate of com-
dt

pound i per acre;

EA = the adjusted water evapecration rate (EA = 0.73E

for applications to vegetated surface and 0.40E

for applications to soil surfaces)
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4. Calculation of monthly carry-over for pesticides partially

evaporated during one month by comparing with the maxi-

acres
. . ’ ' A” 1
mum emission rate for that month (Ep). If Ep 2 Torese At o+
AII

(A - A') = the emission for the month. If‘Ep < Sores®
(Ep x acres) + {A - A') = the emission.for the month, and

‘ 5%%%5" Ep was carried to the next month. The same procedure
was repeated for each succeeding month where the carry-over
minus 2 percentvfor biodegradation was greater than the Ep
for that month. The carry-over was continued until the pestij
cide ran out or up to 12 months, whichever came first.

Total emission for each month was found by muitiplying 1bs/acre
emissions by the acres under the month of application. Applications
made for each month were treated separately in the manner described
above, and the total pounds of emissions were summed for each month.
Some sample calculaticns are included in Appendix G.

Emission calculations for nonacreage applications were done for all
chemica]s having‘reported or estimated'vapor pressures of less than
1.0 mm Hg. Two percent of the applied poundage was subtracted for
adsorption, and twc percent was subtracted for biological or other
degradation to forms unavailable for.production of hydrocarbon emis-
sions, and the remainder of the application was considered to be eva-
porated in the month of app?ﬁcation. Pesticides with vapor pressures of
1.0 mm Hg or greater were considered to be compietely evaporated in the
month of application.

Emissions for August 24 and 31, 1976, were caiculated in the same

- manner as monthly emissions; although, no carry-over from previous days
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25 of 0.371 and 0.41 inches

ok

was added. The reports: vatsr zvaporation ra
for August 24 and 237 v:assznil o2y were substituted for the monthly water

evaporation rate in masing ths ca]cu]ations.3

7.2.2 Data for Emission La'oviaticons
Emissions were calculztad for pesticides of appropriate volatility

from those in the inventory of pesticidas appiied in Fresno County in
1976.

Values for the vapor pressure and the molecular weight of a peéti—
cide are required for calculation of the evaperation rate. Molecular
weights are available for n=2arly all pesticides and related products;
vapor pressures for many 27 them are reported in the literature. These
values were used for emisszion calculatieons. For some compounds, values:
for vapor pressure wera not fouynd in the literature, and in these cases
- an estimated vapor pressure was used.

The vapor pressures and molecular waﬁghta used in emission calcula-
tions are listed in Appendix G. Reference compounds are given for

estimated vapor pressuras whers applicabie. In most instances, esti-

mates of vapor pressurss werz hased on the vepor pressurss reported for
reference compounds of similar structura. If the structural differences

between the reference compound and the

unknown were minor, it was esti-
mated that they have the sama vapor pressure. When the

structural dissimilarity, the vaper pressure was considered to be

decreased by substitution of more polar groups such as -COOH, —NHZB
-HP03, and -OH, as well as by an increase in molecular weight with other

things equal, by lower boiling point, and in some cases by lower melting

P
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point. In a number of instances, no compcund of genera]1y similar
structure and reported vapor pressure could be found. When fhis occurred,
the vapor pressure estimate was made from a judgment based on the over-
all structure in relation to other compcunds, the presumed influence of
substituent groups and any reported physical characteristics such as
boiling point and melting point. The accuracy of estimated vapor pres-
sures may be expected to be highly variable.

Nonsynthetic organic pesticides consist of a mixture of compounds
which vary depending on the regicn in which the oil was produced and on
the fractfonation and purification methods used. These 0il products are
generally not well characterized with regard to the specific chemicals
contained in them nor.by the range of their mo]ecﬁ]ar weights,4’ 5

The following procedure was used for obtaining estimates of mole-
cular weights and vapor preésures of nonsynthetic hydrocérbons.

(1) Based.on information from the Master Label File.of the
DFA, the kinds of products included under the various
chemical headings (Petroleum distillates, Petroleum
hydrocarbons, etc.) was determined, as well as the
percentage under each heéding‘used, such as insecticide,
herbicide or others.

