8.0 ALTERNATIVES TO PESTICIDE USE AND APPLICATION

8.1 Introduction

The amount of pest¥:’ies zoplied in California is large, and pesticide
users would deem &1l -~ % - z2 necesszry. A considerable portion of the.
’pesticides apptied finds ‘23 way inte the atmosphere and contributes to the
air pellution problem. I7 there is o be any recuction in air pollution
caused by pesticides, it must aimost certainly invelve shifting to alterna-
tive ways of pest conirel and, to some degree, through using better appli-
cation methods to ensure that a higher percentage of the pesticide app]ied

reaches the target organism. These alternative methods are discussed here.

8.2 Alternatives to Pesticide Use

8.2.1 Biological Control

Many natural enamies of destructive pests are aiready being used for
pest control, primariiy in agriculturs,” and methods are being developed
for using a variety of different organisms for various kinds of pests.
The organisms imported for ithe destruction of pesis thus Tar have been

mostly arthropods {insscis and related groups), but other organisms have
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weeds,” fish to conirel mosousiss  and piants,” kacteria and viruses to
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control insects,  and varicus microgrganisms to contrel plant pathogens.

The nature of biolcgica

control. The term "biological coentrol" has
been defined as "the actinn o7 parasites, pradaicrs, or pathogens in main-

taining another organisms noruiation density at a lower average than would
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occur in their abéence.”8 Biological control is part of the "natural control" -~

through which biotic and abiotic factors operate to prevent a population of
organisms from increasing to infinity when the number of offspring produced
is greater than the parent stock.

We are not usUé]Wy aware of the effective operation of biological
control, but it becomes apparent in some instances when the balance of the
control is disrupted. This kind of disruption has been observed where pes-
ticide applications have decimated the predators of an insect pest and
allowed the pest population to increase dramatica'!]y.9

In a natﬁra? biological community, the populations of individual
species tend fo fluctuate above and below the average density for each
species. Some species'wiﬂﬁ remain rare in a given area while others will
be abundant. Each population may be said to vary within certain limits
about a typical mean density or equilibrium position.lo A similar dy-
namically changing population equilibrium is considered to exist among
various organisms in an agricultural crop area;lg’ 1

The equilibrium pbsition of a population can be shifted upward or
downward by changes in the favorability of the environment. 'More‘favofable
conditions consist of readily available food, optimal temperature and
moisture, etc. Competﬁtion for food, predation, parasitism, etc. are un-
favdrab]e and can lead to a lowered equilibrium position.l

A small number of the pest organisms can be tolerated in essentially
every crop and in most other places where pests occur. Often, the Tevel
considered tolerable in a crop is the number.of pests which would cause
damage equal to the cost bf control]ing‘or suppressing the pest population.

This level of pest infestation is called the "economic thresho]d.“lO It
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should be recognized that pests cannot be permanently eradicated by any

method except in small iscizted areas. The goal of biological control is

not to eliminate pests =nu =2t but te keep thelr populations well below
the economic threshsld ™=zr=z7zre, in areas where adequate biclogical

control is operating, =z trzzance of a possible nest organism is not

- . o P

considered to be a procizm rzguiring a coatrol action.

Application of bicizgical control. Since biclogical pest control

functions by the acticns of ¢ther living organisms, man's activities in
applying biological control have been ]imiﬁed to three areas: (1) impor-
tation of natural enemiss of pests, {2) augmentation of the action of the
natural enemies through mndification of the environment, and {3) mass-
production and releass of species capable of destroying members of pest
popu]at'ions,.12 The first of these approaches is preferred since, if it i
carried out successfully, the pest may be permanently controlied by the
natural enemy with no further action required. The other two approaches
require continued actison and may be more expensive in the long run. Each
of these approaches avoid many of the disadvantages of chemical control
methods. There is no chemical contamination of the environment, and de-
ve]opment‘of host resistance is highly unﬁike]yuiz Damage to nontarget

organisms and disruptions of %he envircmmental balance are rare from in-
20,
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sects, bacteria, and viruses, the most commonly used natural anemies.

Importation of natural enemies. The term “natural enemies" is used

refer to any insect or other organism which s parasitic or predatory on

. . 3 ... s .
estT organism. Although exotic natural enemies
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are often imported to contro! specific pests which are their natural hosts,

they may be useful in the control of other, related pests as well.



A large part‘of the problem with pests has resulted from the accidental
entry of the pest intp an.area without the parasites or predators which
keep them undér‘contro1 in their native habitats. 'It_has been estimated
that 60 percent of the major arthropod pest species in the U. S. and more
than 60 percent of the plant species recognized as weeds in California are

from other countr’ies.14

The best place to look for organisms capable of
destroying ﬁhese immigrant pests is the pests' native lands where their
natural enemies exist. A considerable part of the biological control effort
is spent in seeking out and testing such organﬁsms.

It should not be thought, however, that the only species which will
attack a pest are those which originated in the same area. The introduced
oriental fruit moth Grapholithc molesta (Busek), for example, is reported

to be attacked by as many as 56 species of parasites in the United States15

and 25 in France and Itaﬂy.l6

A successful program for importing a pest's natural enemies requires
well trained personnel and an adequate organization to ensure that an appro-
priate search is made for the right organisms. Necessary safequards must
be taken to prevent the accidental intfoduction of other harmful organisms.

Although natural enemies of pests are sought in foreign lands, usually
where the pests originated if it is known, predatory insects do not always
show great host specificity. Bartlett and Van den Bosch13 recorded some

instances in which pests were controlled by insects from other areas. In

one case, the grubs of a beetle from Korea and Japan, Anomala orientalis,

attacked sugar cane in Hawaii but were controlled by a wasp, Campsomeris

marginelia modesto (Sm.), which is native to the Philippines.

It has been recommended that multiple importations of various kinds of

144

o~



natural enemies should be made in order to increase the chances of obtaining

the best natural enemy ©F = 2zst/host in a particular habitat or range of

. 12
habitats.
Natural enemies v ""2" "avz bzen found during foreign explorations must
be collected and somez’~z- ~zavad to provide sufficient numbers and shipped

to a quarantine laboratory 3 Ihe destinalion country. The collector or
the quarantine laboratory must study and select natural esnemies based on
their host preference, other characteristics of behavior, and their 1ife

13

cycle. Such biological control agents must be thoroughly examined for

the presence of diseases ard secondary parasites which may attack alternate,
desirable hosts among native speciesol? |

Organisms which show some promise of controlling a pest must be cultured
for further testing, mass produced, distributed, and released into areas
where damage from the host cceurs. Sometimes the imported organism can be
colonized, without mass production or elaborate testing o determine its
ability to survive, by simply releasing a few individuals in the vicinity
of the host. Ordinarily, repesated releases are made at a number of sites
selected for environmental diversity. It has been suggested that adverse
climate has been respcnsible for more failures of colonization than any

. 18 . - s wa
other single factor. Eavironmental variations may alse Timit a natural

o
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enemy to only a part of the arza occupisd by i%s host.

»0nce a natural enemy of =z pest species is established in an area it
generally ﬁrovﬂdes some degres of permanent bioicgical control of the host;
this may be disrupted by éhaﬂﬂes in the scclogy, primarily those initiated
by the actions of man.

The effectiveness of biciogical contrel. The biolegical control of




pests through the importation of natural enemies has worked very well in

some jnstances and less well in others.12 |
In the first well known application of the method, the threatened

destruction of the California citrus industry by the insect, cottony-cushion

scale, Icerya purchasi (Mask.), was stopped by the vadalia beetle, Rodolia

cardinalis, brought from Australia in 1888. The_cottony—cushion scale has
not been a problem since that time except when the vadalia beetle population
has been reduced by 1nsecficide app]ication.lg

Van den Bosch and Messengerl 1istéd 95 species .of insect pests and 21
weed pests which have been completely or substantially controlled in dif-
ferent parts of the world by imported insects. The 12 insect pests con-
trolled in California are Tisted in Table 8-1. Two species of weeds have
been substantially or completely controlled in California by imported
natural enemies. |

On the basis of past experience in importation programs throughout the
world, the probability of obtaining substantial.or complete control of an
insect pest would be 40 percent for any‘natura1 enemy imported.12 This
success rate is remarkably high, but it does represent successes among
those natural enemies which were selected for import from foreign countries;
it does not indicate the degree of success obtained in searching for can-
didates for importation. In fact, the primary factor responsible for
1imiting the increase in effectiveness of biological control is reported
to be the failure to direct more effort 1nto natural enemy importation pro-
grams.lz’ 20, 21 ’

Augmentation of biclogical control. Natural enemies of pests, whether

indigenous or imported, frequently do not keep the host population below
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TABLE 8-1

Insect and Weed Pests Which are Completely or Substantially

I. Insects

controlled in Caiiftornia by Imported Natural Enemies.

Pest Species Crop Degree of
Common Name SCisneit o Kame Affectad Control
Pea aphid Acyrthosiphon Pisum {(Harris) Alfalfa S
Spotted alfala aphid Therigaphis trifolii Alfailfa S
Monell)
Alfalfa weevil Hypera postica (Gyll.; Aifaifa S-C
Red scale Ronidiells aurantii {Mask.) Citrus S
Yellow scale Aonidisila citina (Cog.) Citrus S
Cottony-cushion scale Icerya purchasi (Mask.} Citrus C
Citrophilus mealy bug Pseudococcus gahani (Green)  Citrus - C
Black scale Saisselia cleze (Bern.) Citrus S
Western grape leaf Harrisinia brijlians Grape S
skeletonizer B & McD)
Olive scale Parlatoria cleae {Colree) 01ive, disciduous S-C
fruits
Walnut aphid Chromephis Juglandiccla Walnut S-C
(Katt.)
Nigra scale Saisssiia nigro (Nistn.) Ornamentalis S
II. Weeds
Weed Species ype of Degree of
common Name SCTentitic rama Enemy Control
Klamath weed Hyparicum zerforatum (Linn.) Leaf-feeding beetles & C
: roat borer :
— L i
/ Tansy ragwort Senecic jacobacsae L. Leaf-feeding S
- ‘ Tepidopterau
aS= Substantial 147
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the econdmic threshold. There are many bossib]e reasons for this failure.
Sometimes the attacking organism may become very rare at some time of the
year if it is primarily dependent on a single host species for food. This
occurs especially with enemies of pests in annual field crops. After the
growing season, suitable stages of the host may not be available until tﬁe
next year. When the pest population increases again with the next crop,
the few natural enemies left are unable to reproduce fast enough to cope
with the pest. When predators and parasites are not able to keep a pest
under contrel in this way, it is sometimes pos$1b1e to increase their
effectiveness by: (1) providing alternate areas for host breeding, (2)
providing areas for feeding on alternate hosts, (3) providing supplementary
food sourcesszzland {(4) ﬁaking periodic releases of the natural enemy. H

Before augmentation of natural enemies is attempted, the efficacy of
anv method should be establishad by experiments'and studies of the 1ife
cycles and feeding habits of tne pest and their enemies.23

Alternate feeding areas for the host or its natural enemy will often
consist of weedy fence rows and roadsides which have not been cleared of
weeds ar other vegetation. For example, there has been much greater control

of grape leafhopper by thé parasitic wasp, Anagrus epos, in those areas of

the central valley of California where blackberry bushes have been allowed

to proﬁferate,z4

The blackberry patches support an alternate host for the
wasps during the winter months.

| Mass rearing and inundative releases of insects for_the practicé1
control of pests is carried out to some extent in the United States; it is

reported to be common in the Scviet Union and some other countries.25
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A number of different insect species have been used in experimental

mass releases with varying

tical releases consist o7
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Microcrganisms provide an additional

means of biological contio
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used in conjunction with »

in the northeastern Unitezd
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The pathogen most widaly used in biclogical contrsl is Bacillus
thuringiensis var. thuringiensis. This hacterium is sold under the trade
names Biotrol, Dipel, Microtrsi, and Thuricide. The preparations can be

applied as dusts or spra

<

using the same equipment used for applying

o
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chemical insecticides; they can even be mixed with other pesticides.3l’ 32

Bacillus thuringiensis is moderately speciffc; it does not harm beneficial

insects and is not toxic to other animals. Sprays must be applied at the
proper time and under favorable weather conditions since the preparations

must be ingested by insects.31 Some examples of pest control programs in

California that use Bacillus thuringiensis and other pathogens are listed
in Table 8-2.

Viruses. The use of viruses to control pests has been under study for
some time.45 One of the most important developments has been the viral

insecticides used with some success on the cotton bollworm, Heliothis zea.33

Nuclear polyhedrosis virus (NPV), used to control Heliothis, is sold by

Sandoz under the namé'Eicar.46

47, 48 and

Aithough other viruses have been tested for insect control
the U. S. Forest Service has registered viruses with the Environmental
Protection Agency (EPA) for use on gypsy moth and Douglas fir tussock moth,

‘ 46

they are not commercially available. One reason for this lack of avail-

ability is the pesticide industry's reluctance to become involved. According

33 {1) There are high costs, and a long time-period is required

to Faicon:
for development and for obtaining EPA registration, {2) After development,
the virus cannot be patented, {3) The potential use cannot compete well
with chemical pesticides, and {4) The production of viruses is difficult
because 1ive insects must be used. Viruses also have a short 1ife when
exposed to the ultraviolet radiation of sunlight on foliage. Additives,
such as activated carbon, have been Used to extend the life of viruses

under such conditﬁons.48

Although viruses and other microbial pesticides are not used much at
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Examplies o7
Californis thet

TABLE 8-2

~zzoi-Pest Control Programs in

utilize Insect Pathegens and
33

Empicy _~tzgroted Control Principles.
3 nsect Pathogensd
Crop Status Matural ‘Rpplied Host Reference
Alfalfa opP F aphid 34
MPY NPY, B.t. aterpiilar

NPY armyworm
Appie Exp F GV codling moth 35
oP F codiing moth 36
Cole op NPY NPV, B.t cabbage lcoper 37
Cotton oP NPY NPV, B.t, cabbage logper 38
NPY NPY beet armyworm 39

NPY boliworm
Forest Exp NPY NPV Douglas fir tussock 40

moth

Grapes OP B.t, teafolider 41
| skeletonizer 42
Mosquito Marsh Exp F Fo Aedes sierreusis _ 43
Ornamental trees op B.t. red-humped caterpillar 42
| pakworm, budmoth 44

agp =

Operat1ona1 programs;
bg. ¢,

= Bacillus thuringiensis, F =
NPV = nuclear polyhedrosis

Exn

werimenial nrograms

EﬂLomoge 1CUS mung15 GV = granu]os1s virus;
viruss MY = poninclusicn virus
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present, the search for more effective microbial agents by the USDA, other
government agencies, and various universities is continuing.

The advantages claimed for the use of microbials over the use of chem-
ical pesticides are:

1. They are not toxic to humans and other organisms;

2. They do not harm beneficial insect enemies;

3. They are not tong Tasting and do not leave harmful residues in the

environment (hydrocarbon.so1vents are not needed); and
4. They do not readily lead to the development of resistance in target

organisms.
8.2.2 Genetical Methods of Pest Control

There are two forms of genetic pest control. 1In one, the genetics of
the pest are altered in some way to make them less able to reproduce; in
the second, host reéistance to attacks by the pest is developed by cross-
breeding. The latter method is also referred to as varietal contro].32
Because of their complexity, both of these methods are largely out of the

hands of individual growers and their development must depend on govern-

mental and other research organizations.

Sterile reiease programs. The eradication of the SCrewworm fromAthe
southern United States is the outstanding example of the successful use of
the sterile insect release method (SIRM).49 The screwworm was eradicated
from Florida in 1959 and from other parts of the U. S. by 1965.50 Since
that time, there have been no similar successes of SIRM anywhere in the
world, although there haVe'been efforts to apply the method against other

51, 52

insects. Sterile male releases have been made on a continuing basis
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to exclude the entry of the Mexican fruit fly into southern California.53

In the SIRM, insects must be laboratory reared in large numbers and
the males are sterilized before they are released to mate with females of
the wild population. Successful eradication of an insect using the SIRM
requires that: (1) the females must mate only once; (2) the males must not
be reduced in competitiveness by the rearing or the sterilization procedures;
and (3) the releases must be made in a geographically confined area.50 Since
these characteristics may not apply to more than a small number bf insect
species in the Uﬁited States, the SIRM will probably be more useful in
suppressing rather than eradicating insect populations; perhaps with the
incorporation of delayed steri11ty or hybrid sterility into the program's
objectives.52 | | |

"De]ayed sterility," "hybrid steri]iﬁy,“ and "genetic load" refer to
characteristics which theofetica11y can be bred into a line of insects,
which, when released to breed with wild insects, could pass these deleterious
genes oh. This might then lead to a suppression of the species popu]ation.49
These methods have not passed beyond the experimental stage, and_their
feasibility has not been proven,

Although the SIRMs are ingenious and héve received wide bub]icity for
some of the successes attained, it does not appear that the application of

these methods will be significant except in a few special cases.

Varietal resistance. Some plant and animal varieties, which are less

susceptible to damage from insects and pathogens than other varieties, have
been called resistant. The use of resistant varieties to control insects
and pathogens has been in progress for many years and is expanding.54"55

Using resistant varieties has been called "the ideal method" since no ad-
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ditiona! work. or expense is involved once the‘variety is in the hands of
the grower.56 | -

If resistance is complete, there is no cosf for applying pest controls
such as ehemica] or microbial sprays, and there are no edvehse effects oh
the environment from poisons or spray residues:

In 1968, it was reported that'about 75 percent of the aéreage in agri-
cuTturaT production in the United States used varieties developed by plant
breeders for some form of disease or insect resistance, and fn some crops
such as alfalfa, fhe percentage reached 95 to 9_8.57 |

Plants have been classified as having three basic mechahisms of re-
sistance depending on the reaction of the‘pest;s (1) They may be nthreferred
for food, ovipqsitﬁon, etc;;,(Z) Resistant p]an%s may have an adverse -
| effect on the pest resulting from_their»chemica} compositioh or:the'mohphology _
ef the p]ant; and (3) The plant may,to1erate alhigh degree of 1nfestatjeh
by the pes% 58 Resistant varieties of plants énd'othef orgahisms.are: “t
deve]oped by exposing & large number of varieties from different sources
to the pest and selecting those which show some resistance and then cros51ng
these with other varieties. 55 |

In order to expose many d1rferent p]ants to an insect pest for examp]e,
it s heces5ary that a large supply of 1nsects be ava11ab1e Frequent]y,
thls means that the insects must be reared 1n 1arge quantities or collected
in the F1e1d for testwng against the plant in the f1e1d 1aboratory, or

g‘”eehhouse's4 An assay system must be estab11shed for un1form exposure of

the plant ma1er1a1 to. 1nsect attack, ahd the p]ants must be graded for the

degree of. resustance shown

Varaetxes developed for res1stance must aiso have other desirable
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~a $300 return for each do

characteristics such as a high yield and/or resistance to pests other»than
the one selected. Resistant varieties are often found among wild or exotic
species which do not hzve many cther desirabie features. In such cases, it
is necessary to cross tham with other Vines repeatedly and make selections
in such a way,tﬁat the resisiance genes are transferred into an organism
with an overall balance of suitable qua?itiés. If field tests are not made

fairly early in the seieciion process, it is possible teo end with a variety

which lacks resistance to other pests or does not have suitable economic
e 55, B9 '
characteristics.™™’

' - - . . 5
A large number of plant varieties resistant to insects 5 and plant

=]

pathogens6O have been devsloped and released. Many of the resistant vari-

eties have greatly reduced the loss to pests. Luginbili6l

(1969) reported
that the estimated annual savings in the United States from reduction in
loss due to use‘of varieties resistant to the Hessian fiv., to wheat stem
sawfly, fo European corn borer, and to spotted alfalfa aphid was $308
m111ion; Over a ten-year period, this was calculated to have resulted'in

s -
L“

lar invested in research.

Other varieties which provide only a limited resistance to a given

pest have been developed. Although such limited resistance is useful in

“itself, it also makes it ezsizsr o conirel the pest by other methods such

as biological control or use of selective herbicidesnﬁza 63

There are some problems involved in the use of host resistance for
pest control. One is the failure of permanent control. Pests, especially
organisms such as those causing fungus diseases, are sometimes able to

overcome the resistance of the host by selection of new biotypes which may
, 6

(o))
S

(5]

arise through mutations. Monogenic resistance is thought to be
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particularly undependable. Nevertheless, the use of resistant varieties
is the main 1ine of defense against some of the plant diseases and new
varijeties must be developed as others become ineffective. Also there are
some varieties which have continued to be resistant over a long time. .One
of these is an applie tree reported to be resistant to wooly apple aphid in
1831 and which stiil has this resistance.
Another problem in using host resistance as a control measure is the
time required to develop resistant varieties. This time varies from 3 to

59

15 years and the cost can be high. It is sometimes difficult to find

adequate financial and organizational support for such long-term projects

though more is becoming available as the need is more widely recognized.55

8.2.3 Cultural Control

Cultural control of pests refers to the use of variations‘from regular
procedures of culture which can be put into practice to reduce pest damage.
Cultural techniques are probably the oidest and most widely used form of
pest controi, especially 1n-re1ation to weed suppression.

Cultural control techniques should be supported by or based on thé
results of research developed from an understanding of the 1life cycles and
habits of the pest organism.” This is true because the tactics used are
best designed to take advantage of “weak Tinks" in the pest's life cycle,
and the timing of an operation may be critical for its success. Also, the
success of an operation may not be easily prédictab]e or even evaluated
without careful study.

There are many cultural control techniques currently in use or of

potential value. Some are discussed below.
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Sanitation. Sanitztion involves the removal or destruction of crop

‘residues or othev mater 273 which may serve as breeding or overwintering

<

ne method can be ysed eoffectively against almost

!/1

environments for pest:

every kind of pest wh insects, microorganisms, nematodes or rodents.

For example, sanitatic~ s ysed to control- two cotton pests, the pink

bollworm and the bo’" wezvi', by destruction of the coiton stalks soon

ST . : T :
after harvest. Trz statis are snreddsd and piowed under to prevent

regrowth of the plants znd the produciicn of food Yor the pests. The

method is said to have Vittls affect on the natural enemies of other cotton

reas are possible
sources for harboring pests. Removal of weeds, stc. from these areas may
help to reduce infestatior from alternate hosts. Destruction of weeds in
waste areas should be undartaken with caution, however, since they may be
important areas for the maintenance of the natural enemies of pests.

The practice of rotating crops is well estabiished and is primarily

effective in controiiing pestis and dissasss which cannet survive for long

e

periods in the absence of the susceptibie host crop. It is effective
against nematodes, soi7 Tungi, and against some insscis and weeds. Con-

tinuous culture of ane cauyse a build-up of

disease organisms or o increasingly destructive.

An example of this is thsz hean root rot fungus, Fusarium, and other fungi

57
- : o . 2
which can be controlled by rotation with barley.™
Some nematode o nicaily controiled only through the

use of crop rotation. The sugar beet cyst nematode in the Imperial Va]]ey

of California is contro

1led by only allowing the growth of sugar beets in



uninfested fields fbf two vears in é row or four out df ten years and only
one out of four years in infested fie]ds.l4

Crop rotation programs for the control of corn rootworms in the mid-
western United States stipulated that corn should not be grown for two
successive years on the same land. Under this program, the rootworms were
considered a minor pest.  With introduction of organochlorine pesticides,
crop rotation was abandoned but resumed after rootworms 1ncreased.fq1]ow1ng
their development of resistance to the insecticide}l4

Tillage. Until herbicide chemicals were developed, tillage was the
only method of weed control other than hand pulling. There has been some
shift towards a reliance on herbicides in receht decades and some develop-
ment of the practice of minimum tillage. Under ordinary circumstances,
yietlds have not been found to'increase from the use of cu]tivation.14

Tillage can cause a reduction in the number of some insect pests
thfough mechanical injury and exposure. For example, damage from the wheat
stem sawfly was reduced up to 75 percent by cu]tivatioh.67 The effects of
microorganisms in the soil can be modified by tillage which allows the
around to dry out faster and to warm sooner than untilled 50113.7 The use
of tillage to control pests should be carefully evaluated sinée many
enemies of insect pests can also be destroyed by the practice.

Trap_crops and alternate hosts. Trap crop systems involve the use of

an early planting of a crop, such as cotton, in a small strip. The trap
cfop may be baited with a pheromone to draw boil weevils or other insects
from adjacent fields which are later to receive the main crop. The cotton
in the trap strip (which may be 5 percent of the field) is then sprayed

with an insecticide which has no harmful effect on the natural enemies in-
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habiting the other 95 percent of the fie1d.%®

Providing an alter-afs host plant may reduce leoss to pests. Lygus

aoth cotton and aifalfa, but they prefer al-

bugs in California wi™’

falfa where they do 179712 drmage. IF alfalfa is nlanted next to the cotton,

(2]
3,

2

)
W
[
0]

the Lyqus bugs move 2 ©ha 2t 7Fzif In order to keep the bugs there after

1)

the frequent cutting ¢F thes & 7zifa, the alfaifa ¥s cut in strips so that

only half of it is cut 2t any one time. The strip cutting of alfalfa also

vive than if the whole Tield is cut.

