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OCCUPATIONAL HEALTH HAZARDS EXPERIENCED

BY PEST CONTROL DPERATORS
CHAPTER I
INTRODUCTION

It has long been recognized that man has been the only creature
capable of greatly altering his environment. His standard of living
and, indeed, his survival, are dependent upon his manipulating the en-
vironment. He has produced an ecological balance favorable for the
growth of food crops and livestock, the protection of his natural re-
sources, and all other values in his environment. Soﬁe authorities have
agreed that pests have been among the most damaging pollutants in man's
environment and have competed directly for human food and animal re-
sources, and that pest control has been one of the major environmental
manipulations necessary in a simplified ecosystem designed for the ef-
ficient, safe, and economical production of food crops (1). Through
pest control, man has modified his environment to meet esthetic and
recreational demands. Few pesopls have disputed ths fact that through
man's modification of his immediate environment with chemical pesticides
that detrimental as well as beneficial consequences have resulted.

The word "“pesticide” was derived fzom two Latin words, "pastis"

1
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meaning plague and "cide" from the Latin word ”caado“ meaning "I kill"
(2, 3). Funk and Wagnalls (3) define pest as:

a) an annoying or vexatious person or thing; a nuisance

b) a destructive or injurious insect, plant, stc.

c) a virulent epidemic, especially of plague.
From these definitions one can readily see that the term pesticide en-
compasses quite a range of meaning. The Definitions Committee of the
Association of Pesticide. Control Officials, Inc. defined pests as any
form of life which exists under circumstances that make it undersirable
(4). The term pesticide is genserally accepted to mean any substance
intended for destroying, repelling, preventing, or mitigating any pest.

Pesticides have embraced a wide variety of chemical compounds
for controlling undesirahle forms of life which threaten man, his pos-
sassions, and portions of the natural environment that he values. 1In
1969, there were some 900 active pesticidal chemicals formulated into
over 60,000 preparations in the United States. In 1968, production and
sale of synthetic organic pesticides reached 1.2 billion pounds of
which about 20 per cent was expdftad (5). Slightly more than half of
all pesticides produced today have been used in farming with lesser
amounts used to control public health vectors and other pests. At the:
current rate of iﬁéreasa of almost 15 per cent per year, a billion
pounds of pesticides will scon be epplied annually in this country.
Holding the largest shares of the pesticide market today have

been the insecticides and herbicides. It has been predicted that in-
secticides will more than doubls in use by 1975 to more than $600

million annually while herbicide uses will increase to more than double
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that of Linsscticidsa during the same period (6). At the time of this
weiting the most used inssoticldes were thosa of the organic phos- |
phorous group, the chlorinated hydrocarbon group, and the carbamate
group.

Edson et al. (7) found, from a toxicity study of 197 pesti-
"cides, that only 4 per cent of the herbicides and 5 per cent of the
fungicides fsll into the most toxic category, an orael LD 50 to rats af
0 to 50 mg/kg, while 52 per cent of the organic phosphorous insecti-
cides and 24 per cent of the other insecticides were in this classifi-
cation.

All pesticides are poisonous to some plants and enimals. This
is the reason they are useful and the reason they ars detrimental.
Many, especially the chlorinated hydrocarbon insecticides, remain where
applied to kill again and sagain or are passed through the food chain
from one species to another in & mysterious process called magnifice-
tion, which, to this time, has not been completely explainad. Other
groups of pesticides have a high toxicity for a short time and then
loose their toxicity in part or total to ﬁrosent no particular per-
sistance problem. The toxicity of certain pesticides has also been
shown to be greatly altered by the interaction with other pesticides
(8, 9). Pesticide-drug interactions have also been reported (10, 11) as
well as pesticide-synergist-drug reactions (12).

For years consumers have been exposed to individual or combi-
nations of pesticides either by do-it-yourself application or employ-
ment of a professional pest control operator (PCO), and it now appears

that employment of professional pest control servicemen is surs to
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increase as the general public becomes more cognizant of the potential
hazards of pesticide sxposure. Because PCO's have the most prolonged,
intensive exposure to pesticides, resultant toxic effects of these com-
pounds are most likely to appear in professionals in this occupational
field,

Although the number of professionals pursuing this occupation
appears to be quite high, there seems to be no general concensus among
authorities regarding the level(s) and kind(s) of exposure encountered
by these persons. There also seems to be disparity concerning the use
of known protectide devices and procedures by the PCO's, as well as his
training and supervision. There does, however, appear to be agreement
that a large professional group has beern .at risk and that conditions in-
herent to the profession dictate that exposure is of great magnituds,
This exposure can only be expescted to incréase in quality and quentity
as low toxicity persistant pesticides are banned in prsfersnce to highly
toxic, short-lived pesticides with a subsequent increase dependance
upon the PCO by the homeowner. If this professional group is to be

protected, it seems imperative that these parameters bs eswvaluated.