{2) The predominant types ofrinsectigide or herbicide in-
cluded in each category were determined from the names of
products and from their uses 1isted in.the Pesticide Use
Report. Examples of the types considered are aquatic
wéed killer, pesticide solvent, selective herbicide,

narrow-range tree spray and dormant tree spray.
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(3) The usuz? ko9 inz noints for 50 percent distillation for
differer Zynzz o7 pesticide oils was found from a number
of literaturs zcurces.

- {4) Vaper prassure ostimatas were determined from the vapor
pressure - »2%:ia7 point correlaticn of Maxwell and
Bonneﬂ8 using the boiling points at 50 percent distil-
lation.

(5) Molecular weights were estimated to be the same as for
straight chain paraffins with boiling points equal to the

50 percent boiiing points of the pesticide oils. Inter-

polaticns wers made to obitain molecular weights between n

and n + 1 zarbon atoms.

7.2.3 Classification Methodclegy for Photochemical Reactivity of Organic

Pesticides

‘r

icide

The photochemical reactivity of past

1

was estimated by refer-
ence to the California Air Resources Board (CARB) reactivity classifica-
tion list {Appendix A).

While most of the o

. SR R . ~ 3
in crep protection are complex,

muitifunctional compouns

unctional group within the
compound revealed those meiescuiar sites where reactions would most
likely be initiated. 1% is gererally accepied that for a molecular
reaction to proceed, @ specific stereochemical arrangement is required

in addition to the basic slectronic reguirement between oxidized states.

==
™
(9]



To evaluate the stereochemical nature of each complex organic
pesticide would have been.a monumental task. It was assumed, therefore,
that the kinetics of the postulated reactiohs would be dependent pri-
marily on the existence of certain functional'grgups. In those in-
stances where functional groups did not correspond directly to those of
the CARB's reactivity classification, strﬁctura] similarity was relied
upon (e.g., double bonded oxygen was considered similar to ketonic |
oxygen or acidic oxygen).

Each molecular compound was then assigned a reactivity accofding to
its functional group with the highest reactivity according to the CARB's
classification. Since reactivities are generally limiting functions,
the fastest route is usually taken in a reaction. For those compounds
for Which 2 molecular structure could not be identified, a Class II
reactivity was arbitrarily assigned. Those compounds are identified in
Appendix K by a (7).

Nohsynthetic hydrocarbon pesticides are mﬁxtures of compounds of
more than one reactivity class. It is presumed here that nonsynthetic
hydrocarbons are composed of class 2 paraffins (including cycloparaffins)
and é}ass 3 aromatic hydrocarbons. The su1f0natab]e.residue of oils is
taken as the aromatic content where other measures of aromatic content
are not avai}éb]e. |

The estimated aromatic content of petroleum chemicals and distri-
bution in reactivity Classes 1I and III is shown in Tabie 7-1. |

The types of insecticides and herbicides in each petroleum: chemicai
and their uses were determined from the PUR, and the usual or average

aromatic content of thess was obtained from a number of literature
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TABLE 7-1

Estimated Aromatic Content and Reactivity Class
of Nonsynthetic Hydrocarbons
Used in Pesticides

Percent Insecticide and Chemical Content and
Hydrocarbon Pesticide Herbicide Products, and Reactivity Class, Reference

Percent Aromatic, in {) Average Percent

Aromatic Parafiin
L Insecticide Herbicide i (Class IIT) (Class 11) ¢+

Aromatic Petroisum ,
Solvent : 0 100 (85) 85 15 6
Mineral 011 77 (8) 23 (70) i 15 85
Petroleum Distiliates 100 (15) 0 : 15 85
Petroteum Hydrocarbons 19 (8) 81 (85) 70 30
Petroleum 071 )
Unclassified - 88 (8} 12 (70) 15 85 4,6, 7
Petroleum Distillate, ' '
Aromatic a , 85 15
Xylene a 100 0 6, 9
Xylene Range
Aromatic Sclvents a . 80 20 6
Diesel 011 a 20 ' 80 10
Kerosene a i 40 60 11

%The aromatic content of these compounds is
the same for insecticides and herbicides.




sources. Both insecticides and herbicides are found under some of the
petroleum chemical headings. When this was the case,.an average value
for percent aromatic was calculated frdm the proportionate number of

products registered as insecticide or herbicide under each chemical and

the percent aromatic found in the Titerature for each. .