Time of planting. one of the most satisfactory methods of control is

~to vary the time of pianting to avoid the time of greatest pest density.
There should be no additional expense to the grower and should have no
adverse effects on the anvironment. |

Before the develuprent of the nawer organic pesticides, the planting
of early maturing cotion tc escape the lafe season attacks of boll weevils
constituted the primary control meth@da?

The planting of creops in irrigated areas to promote growth during

periods of no rain is 2 methcd widely used to avoid fungus diseases.
8.2.4 Physical Contrnl

Physical contrel involvzs the use of direct and indirect mechanical
or manual measures to control pests such as insects and weeds or to render

the pests' environment unsuitable for their survival. These control

o

radiation devices, use of

measures include: emzioving mechanical and
adhesive substances, constructing barriers, and manipulating temperatures.

Many of the physical methods of pest control formeriy used in the field

gt
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have been replaced by chemical control methods in more developed nations
though they are still being used in less developed areas.70 |
| Construction of barriers is among the most popular physical methods

used to control pests. Ditches and furrows can be used.to prevent the
migration of cinch bugs and army worms. Metal barriers are effective means
for detering subterranean termites. Screened windows and doors, and other
enclosures are effective barriers to mosquitoes, moths, and many other
bothersome insects.

High temperatures are sometimes used to déstroy pests usually found in
stored proddcts such aé grains.69 Inseéts are killed at About 6000 or by
a 3- to 4-hour exposure at 529¢ to 54°C. Steam is frequently used to
sterilize eqUipment and soil in greenhouses. Propane or oil flamers have
been useful, in some situations, for weed control and for destroying
weevils and their eggs in alfalfa stubble; this has'a]1owed some growers
to reduce the number of chemical sprays needed. Flaming has some obvious
disadvantages. it destroys.many of the natural enemies which help to
control pests, and hydrocarbons and other substances are released to the
atmosphére.72 |

Mechanical means of pest control include the removal of insects from
plants by hand, and, in a more recent innovation, removal with sprays of a
mild soap sojution in water.73 Cultivation to remove weeds and the formerly
widespread use of summer fallow of land with frequent tillage are measures
‘used for the mechanical disruption of weeds.

E1éctfomaghetic radiation of various wavelengths has béen proposed for
pest control. Lighté which attract or repel insects are the most commonly

used radiation devices. Black-light (ultraviolet) traps are employed in
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agriculture primarily Tor sampling insect populations; their use has also

e . 74
been suggestied to contrat the corn bover, the corn earworm,  and some

[R5

insect pests of tosaccc.” ™ A micvoweve device T8 reported to have been

;

developed and tested Tor tha control of weeds and other cests on vegetables
78
and other crops.
The use of adhesivs suostances is a successful means of controlling

e use of fly paper is a weil-known example of

- hy

‘pests in some instances.
this method although it has been largely repnlaced by chemical emitters.

Sticky or greasy bands around the trunks of trees are effective for con-
trolling the larvas of gypsy moths, cicadas, and cankarworms, as well as

ants and some other insecgts.
8.2.5 Hormonal Control

Insect hormones. iInsect growth reguiators have been studied for

. . M1 s . 77,78
possible use in controiling insects. '~

They appear oromising because

of their high specificity, the small amounts needed, and their Tow toxicity

to other animals and plants.’

The growth and development of insects is controlied by three major
hormones: the brain hormonz, the molting hormone {ecdysene), and the
juvenile hormonea. The brai- hormone stimulates the secration of the molting
normone {MH); juvenils hormons (JH) is released intc the blood at the same

time as MH is released. Secretion of MH initiates the molting process, and
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JH prolongs juvenility by da
The specific hormornz which s reouired at one stage must be absent at
other times if normal insect development and matuiration is to occur. If

applied externally, JH. or insect growth regulater {IGR} can prolong the



period of immaturity or result in the produétion of additional immature

stages (instars).BO

The immature forms usually die without reproducing,
although they may grow large and_db more damage by consuming additional
food. |

There is not a great deal known about the potential of using IGRs
to control populations in many insect groups. Mosquitoes are the most
studied in this regard and cne JH product has been registered for experi-
mental use against floodwater mosquitoes in the United States.78 A singie
product may also be effective against other species since all JH chemicals
have structural similarities. |

To be effective, JH must be applied at the proper stage of the insect's
1ife cycle. This may be its most serious shortcomihg; this has been
partially overcome.by the use of slow release capsu]es.81

Insect growth regulators are chemicals which are applied in much the
same way as cother insecticides, but they differ from other insecticides

in that they are effective at Tower concentrations (aircraft applications

of 0.025 1b/acre have controiled Aedes nigromacu]ﬁs),‘and they have little

effect on other organisms. Although it is presumed that there is less like-
Tihood of target insects developing a resistance to IGRs, there are sbme ,
cases wheré resistance has deve%oped.gz The IGR itself should have Tittle
effect on atmospheric hydrocarbon emissions as they are biodegradable and

unstable in suniights however, the amount of such emissions would depend

~ on the carrier used.

One of the main hindrances to the development of IGRs for insect
control is the reluctance af companies to embark on 3 development program

in.view of the uncertainty of IGR's economic efficacy. A considerable part
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of the investment for such a program would have to be used to meet govern-

/&
ment regulatory reguiremszats.’

Insect attractants [gherorenzs). Insact attractants or behavior-mod-

ifying chemicals {ca®7=: "ohz-cmones" i they originaie in the insect) havé
received considerabls v “3 czcent years,gg’ 84. 85 Hundreds of these
insect behavior chem“zz's rzva been identified,”  but none are being pro-
duced for general 13z “- 2mar orotecticn.
Some of the major uszs o~ natential uses of insect attractants are:
to monitor for the presance oF insects in an area, to determine the den-
sities of insects in an area, and to use in actual control procedures.
Traps baited with attraciants are already used in monitoring for the
presence of insects. For example, the USDA used traps baited with syn-
thetic lures to detect the zzeidantal mportation of the Mediterranean

fruit fly, the meleon 1y, and the oriental fruit fiyngg

The use of traps
to determine population densities has not been entirely satisfactory since
the number of insects in & trag may not be clesely related to the severity

of an infestation.

Mass trapping and the disruption of the pheramone-guidance system by

air permeation with the atiractant are the metheds being tested for con-
trolling insect populaiions. Mass trapoing appears to be effective when
the insect population iz velativaly tow. ard it may be vseful in preventing

a population build-up. 17 Zhe ‘nsect nopulation is already high, the traps

|

may capture a large number oF insects but not ensugh o reduce the popula-
tion to economic thrashold Tzvels.
Field experiments with the commurication disruption method suggest it

may be the most effective way o use atiractants for control purposes




although general usefulness of the method has not been estabiished. 1In one
experiment, gossyplure, a sex pheromone of the pink bollworm, was continu-
ously evaporated during the growing season in all cotton fields of the
Coachella Valley of California, but the number of larval infestations of
the cotton bolls after treatment were about the same as those ‘that occurred
in previous seasons when fields received conventional insect coﬁtroi treat-
meﬂts.83

An jmportant characteristic of pheromones is that they are specific;
only one species or several closely related species respond to the same
chemical. This is a distinct advantage since otherlbeneficial insects
would not be affected. In most cases, however, crops are infested with
more than one economically-important insect, and thé use df control agents
specific for only one of them could be a distinct disadvantage. Fortunately,
experiments indicate that combinations of pheromones which affect different

89

species can be effective; this is a situation which adds censiderabie

promise to the effectiveness of using pheromones in pest control.

8.3 Alternative Pesticide Appiication Methods

In most pesticide applications, little of the pesticide applied
actually reaches the site of action within the target pest. A large per-
centage ¢f a peéticide is lost during and after the application. A sche-
matic descrivtion of the typical Tosses betweqn the spray nozzle and the
site of intoxication is shown in Figure 8-1.  The percentage loss figures
shown do not represent one spacific case but were composited from several
field studies.

If the use of a pesticide, starting from the application to the toxic
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action inside the target pest, could be made more efficient and less waste-
ful, a smaller amount of pesticide could be applied, and less pesticide
would be emitted into the ambient air. However, in a practical, operational,
or economic sense, most of the pesticide losses depicted in Figure 8-1 are
unavoidable at present. Only those approaches to pesticide appiication

that may reduce or eiiminate avoidable wastes and losses which result from
unnecessary use, overuse, misuse, or improper planning will be considered
nere.

Drift control. Pesticide drift is the movement of a pesticide to

ptaces other than‘the intended target area. If thé drift of sprayed pesti-
cide can be reduced, less peSticide will be required, and therefore, less
pesticide WﬁlT be emitted into the ambient air.

| The particle size distribution of the spray is probably the most im-
portant factor contributing fo off-target drift. Large droplets that have
an appreciable fall velocity will fall out within a short range while

small dropiets with negligible fall velocity may be dispersed over a larger
area before hitting the ground. Table 8-3 shows the theoretical drift of
dropiets of different sizes under djfferent atmospheric conditions. All of
the water droplets (sp. gr. = 1) are assumed to be falling at terminal
velocity for a vertical distance of 20 ft. and to be displaced horizontally
by an average‘wind speed of 5 mph. Since the particulate sizes involved
with dusts are generally smaller than those with 1iquid sprays, drift
during application is an even greater problem with dusts., It is obvious
‘that drift can be controlled better if the size distribution can be shifted
toward larger particles. However, less pesticide is required to

cover 2 given surface area if particie size can be reduced. Smaller
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TABLE 8-3

Theoretical Drift Distance (No Evaporation)
of Water Droplets Falling 20 ft. in a 5 mph Wind.2®

Droplet Diameter

um) No Turbulence Intermediate Turbulence
1000 1.5 ft. 11 ft. 9.3 ft.
500 6.0 ft. 24 ft. 13.1 ft.
100 150 ft, 152 ft, 29.3 ft.
50 600 ft. 336 ft. 41,5 ft.
10 2.8 miles 0.4 miles 92.7 ft.
5 11.4 miles 0.88 miles 131 ft.
1 284 miles 5.6 miles 293 ft.
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dropjets would provide a greater total surface area than would larger
droplets (see Table 8-4). In a practical or.economic sense, the size dis-
tribution of droplets should be controlled in a way that the least amount
of pesticide is applied. The droplet sizes should be small enough to cover
the area without using excess pesticide but large enough to control drift.
The objéctive for achieving effective control, therefére, is to produce a
uniformly small droplet size sufficiently large enougﬁ to control drift
under the conditions of anplication.

Drift control can be acéomp]ished in four ways: (1) reduction of very
small droplet formation, (2) reduction of evaporation, (3) prevention of

droplet dissemination, and (4) reduction of drift distance.

1. Reduction of very small droplet formation. Droplet-size distribu-
tion can be regulated by modifying the design éf spray devices and by
changing the physical properties of the spray solution. The thinner the
soray sheet after it leaves the nozzle opening, the finer the spray pro-
duced. Droplets of very small size are therefore usualiy produced under
high nozzie pressures and with great fan angles. In order to eliminate the
formation of very small droplets, nozzle pressure and fan angle should be
carefuily adjusted. The nozzle should not point forward on airplanes or on
ground rigs. The drift of a sprayed liquid weed killer or insecticide away
from the target area can be greatly reduced by blowing hot gas or steam

2 Very small dropiets can be éffective]y

across an ordinary spray nozzle.
eliminated from a spray by simply attaching a hot gas generator or a steam
gene%ator. If the drift of sprayed solution can be reduced, up to 40 percent
less chemical is required to covér an area.

The droplet size can be increased by adding thickeners to sprays to
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TABLE &-4
Total Surface Areas of Spray Droplets
of Different Sizes Per Gallon of Spray.
Droplet Diameter Number of groplets Total Surface Area

(pm) (x 10°%) (m3)

( _ 1,000 7 23

500 ‘ 58 46

100 7,230 227

5 57,830 454

10 7.230,000 2,270

5 57,830,000 4,540

1 7,230,000,000 22,700

~——"

{
N
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increase their viscosity. These thickeners increase the droplet size by
increasing the thickness of the spray sheet.

2. Reduction of evaporation. Reducing the evaporation from spray

dropiets can reduce hydrocarbon emissions by reducing both the evaporation
of solvent from droplets and the formation of very small droplets. This
can be achieved by using less volatile diluents and by adding evaporation |
suppressants to the spray solution.

3. Prevention of droplet dissemination. Preventing spray droplets

from disseminating also reduces the formation of very small droplets. This
can be achieved by modifying the design of the sprayer nozzle and by
changing the physical properties of the spray solution.

4. Reduction of drift distance. If the drift distance can be reduced,

less pesticide is required to cover an area, and pesticide evaporation from
sprayed droplets is reduced. The drift distance can be reduced by 1owerihg
the height of the sprayer nozzie. 1t is cbvious that the closer the nozzle
is to the sprayed surface, the less chance there is for air currents to
carry the sprayed droplets away. The best way to do this is by avoiding
wide nozzles, spacings, and narrow fan ang]es.93 However, it is possibie
that, with some methods of asrial application, a larger amount of pesticide
would drift away if the application height is too 1qw, This may be due to
the severe turbulence caused by the aircraft s]ipstréam and is reflected by
a swirling pesticide deposit patiern in the swath area.

Seiection of appliication methods. Aerial applications usually show a

higher potential for drift than do ground applications when spraying
similar dropiet sizes. However, there is a strong economic incentive for a

large ranch to use aerial appliication methads.
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Pesticide can be app’ied aerially by three methods: water-diluted

e

emulsifiable concentrats, tow-voiume, and undiluted ultra-low-volume. Water

in

is added to the emuic 7 :27%z nesticide product to make a water-diluted

[}

emulsifiable concentrztz which ‘s applied at a high rate. Low-volume appli-
cétion involves the vsz o7 w277 yted technical formulations. Ultra-Tow-
volume applications uss srecizity formulated., concentrated products which
are applied at an especiz?’y Tow rate, Ultra~1ow~volume sprays, usually
applied as smaller particie zizes than low-volume sprays, are generally
moré suceptible to drift. However, a smaller amount of pesticide is used
in an ultra-low-volume sorayv, Ultra-low-volume sprayvs do need special
formulations which have a low volatility. Water diluted emulsifiable con-
centrate droplets, although initialiy large, rapidily lose size and weight

through evaporation of the wztar and become more subject to drift.

Pesticide formulations. In California, most ¢f the pesticides applied

by commercial applicators are in the form of spray formulations. The shift
from dust formulations to spray formu?ations‘sheu]d be encouraged mainly
because it can reduce the drift hazards due to a significantly larger
particle size spectrum.

The physical properties of a spray solution can be changed by reducing

(=
s

ts =mitted. The major physical properties re-

the quantity of small

R

= surface tension, viscosity, density, and vapor

I

lated to droplet size
pressure. These physicai properties can be changed by modifying the pes-
ticide formulation.

As was noted eariie=, =hs notentizl for drift may be reduced by

using thickening agents to reduce the number of fine droplets.
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The thinner the spray sheet after 1t leaves the nozzle opening, the
finer the spray produced. Thickening agents are natural or synthetic
polymers that are soluble in water and increase its viscosity. Several
other adjuvants can also modify the viscosity of an agricu]turél spray.

Meteorological considerations. Pesticide drift is a direct result of

the transport of sprayed droplets by atmospheric movement. Meteorological
parameters that affect drift are wind direction, wind velocity, turbulence,
air temperature, humidity, radiation, precipitation, and stability of the
ambient atmosphere.94

Local wind patterns should be carefully studied before the application
of pesticides. It is of prime importance to have the pesticide fall in the
target area. However, since wind direction can change during the spraying
operation, some type of visual indication of wind direction éhou]d be
instalied at the application site. The spray operation must be stopped
immediately if the wind direction changes.

High wind tends td carry a large portion of sprayed pesticide away
from the target area; drift problems can be minimized by spraying only when
the winds are light. The horizontal distance that a pesticide is carried

95 sound that the

is directly proportional to the wind velocity. MacCollom
best time to spray was when the wind velocity was 6.4 to 8 km/hr. However,
the wind velocity profile varies with surface roughness and atmospheric
stability. These should be measured to provide the information necessary for
calcuiating the transport of pesticides near the ground surface.

1t is very important‘to avoid spraying a besticide under strongly tur-

bulent conditions. Aithough'TabTe 8-3 shows that very small droplets are

not transported as far away from the target area under turbulence as they
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are under conditions of no turbulence, a Targe amount of pesticide is still
required because the turhiTencs makes it more difficult to apply a pesticide
to a target area.

Air temperature, ~umidify, and solar radiation may affect the evapora-

tion rate of the spravsd driziets. The size spectrum of these droplets

(73]

[ey]

would be shifted toward Tine- 2articles as evaporation occurs. Relative
numidity has a great a'févt or water-based sprays. Sprayed droplets evap-
orate mere quickly under conditions of Tow humidity. Fine droplets of a
wettable powder-water suspension may even become floating dust on a low
humidity day if they do not reach the target quickiy enough. With non-
aqueous solvents and pesticides where humidity has 1ittle effect on the
evaporation rate, air temparature and radiation are the'major metecrological
factors affecting evacoration.

As Table 8-5 shows., the evaporation rate for small drop?efs‘is sur-

% A 50-micron dropiet of pure water at 86°F in an atmo-

prisingly high.
sphere of 50 percent relative humidity will evaporate in 3.5 seconds; this
droplet would fall 1% inches during this time. It is obvious that meteo-
relogical factors that affect the evaporation rate of sprayed droplets
should be carefully studizd before pesticides are appliied.

Rain-out is an important mechanism for removing some of the fine pes-

ticide aerosols that are carried into the atmosphere. On the other hand,

pesticides applied to vegetstion and in open fields may be washed away by

2

precipitation.  Pesticide azppiications, therefors, cannot be conducted
before or during 2 rzinstorm. iesather forscasts of precipitation should be
closely followed.

Air temperature profiles that have a Tower lapse rate than the adiabatic
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TABLE 8-5

Evaporation Rate of Water Droplets
at 86°F in an Atmosphere of 50% Relative Humidity.’®

Droplet Diameter

Lifetime Distance of Fall
{um) {sec) {ft)
200 56 659
100 14 &
50 3.5 0.1
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1apse rate are commonly referréd to as inversions which dampen vertical dis-
placements and produce stable conditions. Any femperature lapse greater

than the adiabatic lapse is called super adiabatic and proddces unstable
conditions in which less dense air parcels near the ground surface accele-

rate upwards to a position of equilibrium. Although less vertical movement

of sprayed pesticide would occur under a stable condition, a well-mixed

layer may exist near the ground with an inversion layer persisting aloft.

Recent tests confirm that the pesticide concentration downwind of a target

area is higher during inversion conditions than during unstable conditions.94’ 95
The best time to spray a pesticide should be durihg the absence of inversion
conditions. A strong inversion may exist during the night, early morning,

" or late afternoon.

Timing of pesticide application. ' Pesticides must be applied during

the "weak stage" in the pest's life cycle. Herbicides should be applied
only during the preemergence and postemergence periods. However, most ﬁes—
ticide applications today are regarded as a part of routine practice for
certain commodities. Almost exactly the same types and amounts of pesti-
cides are applied year after year.

Soil_incorporation. It has been shown that incorporating pesticides

into the soil can have a substantial effect on their efficacy and persis-
tence. Pesticide evaporation can also be substantially reduced using this
method. Therefore, pesticides which are applied to open fields should be
~incorporated into the soil immediately after application. Maximum per-
formance of herbicides sprayed for subsequent incorporation into the soil
can be obtained only by uniformly mixing the herbicides into the surface

layer.
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8.4 Alternatives to Weed Qi1 Application

In additicn to those alternate application methods discussed in the
previous section, the following methods may be considered as alternatives
to weed oil applications. Some of the methods referred to here were also
discussed in Section 8.2 (Alternatives to Pesticide Use).

Preventative weed control. Preventative weed control encompasses all

measures taken to forestall the introduction and spread of weeds. Since no
preventative measure can be expected to eliminate all of the numerous
species of weeds found on any given land, prime attention sﬁou1d be given
to those methods that are most Tikely to return the most favorable results
for the effort expended.

Planting weed-free seeds can help to avoid the introduction of weeds.
Weed-free seeds can be produced in selected areas where the most thorough
and effective weed control procedures available are applied. Conversely,
seeds that come from an ordinary field are rarely clean. Weed seeds mixed
in with crop seeds must be separated out on the basis of their physica}

14, 19 Such differences include size, weight, shape, surface

differences.
area, density, stickiness, pubescence, texture, color, and electrical prop-
erties.

Farm equipment used in each step of crop-seed handling should be
cleaned before use. Special attention should be given to the movement of
farm animals sincé many weeds are disseminated by seeds that adhere to
animals or that can surviye the digestive processes of animals. Soil
materials should be inspected before they are moved. Irrigation or runoff

from rainfall often carries weed seeds. Organized community programs may

be required to prevent this type of weed infestation.
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Some undesirable alien speciés may spread with aétouhding fapidity.
Rigid seed inspection prdcedures and vigilance in detecting incipient in-
festations are essential for early detection. In ﬁertain cases, quarantine-f
an extreme weed control méasure——may be a necessity. Intensive surveys and
rapid destruction are the only possible methods to eliminate infestations
97, 98

caused by windborne seeds.

Physical methods. Tillage control is an important physical weed

control measure. Tillage may remove weeds from soil, weaken them through
root pruning or other injury, or bury them. Tillage reduces or eliminates
weeds which may compete with the crop for moisture, nutrients, light, and
carbon dioxide; it can be implemented manually or mechanica]]y.14’ 97
Mowing and cutting are also practical methods for weed control by
controlling weeds in two ways. If properly timed, mowing prevents weeds
from producing seeds. Repeated mowings also aid in establishing perennial
plants which are generally small and produce weak seedings. Manual imple-
ments used in mowing are gradually being replaced by ﬁechanized equipment.97
Flooding has Tong been used to reclaim Tand from perennial weeds by
smothering them under water. This method is commonly used for weed control
in water-tolerant crops such as rice and taro. While it can be used to
control many weeds, aquatic weeds may become a problem after flooding.
Dredging, draining, and chaining are methods used to control aquatic weeds.
Dredging is seldom used because it is an expensive control method. Therefore,
it is used only to physically remove excessive silt where extensive weed |
growth occurs. Drainage of canals and swamps is an inexpensive method of
controlling weeds; ft simply dries up their habitat. Chain dragging was a

method used widely in the past to remove aquatic weeds from irrigation
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canals. A chain, pulled by tractors, was used to tear out or pull the
submerged vegetation from the substrata. Weeds broken loose by chains
were carried downstream to a collection point where they were removed from
the cana].97’ 8
The smothering method can also be used to_reduce the photosynthetic
capacity of weeds. Mulching materials such as straw, sawdust, bark dust,
paper, or a plastic sheet can be used to reduce or prevent the transmission
of Tight to the weeds. They also serve as a seal for fumigants and as a
moisture barrier, and usually increase the soil temperature. The major
99

disadvantage of this method is the high cost of these mulching materials.

Biglogical methods. Biological control is based on the féct that

there are other organisms capable of killing or controlling certain weeds.
Natural enemies of weeds include a wide range of aorganisms: insects,
vertebrates, microbial pathogens, and parasitic higher plants. The major
disadvantages of using this method are that it cannot be used to control a
- complex of many weeds, and the host specificity risk may be too great.
Insects have received the most attention because of their great
variety, high degree of host specia]ization, intimate adaptations to hosts,
and stable dynamic control. To be an effective agent in the control of a
weed, an insect should be able to kill the host plant or prevent its repro-
duction, have the abjlity to disperse and locate the host plant, be able to
adapt to the environment, and have sufficient reproductive capacity. St.