CHAPTER II

LITERATURE REVIEW

Historical Background

A basic fact, certeinly, has been that pasts have always
threatened dsstruction or diminishment to man's food supply, his health,
comfort, scme of his property, and some desirable aspects of his en-
vironment. An sarly history of pest control indicated that as early as
2500 BC ceramic cage traps were ussed for mouse control in Iran and that
500 years later the cat was prized for his ability to catch mice in the
granaries of ancient Egypt. In 930 AD, Welch King Howell, the Good,

regulated the prices of céts on the basis of their age and experience of

catching mice (13).

An early written sccount of pest and pestilence was recorded in

the Bible in the book of "Exodus" (14)%

%, . . all the dust of the land became lice throughout the land
of Egypt. . . . and there came a griesvous swerm of flies into
the house of Pharosh and into his servants' houses, and into
all the land of Egypt; the land was corrupted by reason of the
swarm of flies. . . . and the locust went up over all the land
of Egypt, and rested in all the coasts of Egypt; very grievous
were they; before them there were no such locust as they,
neither after them shall be such, for they covered the face of
the whole esarth, soc that the land was darkened; and they did
eat every herb of the land, and all the fruit of the trees
which the hail had left; and there remained not any green thing
in the trees, or in the herbs of the field, through all the
land of Egypt. + « "
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It may be said, with some degree of accuracy, that the dis-

covery and development of chemical pesticldes and the legislation regu-
lating their use which subsequently followed, parallelled the growth of
modern agriculture. About the turn of the century when the great city
migration began and fewer farmers were being called upon to provide more
for more, farming opsrations changsd, rssulting in many new means to
meet these increased demands. One means employed was the increased use
of pesticidesy until in 1969, approximately 600 million pounds were used
in agricultural operations alone (6). Although usage of pesticides has
reached this magnitude in the United States, insects by themselves have
taken an annual toll of appraoximately $4 billion from crop and livestock
production in the United States alone, and far more in the world's less
agriculturally advanced areas (16). In terms of direct economic losses,
rats have destroyed as much as $500 million to $1 billion in the United
States annually (17). Other pests havs inflicted similar economic
losses. These figures clearly have indicated that the potential from
the insect damage alone if left unchecked would be astronomical.

"Insects aggressively invade the domeins man marks out for him-

self. They infiltrate. They seize upon every possible opening.

They are pervasive, persistant, penetrating, and persevering.

They are quick to exploit the bonanzas human beings often ar-

range for them.

Until barely a century ago, man ignored most of his insect ene-

mies. Having been ignorant about them, often sven ignorant of

their existence, he barely realized their enmity. He occasion-

ally spanked the mosquito when he felt its bits, scratchsd his

lice and chiggers, and brushed off thes fly that tickled his

nose. If swarms of locusts destroyed his crops, he knew them

only as enemies he could not combat and of whose origin he was

unaware. 'When plagues and fatal fevers scourged his city and

killed his family and friends, he considered the disaster to be
an act of fate" (16).
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Ironically; during personal intsrvisws with the Oklahoma PCO's,
many times the person interviewsd spoke these same words relative to in-
toxication and violation of precautionary measures concerning safe use
of pesticides ~ an act of fate.

Insects estimated to acceunt for 75 per cent of the total ani-
mal population preceseded man as inhabitants of the earth by several
million years as is evident by fossil findings dating back approximately
250 million years. Members of the same apecies of insects today remain
practically unchanged from their fossil predecessor and to date, man has
not been successful in eliminating a single specie while other animal
and plant life have becoms extinct or are threatened with extinction
(18).

Man has attempted to combat this and other competitors with the
use of chemical pesticides. Among the first chemical pesticides used
were the pesticides of inorganic origin. The insscticidal cepabilities
of the arsenicals have been known eince.1581 (19). The use of Paris
Green, an arsenical pigment, as an insscticide began about 1865. Paris
Green was first used against the Colorado potato beetle, and for many
years was the most widely used agricultural insecticide (20).

Approximately 20 years later (1892), lead arsenate was de-
veloped for use against the larva of the gypsy moth (20). A fsw years
later, William C. Piver combined arsenic with calcium and mass produced
a cheap product with which man fought the boll weevil infeatation in ths
cotton growing regions of the United States (21). This increassd usage

and a growing demand by agricultural interests and manufacturers for
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Federal Control of the arsenicals of interstate commerce in insecti-
cides, fungicides, lead arsenate, and Paris Green led to the passage of
the 191C Insecticide Act (22). This act prevented the manufacture,
gala, or transportation of adulterated or misbranded insecticides and
fungicides and authorized regulation of sales of insecticides and fungi-
cides.