7.3 Emission Inventory

7.3.1 Inventory of Emissions from Organic Pesticide Applications

The methodology described earlier was applied to the pesticide
application data in order to develop an inventory of emissions resulting
"~ from the épp1ication of organic pesticides in Fresno County during 1976.
A summary of this inventory is shown in Table 7-2. The majority of
emissions (68 percent) were due to nonsynthetic pesticides. In addi-
tioﬁ, the tabie iilustrates the totaj amounts of reactivity Class I,
Class II, and Class III emissions from synthetic organic and nonsyn-
thetic pesticide applications. Only a smalil quantity {11 percent) of
synthetic organic emissions are of low reactivity (Class I). In addi-
tion, a]f of the nonsynthetics were determined to.be-reactive (Class 11
or 11I1}. Conseguently, it is apparent that nearly all the emissions
associated with organic pesticide use are reactive organic gases;

Tables 7-3 through 7-5 expand on the emission inventory summary and
describe thé emissions resuiting‘from the application of each type of
organic synthetic and nonsynthetic pesticide (acreage and nonacreage
applications) according to its reactivity classification and month.

From these tables it is evident that nonacreage pesticide appiications
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TABLE 7-2

Summary of 1976 Emissions Calculated from Synthetic and Nonsynthetic Pesticide App11cat1ons

in Fresno County Based on Reactivity Classifications

¥ T0G

Total Organic Gas.

(Reactivity Classes I + Il + III)

- N Emissions {1bs.} L o
2 s -] . "_ & (v

Pesticide L Reactivity Class o ROG 06 7
Types R IT T Weight % Heidgh %
Synthetic Organics 500562 623767 3364884 3988651 79 4489213 .32
Nonsynthetic - 4854340 4766078 9620418 71 9620418 68
TOTAL: 500562 5478107 8130962 13609069 100 14109631 100
* ROG = Reactive Organic Gas. (Reacfivity Classes I1 + III)



TABLE 7-3

Summary of Monthly Emission Distribution for A1l Pesticide Types with Reactivity Class I

Applied in Fresno County in 1976
Pesticide Emissions (1bs.) . Annual
Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
SYNTHETIC |
ORGANIC
Insecticides: ‘ - :
Acreage 3 6 6 330 5617 26363 44198 19442 2807 244 60 3 99079
Nonacreage 133 31 13 43 425 857 - 1497
_ Herbicides: _ ,
.8 Acreage 4822 2705 10083 5972 4033 1594 574 850 742 4344 5739 . 4414 45872
Nonacreage 637 697 76 193 24 156 12 547 167 475 1973 459 5416
Fungicides:
Acreage 63 98 97 113 159 2635 2021 4435 2924 467 133 13145
Nonacreage 777 1017 1020 672 1662 621 621 1391 389 1041 9211
- Nematocides: |
Acreage 14047 ' 6840 26861 4275 97961 377 71843 1907 - 10103 251384
Nonacreage 7229 10714 4909 4457 4585 3518 4266 2709 5604 9970 12713 az7 74801
Inert Organic
Ingredients: ,
Acreage 1 1 11 6 10 18 29 25 20 21 4 3 149
Nonacreage 1 1 T 2 1 1 1 : 8
TOTAL: 27712 14252 23040 38965 19376 133908 52100 100473 13656 35031 32191 9858 500562
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_ TABLE 7-4
Summary of Monthly Emission Distribution of A1l Pesticide Types with Reactivity Class II
Applied in Fresno County in 1976
Pesticide , Emissions (1bs.) Annug
Type Jan Feb Mar - Apr May Jun Jul Aug Sep Oct Nov Dec Tote
SYNTHETIC
ORGANIC
Insecticides:
Acreage 189 11046 10386 762 116 528 230¢
Nonacreage 11 28 40 11 11 425 26 28 108 364 11¢
Herbicides: . _
Acreage 23639 5962 55034 11813 10947 775 591 51331 66460 191 3044 8901 - 1978
Nonacreage 518 1205 175 307 263 579 786 859 587 H49 2rTk 128 841
Fungicides: '
i Acreage 26 238 1291 2226 26842 39901 43784 1329 318 1159!
& Nonacreage 2110 1557 949 317 845 2428 - 82
Nematocides: :
Acreage 301 6189 5968 4277 100 G632 12940 77162 33736 1413
Adjuvants: :
Acreage 58 1 84 187 618 365 214 4147 360 60:
Inert Organic
Ingredients:
Acreage 1025 1243 8587 4285 7321 13255 22374 17669 15155 18649 3083 - 2126 1147
Nonacreage 145 88 532 290 506 796 1314 1102 884 992 206 133 69
NONSYNTHETIC
Minor Active
Ingredient: o
Acreage 76994 106058 25110 3753 18802 14918 23996 23610 17792 17040 1949 58826 3888
Nonacreage 3106 3766 6432 6619 30322 3376 3335 73076 9101 7375 4328 4584 1554
Pure 011: v '
Acreage 365704 1086745 44376 11471 327026 33456 27940 401731 61970 22250 16645 972408 33717
Nonacreage 102863 297682 12467 1558 93045 9352 7792 114812 17306 6233 73253 -202071 9384
TOTAL : 576262 1503076 111177 506874 113933 129520 728880 192311 100376 54781