Johnswort or Klamath weed controlled by Chrysolina quadrigemina at Blocksburg,

California is an excellent example of using an insect for the biological

control of a weed. %8> 99

Habitat-management systems. Weeds compete with crops for light, soil
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moisture, soil nutrients, and/or carbon dioxide. Since weeds are generally

vigorous plants, they frequently win when competing with other plants. Most

habitat-management techniques rely heavily of subtle differences between
weeds and crops and manipulate these differenées in the way to give crops
an edge over weeds. Impoftant differences between crops and weeds involve
their 1ife cycles, specific growth habits, variatijons in morphology and
physiology, environmental influences and biotic factors that affect
weeds differently than crops.98
Soil manipulation, cropping practices, and manipulation of the water
supply are often used to make the environment more suitable for the growth
of crops. Seed bed preparation, minimum tillage, post-p]aﬁting tillage, |
and fallow methods are used most frequently to manipulate the soil to reduce
the population of weed seeds and to éontro] established perennial weeds.
Many cropping practices affect weed control. A crop variety may have
competitive advantages over weeds. Crop rotation may ;ontrol weeds with
Tife cycles that are not compatible with the cultural practices used for
one of the crops. Irrigation and rainfall also affect weed contrel because
they have a direct effect on soil moisture.97‘ 98

Chemical methods. For many of the weed control problems for which

chemicals are applied, there are no effective and economical substitutes

at this time, A stand of weeds usually contains more than one species.
Biological control mefhods may not be appropriate for weed control except
uhder unusual circumstances. Additionally, noncropland areas frequently
contain rough terrain and are usually untilled; tillage and most other

physical methods of weed control cannot be easily applied. Herbicides may
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be used to replace weed 0ils in most weed contro] applications. From a
photochemical-air-poliution point of view, less hydrocarbon emissions would
result from.the use of synthetic herbicides rather than weed oils because
a smaller amount of hydrocarboh would be applied. For every control problem
for which weed 0il1 is now recommended, there are usually several synthetic
herbicides available as registered alternatives. This is true whether the
application is for cropiand or noncropland areas such as ditch banks,
roadsides., fence rows, and railroad right—of—ways.loo
If synthetic herbicides are substituted for weed o0ils, appropriate
selection of an herbicide would be necessary with regard to its selectivity,
its contamination of the environment, and the heaTth hazards it may present.
Each of these are already of concern and must be considered when applying
the available herbicides; to some degree, they are subject to reguiation.

In addition. many effective herbicides are "slightly toxic" toward mammals,
biodegradable, and relatively nonpersistant.m1
| Nevertheless, other factors, in additian to acute mammalian toxicity.

should be cansidered before any direct recommendation is made to shift
from the use of weed 0ils to other herbicides. These other factors include:
the effects of long-term low-level toxicity, the mobility of indjvidual

herbicides in the environment, and the amounts of these synthetic herbicides

which would be added to the environment.

8.5 Infegrated Pest Management

Integrated Pest Management (IPM) is a pest control strategy which
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attempts to Qse'a11 available control methods in the least environmentally-
destructive manner. The emphasis on methods having a low environmental in-
fluence is based on an awareness of the natural controls that operate to
maintain a balance among populations of pests and other organisms. All
currently available methbds are included in the plan because it is recog-
nized that, in many situations, only chemfca] control can maintain a pest
population below the economic threshold especially if its population must
be reduced quickly once the threshold has been exceeded.

The application of ecological principles was advocated as the most
effective approach to pest control as early as the latter part of the
ﬁineteenth_century and has had its}proponents through the first half of this
centur'y.102 The development of the concepts of integrated pest management,
however, began after the discovery of synthetic organic pesticides in the
m1'd-194Os.14 It has had its greatest impetus from attempts to find methods
of pest control which avoid the serious problems which arose due to the bver
reliance on these organic pesticides. |

The main problems which were a source of concern resulting from the '
use of organic pesticides were: (1) development of resistance, (2) target
pest resurgence, (3) induced Secondary pest outbreaks, and (4) environmental
contamination. Many insect pests have developed resistant strains following
repeated treatments with pesticides; Sometimes this led to higher and
higher rates of pesticide application. By 1975, 75 percent of the major
insect pests of California agriculture had developed resistance to at least
one pesficide.103 Target pest resurgence refers to the jncrease in popula-

tion of a pest species to a density which is greater after spraying than it

was before spraying with a pesticide to control it. This occurs when the
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pesticide used ki]ﬁs the pest's natural enemies more efficiently than it
destroys the pest. After this, the few pest organisms which escaped destruc-
tion are able to multiply unhindered and reach a greater density in the
absence of their natural enemies.

Secondary pest outbreaks occur when spraying to control a primary pest
decimates the natural enemies of another potential pest. With its popula-
tion thus released from effective biological control, the secondary pest
can multiply to a point requiring a control action.

Pesticide contamination of various portioné of the environment does
occur. The present study is an attempt to assess one aspect of this con-
tamination--its effect on the concentration of reactive hydrocarbons in the
atmosphere. Some persistant pesticides like DOT were found almost everywhere
in the environment; because of this, DDT has been banned for most uses in
the United States since 1972. The use of a few other persistant pesticides
has been severly restricted, but environmental contamination problems still
exist. There are frequent news reports of illnesses from pesticides among
agricultural workers; these usually are a result ofvmisuse. There were
1452 cases of ilinesses due to pesticide exposure reported to the California
Department of Food and Agriculture in 1976.104

The IPM concept has been proposed as a way of controlling pests which
avoids those problems associated with the use of pesticides. However, an
important component of the IPM concept is the principle of diversity. It
is thought that unilateral use of any method to the exclusion of others may

105, 106 Environmentally

~lead to unforseen and undesirable side effects.
compatible methods which are acceptable for IPM programs have been discussed

earlier; they include: (1) biological control using parasites and predators,
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(2) genetic contro]_using resisfant varieties and the release of sterile
insects, (3) cultural control, and (4) hormonal control.

An additional category that should be added to the Tist of acceptable
methods is the appropriate and selective use of pesticides. A key aspect
of the practical application of‘IPM is that pesticides should not be applied
by rote, i.e., according to a predetermined time schedule which is to be
followed regardless of the status of the pest or other factors. Under IPM
there must be a monitoring process (sometimes called "scouting”) to deter-
mine the status of any potential pest. When the number of healthy indi-
viduals reaches a point where it may exceed the economic threshold, then
and only then s a control action such as pesticide treatment orderéd.

The procédure,described seems simple enough, but a great deal of
knowledge and experience is required to make the right decisions. First the
monitoring of any individual species on a crop, for example, must be done
according to a procedure established by expe}imentation carried out, gen-

' eré]]y, in the same local area. The decision of whether a control action

is necessary may also depend on the time of year as well as growth stage of
the crop, the number and life *stage of the pest's ﬁatura1 enemies, the
presence and status of other potential pests and their enemies, the weather,
~and other factors.14

| An IPM program developed for cotton in the San Jpaquin Valley of
California is an example which shows the importance of timing énd the
presence of more than one pest to effective control. The lygus bug is a key
pest of cotton in this area. MWhen insecticide spray treatments were made
periodically throughout the season to control the'1ygus bug, other insects

such as the beet armyworm, the cabbage looper, and especially, the cotton
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bollworm became serious probiems which required additional pesticide treat-
ments. Research showed that the Tygus bug could only cause serious damage
to the cotton crop during the budding season, usually about June 1st to
mid-July. Insecticide treatments for lygus bugs were unnecessary and were
avoided after that time. The cotton bollworm and other pests became less
of a problem. The later spray treatments for lygus had been killing the
bollworms natural enemies which had often led to serious outbreaks of tHese
pests.39

Integrated Pest Management is now used in only a small percentage
of the attempts at pest control. 1Its use is increasing, and espécia]iy in
California, it is being applied to more and more agricultural crops.lo7 A
clearer idea of its benefits is emerging from this increased use. Usually,
the cost of applied insecticide has been reduced by 50 percent or more. for
example, pear growers who used IPM in the Sacramento River district saved
an average of $49.37 per acre on pesticide applications when compared with
non-1PM users' expenses.108. A study in the San Joaquin Valley showed that
cotton growers who use pest management consultants obtained yields averaging
$22.00 more per acre and spenf 58 percent less for pesticides during 1970
and 1971 than growers not using such consu]tan_ts.lo9 In a continuation of
this study, however, the net profit of cotton and citrus growers was not
found to be significantly different over the period 1970 to 1974, regardless
of whether they used pest management consultants or not.110

DeMichele and Bottre1llll stated that IPM experts have estimated that
a>40 to 50 percent reduction in the host environmentaliy-polluting insecti-

cides would occur within 5 years after adoption of currently available IPM

systems. A reduction of 70 to 80 percent is predicted within ten years
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aftér the adoption of these programs.

A reduction of this magnitude obviously would have a very significant
impact on reactive hydrocarbon emissions from pesticide use even though no
special effort is being directed toward that goal. However, there is some
indication that, although they may be the Targest pesticide source of hydro-
carbon emissions, IPM researchers may not consider petroleum oils to be a

serious problem in environmental po11ution.112’ 113

If air-po]]nting emis-
sions from pesticide ‘applications are to be reduced, a special effort aimed
specifically at this problem will probably be required. It was noted above
that IPM is being used only by a small fnaction of pest control users.
Although IPM seems to have many advantages over a reliance on strictly chem-
ical methods, IPM is not being implemented rapidly. There are two main.
reasons for thié: (1) there is a lack of proficient IPM specialists who, by
law, are required for the application of IPM methods in most cases, and (2)
there is a reluctance on the part of growers and others to change to IPM
methods.14 The reasons that growers do not want to shift to IPM include:
(1) IPM is more complicated and not as easy to understand as conventional
pesticide application methods, (2) the decision on when to apply control
actions must generally be left to a pest control specialist, (3) a fear
that crops may be lost if they do not apply chemicals in the usual way, and
(4) a lack of understanding of the probable benefits to.themselves and the
environment which may accrue from use of IPM;14’ 114
The use of IPM will undoubtedly increase; this is evidenced by the
amount of support and publicity it is currently receiving. Federal support

may be among the most influentjal forces to bring this about. A five year

research effort, sometimes called the Huffaker pnoject, was started in 1972
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with funds from thé National Science Foundation, EPA,‘and USDA. The goal

of this project was to develop improved methods for pest control in alfalfa,
citrus fruits, cotton, pome and stone fruits, and soybeans.115 EPA is
continuing, as is USDA, to plan and to conduct research and pilot projects
in this area and to help coordinate efforts among other governmental
agencies and private organizations which are working to develop pest man-

agement systems.116

8.6 Conclusions and Recommendations

The appropriate use of alternative pest control methods can very sig-
nificantly reduce the need for application of chemical pesticides without
appreciable reduction of agricultural output. In some cases cosmetic
quality could be reduced.

Some of the alternative measures are being used and have been used in
most agricultural practices despite displacements by pesticides. Losses to
pests have been reduced by applications in each of the major areas of pes-
ticide alternative methods--biological control, genetical control, physical
control, and hormonal control. The use of biological control and resistant
piant varieties alone are estimated to be responsible for the prevention of
losses to pests of several hundred miliion dollars anually in the United
States. The decreasé in the need for pesticide applicaticon and the resul-
tant hydrocarbon emission would be considerable.

California has been a leader in develeopment and impiementation of some
forms of pest control such as biological control of pests through the impor-
tation of natural enemies. A list of thirteen important California pests

whfch have been completely or substantially controlled by importéd enemies
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“was shown in Table 8~1.. A bacteria] insecticide is widely used on sbme
crops and an insect hormone, Gossyplure, i1s receiving intensive testing
against the pink bollworm of cotton. Many disease-resistant plant
varieties are being developed especially in universities. To whatever
degree alternatives to chemical pesticideé of this kind can be implemented,
they offer the greatest opportunity for reduction of hydrocarbon applica-
tion and emission since very little or no hydrocarbon chemical is involved.

There should be a continuation of the development and improvement of
these alternative control methods which are for the most part made through
research at colleges and universities and the U. S. Department of Agriculture
which are the organizations primér11y involved in such development programs.

Integrated Pest Management (IPM) is a methodehich incornorates all pest
control methods but emphasizes the concept that natural biological controls
should be interfered with as little as possible, and therefore, that pes-
ticides should be applied only as experiéﬁce shows they are beneficial.

The use of IPM can usually reduce_ﬁesticide applications by 50 percent
or more in those crops where methods are developed. IPM is largely
unexploited both with regard to development of methods for many crops
and implementation of methods already developed.

IPM shou]d, in general, be encouraged with a view to reduce reactive
hydrocarbon emissions. Lowered emissions would result from most, but not
every, IPM development. In some cases there may be a Targer use of petro-
Teum oils, unless the goal of reduced emissions is incorporated into the

development programs.
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CALIFORNIA AIR RESOURCES BOARD (CARB) REACTIVITY

CLASSIFICATION OF CRGANIC COMPOUNDS

Class I
(Low Reactivity)

Class II
(Moderate Reactivity)

Class III
{High Reactivity)

Cl-C2 Paraffins

Acetylene
Bénzene
Benzaldehyde
Acetone
Methanol
Tert-alkyl Alcohols
Pnenyl Acetate
Methyl Benzoate
Ethyl Amines
Dimethyl Formamide
Perhalogenated
Hydrocarbons
Partially Halogenated
Paraffins
Phthalic Annydride®
Phthalic AcidsD
Acetonitriled
Acetic Acid
Aromatic Amines
dydroxyl Amines
Napnthalened
Chlorobenzenes®
Nitrobenzenes?
Phenold

Mono-Tert-Alkyl-Benzenes

Cyclic Ketones

Alkyl Acetates
2-Nitropropane

C3+ Paraffins
Cycloparaffins

N-alkyl Ketones
N-methyl Pyrrolidone
d,N-dimethyl Acetamide
Alkyl Phenois®
Methyl Phthalates™

A1l Other Aromatic Hydro-
carbons
A1l Qlefinic Hydrocarbons
(including partiaily
ha]ogenated?
Aliphatic Aldehydes
Branch Alkyl Ketones
Cellosolve Acetate
Unsaturated Ketones
Primary & Secondary Cy+
Alcohols
Diacetone Alconol
Ethers
Cellosolves
Glycolsd
C,+ Alkyl Phthalates®
Other Estersd b
Alconol Amines b
C3+ Organic Acids + di acid
C3+ di_acid anhydridesP
Formin
(Hexa methylene-tetramine)
Terpenic Hydrocarbons

Olefin (xides

3Reactivity data are either non-existent or inconclusive, but conclusive data
from similar compounds are availables; therefore, rating is uncertain but

reasanable,

Reactivity data are uncertain.
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STATE OF CALIFORNIA EDMUND G. BROWN JR,, Governor

AIR RESCURCES BOARD
1102 @ STREET

P.O. BOX 2815

SACRAMENTO, CA 95812

December 13, 1977

RE: Source Questionnaire
Dear Sir:

The California Air Resources Board nas contracted with Eureka lLaboratories, Inc.
of Sacramento, California to conduct a study concerning emissions of volatile
organic chemicals from the active ingredients, diluents, and carriers associated
with the application of pesticides in Fresno County. This survey is designed to
determine the quantities of photochemically reactive hydrocarbons emitted into
the ambient air as a result of such applications in Fresno County for the 1576
calendar year for both agricultural and non-agricultural purposes. From the
information you and other respondents provide, the approximate emissions can be
determined.

We would appreciate your cooperation in complieting this questionnaire and re-
turning the completad questionnaire in the enclosed, pre-addressed enveiope as
soon as possible to: Eureka Laboratories, 401 N. 16th Street, Sacramento, CA
95814, {916) 443-3932. VYour cooperation in providing the requested information
will contribute materially to the Air Resources Board's accurate assessment of
the hydrccarbon emissions from pesticide use.

If you have any questions regarding the nature and purposes of this survey, please
contact Mr. Robert Reynolds, ARB Project Officer, at (916) 322-769C.

If you have any questionms regarding the questionnaire and its completion, please
direct them to Eureka Laboratories, Inc.

Thank you for your assistance.
Sincerely yeours,

L Rbiles,

John R. Helmes, Ph.D.
Chief, Research Division
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COUNTY OF FKESNO

DEPARTMENT OF AGRICULTURE
( masE. Corn
\gricuiturai Commissioner

S’ .
Ronald Atmajian
Assistant Agricultural Commissioner

OATE: Oecember &, 1977 ‘ ‘ _
TO: FRESHO COUNTY GROVIZS &0 PESTICIDE DEALERS ADDRESSED

FROM : Robert V. Emparar i
Deputy Agricultura? Commissioner

~ SUBJECT: A Study to Determine Air Polluticn Emissions Associated with
Pesticide Applications in Fresno County.

This memorandum will serve tg introduce Steve Leung, President of Eureka
Laboratories, Inc. Eureka Lzborateories was awarded the contract to conduct
this study by the State of California Air Resources Board.

The proposed study will be primarily concerned with the inventory of reactive
hydrocarbon emissions and reiated compounds resulting from pesticide appli-
cations in Fresno County for the 1976 calendar year.

L We will appreciate your cooperation with Eureka Laboratories in developing
this information. [t is an important project that we ccnsider to be
necessary to thoroughly understand all aspects of air pollution in Fresno
County. '

[f you have any comments or guestions about tnis project please contact us
at 209-453-596Q; or the Eurska Laboratories, Inc., 401 North 16th Street,
Sacramento, CA 95314 -- phone: 916-443-3332.

Thank you for your kind consideration in this matter.

Thomas E. Corn
Agricultural Commissioner
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197€ PESTICIDE APPLICATION SURVEY FOR DISTRIBUTORS

A, Name of Dealership

Address

B. Person to contact about questionnaire

Title ' Telephone

€. Inventory of pesticides sold for use in Fresno County in 1976 (including weéd 0il, petroleum distillata, and any

other organic diluents sold to farmers, commercial applicators, home owners, and government agencies).*

. . ’ Usage Usage
Registration Nao, Amount Sald {Agricultural, Registratiaon Mo, Amount Sold (Agricuitural,
{or Brand Name) in 197§ Structural, ‘Home, (or Brand Hame) in 197§ Structural, Home,

Garden, etc.) Garden, etZ.)

*Existing documents providing equivalent information to the questionnaire are also acceptable.

-2m



1976 PESTICIDE APPLICATICN SURVEY FOR FARM QOWNERS/MANAGERS

A. Location of pesticide application(s)..
Township ) S. _ . Range E.

8. Time of day pesticides most commonly applied (check one).
( ) 0000-0600 () 0600-0900 ( ) 063%00-1200
( ) 1200-1500 () 1500-1890 { ) 1800-2400 .

C. Pesticide applied by (check one)
{ ) you or your employees { ) professiona} applicator () both.

D, Method of apﬁlicatﬂon most commonly used.
{ ) air, ( ) ground, ( ) other, specify

€. Pesticide Supplier(s)

‘F. 1976 Pesticide Appiicat!on Record~

Date Pesticide Name Pound Per Total Acreage Commodi ty Grower Applicator or

(Registration No.) Acre Treated Treated Commercial Applicater

*Existing documents providing equivalent information to the questionnaire are
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EUREK UBORATORIES, INC.

Toxicology, Energy, Environmental and Chermical Research

401 NORTH 16TH STREET SACRAMENTO. CA. 95814
TEL.(916) 443-3932

April 24, 1978

Dear Sir:

This is a follow-up questionnaire survey to our eariier one dated
December 13, 1977 (see attachments). We want to thank many of you for
providing us with information on 1976 pesticide sales in Fresno County.
In this follow-up survey, we are requesting information specifically
on sales of petroleum oils and coal-tar oil,

We would appreciate your cogperation in completing the question-
naire and returning it in the enclosed pre-addressed envelope to us
as soon as possible. VYour cooperation in furnishing the requested in-
formation will provide an accurate technical basis to the Air Resources
Board in formulating strategies for hydrocarbon emission inventory.

Thank you for your cooperation and assistance.
Sincerely,
EUREKA LABORATORIES, INC.

/ /
By .TU ol N T B H

Steve K. Leung, D. Envy
President

agr
Attachments

cc Dr. John Holmes, ARB
Mr. Robert Emparan, Fresno County Agriculture Commissicner
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1976 PETROLEUM QILS AND COAL-TAR OIL APPLICATION SURVEY

Name of dealership __

Address

Person to contact zzout guzstionnaire

Title o Telephone

Were petroleum oils o coza’-tar oil sold by your company for agri-
cultural usage in 13787 Yes No_
If no, please reiurn iz juesticnnaire using the encleosed envelope.
If yes, please complate the questionnaire and return.

Inventory of petroisum ¢ils and coal-tar eils sold for agricultural
usage in Fresno County in 1976 (including summer or spraying oils,
winter or dormant e¢iis, wead o0ils, petroleum or coal-tar solvents,
supreme oils, paraffinic or aromatic hydrocarbons, coal-tar fractions:
light, carbolic oil, crzoscte, and anthracene oil; and peat ails):

i
Name of Product ‘ Amount Sold Major Supplier

(or Registration Mo.) | in 1376 (Gallens) -~ of the Product
]
!
! L

Approximately, % of these o1l products was sold directly to

uszrs {instead of other distributors) in
N

% of these oil products seld in 1976 was used
in Fresno County (instead of other counties).
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APPENDIX C

Je
PESTICIDE GROUP LIST

=3
[H]

Restricted Chemicals
NR
NR=R

Nonrestricted Chemicals

Nonrestricted Chemicals Used as
Minor Active Ingredients in
Restricted Products

*Pesticide chemicals are identified as Ry NR,
or NR-R based on a 1577 1ist of restricted
chemicals provided by the California
Department of Food and Agriculture. .
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I.l Insecticides

I-A Halogenated Hydrocarbons
Chlordane {(R)
Chlorbenzilate (NR)
Dieldrin (R)
Endosulfan (R)
Heptachlor (R)
Kelthane-R (NR)
Methoxychlor (NR)
Tetradifon (NR)
Toxaphene (R)

I-B  Organcphosphates
Acephate (NR)
Azodrin-R (R)
Bidrin-R (R)
Carbophenothion (R)
Dementon (R)
Dialifor (R)
Diazinon (NR)
Dimethoate {NR)
Dioxathion (NR)
Di-Syston-R (R)
Dursban=-R {NR)
Dylox-R (NR)

Ethion (R)
Fenthion (NR)
Guthion-R (R)
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[0

Imidan=-R (NR)

Bmaiter=R(R)
nalad {NR=R}
Faréﬁhﬁon (R}

Pherate (R)

Phocalone (NR)

Phosdrin-R (R)

Supracide-R (R)

TEPP (R)

Carbamates

Aldicarb (R)

Baygon-R (NR)

Carbaryl (R)

Carbofuran (R)

Formetanate Hydrochloride (NR)
Methemyl (R)

Morastan-R {NR)

Frormamides

Fundal-R (NR)

Omite (NR)

plictran (NR)
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II. Fungicides

II-A Carbamates

Benomy1 (NR)
Maneb {NR)
Nabam {NR)
Topsin-M-R (NR)
Zineb {(NR)

Ziram {NR)

II-B Substituted Aromatics
Botran-R {NR-R)
Carboxin (NR)
Chlorothalonil (NR)
Dowcide-A-R (NR)
Dyrzre-R (NR)

PCNB (NR-R)
Tetrazale~R»(NR;R)
Thiabendazole-R (NR)

I1-C Dicarboximides
Captan (NR)
Difolatan-R (NR)

II-D OGthers
Sec-Butylamine (NR)

III. Herbicides
ITI-A Organoarsenates
DSMA (NR)
MSMA (NR)
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III-B Chlorophenoxy Acids
2,4-D (R)
2,%-2 Amine SaTt {R)
Z,4-0 Butyl Ester (R)
4{2,4-DB) Butoxyethanol Ester (R)
$.2,1-DB) Isooctyl Ester (R)
MOPA Dimethy]aﬁine Salt (R)
MCPA Isopcty] Ester (R)

" 1I1-C Substituted Amides

Alachlor (NR)
Diphenamid (NR)
Kerb=-R (NR)
2-{Alpha-Naphthoxy)-N,N-diethyl propionamidé (NR)
Propanil (R)
Ramrod-R (NR}

[[I-D Nitroanilines
Batan-R (NR)
Cobex-R (NR)
Trifiuralin (NR)

11lI-2 Urasas
Diuron (NR)
Linuron (NR)

Manuron (NR)

=4
~d

=4

i-F Mitro Heterocyclics
Amitrole (NR)
Atrazine (NR)
Bromacil (NR)
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Prometone-R (NR) -
Pyrazon (NR) | |
Simaziné\(NR)
I1I-G Substituted Aliphatic Acids
Dalapon (NR)
Sodium TCA (NR)
Glyphosate, Iscpropylamine Salt (NR)
III-H Arylaliphatic Acids
Fenac (NR)
2,3,6-TBA Dimethylamine Salt (NR)
Dacthal-R (NR)
III-1 Phencls
DNEP {NR)
I11-4 Bipyridy?s
Diguat Dibromide (NR)
Paraquat Dichloride (R)
I1I-K Carbamates
Avadex BW-R (NR)
Barban (NR)
CDEC (NR}
CIPC (NR)
Eptam-R (NR)
IPC (NR)
Ordram-R (NR)
Tillam-R (NR)
Phenmedipham (NR)
Ro-Neet-R (NR)
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III-L Substituted Nitriles
Bromoxynil Octanoate (NR)
Dichlcbenil {NR)

Jthers

i~{3-Tart-Butyl-1,3,5-Triacliaz) (NR)

[4F]