The arsenicals were not the only ineecticides of the day; in
fact, sulphur had been so used for many years and was the first chemical
insecticide used by Greek physicians to treat cases of human scabies
(13). Tobacco had been used as early as 1690 for peér lace bug control
in France (13); and had been used to control sucking insects since 1763
(23). Another chemical used quite extensively during this time was
pyrethrum which is derived from the flower of a type of chrysanthemum.
About 1800, in the Near East, pyrethrum was found to kill insects (23),
but it was not brought to the United States until about 1855 (13).
Rotenone, derived from the roots of tropical plants, was diecovered to
be insecticidal in 1848 and like pyrethrum, is still in use today.

These two chemicals offered the advantage of being toxic to insects and
relatively safe for animals and people, but had the disadvantage of
loosing their toxic propertises quickly upon exposure to air (23). These
latter two often have been spoken of as "quick knock-down" chemicals.

Due to the widespread use agriculturally of the arsenates, and
the subsequent residues left on the treated fruits and vegetablss, much
public interest was raised in the 1920's (24). This public concern led
to intensified research efforts to find safer insscticides and resulted

in the development of the Summer 0ils in 1924 by William H. Volck, and
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also speeded up the process of perfecting the botanical insecticides
(21)., Though oils have some general insecticidal properties, they have
found widespread use as solvents and carriers for other insecticidss
(25).

In 1922, another milsstone in pest control was reached when a
practical, economical method for aerial application of insecticides was
developsd (26). Actually, the first attempt to control pests by air
had been in 1918, and the first airplane especially squipped for‘aerial
spraying was constructed in 1921 (27).

While these things were developing on a federal lsvel, several
states were dealing with their own specific problems with legislation.
The first state pesticide law was passed in 1898 by the state of New
York. In 1899, Oregon and Texas passed similar legislation as did
California, Louisiana, and Washington in 1901 (28). At the same time
many states had bounty laws which empowered certain officials with legal
means to combat various pestiferous situations. For example, in Idaho,
House Bill 25, 1907, empowered the board of county commissionsrs of any
county in the state, on petition of 100 or more taxpayers, to levy a tax
not exceeding 5 mills on the dollar of valuation for the purpose of
exterminating crickets, grasshoppers, rodents, and rabbits; such tax
was to form a "pest fund". At this same time in Oklahoma, county com-
missioners had the authority to levy an assessment not to exceed §
mills per dollar valuation for the extermination of prairie dogs (29).

Perhaps the next major milestone in the development of pesti-
cides, and certainly the pest control industry, was the discovery of ths

insecticidal capabilities of the chlorinated hydrocarbons, especially
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dichloro-diphenyl-trichloroethane (DDT). DDT was first described in

1874 by the German chemist, Othmor Zeidler, but it was not until 1939
that a dye company scientist, Paul Muller, discovered its insecticidal
value. The same yesar DDT was used to control an infestation of the
Colorado potato beetle in Switzerland and, thus, forsstalled a threat-
ened famine. In 1942, the first DDT was shipped to the United States
for testing and the following year production of the insecticids began
(30).

The first real test of DDT was in late 1943- and esarly 1944
when it was used to stop an outbreak of louse-borne typhus in war-torn
Naples, Italy. The number of cases during this outbreak was held to
1,914. The success of this undertaking resulted in the Amsrican GI and
his allies being accompanied throuphout WW II with a 2~ounce can of
Government Issue DDT (23).

About this same time, 1941, L. D, Goodhue and W. N. Sullivan
of the Bureau of Entomology and Plant Quarantine develcped aerosol bombs
as a means of dispensing small quantities of insecticides (31, 32).
This method met with wide spread acceptance and today the aerosol bomb
can be found in practically every homse.

Soon after its discovery as an insecticide, DDT was used effec-
tively in the control of many diseases by controlling the vector re-
sponsible (33). Dne such disease was malaria which has become practic-
ally non-existent in the United States due to the anti-mosquito cam-
paigns initiated soon after WW II. DDT has alsoc helped to control other
major diseases such As yaliow fever and encephalitis. As a result of

these universal contributions made by DDT, its discoverer was awarded
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the Nobel Prize in 1948 (21, 33). Due to the widespread acclaim of

this insecticide, other scientists began work with related compounds
checking for their insqcticidal capabilitises, and this research led to
the discovery of many other insecticildes.