47574

184931 1283277
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TABLE 7-5

Summary of Monthly Emission Distribution of All Pesticide Types with Reactivity Class III
Applied in Fresno County in 1976

Pesticide , Emiss{oﬁé'(lbs;f Annual
. Type Jan Feb Mar Apr May. Jun Jul Aug Sep  Oct Nov Dec _ Total
SYNTHETIC
ORGANIC
Insecticides:
Acreage 14667 25384 110641 94082 116086 245348 511976 394044 83782 47148 9750 8892 1661800
Nonacreage 5126 5287 5287 9175 5056 6559 6789 7607 . 3178 19739 4165 3807 83208
Herbicides: '
Acreage 3886 31426 53167 3682 25021 31661 9379 5534 6994 11704 6658 2721 191833
Nonacreage 842 1325 484 1310 54 aee 95 124 407 3642 3967 340 12590
Fungicides:
Acreage - 16649 2051 825 364 7694 6177 23288 28936 4686  ~=- - 90670
Nonacreage 15 11 482 176 141 160 11 96 111 53 130 - 1386
Nematocides: : '
Acreage 533 15951 485 cem e 3101 — . 90062 6760 22129 68430 207451
Defoliants: .
Acreage 270 - - o mee - - ~--= 203194 251845 2982 —-- 459291
Inert Organic
Ingredients: , v _
Acreage 5540 10721 42927 21164 38655 59365 102826 92424 77028 135919 17951 14350 618870
Nonacreage 817 443 2585 1922 4749 3525 5547 7187 3958 5226 1202 624 37785
- NONSYNTHETIC
Minor Active
Ingredient: _ '
Acreage 14372 21817 22065 20451 36084 43524 95200 90487 34503 27094 2594 136998 545189
Nonacreage 1004 1308 1744 1841 53452 1594 1214 14025 11093 2429 1945 1490 93139
Pure 0il: ' _
~ Acreage 64537 191778 7831 2025 493091 5904 4930 814499 75992 3926 2937 1565118 3232568
Nonacreage 18153 52532 2200 275 137985 1650 1375 233555 21199 1100 389435 35660 895119
TOTAL: 129762 253382 156928 910738 4100Q§ 745519 1682870 640437 522271 465845 1838430 8130899

)
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account for only a small “r2ziizn (less than 20 percent) of total

emissions, and the zma' <. z::770 of Class I reactivity pasticide
emissions which do axist =z mestly derived Trom nematocide applica-
tions.