I71-C
Cxicium Cyanamide (NR)

Endothall (NR)
Oryzalin (NR)
Planavin-R (NR)

Profiuralin (NR)
Tok-25-R (NR)
Unkniown #1929 (NR)

Nematocides

IV.
Caleropicrin (R)

0BCP (R)
D-D Mixture (NR)

Ethylene Dibromide (NR)

1

Methyl Bromide (R)
Telone-R {NR)

Plant Growth Regulators

V.
‘Ethephon (NR)
Gibberellins (NR)
Maieic Hydrazide, Diethanolamine Salt (NR)
VI. Adjuvants
Alkyl and Alkvlarypoly/oxyethyl.Ether (NR)

Carbolic Acid (NR)
2-Chloro-4-Phenylphenol (NR)

Diethylamine Salt of Coconut (R)
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Ethoxylated Linear Alcochol (NR)
Nonylphenol polyoxyethylene (NR)
Sodium Xylenesulfonate (NR)
Triethanclamine (R)
Vinyl Polymer (NR)
‘VII. Defoliants
Cacedylic Acid (NR)
Sodium Cacodylate (NR)
VIII. Inorganics |
Armate (NR)
Blue Vitriol (NR)
Borax (NR-R)
- Calcium Chloride (NR)
COCS {NR)
Copper (NR)

Copper Hydroxide {NR)

3

Copper Oxide (NR)

Copper Oxychloride Sulfate (NR)
Copper Salts (NR)

Copper Sulfate (NR)

Copper-Zinc Sulfate Complex (NR)
Cryolite (NR)

Diammonium Phosphate (NR)
Disodium Octaborate Tetrahydra (NR)
Lead Arsenate (R}

Lignin Sulfonic Acid (NR)

Lye (NR)

Magnesium Sulfate (NR)

| Phosphorous (NR)
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Phostexin-R (R)
Sec-Butylammenium Phosphate (NR)
Sedium Arsenite (R)
Sodium Chlorate (NR)
S3d7um Metaborate (NR)
suTfer (NR-R)
Iuifuric Acid (NR}
vikane-R (NR)
Zine Phos§h1de (R)
Zinc Sulfate (NR)
IX. Naﬁsyntha*it.Petro1eum Products
dromatic Petroleum Solvents (NR-R)
Mineral 0ils (NR)
Petroleum Distillates (NR-R)
Patroleum Hydrocarbons (NR-R)
Petroleum 0ils, Unclassified (NR)
Xylene (NR=R)
Lylene Range Aromatic Solvents (NR-R)
X. Inert Organic Ingredients (Fermulation Code 04)
Aromatic Petroleum Distillate (NR)
Benzene (NR) |
Butyl Mercaptan (NR)
Butyrolactone (NR)
Cy@@@hexan@né {MR}
Disutyl Disulfide (NR}
Emulsifiers (NR)
Epichlorohydrin (NR)
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Hexane (NR) o —
Isofuron (NR)

Isgpropanol (NR)

Kerasene (NR)

Methyl Isobutyl Ketqne (NR)

Methyl Oleate (NR)

Technical Inerts (NR)

Xylene (NR-R)

XI. Inert Organic Ingredients (Formulation Code 09)
Butyrolactone (NR)
Cyclonhexanol (NR)

Diesel 0i1 (NR)
Diethylene Triamine (NR)
Dupanol (NR)

Emulsifier (NR)

Ethylene Glycol (NR)
Isopropanol {NR)

Methyl Celicsolve (NR)
Methyl Isobutyl Ketone (NR)
Paraffin (NR)

Propylene Glycol (NR)
Technical Inerts (NR).
Toluene (NR)

Xylene {NR-R)
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APPENDIX D

MONTHLY DISTRIBUTION OF
PESTICIDE APPLICATION
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TABLE 2-1. 1578 MONTHLY JISTRISUTION SF SYNTHETIC ORGANIC 2SSTICIZE 920CUCTS FOR ACREAGE APFLICATION IN FRESNO
COUNTY. THE UPPER VUMSER IS L3S.: THE LOWER NUMBER IN () I3 ACREAGE.
CHEMICALS AN 753 AR AFR uAY JUN UL AUG 5E? acT NOV DEC ¢2’;§;L
INSEZTICINES ]
(Bnloraane 34 7210 52772 7S 2701 73943
{272) (3627) (1S737) (272) (135G) (25238)
Chlorbenzilate 113 113 330 738
. (113) (118) (330) (736)
Jieldrin 185 157 3 16 k! 342 754
(1000)  (728) (43) (89) (96} (78 {2032)
C fndosulfan) 2 216 37¢ 2954 13630 24138 9014 2025 2253 1 58609
(2) (257) (366) ({3911) (16124) (25635) (7507) {3556) (2849) (2) (61519)
([Kelthane-R) 10418 13963 42938 33616 6701 704 43 30 112073
£383) (3942} (36506) (24738) (5291} .{€33) - (13) {7} (75081}
Yethaxyenlor 6724  23%¢ 1173 77 153 758 171 : " 11451
£3000) (2362} {1393)  (31) (1¢8) (997) (152} {13633)
Terragian 110 1303 14 ‘ ‘ 1927
(330) (s11%)  (:10) (5436)
& -xanne'1e) 1532 227 1222 45283 75051 56106 16787 1386 32 371 209645]
1222} 137} (352) (11051} [21328) (18413) (1257  {esd) ‘3)  (382) (37722)
Acegnats &3 229 3493 il2a 5820
(88) (1%53) !73¢9)  (3C8) (8703)
Azadrin-a : T 107 13668 27853 3041 21 ©45492
{170} (13044) {28770} (1224} (30} {49238)
3idrin-3 178 128 1012 1381 2240 1270 29 5408
a1y (170) (5052) (3247) (383i) (1i51)  (29) {14837)
Cartannenotnion 23 133 318 317 203 23 2213
{l0e)  (209)  (7a8)  (912) (:il36) {24} (3185)
Jemeton 11 12 18 51 286 75 308 1370
{30) (79) (91} (483) (388) {241} (31§} (2137)
Jaiifgr 286 125838 3584 1136 17 : 23729 .
(253) (11358) (%623) (iCal) (a1} 121415)
(@ 3134 4151 5466 11292 14622 1SSz 1R45 3499 39S 12 T 2721 38953
(1599) (2853} (12253) {(17908) (13782) (7om) (141§} {13225) (2219) {6)  (483) (1451) (74614}
@ 132 387 28066 s4355  ¢5735 13531 2395 o4 17 33 1isalgd
(31} {242) (20923) (36268) {32852) (23637) ({4453) (1344)  (37)  (177)(122084)
2iaxathien 1333 175 718
(1209) (i78) (1388)
Ji-SysTan-R 16883 1213 il oL 1731 225 - , 20385
(13110) ({1798} {7y (393) (1888) (254} (17463)
Jurszan-3 _ 1688 S147 1691 528 3452
(2173) (12253 {3381 (s26) (18337}
Sviax-R 1455 1384 1032 1046 7877
{1438) (1329) (3983) {1279) (8024)
Erhian 3745 2673 5341 3772 756 18497
(1470) [3190) (8§282) {3545) (336) o (15083)
3utnisn-R 3 73%S 733 2915 LS 74 12237
(62) {4808) (s82) (3453) (1287) (72 (10362}
Imidan-R 385 156 3280 2727 1188 1293 1227 i04®. $25 15857
(71) (129) {8331) (2622) (857) (842) (3026) (:030) (250) (15068)
Malathicn 37 243 191 5383 8515 2980 2032 25364 48231
(7)  (370) (106) {1345) (3149) (i021) (2Q9) (3518) (1:026)
vatasys:3x 27 149 170 375 2587 2993 2872 52 303 228
(s1)  (299) (248) (938) (5291) (s386) (36G2) (106)  {829) (20929)
Metayl Parathion 91 ! lse4 3067 1375 2075 3€@3 12123 2295 W2 198 35048
(1) (2} [z3s44) (38333) (4981) (3291) (3310) {1634a) (12448) (1428) (113  (406) (34269)
“anitar-3 14 5252 25815 198 217 a1 31587
, ; (23) (384¢) (39230) (278)  (23%) (31} {87585)
(aiza) 23 274 1427 28313 3ss@@  q292 143 16 | sats7
' (158)  (777) {(1200) (25092) (33862) (3205) (334}  {34) {58529)
Farathion) 5663 11125 9510 91sa  7aQ7 5383 3357 7286 10008 2379 438 1433 7E3de
T 12887) (6717) (8311) {22264} (8877) (4281) (&275) (11842) {18217) (=433} (sil}  (943) (33179) -
Tmeriti 2l WL C13sT1 33338 Lgca? T8 1535 3036 1870 168 81 399 £3849
(29%0) (2207} ([1C877) (18323) (10S13)  ({d%4)  {(Fga) (z348) (1902} [1§3) {31}  (4E8) (7I37)
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TABLE D=1, CONTINUED
) ANNUAL
CHEMICALS JAN FES MAR APR MAY JUN JUL AUR SEP OCT NQV JEC__TATAS
INSECTICIDES
§Cont1nued}
Phosalone 679 108 1365 43 2195
(424) (56) (475) 114) (969)
Phosdrin=R 182 829 . 873 RS 1978 368 2585 15385 3633 3944 1516 227 26833
(182) (1587) [=31¢)  [825Q) (s031) (698) {4790) (3872) (8160) (13804) (2191} (272) (51337)
SupracidesR 28 141 23 4839 2385 7333 5924 2044 202 26456
(18) (79) 3 C173Y [6837)  (4133) (11787) (9268) (810) (83) (33211)
TERP ‘ 510 3161 20077 5738 294386
(380) (2306) (12213) (2899) {17598)
Aldicarh 158 1622 1471 17175 1947 14 23387
{2573y {2simy (a13) {8778} (1112) {s) (15793)
‘1 carbaryl) 1304 353 4035 6444 157687 20956 3523 160 280 39 55271
(323)  {599) (2105) (3128) {3298) {(11983) (3307) (183) (93) (11) {(30621)
Carpofuran 136 5253 1147 550 23 3211
(272) 713306} 13133) (256&2) {a1) (19864)
Farmetanate 571 1540 10110 13739 2235 2 28197
Hydrochloride f53e) (2170) (15630} (22331) (3473) (1%) (44202)
] Methomyl 1733 1341 1629 8312 76648 26500 12332 5787 4853 21 36336
i r3568) 12038) (3196) (1118%5) (49751) (5192%) (21093) (11319) (298) {3) (154418)
Morestan=R 28 540 588
(3o (705) : (738)
@@ 1239 1010 13649 41651 1086 58635
(557) (830} (15632) (45882) (1026) {54007)
378 11 o 4 21 78 33 75 251 18 496
L—~‘~\\ (323) N (320) (1810) - (3649) (25B1) {:za84) (16640) (9%90) [32194)
Gmita 108 36 7551 ) 39903 202572 5Q1C8 322 2015 343216
e (88) (12) (3965) (25112)(107142) (53189) {729) (1592) 1191828)
Plictran= & 185 556 2520 708 i71 " 8225
(8] (283) (817)  (2997) (397) (227) (5207)
SUBTOTAL: 14712 25971 117767 107059 160143 321930 574797 409366 38906 51378 3138 9498 1339685
(8551) (18465) (93893)(152147)(152570)(236661)(441263)(390274)(121564) '607132) (4595) (6377)&687492)
HERBICIDES
OSMA 185 42489 5024 279 333 10661
(73) (2692) (z08) (123) 1146) (3542)
MSMA A3 167 149 369 195 1143
(48) (178) {288)  {145) (239) (863)
4(2,1-08) Butoxy- 10 206 216
athanol Ester 139} (146) {1786)
2,40 4146 2128 314 308 1906 333 267 12149
(6775) (2302) (130) (338) (738) (277} (295) (10853)
(1 2,4-0 Amine 3alt 163 Q705 80708 109 227 1032 1624 94565
[T — {182) (35849) (71994) (227) {250) (865) (1740)(ir1i07)
2,40 Butyl 3149 3149
Ester 12242 (2242)
4(2,4-08) Dimethyl. 42 286 308
amine Salt (37) (EQO) (337)
4(2,4-08) lso- 506 322 953 66 217 249 2919
Joctyl Ester (441) (449) (873) (45) (150) (216) (217})
MCPA Dimethyl- 2506 1530 6156
amine Salt (4770). (8517) {13287)
Alachlar 1409 1409
(413} (413)
Diphenamid 6367 1783 2394 3444
(2193) (457) (93) (2743)
Kerb=R] 67 187 1225 478 2568
(852) (149)  {879) (605) (2486)
2(=aNaphthoxy)- 7245 23583 285 12 380 264 860 11969
N M=diathyl (5250) {2068) (340) 135) (439) (107) (507) (8747)

aropionamide
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TABLE D-1.

CONTIMUED

. ANNUA
CHEMICALS JAN f£3 AR PR waY UN JUL Eild SZ2 6T NOv DEC_ =nTal
HERBICIDES
{Cantinuad)

Pracani] 3808 27561 6158 375271
(1207} (7334) (1288) (3829)

Ramrod-R 1710 1710
{438) (438)

Jalan-3 1432 512 492 22 781 00 1543 1692 878 3062
{1258} {344) (352) (39) (1020)  (466) (1948) (1448) (&38) (7708)|

Cabex=R 148 22 1684
(352) (81) (413)

Trifluraiin 3572 2174 100S2  S1S2 4132 1598 528 i1 18 2931 4248 3703 39148
(5737) {3879) (14393) (84s6) (§136) (2754) (732) (g2) (38) (2352) (3635) {3470) (55712)

Diuren 14265 261 145 50 10 §74R 164 3 476 2158 20991 35770
(8S50) (127Q)  (134) (58) 7y (337)  {298) (7} (339)  (1545) {11303) (24008)

inuren 31 ‘145 227
(31) 71 (154

3remacs i 3 1z 6 357 1297 56 171y
(1) {38) {22) 1227y (514) (23)  [823)

2yrazone 7242 108 310 333 564 1634
(740) (29)  (2Cs) (219) (439} {1632)

Simazine 2713 353¢ 4571 142 12 2732 2695  I852 23351
13112) (7459) (4367)  (127) (7} {1344) (1427) (37$5) (22238)

Calaoen 225 243 27 2 334
(237)  (489) {37} (38) (831}

faiapen, Sadium 53 358 259 4562 2331 159 191 2863
Salz (219)  {176) - [143) (383) (475} (3N (88) (1725)
{ Sodium TCA 1772 2817 175 1715
(2¢8) {392) (23) (586)

3lypRasatea.sa- e} 175 178 322!
sreoylamine 3als 7 (13} (7} (a7)
Naczhal-R 10277 538 1118 3392 4578 1849 7224 2144 2977 3632
(1131) (s1)  {1g1) (8&d) (345 (733) (257) (312) (4093)

(@ 5320 2386 2836 1438 2709 501 zg9 [ s1233  &as3gy 412 513 5484 143131

- (2895) (1057) (2719) (1000) (380} (467} (823) Yz1281) (28106} (338) {146) (2731) (62530}
diguat 3fhro- be-oregT 157t 1770
mide _ (280) (2249) (3199)

([ Paraquat 57 1736 11288 S77L 2377 Ted 3 5347 5381 1324 23983 4825 377l 92263
chloride [728¢) {2438Q) (22483) (7902) (1i364)  (340) (2230) (2563) (3985)(226683) 11$288) (12370)(366369)
Ivadex 3W-3 01 201

[161) 1161}

3araan 229 12588 i 249 2077
(508) (4888) (1:85) (755) (7736)

£2ET 230 280
1148) (148)

ele a7z 38 580 1390
{168) (30)  (219) (419)

£ztam-r 923 320 2732 196 1096 208 8673
{258) (235) (335) (58) (493} (227} (2112)

12¢ 1319 1820 198 198 204 3829
(294)  (405) 143) (28) (74) (904}

Tillam-R 3288 5288
{1563) {188a)

Ordram=3 1828 475 542 2883
(617) (195) (1280) {992}

Ro-Yaez-R 3522 121 36843
(312) {56) (868)

Phanmedichan 26 7203 540 3 32 25 2109
‘ (67j (2006} (531} {il0) (35) {43) (2832)
Sromexynil : 1376 3741 31t 15 33 3046
Octancats (70) (3078) (sé88)  (531) {22) (73) (3450)
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TABLE J-i. CONTINUED
ANNUAL
CHEMICALS JAN FEB SAR APR MAY SUN JuL AUG sEp acT NOV DEC__TOTAL
HERBICIDES
(Continuad)
Endathall 100 220 613 38 2433 3766 7968 457 15943
(219) (364) {382} (228) (1619) (14484) (37442) (1916) (56654)
Planavin-R al4 118 332,
ey {118) {532)
N-Sac-3utyle=de 219 219
Tert-3dutyl+2,5-0 (110) (119)
Oryzalin 99 57 M 200!
(43) (22) (27 (92)
Prafluralin 158 190 11 , 518 907
(219) 1398y (38) ) {633) (1355)
Tok=25-R 320 792 1712
(230) {131) (361)
Caletum Cyana- 712 293 4877 504 ¢086
nide (249) (102) {1571} {176) (2198)
Uninown 41929 35 2117 355 2557
(110) (3174} (498} (3782)
SUBTOTAL: 62008 77%87 112847 25982 14357 45277 14988 64838 76339 72408 25321 47350 573030
(41436){118691)(186358) (23400) (19508) (13848) (35501) (28894) (55375)(273742) (35772) {42254)(314379)
FUNGICIDES
Maneb') 27 3733 40033 1785 1107 1269 7392 360 2851 3164 384 57887
(32) f963) {2348) (1089) (545) (902} (3138) (533) {3511) (7038) {208) {20305)
Nabam 434 404
(217 : (21n
Zineb 39 18 €05 189 a8 317
(7) (13) (273} (228) (1i8) (636)
Ziram 1643 1643
(334) (334)
Topsin-M-R 114 172 485
(225) (125) (350)
Senomy 7426 728 35 1248 323 351 1302 209 387 13660
(10923) (1022) (2c8) (2227) (243) (369) (s282) (639) (161) (21904)
dotranR . 859 4221 524 5637 1419 12 13813
(214) (2708)  (330) (4142) (834) (22) (8250)
Chiorothalontl 67 756 27018 39524 24982 1378 330 114051
— (43) (505) (14000} (19339) (21324) (748) (219) (56378)
Dyrene-R ) 281 281
(141) (141
PENB 434 1122 1130 2686
(815) {2243) (1738) (26367}
Carboxin 177 81 268
(212) (110) {322)
EE;E;E) 17875 1447 301 229 7382 5118 23773 29664 1828 92417
- (4841) (330) {34€) {73) (2853) (1562) (6779) (11319) (2282} (30285)
Oifolatan-R 68 2397 16021 22072 118 40676
(55) {1437) (9274) (11060) (58) (21884)
Terrazole-R 108 283 146 507
(615) ' {2116)  (904) (3635)
Carbolic Acid 27 19 729 1611 290 3050
(379) (1570) (6105} (8903) (3074) (20031)
SUBTOTAL: 925 30770 §3382 4180 3097 33839 72632 100829 35907 14221 284 352346
(253) (17259) (5726) (s425) (7680) (28243) (43948) (52599) [17300; (9722) {208) (189368}
NEMATOCIDES
Toropicrin 1132 1475 93 33229 3 23321 5872 263 66079
n (18) (572)  (331) (1) (881) (62) (10) (1882)
DBCP 301 5139 3368 4297 G0 532 12940 77162 33736 141325
’ (19) (238) (329) (209) (43) (31) (578) (2400) (1459) (53%6)
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TABLE D-1. CONTINUED
CHEMICALS JAN 713 YAR 4P MAY JUN JuL AUG sz acT NOV JEC -3}‘-%"
NEMATOCICES '
[Zontinyed)
;n 0 Mixture ) 333 18351 185 2101 50062 110132
{2y  (150) (1) 10} (364) (627)
Te‘ane- > 5760 22129 ¢3430 97319
(s4) (127) (s8Q) (381)
..hviene 3693 3693
Cibramide (20) (20)
He:@ 3222 5365 25861  iis2  sa7el 373 dss2e 13208 9130 181612
~ (22) (22)  (103) (572) (32%) (2)  (300) (56) {28) (2931)
SUBTOTAL: 14530 16252 13514 32829  3s7z 101062 477 71343 90694 38777 109394 102166 500150
- (32) (189) {329) (432} (1383) (665) (45) (1781) {495) (76Q) (2%65) (2119) (10767)
PLANT 2ROWTH
QESULATORS
Ztnaonen 1464 52 133 2 1971
(2783)  {439)  (208) (2) {3810}
Maieic Hyarazida 9G6 206
Jiethanalamine (227) (227
Sait
Giaberailing 21 31 23 7 7 33 7
(16413} {3499) (1077 (137)  {126) (46) {5303}
SUBTOTAL: 21 31 23 2370 352 153 3 7 58 . 1054
(1413} (3495) {1077) (2990) 339)  (2%6)  {139)  (128) (ag) (9940)
AQJUVANTS
Alkylaryl Poly- 389 189
axyathens Sthar (2494) (244)
2-Caloraede 31 128 757 3 454
#hanvlanenc! (335} (253) {&as)  (340) (2422)
Jiethylamina Sait 30 b 1 i 1 3 ] 39 1382 110 1874
af Cacsnut (188} (38) (88) (169) {384) {1787) (212) (2212) (24120} (2737} {22006}
Zthoxylated 23 28 04 7 20 250 592
Lirear ilcznol {i08) (121) {(z77) - {iz6) ({298) {288) (1878)
Henytonengl Poiy- 2 4 4 7 33 16 i1 10 1 148
axyethylene (za) (88) (189) {(384) (1rar) (i07) (1259) (1204) {23) (5079)
Sedium-Xyienesul- 22 b 1 8 71 219 52 33 1533 148 2327
fonate (188) {53) {88) (400) (85Q) (3498) (300) (2358) (2¢913) (3198) {28553)
Trigthangliamine 33 48 59 273 56 199 2635 229 3833
(1283) (231) (s86) (1711) ({833} (129§} (2571s) (3173} {33474)
Vinyl Poiymer 38 258 13 775 162 11 340 10882 334 340 13843
{2293) (3974) (110) f2%11) (1280) (279) (3294) (31668) (1317) {1319) (4871%)
Unknewn 213132 15 19 34 1c8 27 42 1783 38 1387
{188} {221) {e88) (1711) (833) (1295) (25713} (3173 (33474)
SUBTITAL: 106 113 293 5 151 1357 1143 342 1382 18285 308 349 24549
I (752) (2873) (3974) {28&) (1431) (&240) (12889) (3530) (12730)(136223) (13773) (1319){195848)
DESTLIANTS
Cacadylic Acid 1 308 25449 204 26473
— (188) (3619)(180773) {1713) (191294)
g8 122303 151538 1604 285445
~ (s2991) (932223} (717) (155931}
Feiex-2) 231 38420 101070 1458 191289
\—;:—- (188) (33973) (53974) (1C62) (93199)
Sedfum uacu-/ 128 1731 145136  il94 135206
drizze . (138) (3619)(130773) (1714) 1131294)
SU3TCTAL: 127 216282 437204 4500 533413
| (564) (124204)(307743) (5207) (637718)
TgTAL: 32753 130693 297508 177057 213871 SI13S2B 464375 647530 310263 632282 148870 159422 4201237
- £1508)(157157)/ 250220 (124086 1136041} /77940)(306637)/47763711321394)(293067) (52648) /52115 /03545510)
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TABLE Da2. 1976 MONTHLY OI§TRIBUT[0N OF SYNTHETIC ORGANIC PESTICIDE PRODUCTS FOR MONACREAGE APPLICATION IN FRESNO

COUNTY (LBS.)