Benzene hexachloride is another chlorinated hydrocarbon which
was discovered long before its inssecticidal value was determined. It
was first made in 1825 by Michael Faraday, an Englishman, but it was
not until 1941 that A. P. W. Dupire in France applied for a patent on
the use of the material as an insecticide., Studies with similar pro-
ducts soon yiselded the insecticides toxaphene, methoxychlor, lindane,
and tetrachloro~dipenyl-ethans (30).

Soon after, chloradans was discovered by using a reaction de-~
veloped by two German chemists, Otto Diels and Kurt Alder. Alder and
Diels were awarded the Nobel Prize in 1950 for this work and were also
honored by having subsequent synthetic chlorinated hydrocarbons named
after them, Aldrin and Dieldrin (30).

Another group of important pesticides were a result of research
conducted during the days of WW II. This group was the organic phos-
phate insecticides and was discovered by Gerhard Schrader while search-
ing for more powerful agents of chemical warfars. These insecticides
are varying esters of organic phosphorous and are very similar to the
poisonous nerve gases developed during WY II (30). These organic phos-
phates act by inhibiting chloinssterase, an enzyme found in many body
tissues. Cholinesterase is necessary to prevent the accumulation of
acetylcholine, an organic sster necessary for transmission of nerve im-

pulses. This research ultimately resulted in the discovery of such
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chemical pesticides as malathion, diazinon, parathion, and 0,0-Dimethyl-

2,2-Dichlorovinyl Phosphate (DDVP). Another group of pesticides, the
cérbamates, soon followed the organic phosphates.

' The carbamates also have a history reaching back into antiquity
in that they are synthetic analoguess of the alkoloid physostigmine found
in the calabar or ordean bean of French West Africa. This drug was used
for centuries by native witch doctors to determine guilt or innocence.
The accused was fed the drugj if he died he was guilty and if he sur-
vived he was innocent. The drug was imported to England in 1840 and in
1926 a number of synthstic aialogues were synthesized and since have
been used medically with good results. In 1954, the insecticidal capa-
bilities were demonstrated (34).

The carbamate insecticides likse the organophosphorous insecti-
cides have been very active inhibitors of the enzyme cholinesterass;
however, the carbamates differ from the phosphatss in that they are com-
petitive rather than irrevergible inhibitors of this enzyme (34).

As war~time chemical discoveries began to be adapted to civil-
ian use during the later ysars of World War II and the uss of pesticides
increased, a need for new and stronger legislation was realized. This
realization led to the Federal Insecticide, Fungicide and Rodenticide
Act (FIFRA) passed and signed into law June 25, 1947 (35).

This act retained many key portions of the 1918 Insecticide Act
but also added twoc new ideas:

a) all pesticides intended for shipment in interstate commerce

must have been registered with the Secretary of Agriculture
before shipment, and
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b) the Agriculture Department was given control over all pre-
cautionary statements in the labeling of peeticides.

This act had still.no contrel over the user of the product and ite major
protection of the public came trom the strict control over svery feature
of labeling.

Realizing that a need existed for similar control of other
chemicals, Congress amended the law on August 7, 1959, to include nemo-
tocides, defoliants, dessicants, and plant regulators. The coverage of
the act was completed on March 27, 1962, by the inclusion of chemicals
sold for control of moles, birds, predstory animals, and other forms of
nonrodent wildlife pests (35).

Complimenting this act was the passage in 1954 of the Pesticide
Chemicals Amendmsnt to the Federal Food, Drug, and Cosmetic Act. This
amendment revised procedures for obtaining tolerance which were a part
of the basic food and drug law (35). It also prov;ded for the Secretary
of Agriculture to:

a) certify to the FDA that the chemical for which a petition
for tolerance had been filed would "'« useful for the purposes
described, and to

b) express an opinion as to whether the tolerance requested
reasonably reflected the residuss likely to remain upon the
treated food crop when the chemical was used as directed.

This legislation provided the necessary legal backing for Sec-
retary of Health, Education, and Welfare (HEW), Arthur S. Fleming, on
November 9, 1959, to announce seizure of cranberries contaminated through
misuse of aminotriamzole (36), a carcinogen in rats (37).

This announcement preceeded by a few days the beginning of

the market season responsible for an estimated 75 per cent of the total
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sales of the cranberry industry and made headlines nationwide (36),

This incident and the publication of Silent Spring (38) in 1962 caused

much reaction concerning the use of pesticides. The fire these two in-
cidences started was given additional fuel when in March, 1964, millions
of dead fish in the Mississippi River were reported toc have been killed
by pesticides draining from farmlands in the area (39). These inci-
dents implicating pesticides served to awaeken a sleeping America which
heretofore had thought only of pesticides in a quite passive way. The
interest ganérated spawned many governmentalicommittees and study panels
and likewise initiated several monitoring programs nationwide to assay
to what extent pessticides were or were not pollutants.