I Y b

Figure 7-1, derived Trum these tab

-

m

23, 11

ustrates the pattern of

[}

total emissions throughout the sourse of 1976, There were four definite

H
~%

emission beaks during the year: February, May, August, and December,
This pattern and its significance will be discussed later.

it is important to emphasize the significance of nonsynthetic
pesticide emissions because of their righ reactivity and their great
volume. Since the application of nonsynthetics as a class is rather
loosely regulated, the guantities applied are difficult to monitor.
Nevertheless, the use of this class of pesticides comstitutes a much greater
photochemical oxidant precursor source than does the use of synthetics.
Table 7-6 indicates the relative proportion of TOG emissions from non-

synthetic pesticide applications

£
[71]

compared to TOG emissions from all
pesticide applications. Nonsynthetic pesticide emissions comprise the
bulk (more than 70 percent) of all pesticide emissions during the months
~of January, Februaryg Mav, fugust, Novamber, and December, The four

peak months of the year Ffor TOG emissions from all pesticide appli-

[y

cations coincide with heavy nonsynthetic pesticide use months (Table 7-6
and Figure 7-1). 1In other werds, nonsynthetic pesticide use is pri-
marily responsible for ths amiszion peaks.

| Figure 4-1 depicted the freguency of violations of the oxidant
standards in the City of Fresno during 19876, Oxidant viclaticons were

recorded in March and May; a dramatic increase in violations occurred
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Figure 7-1. Emissions of Total Organic Gas (TOG) Resuiting from Pesticide
Use in Fresno C@unty in 1976. T0G emissions are nearly equal to
reactive organic gas {ROG) emissions; the difference is too small
to depict on this graph.



Total Organic Gaz 70 Emissicms Trom Nonsynthetic Pesticide
Applications Shuwn
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~cantage of TOG Emissions from
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resne County Tor Each Month of 1576,

Month Percentage

Tanuary wo.1
February | 93.1
March 33.5
April 53 5

May 83.9

June 21,7
July 18.¢

August 73.2

Seﬁtemher | 25.¢
October o 14.0
November 75.8
December 95,4
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in July, and a high frequency of violations continued through November.
October was the worst month of the year for oxidant yio]ations. Figure 4-2
showed the hourly average hydrocarbon {T0G) concentrations. The concen-
trations were relatively low during the spring and early summer but rose
sharply in Augusf and continued at a high level through Qecember. of
the TOG emission peaks indicated in Figure 7-1, the peak in August
corresponds.best to both the high ambient levels of TOG in Fresno and a
high frequency of oxidant standard violations. ConsequentTy,'it would
appear that pesticide applications, particularly those of nonsynthetﬁc
pesticfdes, during the latter part of the summer contribute to

oxidant problems in the Fresno area. This does not say that these
pesticide emfssions are a prime cause of the oxidant standard violations
in Fresno, but they undoubtadiy contribute to the problem on a county-
wide basis.

A word of caution with regard to the interpretation of Figures 4-i
and 4-2 is necessary. These figures are based on air quality data
collected at the Olive Street monitoring station in Freéno. These data
are influenced by the Fresno urban area:; emissions associated with urban
development tend to decrease meximum oxidant levels d@e to oxidant-
scavenging nitric oxide émissions and to fncreaéed hydrocarbon levels.
The OTive Street station, however, was the only monitoring station in
Fresho County for wnich coﬁp]ete oxidant and hydrocarbon data were

available for 1976.
7.3.2 Pesticide Emissions for August 24 and August 31, 1976

The estimated emissions on August 24 and August 31, 1976, in Fresno

County are shown on Table 7-7.
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TABLE 7-7

Estimated Emissions of Synthetic and Nonsynthetic

Pesticides Used on August 24 and August 31,

1876, in Frasno County.