ANNUAL

CHEMICALS JAN FER HAR APR MAY SUN JuL AUG sgP ocT NOV EC  roTap
INSECTICIDES
Chlordane ' 4667 3315 103C 2737 3056 1016 3317 2905 1180 2151 2781 3136 37291
Endosulfan 169 1 170
Heptachlor 216 216 197 129 148 123 100 1126
Diazinon 279 799 231 234 255 §23 528 229 439 170 155 214 1206
Dursban=R 61 22 173 28 a7 130 91 349 161 310 298 120 1930
Fenthion ) 29 76 33 35 3 ) . 182
Malathion 254 544 0% 3118 513 355 462 803 53 16776 942 394 27837
Methyl Parathion 23 79 125 284 511
Naled 29 260 208 271 769
Parathion 117 231 335 1347 1737 2027 6094
Fhorate 328 15328 2466
Baygon-R 35 299 6¢0 1083 363 293 2901
Carbaryl 78 11 128 224 193 154 13 170 10 2 1040
Omita 14 42 &7 29 1 153
4mines, Aliphatic 12 29 42 12 12 443 27 29 17 623
Carbon Tetra= 190 379 8¢9
chlaride
Carbon Disulfide 139 32 4 a5 230
Ethylene Dichlor= 443 887 1330
ide

SUBTOTAL : 5478 55440 iz 23500 5308 5346 7083 3363 3338 20635 4939 3232 39428
HEPBICIDES
OsHA 16 1658 215 k) 1980
1SMA 535 181 78 248 172 29 14 1353
MCPA, Isococtyl 39 17 17 133
Estar
2,4=0 Amine Salt 3 1481 359 1848
4(2,4-08), Butoxy- 74 29 103
ethanol Ester
Dfuren 6 201 38 43 98 1883 1269 3533
Monuron 1173 1173
Amitrole 121 5 19 107 14 10 25 3 8 366 420 10 1140
Atrazine 779 516 226 17 483 354 2375
Bromaci) a3 117 7 7 299 360 1988 2941
Promatona~R 13 742 a7 55 11 5 33 952
Simazine £ad 726 34 135 25 23 13 570 174 394 1178 478 4508
Dalapon, Sodium 42 70 11 123
Salt
Sadium TCA 39 5310 5849
Glyphosate, Isopro- 6 18 32 1398 895 311 1508 e L a24 96 4909
pylamine Salt
Fanac 45 90 877 1012
2,3,6-T8A Dimethyvl- 428 77 77 582
amine Sait
Ddchlobenil 148 23 37 3 38 42 294
OJ1phenamid 113 148 7 41 578 48 23 82 1070
Bramoxynil 12 22 197 594 219 303 i1l 21 23 2005
Octanocate ’
1-(5-Tert-8utyl~ 405 1249 5 4 58 152 1808 12 3704
1,2,4-Thiadiaz)

SUBTOTAL : 2194 3380 1401 2145 1332 1547 1414 1162 3292 11228 3684 966 41646
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TABLZ 0-2. CONTINUED

CHEMICALS JAN MAR APR NAY JUN JUL 6 ocT NOV i‘:_’:gfl.
FUNGICIDES
3encmy! &3 132 148 131 12 100 55 135 3944
Serran-’ 27 ' ) 317
Soweide-A-R 309 13z8 1062 373 731 547 547 105 1084 9273
PCNB 203 302
Caztan 303 367
Thiabendazaie=R 16 L33 1 1 18 184
Saz-Butylamine 2198 1319 98¢ 330 2529 3245
SUBTOTAL: 022 3133 1243 1838 1398 633 747 1249 3748 19538
MEMATOCIDES
Mathyl Sromide 7350 31l 1643 i77¢ 1663 idz24 2822 10385 13243 77219
SUBTOTAL: 7330 sl 1623 1776 3883 iada 822 0388 13243 77319
PLANT SROWTH
ESULATCRS
Maleic Hydrazida 12732 76133 38885
Oiechanaiamine
Zaie
SUSTOTAL: 12752 6133 28285
JESALIANTS
Zagedyiic Acid i1 88 33 i 3 216 3 37 3 738
Sedium laca- 33 i3z 313 3 k¥ 1292 ki 2346
dyfata
SU3TATAL: 7C 142 373 7 23 72 3 R} 4 3084
TOTAL: 12295 17158 30738 39892 14399 13080 1513 2 43628 20833 3z0848
—_
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TABLE 0-3, 1976 MONTHLY DISTRIBUTION OF INQRGANIC PESTICIDES FOR APPLICATION IN FRESNG COUNTY (LBS.)

CHEMICALS JAN FEB MAR AR HAY JUN ~JuL AUG SEP ocT NOY DEC ég;git
Amma te 175 501 835 1511
Blue Vitrial 2326 §553 630 139 295 4422 12029 30858
Borax N 2N
Caleium Chioride 137 137
cacs 194 3049 395 9638
Copper 513 523 1 2338 164 38 3835
Copper Hydroxide 1047 10528 218 1769 121 235 13934
Cooper Qxide 323 323
Copper Oxychlor- 1037 753 153 kK| 7 139 36 139 1017 108687 3076 1322 13019
ida Sulfate

Copper Salts 392 32i¢ 3909
Copper Sulfate 24523 38921 81 117 6487 5089 10534 35794
Copnar<Zine Sul- 1240 5614 333 1878 11118 15774 15080 1342 2873 55440
Fate Comolex

Cryalite 2318 167553 250459 122535 9277 3485 560677
Dlammonium 1 19 224 115 a7 138 578 342 328 375 | 328 1020
Phesphate

Disodium Oetabor- 427 1229 536 2192
ate Tetrahydra

Lead Arsenate 1068 1068
Lignin Sulfonic 13 500 2102 635 148 152 157 39 224 4117
Acid

Lye 729 1267 729 423 327 739 362 108 211 327 6122
Magnesium Sulfate 57 195 a3 33§
Phosohorous 148 180 338
Phestaxine-R a7 35 25 18 133 230 L 81 8 625
Sae-3utvlammon= 3580 2348 3330 2727 13563 1515 17043
ium Phosonate

Sodium Arsenite 1487 4900 1200 ) 7535
Sedium Chlorate 1818 2213 3] 339 1562 - 29856 457Q136 ' 4504 182 710811
Sedium Metaborate 3704 48393 5 731 9339
Sulfur 2408 10322 174062 1117481 2083993 Q13763 398773 86773 17246 4906839
Sulfurie Acid 108483 106483
Vikane-R 32 31 96 12 157 43 34 71 107 205 S0 918
Zinc Phasphide 30 34 18 35 1 2 45 165
line Sulfate 1 46 23 197 1785 3759 5143 3538 144 298 10 15678
TOTAL: 43241 86709 17333 290931 1296036 23453822 948572 526422 144334 727519 22565 29190 6579274
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TABLZ 2-4. 1976 MONTHLY OISVRIBUTION OF INERT CRGANIC [MGREDIENTS {FORMULATION <CDE 24) SUR ACREAGE APPLICATION
IN FRESNQ COUNTY. THE UFPER NUMBER IS L3S.; THE LOWER NUMBER I {) 1S ACREAGE.

ANNUAL
CHEMICALS JAN FZ3 MAR APR Y U U M6 sER 96T - MOV DEC ToTAL

Argmatic etro- 2283 2536 .59276 3638 15207 29904 30144 39111 33683 35237 5772 45a3 253356
Taym Oissillate (8447) (7163) (54441) (27220) (45773) (84453)(141617)(110457) (95128)(110815) (19125) (12894)(713336)

Emulsifiers 1382 1535 11887 3333 9909 13099 30349 23671 20336 23748 4099 2763 153341
{(3902) (4336) 132950) {15473) (27704) (S51116) (35714) (86334) (57576) (67071) (11576) (7804){433073)

Methyl Qleate i1§2 1291 3815 4908 3252 15226 25532 13914 17151 19979 3448 2225 129003
(3282) (3848) (27713) (13858) (23301, {42991) (72090Q) {55223) [33425) (58410) (9738) (5364)(364282)

Kerosene 1128 1254 3530 47685 9013 14735 24792 19337 14633 19399 3348 2257 125262
(3187) (3541) [25915) (13483) (22630) (4175¢) (70014) (54609) {37030) (34736) {2456) (8375)(3537¢3)

Lylene 192 214 1823 312 1365 2518 4222 3293 2836 1304 370 384 21333
(543) (603) (4583) (2340) (3854) (7110) (11323) (9300) (300¢) (9230) (i610) (1086) (5Q291)

Cyclahexanone 137 152 1158 579 973 1795 3012 2348 2023 2357 407 274 15217

(387) {429) (3284) (1532) (2744) (sS064) (849Q) (s822) (5783) (6624) (1147) (774) (42900)

Technical ! El 585 342 §76 1062 1781 1389 1196 1394 281 152 3999
inerss {229)  (234) (1933)  (267) (is26) (2399) [S030) (3923) {3373) (3938) (&7%)  (453) (25412
3utyroiaccne 38 40 7 154 260 177 301 524 337 525 103 73 2043

{103y (:114)  (863) [e3¢)  (730) (1323) (2280) (i782) (1513) (1788) {30%) (206) {il317)

| 'sogronanci w2 13 E 20 a3 154 253 201 173 292 3§ 22 1303

g (33y 37y {230) {14n) (23%) (434) (728) (&8} (489) (37Q)  (s8)  (€6) (3873)

*3utyl 7 3 39 30 0 32 134 129 103 120 2 13 77

| arcantan (2o)  {22) (i167)  (33) (120) (288} (£33) {338) {291) (339} (3%) (39} (2189)

(Eaienlore- 7 3 <3 29 9 e} 152 113 122 119 i) 13 757

_Ayerin (19  (22) {183  (32) (138) (285; (s28) (33%) (287) (235)  (38)  (33) (2161)

' D1suty] 3 3 2 12 20 3 51 13 1 13 3 5 309
Disuifide (3) {8 (67) (3 (38 {104} (irey (i35 {ui7y (u3s) {@3) {18} (813)
Isaturon 2 2 17 9 1 25 14 5 Ele 35 5 1 224

(5) t2) {3y (24) (a1} i73)  (128)  (98) (@) (g8} (i) (i1) (433)
denzene L 1 il 5 19 13 29 23 20 Ch 1 3 147

(<) (3)  (32) (18)  f27)  (48) (33 (33} (38 (a3 {11) {(9) (a20)
Mathyl Isabutyl - 3 ] 2 L 2 3 3 4 4 b i 1 28
Latone {1 {1 (z) (3) {3) (9) () 2y (1 (12 {2) fzy (79)
Lorai: 3438 7147 34330 27183 43831 24297 141337 110237 94038 110593 19088 12863 714110
]'“"' (18171} (20137)(153432) (76763)(125004)(238021)(399124)(211305)(258101) (312315) {33903) (36381{2016688)

TABLI -3, 1979 MONTHLY OISTRISUTION JF INERT GRGANIC INGREDIZNTS (FORMULATION COCE 24) “OR NONACREAGE APOPLICATICN
TN FREING CQUNTY (LBs.) .

ANNUAL
CHEMICALS S8 723 MAR s MaY JUN JUL UG SE? 27 oy JEC TOTAL
Arémanic Fatra- 122 202 1199 523 296 1eza 3018 27€3 znzs 2240 L34 300 18380
Taum Jisziilate :
ImulsiFiars 20t 122 723 T 303 112 1327 14832 1223 L3g8 273 7s 9418
Mgthyl Jleate 17 g4 810 38 308 328 1333 1274 1029 i 230 135 7324
Larasare’ 134 1a2 393 ics 193 301 1492 1170 $99 1107 223 154 7836
Aylene 30 S 100 37 aa 153 283 197 183 133 i8 2 1309
Zyclonexanona 29 i 72 37 3 a8 132 142 122 133 27 i3 334
Technical Inerzs 12 7 43 22 33 a3 128 < 7 " 30 17 10 334
Jutyroiaczane 3 3 13 e} 16 29 a3 33 3 k] 7 3 2¢8
Isaorepanal 2 1 5 3 S 9 i5 12 1 12 2 2 79
Jutyl Mercactan 1 1 4 2 3 3 3 7 . £ 7 M 1 47
Hexane 1 1 4 2 3 s 3 7 5 7 i 1 47
tzichicranydrin 1 1 3 2 3 3 3 7 6 7 1 1 s
Jibutyl J{suifide ad 3 1 1 1 2. 2 2 2 3 i o} 13
Isofuran 3 s 1 H 1 2 3 2 2 2 a2 3 14
3anzane g p 1 ] H ! 2 H 1 1 3 g
Methyl lscoutyl oK 0 g 0 ) 3 h) 2 9 2
Ketone
Tl 319 373 1332 L7£3 . 2807 5140 3513 5672 el 5322 1272 335 1290¢
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TABLE D8, 1976 MONTHLY DISTRIBUTION OF INERT ORGANIC 'NGREDIENTS (FORMULAT'ON CODE 29) FOR ACREAGE APPLICATION
*N FRESNO COUNTY. THE UPPER NUMBER IS LBS. ; THE LOWER NUMBER IN () 1S ACREAGE,
CHEMICALS JAN FER MAR AFR MAY JUN JuL AUG 33 ocT NOV DEC ¢g¥gtL
Methyl lsobutyl 632 2419 3rer 1857 4073 2967 6074 9457 7180 25885 2417 2485 55043
Ketone 7486) (28632) (44754) (13324) {53244) (35150) (71953)(112927) (85047)(306622) (28632) (29435)(817825)
Butyrolactone 459 1782 2302 1723 3005 2192 4484 6978 5297 19103 1782 1835 50943
(5431) (21112) (33180) (14499) {35599) (25964) (53109) (82663) (62743)(226285) (21112) (21737)(603444)
Emulsifier 435 1693 2650 1160 2383 2080 4254 6625 5030 18133 1693 1740 43356
(5148) (20048) (31513) (13744) (33793) (24641) (50393) (78471) (39579)(214797) (20048) (20615)(572790)
Dupano! 216 3a1 1322 375 1419 1033 2115 3305 2500 9015 841 865 24048
(2562) (9965) (13658} (£225) {13314) (12232) (25055) (39152) (29612)(106785) (9965) (10249)(284872)
Propylene 201 783 1232 537 1322 365 1973 3071 2331 8404 7983 306 22408
Glyeol (2385) (9280) (14534} (5384} (15656) (11429) (23368) (36378) {27617) (99547) (9280) (9552)(265448)
Diesel Q11 193 7581 1189 . 5 1266 922 1888 2040 2233 8048 751 773 21460
(2291) (8891) {12380) (8104 [14996) (10922) (22383) (34831) (26448) (95332) (8891) (9150)(254199)
Kylene 63 ELE 3a4d 167 412 360 515 358 726 2621 244 251 6988
(784) [2893) (2545) (1584) {4376) (3554) (7285) (11246) (3595) (31042) {2893) (2975) (82732)
Mathyl 60 234 187 139 194 288 538 915 595 2506 232 280 5678
Cellosalve (769) (2773) {4345) (1889) (4684) (3412) (6915) (10839) (3229) (29883)- {2751) (2846) (79108)
Technical 44 156 260 i1 279 204 413 350 493 1778 166 17 4741
[narts {519) (1972) (3082) (1335) {3306) (2220) (4947) (7838) (5844) (21064) (1972) (2019} (55178)
{sopropanal k] 139 2 35 232 159 346 538 410 1476 139 140 3935
(414) {1s42) (25€2) {1121) (2751) (2008) (4097) (6376) (4852) {17486) (1642) (1553) (46604)
Taluene 12 49 73 343 ELS 52 125 195 149 534 49 - 50 1731
(142} (573) (921) (4062} (1004)  (732) (1476) {2218) {i759) ({8329) (573)  (590) (20486)
paraffin 10 43 648 28 71 52 105 164 125 450 43 4 i201
(118)  (507) (779)  (331) (338) (614) (1240) ({(1948) (1476) (5325) (507) (519) (14202)
Ethylene 4 18 27 12 30 22 44 53 32 189 18 18 503
3lyeol (a7)  (212) (319} (142) (354) (280) (513)  (Bl4)  (818) (2232) (212} {212) (5937)
Cietnylena 4 13 2 e 22 18 k) o 39 138 12 13 373
Triamine (47)  (134)  (228) (113) (280)  (189) (390) (602) (461) (1542) (154) {134) {4419}
Cyclahexanol 1 § 11 4 58 7 16 2< 20 89 3 5 184
{12y () (o (47) (130}  (a3) (189) (295) (238) (814)  (95) (71} (217%)
TATAL: 23169 3131l 14423 5500 15478 11279 23978 35941 27280 98349 3179 9436 262589
, (28055)(108732) (170838) - (78189} (133610) (13361C)(272348)(425755)(323112X1154985)(108732) (1117773110418)
TABLE 0-7. 1976 MONTHLY DISTRISUTION OF INERT ORGAMIC INGREDIENTS (FORMULATION CODE 0S) FOR NONACREAGE
APPLICATION IN FRESNO COUNTY (L8S.)
ANNUAL
CHEMICALS JAN F£8 VAR APR MAY JUN JuL AUG 5P ocT NOV DEC TOTAL
Methyl [sebutyl
Ketone 111 19 208 183 1317 158 121 1310 151 373 170 29 4319
Butyrolactona 32 14 151 262 972 117 &g 967 111 275 125 22 2138
Emulsifier 77 13 144 249 322 111 GH 218 106 261 119 21 3026
Dupanal 39 5 7 124 459 55 42 187 53 130 33 19 1508
Propylene Glycol 36 6 67 115 428 51 39 528 49 121 g5 10 1403
Diesel 01l 34 3 64 111 310 19 38 208 . 47 115 53 9 1345
Xylene 4 15 24 19 26 19 3% 80 45 162 15 15 432
Methyl Cellesalve 4 14 23 i0 24 18 37 z 43 152 14 14 411
Technical [nerts 3 10 15 7 18 12 26 42 31 110 10 10 294/
Isopropanol 2 3 13 6 14 10 21 34 25 94 3 38 243
Toluene 1 3 5 21 5 4 3 12 9 35 k! 3 109
Paraffin 1 2 4 z 4 3 6 10 8 29 2 3 74
Ethylene Glycol 1 z 1 2 1 3 4 3 1 1 1 30
Diethylene
Triamine 1 1 1 1 1 2 3 2 3 1 1 22
Cyclonexanol 1 1 1 1 L 4 .9
TOTAL: 394 118 790 1274 1603 509 857 4710 534 1879 636 156 16410
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TABLE 23-3. 1975 MONTHLY DISTRISUTION 57 NONSYNTHETIC SROOUCTS /AS MINOR ACTIVE INGREDIENTS) FOR ACRESGE APPLICATION
IN FRESNO COUNTY. THE YPPER NUMBER IS L3S.; THE LOWER MUMBER IN {) IS ACREAGE.
: ANNDAL
CHEMICALS AN FE3 MAR Ap3 MAY JUN Jut G 3g2 KT NOV JEC_ —gTa
Aromatic Petrce 3 65 131283 7382 25419 14892 18057 38215 7325 2200 "5 151163 326640
Teum Solvent 3) (52} (12073) (6z90) (20285) (11709) (36753) [44381) (5244) (1736) (3)  (852)(140886}
Petraieum 153 2746 18296 181 43 3381 1228 3837 1508 1164 35343
Jiszillaze (127) (2191) (148Q1)  (304) (38) (2899) {3374) (2902) {1203) (929) (28385)
Petraleum Jistil- ' 14 5551 344 300 2771 4420 2060 30 170 16670
late, Aromatic (12) (s438) (674) (839) (2212) (3528) (l644) (23 (138) (12308)
Patrsleum 223 257 212 4543 2373 7327 12822 12383 19293 24843 2243 2546 94391
dydrocarson {173} (2087) 12225) (3625) (2293) (3847) (10232) (2881) (152%96) (19586) (1738} (2113) (79328)
Patroieum 311, 19325 123168 3495 178 18720 5306 $308 7274 10677 11344 1334 33470 334978
Unclagsifiad (2:69) (6283) (511} (371} (838) (133) (108) (312) (4s539) (10383)  (114) (2543) (23297)
tylene 638 1337 3006 5343 23112 14053 27208 21277 3533 5736 - 322 347 87167
(510) (1068) (23%%) (4863) (6833) (11218) (21713) (16%80) (%810} (4617) (836)  {277) (77542)
Xvlene ange ira- 133 483 261 1367 12421 20305 3728 1453 1332 3 49631
matic Solvant £112)  {381)  (29@) [id9l) {9912) (ls203) (7780) (2737; (1Z50) {2) (39606}
TITAL: 33384 130031 48304 24573 33378 33963 115899 114932 53381 15373 1538 2498944 955020
T (2990} (11737} {32282} (2009¢) {31843) 1412173) (50534} 786224) (38612 (37524) (2531} ({8332){2n333C)
1 TABLE 3-3. 1375 “MONTHLY DISTRIBUTION OF NONSYNTHETIC °RODUCTS (AS MINGR ACTIVE INGREDIENTS, 2R MQNACREAGE
APPLICATION IN FREINO COUNTY (L3S.)
1 ANNUAL
| SAEMICALS 188 Fig 453 199 3y JUN JuL AUG SEP lons Qv Jec  TATAL
Argmatic Petrs- 137 461 332 339 302 1003 314 1178 atl 143 1358 328 3008
Teum Solvent :
Mineraj Qi1 27 §72 33 313 145 57 a7 41
Fetraieum 1379 739 3825 3&7Y 9984 3652 3620 a9lll 3036 2§58 arEl 1888 140940
Distiilata
Petraleum 3 kb 10 52 76353 3 3 38 13896 29 o) 35 30504
Hyaracarzon ' '
Petraleum 311, 2325 iz 1152 132 23 209 Il 179 26 2098 300 3640 13308
Unclaggifieq
Xylena 143 271 303 343 . 297 208 142 182 a1 147 15 2090
Xyiens Range Arg- 134 207 120 115 827
matic Soivent .
TIAL: 4281 3285 3817 3813 &7254 5177 4739 90731 21034 10210 6335 5323 253914

226



https://l.C?.E.~.GC

C

TABLE D-10,

1976 MONTHLY OISTRIBUTION OF NONSYMNTHETIC PRODUCTS (AS PURE QOIL) FOR ACREAGE APPLICATION IN

FRESNOQ COUNTY. MONTHLY QISTRISUTIONS OF PETROLEUM PRODUCTS ARE BASED ON JISTRISUTION RATIQS

EPORTED IN PUR; THE MONTRLY ACREAGE IS 3ASED ON ANNUAL APCLICATION ATE,

IS LB3S.; THE LOWER NUMBER !N {] I3 ACREAGE.