A pilot study for monitoring agricultural pssticides was begun
in 1964 in the Mississippi Delta and was expanded to several other
states in following years (40). The Oklahoma air monitoring program of
agricultural pesticides began July 1, 1968 (41), while monitoring Okla-
homa's water, soil, and selected animal 1ife began July, 1970 (42).

One of the most comprehensive publications of all the study
groups was the report of the Secretary's Commission on Pesticides and
Their Relationship to Environment Health, Parts 1 and 2, in which the
chairman reported to the Secretary that (6):

a) chemicals, including pesticides used to increase food produc-
tion, are of such importance in modern life that we must
learn to live with them;

b) in looking at their relative merits and hazards we must make
individual judgments upon the value of each chemical, in-
cluding the alternatives presented by the non-use of these
chemicals., We must continue to accumulate scientific data

about the effects of these chemicals on the total ecology;
and
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c) the final decision regarding the usags of these chemicals

must be made by thoss governmental agenciss with ths

statutory responsibilities for the public health, and for

pesticide registration.
From these various studies and subsequent publications, and increassd
public concern, recent dramatic steps have been taken regarding pesti-
cides. Perhaps the most dramatic have been aimed at the persistant
chlorinated hydrocarbons, especially DDT. The beginning of the end of
the DDT story came with thé June 14, 1972, announcesment that virtually
all uses of DDT in the United States would be banned effective December
31, 1972 (43). |

The rising concern reflectsd expanded interest in environmen-

tal protection by many citizens and has resulted in much legislation
both passed and proposed., Perhaps the most far reeching legislation
relative to pesticides has been the proposed Federal Environmental
Pesticide Control Act first introduced in 1971, which would impose nsw
controls and sanctions on both the use and users of pesticides by
classifying pesticides into two categories, general use and restricted
use (44). 1If passsd, the restricted classification group could be ap-
plied only by applicators certified by the proper state authority.
This legislation also provided for the prosecution of the individual
who used a pesticide for a purpose other than that for which it was in-
tended. It further provided for the appropriate regulatory agency to
re-examine existing professional applicators.

Regarding this legislation the Agricultural Committse, the
committee to which this proposed bill was assigned, probably quite

closely represented the general feeling of most legislators about



16
pesticides when they sald:

"As a result of the growing awareness of possible undesirable
effects of pesticides and realization of the necessity of con-
sidering these disadvantages along with the beneficial effects
realized through protection of public health and enhancement
of agricultural productivity, the Agricultural Committee

feels that the basic law regulating pesticides in the United
States needs to be thoroughly overhauled in order to better
serve the Nation in the light of these changing situations"

(45).

In Oklahoma, currently the State Department of Agriculture has
primary responsibility in regqulating pesticides by ths enforcement of
several pesticide related laws (46, 47, 48, 49, 50, 51). These include
the licensing of pest control operators, the requirement of dealers
who sell phenoxy herbicides to obtain permits and keep records, the pro-
visal for an analytical laboratory for pesticides and the authorization
of the establishment of tolerance for pesticide residues in food stuffs.

The department's responsibility in controlling application of
pesticides has been dependent primarily upon licensing as a means of
control., In 1970, there were 257 licensed termite opsrators, 211
licensed general pest operators and 51 licensed fumigators in Oklahoma
(52). With no state law providing for across-the-counter restriction of
sales of pesticides to the general public, coupled with no legislation
requiring accounting of total pesticides produced in or shipped into
the state, the Oklahoma pesticide problem has become even more vague.

As man has become more affluent he has demanded certain luxur-
ies. Included have been a pest free home and environment. He has pro-
vided this luxury by application of chemical pesticides bought from thse
grocer's shelf or by the employment of a professionsl applicator. Re-

gardless of his method, he has greatly increased his exposure to the
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modern synthetic pesticides. At present, perhaps the most used are the
insecticides of the chlorinated hydrocarbon group, the organic phos-

phate group, and the carbamate group.

Chlorinated Hydrocarbons

The exact physiological mechanism by which the chlorinated hy-
drocarbon compounds exert their toxic action is not known; howsver,
their primary effect is on the nervous system (53).