o Emissions (1Dbs)
Aeactivity Class
Pesticides R TIT ROG T0G
(Chemicals) Rug 247Rug = Fuc ZiTRug 311Aug 24|Aug 31§ weight| (7] | weight [ (%)
SYNTHETIC |
ORGANICS |
Insecticides
Bidrin-R 175 175 175
Carbofuran 19 19 19
- Carbaryl® 521 353 884 884
Diazinon 269 136 405 405
Dimethoate” 31 31 31
Di-Systan=R 120 128 120
Ethion® 5 14 14
Fundal-R . 1477] 513 1990 1990
Kelthane-R® 13 13
Malathion® 28 28 28
Methomyl 833 405 1238 1238
Methyl Para-
thion© yo12s “43 168 168
Moni tor-R 732 198 330 930
Naled 1097 293] 1390 1390
Parathion 401 31 716 716
Phorate : 65 16 225 225
Phosdrin-R® ; 7 14 14
Toxaphene 106 258 374 374
Subtotal 13 5806 2915, 8721) 24.6 8734 | »a.c
Fungicides :
Botran-R® g g ; 14
Caotan £33 ag 661 661
Chlorothal- |
onil , 1592 ! 1592 1592
Subtatal 9 51 1592 513 a8l 2253] 6.3 22671 5.z

CCompounds with carryover (Carrvover not calculated).
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TABLE 7-7 (continued)

Emissions (1bs)

Reactivity Class
Pesticides 11 ‘ 111 ROG T0G
(Chemicals) Aug 241 Aug 311Aug 24{Aug 3T{Aug 24JAug 3T [ weight| (%) weight | (%)
Herbicides
Balan-R 41 : 41
DNBP 1845 3404 5249 5249
Kerb-R® 5 5 5
Endothal® 3 8 11 11
Subtotal 41 18451 3404 8 8 52651 14.8 5306) 14.6
Nematocides ] : ‘
Chloropicrin 255 255
Methyl Bro- -
mide 518 519
Subtotal 774 7441 2.1
Total for Synthes
tic Organics 324 18 - 3437 340% 6427 2971 16239 45.8 17081 47.0 ’
NONSYNTHETIC
PETROLEUM
PROBUCTS
Arematic ;
Petroleum
Solvent ; 249 78 1414 442 2183 2183
Petroleum o
Distillate 84 14 98 98
Petroleum
Hydracarbons 50 32 137 75 294 294
Petraleum 011, ‘ |
Unclassified 12955 2286 15241 15241
Xylene ‘ 11341 194 1328 1328
Xylene Range
Aromatic _ -
Solvents 12 9 45 40 106 106
Total for Non- . .
synthetics 13266 205 5016 766 18253 54.2 19253 53,0
Grand Total 824 18] 167038 3607] 11443} 3736 35489 100 36331 | 100

C = Compounds with carryover.
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7.4 Conslusions and Recommendations

In summary, the emissiuvrz associated with pesticide applications in

Fresno County are indzae: =7¢ +¥izznt from an 2ir quality perspective, In the
California Air Resource: : = 973 Emissions Inventnryslz the most receﬁt
official Emission Invenico =wul”'shed hy the CARB, the ROG and TO&G emissions
associated with pesticice vsw 1. Fresno County were each estimated to be 4.9

tons per day. This 19756 iaventory now indicates that ROG and TOG emissions
averaged 18.6 and 19.3 tons par day respectively, which i3 an increase by a
factor of nearly 4. Exclusive of emissions attributed to pesticides, the
1973 inventcry.iisted RCG and TOZ emissions Trom staltionary ssurces in Fresno
County as 38.4 and 87.% tons per day respectively, whiie RDG and TOG emissions
from both mobile and stationary sources were 91,3 and 126.1 tons per day
respectively., If the 1976 pesticide inventory data were included in the CARB
inventory of stationary sources for 1973, the pesticide smissions alone would
account for 33 percent @? the ROG emissions and 22 percent of the TOG emis-
sions from all statianarﬁ sgurces 1n Fresno County., The 1976 pesticide in-
ventory data would aiso account for 17 percent of the ROG emissions and 13
percent of the TOG emissicns from all sources in Fresno County.

This repart shows that pasticide use makes 2 significant contribu-
tion to hydrocarbon emissions in that county. As indicated in Section 7.3.1
and in earlier chapiers, the Uiming of pesticida spplications during the
course of the day and, mqre Tmportantly, the peak in Tate summer ROG emis-
sions from pesticide appiications when ambient oxidant problems are most

acute make pesticids uss z signi

o
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iy quality issue. Emission control

effarts should be direscizd | . reducing the use of organic pesticides
responsible for producing ROG emissions during the summer and fall months

with special emphasis on nonsynthetics,
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