TME JPPER NUMBER

PESTICIOE ANNUA]
PRODUCTS JAN FER BAR asq MAY SUN UL AUz SEP 0CcT NOV JEC TOTELL
Aromatic Petro= 1592127 1692127
Teum Soivent
Minaral 30215 245036 L 7213 5308 310656
011 (10334) (83807} (5 {2988) (3222} (106290)
Petroleum 1951 1951
Distillatas (6588) (668)
Petroleum 1953582 11863035 103789 1985176
Hydrecaroons 1237824) (405648) (35498) (578970)
Petroleun 011, 417678 1085062 35404 132507 40718 24622 67377 38723 27145 20359 879875 2796256
Unclassified (142854)(371113) (l2ice’ V{321680) (13828) (B421) (23044) (13245} (9284) (6963)(300935) (956378)
TOTAL: 147804 1330099 34290 5785 353071 40718 33927 1285363 142512 27125 1712486 379875 3786166

[153188)(454922) (185838) {2327){292452) (13926) (11643){429360) (48743 (9284)(585705){300%36) [2321048)
TABLE 0-11. 1976 MONTHLY DISTRIBUTION OF MOMSYNTHETIC PRODUCTS (AS PURE OIL) FOR NONACREAGE APPLICATION

IN FRESNO COUNTY. CONTHLY DISTRIBUTIONS OF PETROLEUM PRODUCTS ARE BASED ON OISTRISUTION RATIOS

REPORTED !N PUR, (L8S.)
PESTICIDE .
PA00UCTS JAN F£3 MAR apg MAY JUd JUL AUG sep cT NOV DEC %#gﬁL
Aromatic Petro- ‘ 476238 176238
jaum Solvent
“Aineral 011 8504 56299 5313 2031 2518 476238
Petroleum 549 545
Distillates
Petroleum 195761 343371 29211 568282
Hydrocarben
Patroleum Qf1, 117534 298307 3964 181 42923 11480 8930 133962  L108S8 7639 5730 247635 780113
Unclassified
TOTAL: 126053 364306 13279 1910 Zz40835 11460 S54S 162882 . 4010¢ 7639 481968 247635 1209951
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62¢

FRESNO COUNTY

SCHLEr L HLES

wesaaw PESTICIDE RPPLICATION
(PLOTTED BY SECTIONS)

EARCH DOT = 800 LBS OF CRYOLITE

TOTAL LBS PLOTTED = 37730.13%

TOTAL LBS NOT REPORTED BECAUSE
OF DATA EAACRS « 1030.32

.~ RIVERS RND CANALS

. « TOUNSHIP GORNEAS



https://377990.13

0¢d

FRESNO COUNTY

1976
OMITE

“REEOLAY

scalE: B MILES

o i PESTICEDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 1200 LBS OF OMITE

TOTAL LBS PLOTTED = 230073.91%

TOTAL LBS NOT REPORTED BECAUSE
OF OATA ESRORS = 751.48

/s BIVERS AND CANALS

. + TOHNSHIP CORNERS



https://230973.91

1e¢

FRESNO COUNTY

1976
DEF

((//

JlnzeoLty

SCALE: B MILES

mozin PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 1200 LBS OF DEF

TOTAL LBS PLOTTED = 192563,27 *

TOTAL LBS MOT REPGATED BECAUSE
OF DATA ERAORS = 983.67

. + TOMNSHIP CORNEHS



https://192563.21

AN

FRESNO COUNTY

1976
TOXAPHENE

SCALE: B, HILES

eaan PESTICIDE APPLICATION
(PLOTTED 8Y SECTIONS)

EACH DGT = 4SO LBS OF TOXAPHENE

107AL LBS PLOTIED = 181395, 26°

TOTAL LBS HOT REPORTED BECAUSE
OF DRTA ERROAS = 03,47

o~ RIVEAS RM) CANALS

. + TOHNSHIP COANERS



https://10139S.2d

£ee

FRESNO COUNTY

1976
METHYL BROMIDE

FRESNG CLovi

{00TH S

REEOLAY,

SCRLE: H.H]LE]

weie -1 PESTICIDE APPLICATION
(PLOTTED 8Y SECTIDNS)

EACH DOT = 4SOO LBS OF METHYL BROMIDE

TOTAL LBS PLOTTED - 158545, 04

TOTAL LBS NOT REPORTED BECRUSE
OF DATA ERARDAS = 16S0.16

s ALVERS AND CANALS

+ + TORNSHIP CORNERS




vee

FRESNO COUNTY

1976
CRCODYLATES

+ + TOHNSHIP CORNERS

SCALE: B MILES . .
wsam PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)
ERCH DOT = 600 LBS OF CACODYLARTES
TOTAL LBS PLOTTED = 123203.43 *
TOTAL LBS NOT REPORTED BECAUSE
OF DATR ERAORS =~ 426.23
— "~ RIVERS RANO CANALS




1or4

1976
FOLEX

il

DATA

{
I&mmmm

FRESNO COUNTY

FRESNG CLovi

AEEDOLBY

SCALE:

wzzm PESTICIDE RPPLICATION
(PLOTTED BY SECTIONS)
EACH BOT = 120 LBS OF FOLEX
TOTAL LBS PLOTTED = 122385.39 *
TOTAL LBS NOT REPOATED BECRUSE
OF DATA EARORS = 1432.54
o BIVEAS AND CRNALS

+

+ TOHNSHIP CORNERS

—
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FRESNO COUNTY

1976
DIMETHORTE

SCALEr B MILES .

wozemm PESTICIOE APPLICATION
(PLOTTED BY SECTIONS)

ERCH 00T « 260 LBS OF DIMETHOATE

TOTAL L8S PLOTTED =~ 105731.5¢%

JOTAL LBS NOT REPDATED BECAUSE
OF DRTR EAROAS = 1877.12

o~~~ RIVERS AND CANALS

. + TOMNSHIP CORNERS




LES

-RESNO

1976
DNBP

COUNTY

\ P FESO o rov

Ja
(. T

| &pﬁﬁuﬁ@

SCHLE: ﬁm

acizan PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 2400 LBS OF DNBP

TOTAL LBS PLOTTED = 95872,8i%

TOTAL LBS HOT REPORTED BECAUSE
OF DATA EARORS = 1286.48

- RIVERS RAND CANALS

' + TOHNSHIP CORNERS




ged

J

FRESNO COUNTY

1976
DBCP

SCALE) B.HILEG

moamm PESTICIDE RPPLICATION
(PLOTTED BY SECTIONS)

€ACH DOT = 2200 LBS OF DBCP

TOTAL LBS PLOTIED = 04302, 32 ¥

TOFRL LBS NOT REPORTED BECRUSE
OF DATA ERADAS = 326.66

e~ RIVEAS AND CPNALS

. + TOMNSHIP CORMERS




6£'2

FRESNO COUNTY P

1976 ¢
;2 ’ Li “'{]

e TN
FAESNO ¢ "2 CLOVI

B 4

SCRLE: B MILES
wezum PESTICIDE APPLICATION

(PLOTTED BY SECTIONS)

EACH DOT = 3000 LBS OF 2.4-D

TOTAL LBS PLOTTED = 92833.17 *

TOTAL LBS NOT REPORTED BECAUSE
OF DATA ERAOARS = 3780.00

o REVERS AND CRNALS

S + TOWMNSHIP CORNERS




0¥z

FRESNO COUNTY

1976
XYLENE

SCALE: B MILES

mosxam PESTICIDE APPLICAYION
(PLOTTED' BY SECTIONS)

ERACH DOT = 1600 LBS OF XYLEHE

TOTRL LBS FLOTTED = 8526).44 ¥

10YAL LOS NOT REPOATED BECAUSE
OF DATA EARDAS = 17,10

" RIVERS RND CANALS

. + TONNSHIP CORMERS



https://85261.44

2

FRESNO COUNTY

1976
PARAGUAT

S

SCALE: B .MILES

m-msn PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

ERCH DOT = 1100 £BS OF PRARQUAT

TOTAL LBS PLOTTED = 80474,99%

TOTAL LBS HOT REPORTED BECAUSE
OF DATA EAAOAS = 487,68

o~ BIVERS AND CANALS

. + TOHNSHIP CORNERS




Ve

FRESNO COUNTY
CHDéOTHHLONIL

N o~ T«

. Y - {
. L /( \‘»%\ . J&S’E‘ —""h“gﬁwm__g‘ ' ,}
J,f"‘:‘ o~ < /\ ~""'=h,4:_,
FRESN( TACLOVE N
D - ) —
=3
. R
H‘EEDL\Q
N
—eef ™
( —]
- SCALE:r £ MILES
o PESTICIDE APPLICATION

{PLOTTED BY SECTIONS)
EACH 00T » 160 LBS OF CHOROTHRLONIL
TOTRL LBS PLOTTED = 75'69.85 *
TOIAL LBS NOT REPORTED BECRUSE

OF DATA EARDAS = 1349.99
s RIVERS AND CANALS
. + TORNSHIP CORNERS




Eve

FRESNO COUNTT

1976
KEL THRNE

™ FiigsHo

CLovi

REEDLBY
"~

SCALEs L UILES

meavsi PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 1100 LBS OF KELTHANE

TOTAL LBS PLOTTED = 75438.34 *

TOTAL LBS NOT REPORTED BECAUSE
OF DATA EARDAS = 1670.36

. RIVEAS AND CANALS

+ » TOWNSHIP CORNERS

S




9

FRESNO COUNTY

1976
D-D MIXTURE

\WESNO

a7R i ————

CLov}

AEEDLBY

SCALEs B HILES
s-iaamm PESTICIOE APPLICRTION
(PLOTTED BY SECTIONS)
EACH DOT = 7000 LBS OF D-D Hl)s}'l)ﬂE
TOTAL LBS PLOTTED = 75141.15
TOTRL LBS NOT REPORTED BECAUSE
OF DATR EAROAS = 0.00
w "~ RIVERS AND CRNALS
. + TOHNSHIP CORNERS



https://751~1.l5
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FRESNO COUNTY P

1976 ¢

.

TELONE

QINEEDLAY

SCALE:

‘ &C()RL INGA

+

6. MILES

mesixan PESTICIOE APPLICATION
(PLOTTED BY SECTIONS)
ERCH DOT = 3200 LBS OF TELONE
TOTAL LBS PLOTTED = 66397.44 *
TOTAL LBS NOT REPDATED BECAUSE
OF DATAR ERAORS = 0.00
\ o~ RIVERS RAND CANALS

+ TOWUNSHIP CORNERS




o<

FRESNO COUNTY

1876
PARATHION

/ e,
/"ﬁ \

\

’\

N | .
7 \"::..\\

SCALE: B MILES

wesm PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

ERCH DOT » 2000 L8S OF PRARTHION

TOTAL LBS PLOTTED = 65322,99

TOFAL LBS NOT REPOATED BECRUSE
OF DATA ERRDAS = 989,20

" RIVERS ANO CANALS

+ + TOMNSHIP CORNERS




v

FRESNO COUNTY

1976
CHLORDANE

0aTA

l {3, COALINGA

I S

FAESKO .& LoV
S bl

AEEDLEY)

SCALEs - B UILES

meizsn PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

ERCH DOT = 600 LBS OF CHLOADANE

TOTAL LBS PLOTIED = 64066.18 *

TOTRL LBS HOT REPORTED BECAUSE
OF DATA ERAROAS = 158.00

o RIVERS AND CANALS

* + TOMNSHIP CORNERS



https://64066.18

ny
S

-REONO COUNTY

1976
CAPTAN

SCRLEs

B HILES

w-iaum PESTICIBE RPPLICATION—
(PLOTTED BY SECTIONS)
EACH DOT = 800 LBS OF CRPTAN
TOTAL LBS PLOTTED = 62225,32 ¥
TOTAL LBS NOT REPOATED BECRUSE
OF DATA EAAOAS = 623,00
. RIVEAS RNO CRANALS

+

+ TOMNSHIP CORNERS



https://6222S.32

672

FRESNO COUNTY

1976
PHORATE

QbignoaTa

)y

I

‘&U)F\LINGR .

- o FﬁSG u_uvl
B ,

SCALE: B MILES

asasm PESTIGIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 2600 LBS OF PH[RQT_E

TOTAL LBS PLOTTED = 58816.47

TOTAL LBS NOT REPOATED BECAUSE
OF DATA EARCAS = 100.56

s RIVERS AND CANALS

+ + TOWNSHIP CORNERS

4


https://59816.47

052

,(_

1976

CHLOROPICRIN

FRESNO COUNTY

SCALE: P HILES ,
aiscem PESTICIDE RPPLICATION
CPLOTTED BY SECTIONS)
£ACH DOT = SDOO LBS OF CHLOROPICAIN
TOTAL LBS PLOTTED = S8241.34 *
10TA. LBS MOT REPORTED BECAUSE
OF DRTA ERROAS » 37.84
.~ RIVERS AND CRNALS
» TOMNSHIP COANERS



https://582~1.34
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FRESNO COUNTY

1976
ENDOSULFAN

"‘g’ ),

<

o

SCALE: - B HILES

mesiin PESTICIOE RPPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = {0COLBS OF ENDOSULFAN

TOTAL LBS PLOTTED = 49552.05 *

TOTRL LBS NOT REPORTED BECAUSE
0F DATA EARORS = 13,33

v AIVERS ANO CANALS

+ + TOWNSHIP CORNERAS



https://49552.05

[4°14

.

FRESNO COUNTY

1976
CARBARYL

{ &C()F\L INGA

SCALE: B_HILES

mezmm PESTICIDE RPPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = BDO LBS OF CRABARAYL

TOTAL LBS PLOTTED = 478156.62

TOTRL LBS NOT AEPORTED BECAUSE
OF DATR ERROAS =« 87}.50

" RIVERS RND CRNALS

' + TOMNSHIP COANERS



https://47816.62

g¢e -

FRESONO COUNTY

1976
‘SODIUM CHLORATE

J\/‘/#/F\/\‘JT:;E;‘NO

00TA S

CLOV]

SCALE: B .MILES
sz PESTICIOE APPLICATION
(PLOTTED BY SECTIONS)
EACH 00T = 550 LBS OF SOOIUM CHLORAT
TOTAL LBS PLOTTED = 466106.69 *
TOTAL LBS NOT REPORTED BECRUSE
OF DATA ERROAS = 13479.46
o~ RIVERS AND CANALS
+ + TOHNSHIP CORNERS



https://13479.46
https://466106.69
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FRESNU COUNTY

1976
RZODRIN

ﬁ,..,-g”}‘ S, _ L ka;;mux i , ;’j \
ﬂHEG 7

SCALE:r B HJLES

ek PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 450 LBS OF AZOORIN

TOTRL LBS PLOTIED = 38424.73 *

TOTAL LBS HOT MEPOATED BECAUSE
‘OF ONTR ERACAS = 492. 1Y

"~ RiVERS RND CANALS

4 + TORNSHIP CORNERS

|E,c.rmuur\ :
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FRESND COUNTTY

1976
DIAZINON

l &C(’)F\L INGA

© SCALE: 6. MILES

g PESTICIOE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 300 LBS OF DIRZINON

TOTAL LBS PLOTTED = 38169.48 %

TOTAL LBS NOT REPGATED BECAUSE
OF DATA EAROAS = |04E.00

w~~_ RIVERS RANO CANALS

. + TOUNSHIP CORNERS



https://39169.48
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FRESNO COUNTY

1976
METHYL PRARATHION

DaTA L Te——

'I[scﬂALINQA' :

cLov)

g

/
J

]

SCALE: PB.M]JLES

w-mxmm PESTICIDE APPLICATION
C(PLOTTED BY SECTIONS)

EACH DOT = 900 LBS OF METHYL PRAATHI

TOTAL LBS PLOTTED = 30468,697%

TOTAL LBS NOT REPORTED BECAUSE
OF DATA ERRORS = 304,29

—~~_ RIVERS AND CANALS

' + TOWNSHIP CORNERS




8S¢

FRESNO

1976
DIURON

COUNTY

SCALE: B.MILES

w-imaam PESTICIOE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 650 LBS OF DIURGN

TOTAL LBS PLOTTED = 20861.50 %

TOYAL LBS NOT AEPOATED BECAUSE
OF DATA ERROAS = 113.66

v~ RIVERS AND CANALS

. + TOMNSHIP CORNERS
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FRESNO COUNTY

1976
DIFOLATAN

?g' ),

] FHESODLDV]

NOOTA R

l[bCURLINGA

<3

SCALE:

B HILES

wesssm PESTICIDE APPLICATION
(PLOTTED BY SECTIONS)

EACH DOT = 300 LBS OF DIFOLATAN

TOTAL LBS PLOTTED = 27752.51%

TOTAL LBS NOT REPDATED BECAUSE
OF DATA EARORS = 0.00

o RIVERS AND CRHLS

+

+ TOWNSHIP CORNERS



https://27752.51
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FRESNO COUNTY

1976
TRIFLURALIN

SCALE: [ HILES
w.:.u PESTICIDE APPLICATION
(PLOTTED 8Y SECTIONS)
EACH DOT - 1000LBS OF TAIFLURALIN
TOTAL LBS PLOTTED = 25567.70 %
TOTAL LBS NOT REPDATED BECAUSE
OF DATA ERAORS = 436.36
o BIVERS AND CRNALS
. « TOMNSHIP CORNERS



https://25567.70
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FRESNO COUNTY

1976
DRCTHAL

Y

e FRESNG ‘; cLov]

T

( -~
N L COALINGR

SCALE: B, MILES

ez PESTICIDE APPLICATION
(PLOTTED 8Y SECTIONS)

EACH 00T = 500 LBS OF DACTHAL

TOTAL LBS PLOTTED = 24783.11%

TOTAL LBS NOT REPDATED BECAUSE
OF DATA ERROAS = 0.00

w7 REVEAS AND CRNALS

+ + TOWNSHIP COANERS
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FRESNO COUNTY

1976
MANEB, ZINEB

=\

o

RNOOTR

l &COI\L INGA

/
4 [
r,‘!jl
| FH.ESND ovl .
e (&N

. GOnEEDLRY

i

SCALEr B MILES
wosoum PESTICIOE APPLICATION
. (PLOTTED BY SECTIONS)
EACH DOT = 900 LBS OF MANEB. ZINED
TOTAL L8S PLOTTED = 21619.59 %
TOTA. LBS HOY REPOATED BECAUSE

OF OATA EARORS = 105.60
o~ RIVEAS AND CANALS
. + TOHNSHIP CORNERS



https://21619.59

£9¢

FRESNO COUNTY

1976
ALDICARB

f
! L COALTNGA

FRS

~ FRESND *i LoV
"

————

SCALE: B.MILES

wesam PESTICIDE APPLICATION
(PLOTTED BY SECTIDNS)

EACH DOT = 140 LBS OF RLDICARB

TOTAL LBS PLOTTED = 20451.70

TOTAL LBS NOT REPORTED BECRUSE
OF DATA ERROAS = 115,50

" RIVERS AND CANALS

+ + TOMNSHIP CORNERS




APPENDIX F

SELECTED PESTICIDES* USED FOR
CROPS IN FRESNQ COUNTY
{PUR REPORTED VALUES)

*Pounds of restricted and nonrestricted
pesticides applied should be multiplied
by a factor of 1.13 or .1.47, respectively.

264
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UsE NF gEILFTCTED PESTICIDES K {976 IN FRESND COUNTY
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9.2

TABLE G-1

Vapor Pressures of Pesticides

Pesticide Molecular  Vapor Pressure Temperature " Reference Refer-
Compound Weight (mm Hg) (oc) Compound  ence
INSECTICIDES
Acephate | 183.2 1.7 x 1076 24 —- 1
‘Aldicarb | 190.3 5 x 1072 20 - 1
Azodrin-R 223.2 7 x 1077 20 - 1
Bidrin-R 237.2 1 x 1074 20 - |
BTB wes Negligible -- Bacterium -
Carbary] ' 201.2 4 x 107 25 1
Carbofuran | 221.3 2 x 107° 33 - 1
Carbophenothion 342.9 3x 1077 20 1
Chlordane | 409.8  1x 107 25 - 1
Chlorobenzilate  325.2 2.2 x 107 20 _-- 1
Demeton 2583 2.48 x 107 20 - 1

Dialifor 393.8 1x10° (a) 20 Plondrer 1

(a) Vapor pressures estimated.
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TABLE G-1 (Continued)

Molecular

Vapor Pressure Temperature

Pesticide Reference Refer-
Compound Weight (mm Hg) (oc) Compound ence

INSECTICIDES

(Continued)
Diazinon 304, 3 1.4 x 107% 20 1
Dietdrin 380.9  7.78 x 107/ 25 - ]
Dimethoate 229.2 8.5 x 1070 25 1
Dioxathion 456.5 1x 1070 (a) 25 Malathion 1
Disyston-R 274, 4 1.8 x 1074 20 . i
Dursban-R 350.6  1.87 x 107 25 - 1'
Dylox-R 267.4 7.8 x10°° 20 - 1
Endosul fan 406.9 1 x 107 25 e |
Ethion 384.5 1.5 x 1070 25 e 1
Formetanate

Hydrochloride 221.3 Negligible -- -—- 1

Fundal-R 196,7 3.6 x 107} 20 _- 1
Guthion 317.3 2.2 x 107/ 20 . 2

(a) Vapor pressures estimated.
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TABLE G-1 (Continued)

Pestfcide ' Molecular  Vapor Pressure Temperature Reference Refer-
Compound Weight {mm Hg) (oc) Compound  ence
INSECTICIDES
(Continued)
Imidan-R 317.3 1 x 1073 50 —— 1
Kelthane-R 370.5 5.7 x 1077 (a) 20 DOT | 1
Malathion 330.4 4 x 1070 30 | - 1
Metasystox-R 260.3 4.7 x 107° (a) 20 Metésystox=$ 1
Methormy 1 162.2 5 x 1070 25 - 1
Methoxychlor 345.7 5.7 x 107 (a) 20 DOT 1
Methyl Parathion 263.2 9.7 x 1070 20 - 1
Moni tor-R 141.1 3x 1070 30 e 1
Morestan-R 234.3 2 x 1077 20 - 1
Naled 380.8 2 x 1073 20 —e- 1
Omite 3505 1x 107 (a) 25 - 1
Parathion 201.3  3.78 x 107° 20 - 1
~ Phorate 260.4 8.4 x 107 20 | -- 1

(a) Vapor pressures estimated.



6.2

TABLE G-1 (Continued)

(a) Vapor pressures éstimated.

Pesticide Molecular Vapor Pressure Temperature Reference Refer-
Compound Weight (mm Hg) (oc) Compound  ence

INSECTICIDES

(Continued)
Phosalone 367.8 Negligible - 1
Phosdrin-R 2241 1 x 1070 (a) 20 Phosphamidon )
Plictran 385.2 Negligible e e i
Supracide-R | 302.3 1 x 1078 20 - 1
TEDP 290.2  1.56 x 107% 20 - ]
Tetradifon 356.0 2.4 x 10719 20 e- 1
Toxaphene 413.8 0.3 25 —— 1

HERBICIDES
Alachlor | 269.8 1.3 x 1070 (a) 20 Metolachlor 1
Avadex BW-R 304.7 2.3 x 1074 (a) 25 Oxamyl 1
Balan-R 335.3 3,89 x 107 30 1
Barban ' 249.1 1.5 x 107° (a) 24 Linuron 1
Bromaci] | 261.1 8 x 107 (a) 100 - 1
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TABLE G-1 (Continued)

Pesticide Molecular Vapor Pressure . Temperature Reference Refer-
Compound Weight (mm Hg) (oc) Compound  ence
HERBICIDES
{Continued)
Bromoxynil Octanoate 403 5 x 10~ (a) 20 .- 1
CDEC 223.8 2.2 x 1073 20 - 1
CIPC 213,7 3 x 1077 25 —-- 1
Cobex-R 322.2 3.6 x 1070 25 - |
2,4-D 221.,1 0.4 160 - 1
Dacthal-R 332 0.1 60 ——- 1
Dalapon 143 1.0 (a) 20 Propionic Acid 3
2-Chloropropane -
1,2-Chloropropane
Dalapon Sodium Salt 165 1.0 (a) 20 Same as Dalapon 3
2,4-D Amine Salt 235.1 1 x 10710 38 —- 4
2,4-D Butyl Ester 289.1  8.43 x 1078 24.8 n- 5.
© 4(2,4-DB) Butoxyethano] 347.1  8.43 x 1070 (a) 24.8  2,4-D Butyl Ester 5
Ester
4(2,4-DB) Diethylamine Salt  293,1 1 x 10710 38 2,4-D Amine Salt 4

(a) Vapor pressures estimated.
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TABLE G-1 (Continued)

Pesticide Molecular Vapor Pressure Temperature Reference Refer-
Compound “Weight (mm Hg) (°c) - . Compound  ence

HERBICIDES

~ {Continued)
4(2,8-DB) Isooctyl Ester 362.1  8.43 x 10°° (a) 24.8  2,4-D Buty] Ester 5
Diphenamid 239,3 5% 107 {a) = 25 Tsoproturos : 1
Diuron 2331 2.7 % 1077 30 - 2
DNBP 240.5 2.2 x 1073 (a) 20 Dinoseb Acetate 1
DMSA L eew Negligible -- - 6
Endothal 186.2 1x 107° (a) 20 — 1
Eptam-R - 189, 3 3.4 x 1070 35 e 1
IPC 179,72 i x 1070 (a) 60 Propani | 1
Kerb-R 256, 1 8.5 x 107 25 - 1
Linuron 2091 1.5 x 107° 24 - 1
MCPA Dimethyl Amine Salt 228.6 1x 10710 (a) 38 2,4-D Amine Salt 4
MSMA : 162 Negligible -- --- b
2(=-Naphoxy)N,N-Diethy1 271.4 4 x 107° 25 — 1

Propionomide

(a) Vapor pressures estimated,
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TABLE G-1 (Continued)

Pesticide Molecular  Vapor Pressure Temperature Reference Refer-
Compound | Weight (mm Hg) {oC) Compound - ence

HERBICIDES

(Continued)
N-sec-Butyl~4-tert-Butyl-2,6- 270.3 1 x 1076 (a) 20 Benfluralin 1

Dinitroaniline Enthalfluralin
Nitralin

Ordram-R 187.3 5.6 x 107 25 - 1
Oryzalin | 346. 4 1 x 1077 (a) 20 Nitralin 1
Phenmediphan 300.3 1 x 10711 25 e 1
Profluralin 347.3 2 x 1072 20 Benfluralin 1
Propani] 218 9 x 1072 60 - 1
Pyrazone 221.6 7.4 x 10°° 40 e
Ramrod-R 2117 2 x 1072 110 - 1
Ro-Neet-R | 215.4 6.2 x 107 25 e 1
Simazine 201.7 6.1 x 107 20 -1
Til1am-R 203.3 6.8 x 1072 30 —-- 1
TOK-25-R | 284.1 8 x 107 10 - 1

(a) Vapor pressures estimated.
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TABLE G-1 (Continued)

Pesticide : Molecular Vapor Pressure Temperature Reference Refer-
Compound Weight (mm Hg) : (°C) Compound  ence
HERBICIDES
{Continued)
Trifluralin 335.3 Cax 107 20 2
Benomy 1 290.3 Hegiiaible o s 1}
Botran-R 207.0 1.2 % 107° 20 - {
Captan 300.6 3 x 1070 25 i 1
Carbolic Acid 94.1 1.0 40 e 3
Carboxin 0 235,3  7.66 x 1073 {a) 100 Pyracarbolid 1
Chiorothalonil 265.9 0.01 40 - 1
Difolatan-R 349,1 Negligible .- - | 1
Dyrene-R 275.5 Negtigible (a) - ——— 1
Maneb 265, 3 Negligible (a) -- Zineb 1
Nabam 256.3 Negligible (a) - Thiram 1
6 20 - 1

PCNB 206,1 1 x 107

(a) Vapor pressures estimated,
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TABLE G-1 (Continued)

{a) Vapor pressures estimated,

Pesticide Molecular  Vapor Pressure Temperature'A Reference  Refer-
Compound Weight (mm Hg) (oc) Compound  ence
FUNGICIDES
v§Cont1nued}
Terrazole-R 2475 1 x 1074 20 - 1
- Topsin-M-R 370.4 Negligible (a) .- Thiram 1
Zineb 275.8 Negligible - o 1
“Ziram 305.8 Negligible e o e 1
NEMATOCIDES
Chloropicrin 164, 4 16.9 20 ——- 2
'DBCP  236 0.8 21 —= 1
D-D Mixture 113 35 20 1
Ethylene Dibromide 187.9 11 25 - 1
Methy! Bromide 94,9 1380 20 e 2
Telone=R 111 18,5 20 - 2
RODENTOCIDES
Diphacinone 340.4 1 x 1077 20 Ditalimfos 1
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TABLE G-1 (Continued)

c

iag Vapor pressures estimated.
Polymers of unknown molecular weight are assumed to be nonvolatile.