The chlorinated hydrocarbons generally produce similar physio-
logical effects in man and intoxication may result from oral, dermal,
or respiratory entry into the body. Symptoms usually associated with
an intoxication include headache, loss of appetite, nausea, vomiting,
dizziness, tremors, convulsions, and coma following excessive exposure.
Chlordane and benzens hexachloride (BHC) have been shown to cause derma-
titis either by primary irritation or hypersensitization. The chlori-
nated hydrocarbon compounds and/or certain degradation preducts ars.
stored in fat of the human body and are eliminated very slowly (54, 55).

Exposure to the chlorinated hydrocarbon compounds can be estab-
lished by analysis of body fat and, for certain of these materials such
as DDT, by urine tests. The most commonly detected chlorinated hydro-
carhon metabolite is dichlorodiphenylacetic acid (DDA), a water soluble
matabolite (56).

DDT, the class compound of the chlorinated hydrocarbons, can
degrade one of two ways, sither by dehydrochlorination, yielding the un-
saturated dichlorodiphenyldichloroethylene (DDE) or by substitution of
hydrogen for one chlorine atom, yielding the saturated dichlorodiphenyl-

dichloroethane (DDD) which readily degrades further through a series of
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intermediates tc the excretable DDA (57).

Wolfe and Armstrong (58) found that urinary excretion of DDA
by formulating planf workers correlated quite well with exposure.
Maximum sxcretion was reached on the awerage 10.6 hours after exposure.
began. This value agreed closely with previous findings for pesticide
applicators expose& to liquid DDT sprays in the field (59).

A previous study reportsd that DDA excretion was maximal with-
in 14 hours after exposure while levels of DDT and DDE in the blood
were at a maximum within 30 hours of sxposurs (60). Morgan and Roan
(61) reported that serum and fat DDE and DDD increased roﬁghly in pro-
portion to dosage. Hayes et al. (62) demonstrated that duration of ex—
posure was the greatest single factor in relative amounts of stored DDE.
Similar findings were reported by Davies st al. (63). Following a
single intensive exposure, Edmundson et al. (60) reported highest levels
of DDT and DDE in the blood and DDA in the urine of the pesticide formu-
lators having the longer periods of experience in the trade. Wolfe and
Armstrong (64) noticed that DDA excretions were lowsr for workers using
protective gear than when no protection wass used.

Laws and co-workers (65) found thes metabolite p,p-DDT, which
is of major importance as an excretory product in the general popula—
tion, only slightly higher in urine of workers and showed no increase
whatever corresponding to increasing exposure. Edmundson st al. (66)
found that the length of time in the occupation relative to blood values
appearsd to be most important in the ﬁerson'e first few years in the

trade.

florgan and Roan (61) reported that ingestion of DDE increased



19
serum DDE lsvels 30 times as fast per unit dose ‘as did DDT ingsstion,
and that adipose DDE increased 13 times as fast in responss to DDE dés-
ing as it did during DDT ingestion.

Ortlee (67) used a method of Custo et al. (68) to esti-

.mate DDT absorption by determining DDA excretion of persons on knoun
daily oral dosages. They found no relationship between DDT exposure
and the freguency and distribution of abnormalities with the exception
of the urinary excretion of DDA and a few cases of minor skin and eys
irritation. Wolfe and Armstrong (64) found a positive correlation be-
twsen excretion levels and exposure. They further found no significant
elevation in the cholinesterase level of men exposed to high DDT con-
centration for prolonged periods as compared with the level for unex-
posed persons. No neurological findings related to DDT exposure ware
detected and they concluded that it was unlikely that any illness or
symptoms complex identifiable as chronic DDT poisoning existed in people
exposed to DDT at the currénf dietary levsl.

ortles (67) calculated that workers with prolonged intensive
exposure to DDT absorbed an average of about 200 times as much ODT as
that absorbed by the generai population from dietary sourcss.

Wolfe and co-workers (69), while studying agricultural spray-
men, reported that generally the loading operation was the most hazard-
ous part of agricultural spraying or dusting. During this study, they
reported that observations of applicators of different pesticides sug-
gest that considerably lower exposure was sustained by a careful opera-
tor than by a careless one. They found that the potential dermal ex-

posure to each compound in every work situation studied was much greater
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than the potential respiratory exposure and that the agricultural use of
duéts or fine aerosols rather than sprays greatly incfeasad respiratory
exposure. Wolfe et al. (70) have reported that higher spraying pressures
'are directly proportional to both higher dermal and respiratory exposure.
They also have shown that indoor épraying subjects the sprayman to ap-
proximately seven times the dermal exposure than when doing outdoor
spraying (243 mg/hr compared to 1755 mg/hr). The same test showed that
reepiratory exposure was much less outside then inside (0.11 mg/hr com-
pared to 7.1 mg/hr). They further found that when indoor-outdoor spray-
ing with DDT, ordinary cotton clothing gave almost completse protection

to the body area covered.