Pesticide Molecu1ar Vapor Pressure Temperature Reference Refer-
Compound Weight (mm Hg) (%c) Compound ence
PLANT GROWTH
REGULATORS
Ethephon 61.1 Negligible (a) - o -
Gibberellins 346 Negligible (a) -
Maleic Hydrazide - Hegligible - b
Diethanol Amine Salt cmn e - -
ADJUVANTS
Alkyl Polyoxyethylene Ether e Negligible (a) - {c) -
ZmChioko«4npheny1phenc? 206,7 1,0 120 4,Chlorophenyl= 3
phenol
Diethylamine Salt of Coconut  --- Negligible (a) - (¢)

Fatty Acid _
Nonylphenol Polyoxyethylene S Negligible (a) -- (c) -
Sodium Xylensulfonate 207 1.0 {a) 66 Benzenesulfonyl- 3

chloride
Triethanolamine 1491 1.0 x 1077 20 Pebalate 7
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TABLE G-1 (Continued)

Vapor Pressure

Some references are for molecular weight estimates.

(c

2 i Vapor pressures estimated..
b

Polymers of unknown molecular weight are assumed to be nonvolatile.

Pesticide Molecular Temperature Reference Refer-
Compound Weight (mm Hg) (oc¢) Compound  ence
ADJUVANTS
(Continued)
Vinyl Polymer v Negligible (a) - | (c) -
DEFOLIANTS
Cacodylic Acid 138 Negligible (a) _- MSMA 6
DEF-Defoliant 314.5 5 x 107° 20 Metasystox~S 1
Folex-R 298. 5 1.5 x 1070 27 Aphidan 1
Sodium Cacodylate 160 Negligible (a) | - - MSMA 6
INERT ORGANIC
INGREDIENTS
Butyrolactone 86.1 4.0 (a) 29, Methyl butarate 3
Cyclohexanol 100.1 1.0 21 - 3
Diesel 011 ca. 200 8 x 107° 20 —e= 9, 8 (b)
Diethylenetriamine 103.2 0.2 20 ——— 7
Dupanol - Negligible e am- -
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TABLE G-1 (Continued)

Pesticide Molecular Vapor Pressure Temperature Reference Refer-
Compound ' Weight (mm Hg) (oc) Compound  ence

INERT ORGANIC

INGREDIENTS

{(Continued)
Emulsifier e Negligible e e | -
Ethylene glycol 67,1 0.5 20 e 7
Isopropanol 60.1 32 20 : s 7
Methyl Cellosolve 79.1 6.2 20 - 7
Methyl Isobutyl Ketone 86.1 8.7 20 me 7
Paraffin me Negligible - Ceme 7
Propylene Glycol 79,1 0.2 v 20 e 7
Technical Inerts 130 2 {a) 20 -
Toluene 92.1 22 20 a— 7
Xylene 106.2 40 55 —— 3

NONSYNTHETIC ORGANICS
Aromatic Pefro1eum Solvent ca. 108 2-4 (a) 20 Xylene, Heptane, 3, é, 9,

Octane 12 (b)

(a) Vapor pressures estimated.
(b) Some references are for molecular weight estimates.
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TABLE G-1 (Continued)

Pesticide Molecular  Vapor Pressure Temperature Reference  Refer-
Compound Weight (mm Hg) () Compound  ence
NONSYNTHETIC ORGANICS
(Continued) '
Mineral 011 ca. 296 7.5 x 1070 (a) 20 Heneicosane 3, 9, 11,
_ Docosane 12 (b)
Petroleum Distillates ca. 162 0.22 (a) 20 Hendecane 3, 9, 12
Dodecane (b)
Petroleum Distillate, ca, 162 0.22 (a) 20 Hendecane 3, 9, 12
Aromatic Dodecane (b) :
Petroleum Hydrocarbons ca. 275 8.5 x 1074 (a) 20 Nonadecane 3, 9, 11,
' Heneicosane 12 (b)
Petroleum 0i1, Unclassi- ca. 296 7.5 % 10'5'(a) 20 Heneicosane 3, 9, 11,
~ fied Docosane 12 (b)
Xylene 106 6.0 20 wwe 3, 12 (b)
Xylene Range Aromatic ca. 108 2.4 (a) 20 Xylene, 3, 9, 12
Solvents Heptane, - (b)
Octane

(b

~(a) Vapor pressures estimated.
Some references are for molecular weight estimates.



10.

11.

12,

REFERENCES TO VAPOR PRESSURE AND MOLECULAR
WEIGHT CITATIONS

Martin, H. and C. R. Waurthing (eds.). 1977. Pesticide Manual, 5th
edition, British Crop Protection Council. o ’

Spencer, W. 1976. ‘“Vaper Pressure and Vapor Losses of Benchmark
Pesticides," A Literature Survey of Benchmark Pesticides, EPA Contract
68-01-~2889, The Georgz \isnﬂﬁﬁton"T%1»°rs1ty Medical Center, Washington,
D.C.

Handbook of Chemistry and Physics. 1956. Chemical Rubber Publishing
Co., Cleveland, Ohic.

Que Hee, S. S. and R. G. 3utherland. 1974, "Volatilization of Various
Esters and Salts of 2,4-D," Weed Sci., 22:313-318.

Hamaker, J. W, and K. Q. Ker!inger} 1969, "Vapor Pressure of Pesticides.
Pesticidal Formulations Research-Physical and Colleidal Chemical Aspects,”
Advan. Chem., 86:39-54. :

Lewis, R. G. and R. E. Lee, Jr. 1976. "Air Pollution from Pesticides:
Sources, Occurence, and W1>perswon Ajr Pollution from Pesticides and
Agricultural Processss, CRC Press, Cleveland, Ohio, pp. 5-50.

Verschueren, K. 1977. Handbook of Environmental Data on Organic Chem-
icals, Van Nostrand Reinhold Co., New York.

Crafts, A. S. and W. Rabhins. 1962. Weed Control, 3rd edition, McGraw-Hil1,
New York.

Maxwell, J. B. and L. S, Bonnell. 1957. ™"Derivation and Precision of a
New Vapor Pressure Correiation for Petroleum Hydrocarbons," Indust. Engr.
Chem., 49:1187-1196.

Pesticide Registration Master Label File. 1976. Califernia Department of
Food and Agriculture.

Riehl, L. A. 1969. Advances Relevant to Narrow-Range Spray 0ils for
Citrus Pest Control, Procesdings of the First Int Citrus Symp., Vol. 2,
University of Californiz, Riverside, pp. 897-907 ,

Fiero, G. W. 1960, "Use of Petroleum as Pesticides,” Petro]eum Products
Handbook, McGraw-Hi11, New Yark.

289



SAMPLE EMISSION CALCULATIONS

Calculation methods with final results and tables of intermediate values
are shown for one insecticide and one herbicide for estimated hydrocarbon
emissions from Fresno County applications in 1976.

The methods follow procedures described in Section 7.2.1.

Example 1: Acephate, An Insecticide

Acephate: Molecular Weight = 183.2

1.7 x 10°% mm Hg at 24%C

Vapor Pressure
Water: Molecular Weight = 18.0
23.38 mm Hg at 24°C

Vapor Pressure
Values obtained in the calculations are entered in Table G-2.

1. Calculation of Maximum Emission Rate {E_).

P
Ep is calculated from Equation 7-1,
L
Ea Pi(M-I)Z
E = X Eq. 7-1)
P 1 -RHTp M )E (Eq

Ep for an insecticide equals 0.73 x the water evaporation rate.
Water evaporation was 14.71 inches in July, 1976. One inch of

water over one acre equals 226,600 pcunds; therefore,
Ep = 0.73 x 14.71 x 226,600

Average relative humidity (R.H.) in July was 44 percent. Substi-

tuting these values in Equation 7-1 above,

_ 0.73(18.71)(226,600) , 1.7 x 107°(183.1)"
: 1. .44 23.38(18)%
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TABLE 6-2

Calculation of Emissions from Acephate Application. The Top Number is Lbs.;

The Lower Number in () is Acreage.

Annual
Entrees JAN - FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Total
A 69 129 5498 1124 ' 6820
Acres (88) (158)(7549}(508) (8703}
Al 63 1z0 5115 1077
A 60 115 4911 1633
A'/acres .682 728 .650 1.14
Ep 1.01 .959 .838 .569 .478 272
Emission/acre ,682 - .728 .650 569
Carryover from |
October ~.h71 091
Carryover Emission
X acres 423 83
Emission/acre X
acres 60 115 4907 517
Emissian during
Application 6 9 383 47
Total Monthly
Emission 66 124 5291 564 423 83 6551

Percent of Applied = 96




£ -6
P

E
P

4,345,176 x .23195 x 10

1.01 ibs/acre/month in July

Ep values for other months were caTcuiatéd_in-the same way with
appropriate relative humidity and water evaporation values.
Calculation of Evaporation During Application.

The vapor pressure {(V.P.) of acephate at 20%C was calculated from

the following presumed relationship:

V.P. water 20° . V.P. acephate 20°
V.P. water 249 V_.P. acephate 240

From this proportionality,

V.P. of acephate (20°) = g 222 1.7 x 1078 = 1,33 x 107 mm Hg
The log of acephate V.P. = log (1.33 x 10‘6) = -5,876. The July

~ temperature in Fresno County was 26.3°C. The acephate applied in
July was 69 pounds (A in Table G-2)., Placing these values in
Equation 6-28 where A' equals the amount of pesticide deposited on

soil or other surfaces., we have:

AE

69 - 69{}4 625)(-5.876 + 7)(.0024)(26.3) Oij
Al

]

69 - 5.95 = 63.05

Evaporation during application = A - A' and for the July application

of acephate:

A- A" =69 - 63.05 = 5.95 1bs.
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3.

Calculation of Estimate of Pesticide Removed by Sorption and
Biodegradation During Month of Application.

Since the vapéf prassure of acephate is Tess than 1.0 mm Hg and it

is not kncwn o £z highly persistent nor in a rapidly biodegradable

percent of the am

Where A" is the amount of pesticide available for emission from the

surface deposit:
A% = AY - Q2R - (02A°
and using the value above for A',

A" = 63 - (.02)63 - (.02)63

=
1

60.48

Calculation of Emissions During the Month of Pesticide Application
Values for A", A n‘ﬁ”g A", A"/acre, and Ep were calculated for each
month of acephate azpriication and entered in Table G-2. Because

the maximum evaperation rate, Ep. is greater than A"/acre for July,
August, and September, A"/acre x acres is the emission from deposited

pesticide for thoss months and there {s no carryover to the fol-

emission for Ccichezr was Ep x acres of appiication in that month and

there was a carryover of unevaporated pesticide into November.

" Calculation of Carryover of Pesticide Not Evaporated During the

Month of Application.
The pesticide carryover per acre is {A"/acre = Ep) for the first

month of carrycver, or for acephate carryover from October,



(1.14 ~ .569) = .571 1bs/acre. This is again larger than the Ep for

November of .478 1bs/acre, so there is a further carryover. Carryover

after the first time is equal to (the previous carryover - Ep) 0.98.

Multipiying by 0.98 gives a value of 2 percent smaller to account
for the biodegradation loss of 2 percent per month. The carryover
of .091 lbs/acre to December was smaller than Ep” and therefore
represents the emission rate for the month. The total pounds of
emission from carryover equals the pounds of emission per acre in
any month times the acres under the month it was appiied, in this
case the 908 acres in October.

Calculation of Total Monthly Emissions.

Total monthly emission is the sum of carryover emissions times
acres, emissions/acre x acre (for the month of app]icétion) and the

emission during application listed in Table G-2.

Example 21 CIPC, An Herbicide

CIPC: Molecular Weight

[+

213.7

-7

Vapor Pressure = 3 x 10 ° mm Hg at 25°¢

Water: Molecular Weight = 18.0

Yapor Pressure = 23.756 mm Hg at 25°¢

Values obtained in the cailculation are entered in Table G=3.

L.

Calculation of.Ep {Maximum Evaporation Rate).

Ep for herbicide is 0.40 x water evaporation rate. Water evaporation

was 10.81 inches in May, 1976, and relative humidity was 44 percent,

By substitution of these values in Equation 7-1, we obtain:
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¢ - (.40)(10.81)(226,600) , 3 x 10‘75213 7)%
p 1= L44)

E = 1,749,878.7 x .4344 x 10
P

E = J.0787 "nidoore/mentn In May
P

2. Calculation of = zzeretion During Application.

The vapor pressw-z V. 5.} of CIPC at 20°C was calculated from the
following presumec relationship:

V.2 water 20° _ V.P. CIPC 20°
V.P. watar 250 V.P. CIPC 250

7.235 | - -7 -7

V.P. of CIPC (207" %3-73-w 3% 1077 =2 2,21 x 107 mm Hg
The log of CIFC V.P. = log (2.2 x 1077y = 3424 - 7 = -6.658. The

Fresno May tempsrature was 20.9°C. The CIPC applied in May was 872
pounds (under A -y Table G-3). Placing these values in Equation

6-28 where A' eguals the amount of pesticide deposited, we have:

A' = 872 - 872!14.525)(-5.658 + 7)(n0024)(2@59)2(.01{}
|-
A' = 872 - 14.48 = 857.52

_Evaporation during application = A = A' and for the May application

. of CIPC:

3. Calculation of Estimate of Pesticide Removed by Sorpticn and
Biodegradation During Meonth of Appliication.

Since the vapor —rassuve of CIPC is less than 1.0 mm Hg and it s

1$3]

[’1

not highly persisient nor rapidly biodegradable, 2 percent is sub-

tracted for adzorptier and 2 percent is subtracted for bicdegradation


https://eq'...io

TABLE G-3

Calculation of Emissions from CIPC Application (Values in Pounds)

. Entrees JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC Total
A _ 872 58 660 1590
Acres 166 30 219
Al 857.5 57.7 658
A" 823 55.4 632
A"/acre 4.96 1.85 2.89
'Ep .0278 0471 0465 .0543 .0762 .0835 .1036 .0945 .0826 ,0561 ,0461 ,0220
Emission/acre _ 0762 L0461 ,0220
Carryover - 2% from:

May 3.813 3,709 3.587 3.468 4,892 4,710 4.512 4,326 4,157 4,107 3,905

g% Nov. 1.746 1.683 1,604 1.529 1.442 1,339 1.230 1.104 ,9867 .8860 1,804

Dec, 2.868 2.783 2,682 2.582 2.478 2,401 2.271 2.124 1,989 1.869 1.776
Sum of Carryover ,
Emissions - 11.4 19,5 19.3 22.5 19,0 34.7 43,00 39.2 34.3 23.3 17.7 4.3
Emission/acré X
acres 12.6 ' 1.4 4.8
Emission during
Application : 14.5 0.3 2.0
Total Monthly | ' 3 |
Emissions 11 19 19 22 47 35 43 39 34 23 19 11 322

Percent of Applied = 20




from the pounds of CiPC deposited (A'). Where A" is thé amount of

pesticide remaining available for emission from the surface deposit:

Calculatinon of Emissions During the Month of Pesticide Application.

o

Values for &', A - A", A", A"/acre, and Ep were calculated for each
month of CIPC applicztion and antered in Table G-3. Because the
A"/acre.in May i3 greater than the maximum evaporation rate (Ep}
for that meonth, there is a carryover of CIPC to the next month. The

i

fus

emission from anc tion during May was calculated as emission/acre
X the acres in tnzt appiication or (.0762}(166) = 12,6 Ibs. Calcu-
lations were made in the same way for the cther two months in

which CIPC was apniied and thera was alsg a carryover of unevapo-

rated pesticide from those applications.

Calculation of Carrvover of Pesticide Not Evaporated During the
Month of Application,

The pesticide carryever pe

o

cre is (A"/acre - ED) for the first
month of carryover, or for CIPC carryover from May, (4.96 - .0762) =
4.884 1bs/acreq Trhis zgain is targer than the ED for June of .0835
1bs/acre, so thare is further carryover. Carryover after the first
time is equal o [the previous carryover - Ep) 0.98. Multiplying

by 0.98 gives a ya%:e 2 percant smallzr to acceunt For the biodegra-
dation loss of

parcent per month. The carryover to July and

subsequent months was in each case larger than Ep for each month.
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The carryover was continued for each month unt{l December, 1976,
and then carrybver from December was brdught to January, 1976, and
calculations continued for a total of 12 months. The carryover
from December back to January was done on the assumption that the
application in 1975 would have been similar to the 1976 app1icat{on
and emissions would continue throughout the year. Carryover from
November and December was treated in the same way as carryover
from May. Carryover was carried to 12 months for each month of
application. The emission for each month that there was carryover
is equal to Ep for that month times the acres treated in the month
of application. For example, from the carryover ta January of
3,796 1bs, from the May application, the emission equals .0278 x
166 = 4.6 1bs.

Calculation of Total Monthly Emissions.

The total emissions for each month was equal to the sum of carryover
emissions, smissions per acre x acres, andbemission during applica-

tion.
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APPENDIX B

1976 MONTHLY DISTRIBUTION OF PESTICIDE EMISSIONS

IN FRESNO COUNTY



TABLE H-l.

1976 MONTALY DISTRIBUTION OF
ACREAGE APOLICATION IN FRESHO

IMISSIONS ASSOCIATID WITH SYNTHETIC ORGANIC PESTICICE PRODUCTS 7OR
ZOUNTY {L3S.}; (RC = REACTIVITY CLASS); THE UPPEZ NUMBER IN ANNUAL

TOTAL (S L3S.; THE LOWER NUMBER IN

IS PERCINT JF 20UNDS APPLIED.

_ - _ ANNUAL
CHEMICALS 30 SN FI8 AR APR Y JUN UL UG SEP 0cT HOV DEC  TQTAL
INSECTICIDES
Chloraane 3 733 7208 52765 7 2507 73929

(97}
Chiorbenzilate  2{?) 113 113 528 754
(96)
Jieldrin 3 13 290 183 34 36 4q 30 10 2 37 22 10 837
{84)
Endosulfan 3 2 208 355 2348 L4107 23310 3685 2913 2171 1 54804
{96)
Kelthane=R L 3 ) 5 330 5817 28363 41198 19442 2807 244 60 3 99079
(88)
“erhgxycniar 3 2288 2541 1457 181 152 528 215 31 20 10864
1985)

\
Tatraaifon k! g bl b} a
Toxaghene 3 1852 227 1224 as239 78061 581386 137587 1288 2 371 209645
{100)
Acachate 3 36 124 5291 364 423 33 3531
(96)
Azgarin-a 3 34 273s 19627 14655 213 2 43286
(95)
Sidrin-R 3 171 123 1878 1310 2170 1227 19 3096
(97)
Carbopnengzthicn 3 2 2 18 47 240 138 314 393 39 4 3 2 2110
(99)
Cametan-i 3 11 12 ig 39 360 73 238 1330
, (s7)
Tialifor 2 1682 10827 10388 349 3 21727
‘ (92}
13iazin0ﬂ 32010 39¢0 218 0873 14125 1302 1739 8215 3793 i 711 2813 36385
(eg)
2imethgate 3 38 343 2704 32241 15143 14163 2792 532 15 57 182475
(986)
Jiexathian 3 1483 172 1633
(96)
Jisysten-R z 18237 1178 ] 293 1725 224 19687
(986)
Sursban-R El 1350 5942 1832 207 3131
(97)
Dyigx=R 3 1403 1258 3888 1208 7597
1967
Zthien 3 1339 4582 7373 3630 247 39 18280
(28)
Guthion 2 23 7038 732 2302 1471 67 11756
‘ (96}
Imigdan<R 3341 143 5137 2618 1117 1251 3130 1614 157593
(94)
Maiathign 3 35 31l 135 £342 3235 2377 1261 24133 44596
(96)
Metasysiex 3 25 143 154 361 2594 2334 é7s8 =10] 281 3281
(95)
Methyl Para- 3 37 1 1811 8720 1325 2001 3461 11832 4133 327 24 130 33772
thion . (96)
Menitar-R 3 13 5110 25029 132 209 30553
(37)
MNaled 3 226 Z65 1334 24829 3agll 5130 138 i3 56498
‘ (97}
Parathion 353449 10639 3113 3818 7147 5181 3378 7035 564 2292 21 1375 72584
“(96)
Fhaorate 3 2807 1€55 18172 32113 3721 73 1339 1830 1311 161 78 183 6?916
. 96)

L
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TABLE H4-1. CONTIMUED
ANNUAL
CHEMICALS RC__JAN =23 A1 ARR MAY JUN JUL AUG SEP oCcT NQY DEC  —QOTAL
INSECTICIDES
Prosdrin-R 3 254 T3 1475 231 2151 154 2489 1328 3496 3367 2515 156 25753
! (56)
Supracide-R 3 190 33 au 140 1673 3638 7220 12483 770 500 102 132 2?336
. (36,
TEPP 3 493 3053 15470 3330 28571
(97;
Aldicard 3 1118 285 1429 16714 1903 14 22741
. (97}
Carbary! 3 1284 52 3893 5223 15258 20236 3332 96 241 38 53390
(%6)
Carzofuran 3 131 £012 1133 §27 . 22 7895
. (96)
Methyomyl 3 1724 1290 1872 3180 287¢2  235%0 1150% 5573 4667 29 33392
. 1969
Morestan-R 2(2) 27 719 ’ 346
(38)
Fundal-R 3 1138 378 13252 40321 1051 55800
. (37)
Omite 3 104 35 7249 JR307 194443 36504 385 1235 329438
196)
SUBTCTAL: 14870 25390 110847 24601 132749 282037 3586336 413502 7017 17392 2810 3885 17333906
HERSICIDES
4(2,4=-08) But- 3 7 ‘ 142 148
axyathanao! (63)
Ester
2,40 3 1267 1487 237 507 1392 409 pR:14 8533
‘ {T1) ],
2,4=0 Amine 3 111 20879 4127w 74 154 702 1104 54303
Salt ‘ {83)
2,4-0 3utyl 3 2187 . 2167
Ester , ‘ (69)
4{2,4-08) D1 329 131 ' 210
methylamine (69)
Sale
4(2,4-08) Ise- 3 414 53 676 144 154 172 27218
octyl ‘ ‘ (68)
MCPA Dimethyla 3 2506 3850 5156
amine Salt . (83}
Alachler 3 1353 1353
) {386)
M ohenamid 312 192 173 208 292 321 397 383 218 215 176 34 2857
138)
Kerb-R 3 655 131 1178 480 2474
(36)
2(«=-Naphthaxy) 2(?)7084 2797 243 12 731 254 364 11497
4, N-Diethy! 196}
Propionamide
Propanit 3 878 268647 3967 36292
' {97)
Ramrod-R 3 1583 1663
(97)
3alan-’ 11378 338 230 z2i ) 754 675 1436 1627 344 7783
(36)
Cabex<R 2(?) 140 21 161
. . : : (s6)
Trifluralin 1 3431 2089 EIN 83138 3088 1544 312 10 13 2825 4085 3557 37673
(96)
Simazine 1 i6 23 28 32 15 30 32 B 19 a3 27 12 445
(2)