Durham et al. (71) reported no indication that any important
difference in DDA excretion level existed among the general population,
meat abstainers, or people with heavy environmental or light occupa-’
tional exposurs. They did, howsver, report a noticeable difference in
DDA excretion for groups with widely different degress of exposurs. .
Durham et al. (72) found that about 75 per cent of the general popula~
tion excrete less than 0,038/mg of DDT per day, while analysis of typi-
cal meals consumed by the average person contains about 0.038/mg of DDT
per day (73). Campbell gt al. (74) reported that animal derived foods
may be a very important source of pesticides in the diet (see Tablé 1
and Figure 1).

It was shown by Duggan (75) that the average intake of 19-year
old men in the general population during 1964 to 1967 was 0.028 mg per
man per day for DDT and 0,063 mg per man per day for total DDT related

compounds. An experimental intake 1,250 times the average daily intake
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TABLE 1

FDA MARKET BASKET SURVEY,
BALTIMORE, MAY, 1962

‘P
||
|
|

ppm
DDT+ Heptachler

Commodity DDD+DDE Dieldren spoxide Lindane
Dry beans

and nuts 0.010 - - -
Grain products .- - 0.002 0.011
Fruits and

tomatoes 0.012 - - 0.006
Above ground

vegetables 0.030 - Trace -
Root vegetables

(except potatoes) 0.120 - - 0.015

Most common
tolerance level 7ppm 0.25ppm 0.1ppm 10ppm
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From Air From Water
Conc. 2X10f4 po/m> Conc. 0.02pph
Intake 13X10° m° Intake 364 L

0.03 mg 0.01 mg
\\\\\\ to Man
Approximately
50 mg
S mg 44,8 mg
From Dther* From fFood

Conc. 0.0Bppm
Intake 560 kg

*Refers to contributions from direct contact through skin absorp-
tion or to those in food, air, or water resulting from individual
housshold use.

Figure 1.-~Estimated Annual Intake of DDT+DDE from All Environmen-
tal Sourcses.
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of p,p'DDT administered to 24 volunteers for 21.5 months showed no
definite clinical or laboratory evidence of injury from DDT (76). In
~one study, methoxychlor administered at lsvels up to 100 times the cur-
rent allowable level, demonstrated no toxicities to man (77).

Chlorinated hydrocarbons have been detected in the tissues of
stillborn and of infants dying in the very early nsonatal period, and
ir the cord blood of normal neonates (78)., Nine chlorinated insecti-
cides have been detected in the blood of pregnant women and in the milk
of lactating women (79)., It has been demonstrated that pesticides pass
across the placental membrane and that this is demonstrable at least as
early as the 22nd week of gestation. In this same study a significant-
ly lower level of DDT and DDE was observed in children under S years
of age. Prenatal fetal concentrations of pesticides more closely re-
semble the adult population than does the 0O to S5-ysar-old group (80).
Rappolt and co-workers (81) reported similar storage levels of p,p'DDE
in human placentas and female autopsy material. In one study the stor~-
age of DDT in the body fat of the general population of the United
States averaged 4.9 ppm while the storage of DDE was 6.1 ppm. In com-
parison, persons who had had occupational exposure within a year stored
DDT at an average concentration of 17.1 ppm (62).

Findings from one recent study involving 35 men with 11 to 19
years continuous exposure to DDT failed to reveal any ill effects at-
tributed to exposure to DDT. The overall range of storage of DDT and
metabolites of DDT in the men's fat was 38 to 647 ppm as compared to an
average of 8 ppm for the general population (65).

Other chlorinated hydrocarbons have been shown to be present
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in the body fat of people in the general population of the United

States. The average storage of BHC was found to be 0.2 ppm and the
average storage of dieldren was reported at 0.15 ppm in the United
States (82). It would seem that the absence of other chlorinated hydro-
carbons in most adipose analyses would indicate that their usage was not
as great as those found. Indications are that different pesticides are
concentrated differently (83), and that men and women differ in pesti-
cide concentration (84). It has also been demonstrated in dogs that
certain chlorinated hydrocarbon retention in fat, liver, and blood is
considerably higher when ingested as a mixture with other chlerinated
hydrocarbons (85). Analyses of soil samples from six states indicated
that the most commonly occurring pesticides were members of the DDT
group followed in turn by dieldren and chlordane (86).

In studies involving 70 autopsy cases, Morgan and Roen (87)
found no definite association between ;hlorinated hydrocarbon pesti-

cide levels and causes of death.