TABLE A-1. CONTTINUED
. - ' ' . ANNUAL
CHEMICALS G JAN FE3 AR APR “AY JUN JUL AUA SEP ncT NOY DEC__ 7072
HEXBICICES
Continued’
Jiuran 3 4381 797 783 315 1286 1477 1752 1596 1334 31 781 397 1257%
(27}
Linuren 3 77 141 218
(96)
Sromacil 1 3 25 35 344 1181 83 1645
{96)
dyrazone 3 2153 101 299 322 340 3517
(98}
Z,2-0ichlore- 2 217 239 26 31 512
srepionic Agid (986)
Zaiapcn, 3ac- 2 443 344 233 1373 2765 123 183 3513
fum Sals (56)
Cacthal-R 2 9878 zi8 13973 3632 1340 1602 7009 2063 2766 35043
- (98)
QM;E§§§J) 2(:7)8073 2298 2730 1342 2523 232 373 388 196 3271 L3%g§?
Avadex 3W-3 30183 fLT 193
‘/ . (94)
Sarban 3219 1218 213 o 240 1995
(96)
COEC 27} 352 852
(97)
CIPC 2(?) 1l = 19 22 a7 i3 43 ie 34 23 13 1 322
(20}
Zptam-R 2(7) 388 730 2845 190 1063 374 5450
(98)
=l > 39 333 3132 338 345 533 a3 292 23 g 15 3441
(89}
Jrdram-R 3 1779 161 328 2768
- (97)
Ag-est-2 3 3412 17 3529
(96}
Titlam=R’ 3 015 9018
(97)
N-Sec-Butyl- 3 210 210
L-Tart-3utyi- (96)
2,60
Cryzaiin i1 2 2 3 1 3 g 3 3 3 2 i 36
(2)
rofluralin 207y 132 132 33 497 370
: (96)
Tak-23-] 207 384 782 1548
196)
Tnaotkal 3 48 w22 277 211 387 73 1317 1627 7660 133 13331
(96)
Bromaxynil 1 3 472 733 6521 193 05 27 5 2470
Jctanaate (a1)
SUBTOTAL: 32347 pisislok} 48733 21467 <3001 3403% 10544 37713 72196 24953 13441 18936 433381
FUNGICISES
Sctran-R 1 53 28 37 113 139 2538 202t 2435 2924 157 133 1?14?
95
Chlorethalonil 207) 33 730 2132 38322‘ 131531 1328 313 l1939§
{97
PCNS 2{?) 238 1226 118 2578
(36)
Carpaxin 3 172 28 260
{97)
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TABLE Hel. CONTINUED

e

i - ANNUAL
CHEMICALS 2C  JAN FI5 AR APR LAY JUN JUL AUG SeP ocT OV JEC  ToTAL
FUNGICIDES
Continuad
Captan 3 15642 1Ty 381 223 7634 4004 23200 289126 4636 3?92%
£37)
Tarrazole=R 3 : WG iug 141 488
. (96)
Carbolie Agid 2(?) . 25 382 710 1578 283 29804
‘ (98,
SUBTOTAL: 33 1R773 2258 e 2740 37171 48093 T1307 33138 5471 133 21977%
NEMATOCIDES
Chloropicrin 11132 ' 1378 33 33220 k! 23321 3872 963 36079
1100}
JBCP 207?) 201 5139 3358 1297 103 532 12940 77182 13728 141329
1009
D=0 "Mxture 3 333 15951 35 3101 : " 30082 110133
{100,
Talonae~R 3 5760 22129 68430 97119
’ 1100
Zthylene J- 1 3693 3533
Sremide ' ] 10
Matnyl B3romide 1 9222 3263 25361 2132 84741 374 18522 13208 3140 1%1612
’ 100°
SUBTOTAL : 14580 16292 13514 32829 3572 101062 i77 71843 30634 28777 109394 1021585 £0016Q
ADJUVANTS )
2-Chlorg-d- 202) 32 138 REh 27 __542
Phenylnienai Ery
Sodium Ayleme~ 2(?) 21 ) 1 37 700 1 31 31 1640 143 1259
“sulfonate a7}
Triethano« 2(?7) 37 47 37 259 54 106 2507 217 33349
lamine i34
SUSTOTAL: 53 1 34 187 818 363 214 <147 360 5024
JEFOLIANTS
JEF 3 117868 155438 1542 274899
(96
Folax-r 327 35326 97357 - 1440 134393
(96)
SUBTOTAL: 2790 203194 232845 2982 353291
TOTAL: 61988 98508 125300 151127 182155 154547 515674 515032 138304 373500 138120 127097 3504743

303




TABLE H-2 L9876 MONTHLY JTSTRIBUTION OF EMISSIONS ASSQCIATED WITH SYNTHETIC ORGANIC PESTICIDE PRODUCTS FOR
NONACREAGE APPLICATION IN FRESMO COUNTY /L3S.}; (RC = REACTIVITY CLASS): THE UPPER NUMBER IN
AMNUAL TOTAL L2S.; THE LOWER NUMBER IM () [S PERCENT oF POUNDS APPLIED.
CHEMICALS ac AN FIB AR APR MAY JUN JUL AUG SeP acT NOQV JEC ;g¥gﬁL
INSELTICINES
Chlordane 3 3480 3182 3889 3383 2934 2495 3184 2739 1133 2065 2670 3011 33300
- (96)
Zndosulfan 3 152 1 163
{(96)
Heptachlar 3 207 207 189 124 129 118 36 1080
(96)
Siazinon 3 268 7a7 222 73 245 393 307 220 421 163 149 208 4038
(96)
Dursban-R 3 %9 21 158 121 34 125 37 335 154 298 286 115 1853
(96)
Fanthion 3 28 72 35 34 3 1 173
(s6)
Matathion 3 244 522 7 1913 338 324 124 372 135 15105 304 378 26723
(28)
Methyl Para- 3 22 76 129 273 491
thion (96)
Maled 3 28 280 201 260 739
(96}
Paratnion 3 112 270 362 1253 1388 1548 3851
(96)
Phorata 3 728 1572 2367
(96}
3avgon-R 3 32 278 535 1013 245 272 2789
(96
Caraary! 3 79 12 1232 218 132 148 ai 183 38 2 997
(36,
“mite 3 13 0 54 28 1 144
. (951
Amines, A17- D] i1 23 10 il i1 125 25 28 135 599
ahatic (96
Carbon Tetrz- 2(?) 182 384 544
cnioride (36
Caroon Bisui- VL33 31 13 43 (22C
ide \961
tthylane 1 125 352 1273
Oichlgride 196
SUBTOTAL 32593 3313 5731 5215 2096 5370 5800 8022 3294 19810 4788 5023 85841
HERSICIDES
MCPA, Isooctyl 3 EE e 16 112‘
Zster (95
2,40 Amire 3 3 1422 345 1773
Salt (961
4{2,3-D8) But- 3 71 28 99
axyethanol (96
Ester
Diuron 3 6 133 34 48 34 1808 1213 2449
' {96
Monuran 3 1126 1124
(98
Amitrol 2(7) 113 5 13 103 13 Q 24 g 8 381 403 38 7 1093
. (26
Atrazine 3 748 195 217 16 464 340 2284
{95)
3romaci! 1 7T 112 74 15 287 3as 1908 2824
(36
Prometone-R SR ¥ 712 34 53 10 5 32 914
(96"
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TABLE H-2. CONTINUED

ANNUAL
CHEMICALS RC JAN re8 R AFR VAY JUN L JUL ALG SEP. neT NQY JEC  TOTAL
HERBICIDES '
Continued
Simazine 1 637 597 33 130 24 39 12 347 157 378 1131 459 ?32?
96
Dalapon, 1 <3 57 11 121
Sedium (98)
Salt
Fenac 1 Ex) 86 342 971
: (96)
2,3,6-TBA, 2(?) 111 74 74 359
Dimethylamine (96)
Salt
Dichlchanil 2(7) 140G 22 36 3 36 40 282
) 196)
Diphenamid 2(7) 113 140 6 19 332 i85 22 79 1927
) [96)
Bremoxynil 2(?) 1l 24 139 370 210 771 107 20 22 1924
Octancate (96)
1-(5-Tert- 2(?) 389 1199 5 1 55 146 1736 11 3558
Butyl-1,3,4« ' (36
Taiadiaz .
SUBTQTAL: 2097 227 735 1810 341 735 893 1530 1171 4766 3215 327 25447
FUMGICIDES ]
Banomy1 3 w1 83 173 140 125 11 36 39 53 130 33
. : : (96)
Sotran-R 1 122 132 204
(386)
Rouc!de-da’ 1 777 1017 1020 520 1862 621 321 1209 389 1041 390§
o : (36
PCNB 2(?) 291 291
(96)
Caotan 3 251 51 352
(36)
Thiabenda- 3 15 125 1 1 34 176
zale-R (96)
Sec-3utyl= 2(?)2110 1268 249 317 345 2428 7915
amine (56)
SUBTOTAL : ) 2902 11 3056 1138 1762 1822 632 717 1319 12987 3599 18803
NEMATOCIDES
Methy! Zromide 17229 10714 4909 4457 4585 3518 42€8 2799 2604 e 12712 4127 74801
(96)
A
TOTAL: 17487 19270 15431 18579 11784 12645 12591 12988 © 11798 35833 29315 10077 205898
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TABLE #-3, 1575 VONTFLY DISTRIBUTION OF EMISSIONS A4SSOCIATED WITH INERT ORGANIC [NGREDIENTS (FORMULATION CODE 04)
FOR ACREAGE AFPLICATION IN FRESNQ COUNTY (L3S.}; [3C = REACTIVITY CLASS); THE UPPER NUMBER IN ANNUAL
TOTAL IS £3S.; THE LOWER MUMBER IN () IS PERCENT GF POUNDS APPLIED.
ANNUAL
CHEMICALS ¢ AN £ AR aer MAY JUN JuL 206 SEP ocT NOV 0EC  TOTAL
Aromatic Pe- 2 329 166 2786 1396 2363 4370 7363 S714 4319 §705 979 659 36947
ﬁf?}g:@ Ots- 31865 207§ 15736 7508 13389 24763 11723 32378 - 27875 32325 5548 3732 209369
{ (s6)
Mathyl 31118 1242 3443 4731 7996 14730 24873 19325 16640 19318 3320 2235 125025
Qieats (96)
Keresene 2 234 433 3§72 i8¢0 3113 5736 9696 7526 6480 7516 1290 368 48674
3 551 724 3508 2759 4869 3835 14543 11200 9718 11275 1936 1302 73011
(96)
tyleae 3 192 214 1523 812 1385 25138 4222 3293 2836 3304 570 184 2133
l . (100)
iCyc?ohexanone z 13 152 1133 579 972 1796 3012 2249 2023 2357 497 274 . 15217
'
. \LOO)
{Tecnnical 2(7) 31 0 585 a2 §76 1062 1781 1389 1136 1394 281 162 3999
1 Ineres . {1c0)
\Butyroiactane 3 16 10 Q7 154 260 477 301 524 327 625 108 73 4043
(100)
*soprooangl 312 13 95 30 33 154 258 201 173 202 35 23 1303
(100)
| 2utyl Mercap- 2 7 3 59 30 50 a2 134 120 133 120 21 14 778
‘tan . (100)
faichlsra- 37 3 33 23 ag 91 152 118 102 112 29 14 767
hydrin . {100)
Oibuty] i1 3 22 12 18 35 59 a7 10 6 3 s 300
Jisuifide (100)
Isafuran 32 2 17 3 14 28 34 i3 ke 35 8 4 22¢
{100)
%enzena Lo ! L 5 1c 18 29 25 20 71 4 3 145
{100)
Methyl Isg- i 2 2 H 2 3 3 1 a 3 1 i 28
bunyl Katcne (100)
TITAL: 4§77 5421 41241 20838 34931 54575 108716 34439 72697 34367 18494 9754 546167
TABLT A-T. 976 MONTRLY JYSTRLISUTION GF 71351003 ASSOL 8720 WITH THEal JAGANLC INGRESTZNTS [FORMULITLON Ga0E %)
FOR NONACREAGE APPLICATION IN “RESND COUNTY (L3S.); (2C = 2LACTIVITY CLASS); THE UPPER NUMSER IN
ANNUAL TOTAL IS L3S.: THE LOWER NUMBER [N () IS 2ERCENT OF POUNDS APOLIZD,
. ANNUAL
CHEMICALS RC oA 718 AR ap3, MY JUN JuL 206 szp KT OV JEC raTa
Aromatic Pa- 2 25 29 173 90 143 252 135 341 291 323 55 43 2248
DRTATT 3 283 165 378 508 313 1485 2483 1229 1631 1827 368 245 12696
e (96)
Methyl Jleate 3 153 100 536 205 4as 591 1476 1136 388 1095 221 140 7607
(96)
Kerosane 259 19 229 113 189 25 373 449 384 a2s ] 53 2953
3003 59 331 178 224 519 359 574 575 538 128 29 ?aag
96
Lylene 30030 13 100 57 24 153 253 197 159 . 188 18 22 4433
(100}
Cyciohexarone 2 20 1 72 37 56 109 182 142 122 138 27 18 934
(100}
Tacanical 2(?) 12 7 23 22 13 83 108 33 72 20 7 1t -354
lnar+s ) (1c0)
Butyroiactsne 2 5 3 19 10 16 29 13 38 32 36 7 3 243
(1co)
Iscorapanc] iz L 5 3 5 3 13 12 10 12 2 2 79
{100}
{Cantinued)
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g' TABLE H-4. CONTINUED
|
A
ANNUAL
CHEMICALS ’¢  JAN £33 4ad ARR wAY | JUN St UG se? acT OV JEC -aTAL
dutyl Mercap- 2 1 ! - Z 3 3 9 7 6 7 1 1 47
tan . £100)
| Hexane 1 Sl 2 2 3 5 9 7 5 7 M 1 47
: £100)
Epichlaras 3101 ! ? 3 9 9 7 8 7 1 1 sl
hydrin : {100)
Dibutyl 3 : . ! 2 4 3 2 3 1 12
Disulfide (:00)
Isofuron 3 B i 1 2 3 2 2 2 14
(100)
!Benzene 1 1 ) 1 2 i 1 1 .
; 1100}
‘Mathyl ls50- 3 7 I ) Q 9 2 ) 1 h] 3
‘butyl Katone
_TOTAL: 592 135 2551 1336 2124 892 3443 3050 4317 4786 963 536 33240
i-- -
[TABLE H4~3. 1976 MONTHLY DISTRIIUTION 0F EMISSIONS ASSOCIATED WITH INERT ORGANIC INGREDIENTS {FORMULATION C20E 19)
; TOR ACREAGE APPLICATICH 1N FRESNO COUNTY (LBS.): (RC = REACTIVITY CLASS): THE UPPER NUMBER [N ANNUAL
: TOTAL IS LBS.; THE LOWER “UMBER N () IS SERCENT GF =0UNDS ARPLIZD.
j ANNUAL
JCHEMICALS ¢ JAN FTR AR 12 DAY SUN JuL AUG 3P AT NOv EC TOTAL |
. . !
f Methyl (so- 3 6832 2419 3797 1857 4073 2967 5074 2457 7130 25885 2417 2485 53043
A jbutyl Ketone 196}
,utyrclaczome 3 483 1782 2802 1224 3005 2192 eesa 873 3207 10103 17T2 1335 30943
1100)
‘Prapylene 30193 754 1137 319 1296 941 1832 2092 2270 3147 755 773 21781
iG1yeonl (26)
iDiessl 011 2 37 144 227 99 245 179 63 571 438 13557 145 149 1155
: 3149 578 909 308 382 717 1e72 z784 1736 5228 373 5347 18623
| {36)
1xy1ene 363 244 382 157 412 300 515 358 725 2621 224 251 5985
i (100) 1,
Mathyl Cella- 3 &) - 214 67 159 394 298 =38 915 595 2506 232 240 5678
jsalve ‘ (120)
‘Technical 1 4 156 250 113 279 204 118 530 193 1778 156 170 4741
'inercs (100)
‘lscorepano! 338 139 218 25 232 159 346 518 110 1478 139 140 13925
; {100}
Ita1uene 3012 29 73 343 a5 52 125 155 149 534 45 30 7
(109)
Ethylene 14 17 25 il 29 21 41 57 50 134 17 17 196
GTycal {96)
Oiathylene 31 12 20 3 3 150 12 19 18 134 12 i3 159
Triamine . (100)
Cyclohexanal 11 5 11 3 1 7 16 25 20 69 3 3 184
(100)
TOTAL: 1693 6544 10282 1798 11055 8062 18513 25679 19506 70222 6544 6725 167525
; Vo
\




TABLE H-6. 1576 MONTHLY DISTRIBUTION OF ZMISSIONS AS3QCIATED WITH INERT ORGANIC
FGR NONACREAGE APPLICATION IN FRESNQ CCIUNTY (L3S.); {RC = REACTIVITY
TOTAL IS L33, THE LOWER NUMBER IN () IS FERCINT OF POUNDS APPLIED.

INSREDIENTS (FORMULATION CODE 09)
THE UPPER NUMBER IN ANNUAL

CLASS);

‘ ‘ : ANNUAL
CHEMICALS 2C JAN Fe3 MAR aPR MAY JUN JuL AUG SEP QLT NOV €0 TOTAL
Methyl lso- 3107 13 197 81 1254 152 116 1258 145 158 163 8 a7
butyl Xetene (96)
Sutyrclactone 3 32 14 151 262 372 117 89 967 111 278 126 22 3188
(100)
Prapyiena 3003 6 54 110 311 a9 37 409 36 116 53 S10 1365
3lycol (96)
Diesel Qi3 2 7 1 12 21 79 3 7 78 3 22 10 2 257
3 26 5 a9 28 315 38 29 314 36 89 41 7 1082
(96)
Cylene 3 4 13 2 12 25 19 39 50 a5 160 15 15 2
i (100}
iMethyl Zalla- 3 4 14 23 ¢ 2a 13 37 23 43 152 14 4 411
salve {100}
Tacanical 3 3 10 15 7 138 12 76 12 31 110 id 10 25¢
inerts 1100)
'sopropanol 3 2 3 13 3 14 10 21 RIS 25 34 3 3 243
{100)
’-cxuene I 3 3 21 5 k) 3 12 3 35 3 3 109
i {100)
Es thyiene 3 1 2 1 2 1 3 1 3 10 1 1 29
*G yeal (96)
Jiethyiene 3 ! i L i M 2 3 2 3 L L . 22
IT riamine (100)
t Cycionexanol 3 I i i 1 1 4 S
% (100)
!
i TOTAL: 273 95 357 378 3132 133 115 3240 526 1433 445 121 11841
TASLZ 7. 1976 MONTHLY DISTRISUTION OF E¥ISSIONS 2SSGCIATED WITH NONSYNTHETIC PRODUCTS (AS YINOR ACTIVE INGREDIENTS)
FOR ACRZAGE APPLICATION [N FRESNG COUNTY (L2S.): [RC = REACTIVITY CLASS); THE UPPER NUMBER IN ANNUAL TOTAL
IS L3S.; THE LOWER NUMBER 1N {) IS PSRCINT JF 20UNDS iPPLTED.

ANNUAL

CHEMIZALS AL AN FI3 MAR AFR MAY SUN SUL 2UG 3Ep cCT NOY DEC  TQTAL
Arcmatic detrg- 2 1 10 2269 11az 3313 2201 308 3332 1174 330 1 22674 48996
’ :H m ya - N
m Sclvents o 55 12859 5700 21806 12471 39148 4778¢ 3831 1370 4 128489 277644
' (100}
Petroieum 2 130 287 14963 313 36 2801 3530 3012 1249 3 Q 951 29222
Cistiliare 1 0, 397 2541 35 5 194 621 532 229 0 0 168 5157
(97}
stroleum 20 o 2 305 123 117 7 545 301 0 4 25 2430
Jiszillate,. A . o= - P 16z < 13777
Arematic ER 0 11 1564 598 663 2307 3860 170§ 0 25 139 -%393
Petroteun T2 85 744 31 1313 33¢ 2130 3740 3599 5607 7112 649 763 27397
Rydracaragn 3 1Sl 1735 1961 3084 1346 4970 3726 8399 13082 18595 1514 1780 5?933
97}
Petroleum 011, 2 76798 103029 5944 88 13723 5182 5358 €976 3770 9208 1295 34412 270874
Unclassified 5 jages 15932 1228 15 2622 014 946 1055 1548 1§41 229 5073 4380?
(95
Yylane 3 638 1337 3006 5343 831z 14088 27208 21277 3533 S7%6 322 347 ?718§

19
[Aylene Range 2 9 2z T 2 271 2234 1061 1345 591 390 0. 1 9926
Aromatic Sel- 5 g 111 362 209 1994 3937 15244 7720 2764 1202 9 2 39708
vent (100)
TITAL: 91386 127375 37175 24204 33886 33427 113196 114087 52295 44134 4543 195824 934017
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TABLE H-3, 1976 “ONTHLY DISTRISUTION 27 ZISSIONS ASSOCIATID WITH NONSYNTHETIC 0GOUCTS (AS #INOR ACTIVE INGREDIENTS)
FOR MNONACREAGE APOLICATICH SSNO TOUNTY (L3S.)s (RC = REACTIVITY CLASS); THE UPPSR NUMBER IN ANNUAL
TOTAL 1S L3S.; THE LOWER WUMESE t% 1) 15 PERCENT AF S0UNDS APALIZD.
TRRUAL
CHEMICALS A0 JAN  FEI vt i3y quy ou g5 SEP 0CT N0V DES TATAL
Aromatic Patro- 2 53 & 35 3 72 1 @ 10 117 189 136 119 1296
Q ~ N
leum Salvent~ o 457 430 3y 37 410 818 501 %61 582 342 1108 877 7351
. (36)
ineral 011 2 22 €43 % tee 118 .47 18 1 9 9 3 2 1582
14 57 s e 2 2 7 : 3 3 0 0 2%
. (s6)
patroleun 21118 503 2406 3245 3123 01z 2981 72716 4926 3466 3861 1377 115008
Ofstillate 3197 106 93¢ 35l 1433 s32 s21 12332 363 965 881 263 20284
36)
Patrolaun 2 s 3 5 5 21990 2 2 11 . 4002 3 3 16 26066
Hydracaroon 112 29 g 33 51309 3 s 3 9338 2 5 7 50817
96)
datraleum 041, 21308 2540 349 353 LR T SRR 21 1712 245 2970 11263
' a
dnclasstfiad 4 945 4uz 1gg T 3 30 15 2 1 a0 3 524 1388
(96)
tylene 199 288 M3 13 276 200 13 1TS B4 15 9 2007
(26)
Aviana Range 2 ) 35 10 22 22 120
aromatic Sol- g 142 159 2 39 (1a§
(96
TOTAL: a0 5076 3175 3260 3377t 1970 4549 37101 20194 9804 3271 6074 248558
1S TER

-4

ABLE H-9. 1376 MOHTHLY DISTRIBUTION OF ZMISSICNS ASSCCTATED WITH ICHSYNTHETIC SROOUCTS [AS PURE QIL) FIR ACREAGE
APPLICATION IN FRESHO COUNTY [L35.)¢ TRC = REACTIVITY CLASS); THE UPPER UMBER [$ LBS.; THE LOWER
NUMBER IN () IS PERCENT IF >JUNDS :PPLIED,

. ) ANNUAL

CHEMICALS %6 JAN  FT3 war i way UM WL AU 3ER OCT NOV DEC Tonar
Argmatie Patro- 2 253319 253819
leum Solvents 4 1438308 1438208
{100)

Mineral 041 2 24670 200205 15438 5920 7663 253896
3 4354 35330 2724 1045 1352 14805

(96)

Petraleun 2 1616 1616
Distillate 3 285 285
. (97)

2etroleun 2 201338 184762 30153 576783
ydrocaraon 471002 354446 70378 1345827
(9734

[Perroelun 011, 2 341034 ssse0 7038 SSL U2S16 36S6 20277 363D 3LED7 22250 Lg64S 713529 2285408
nclasstfled 5 s9183 1seas8 3107 ssC 22080 3908 3573 9763 5613 1926 2037 126810 403343
' (36)

TOTAL ; 430261 1278523 32207 13496 S20117 19350 22870 1215230 137962 25176 13532 2537525 5804290

0 2177
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TABLE H-10. 1976 MONTHLY DTSTRIBUTION OF EMISSIONS ASSOCIATED WITH NONSYNTHETIC PRODUCTS (AS PURE OIL) FOR NONACREAGE
APPLICATION IN FRESNO COUNTY (LBS.); (RC = REACTIVITY CLASS);

THE LOWER NUMBER IN () IS PERCENT OF POUNDS APPLIED,

THE UPPER NUMBER IN ANNUAL TOTAL IS LBS.;

121016

| ANNUAL
CHEMICALS RC JAN  FEB MAR  APR  MAY JUN QUL AUG  SEP  OCT  NOV  DEC TOTAL

Aromatic Petro- 2 ' 68578 68578

Teum Solvents 4 388610 388610
(96)

Mineral 011 2 6939 54100 4337 1658 2137 69171
31225 9547 765 293 377 12207

(96)

Petroleum 4 448 448

Distillate 3 79 79
(96)

Petroleum 2 56362 98801 8413 163666

Hydrocarbon 4 131511 230745 19630 381886
. | | (96)
Petroleum 011, 2 95024 243582 8130 1558 35025 9352 5655 15473 8893 6233 4675 202071 636570
Unclassified 3 16908 42085 1435 275 6181 1650 998 2731 1569 1100 825 35660 112337
' (96)

TOTAL: 350214 14667 1833 231030 11002 9167 348367 38505 7333 462688 - 237730 1833552