Organic Phosphates

The organic phosphate compounds are chemically related to the
"nerve gases" and they exert their effect on the nervous system. The
organic phosphates differ from the chlorinated hydrocarbons to inherent
toxicity and, to some extent, in rate of absorption and excretion.
They are similar in that they can cause intoxication by either oral,
dermal, or respiratory entry into the body. The organic phosphates are
cholinesterase inhibitors and thereby allow large amounts of acetyl-
choline to accumulate in the body. When cholinesterase depletion has

reached about 20 per cent of normal, symptoms and signs of poisoning
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appear., Sympfoms may include blurred vision, weakness, nausea, hsad-
ache, abdominal cramps, chest discomfort, and diarrhea. Signs may in-
clude miosis, muscle twitching, salivation, sweating, tearing, cyanosis,
convulsions, and coma (5S4, 55)., Parathion, the class compound of the
organic phosphate group, has to be converted by the body to an active
form, diethyl P-nitrophsenyl phosphate, before the effsect occurs. Other
members are direct acting (88). Exposure to thesse compounds can be
estimated by measurement of cholinesterase activity of the blood. Cer-
tain of the insecticides of this group can also be determined by urine
analyses (53). An over-exposure to parathion would result in the uri-
nary accumulation of the metabolite paranitrophenol (56).

Before pure parathion becomes a strong inhibitor of cholines-
terase, it must be metabolized, and this occurs mainly in the liver
(54). 3Johnson (B9) explained the mechanism of inhibition of an esterase
by organophosphorus compounds as E + AB~---(E..AB)---EA+B. The enzyme
(E) treats the compound AB as an ester substrate and is phosphorlyla~
ted, liberating group B; the phospﬁorylated enzyme (EA) is stable and
the enzyme is therefors inhibited.

Kidney function tests carried out on 42 pesticide exposed and
23 control subjects failed to identify chronic occupatiohal differences
in renal tubular function (90), while Mann et al. (91) reported that
chronic exposure to pesticides in general and probably to parathion in
particular imposes a liability to chronic, irreversible renal tubular
dysfunction which increases with duration of exposure. Tocci gt al.
(92) observed that heavy exposure to pesticides dees cause changes in

kidney or liver function and in the concentrations of circulating amino
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acids in approximately 30 per cent of the psople studied. However, the
study failled to show if the changes in enzymes and amino acids were re-~
flections of cellular damage or of bensficial cellular adaption.
Cavagna gt _al. (93) demonstrated that hospital patients suffering from
liver diseases were more sensitive to DDVP thén were adults with normal
liver function. Assuming certain inhaled volumes of air and the number
of hours the patients were exposed, it was found that a reduction in
plasma cholinesterase occurred for a calculated daily DDVP inhalation
of about 1.7 mg by adults with normal liver function and 0.3 mg by
adults with liver disease. Arterberry st al. (94) have shown that there
is a reasonably good correlation between p-nitrophenol excretion and ex-
posure to parathion, change in blood cholinesterase activity levsl, and
the occurrence of poisoning.

Durham et al. (95) found that of orchard spraymen using para-
thion in an airblast type of spray machine, skin contamination was po-
tentially a more important route of absorption but not necessarily of
poisoning, than the respiratory route. They stated that this conclusion
may not be valid for other compounds or even for parathion under differ-
ent conditions of use. These findings confirmed sarlier findings of
Durham and Wolfe (96). They also reported indications that after dermal
exposure to parathion, greater excretion of p-nitrophenol was associated
with higher temperature (95). Bastjer and Smith (97) had found parathion
to be more toxic to mice at higher environmental temperatures. Wolfe
et al. (70) have also reported that comparative studies made at tuo
temperature ranges indicated that exposure to DODT was increased when

spraying at higher temperatures. Several other studies have shouwn that
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exposurs to parathion by the respiratory route was by fér the most
hazardous (98, 99, 100). During one such study, Hartwell and Hayes
(100) observed that cholinesterase activity increased or returned to
normal when respiratory protection was provided to exposed workmen with
depressed cholinesterase activity, even though work was continued in
the environment where the level of exposure was the same. Later Wolfe
et al. (101), while studying exposure of spraymen to different pesti-
cides, observed that potential dermal exposure to each compound was
much greater than botential respiratory sxposurs.

Durham et al. (102) found that mental alertness waé impaired
by exposure to organic phosphate insecticides. 1In 187 study cases of
suspected organic phosphate poisoning, there were no cases in which
mental effect was noted in the complete absence of physical signs or
symptoms of illness. Metcalf and Holmes (103), while studying neuro-
legical altsrations in humans with organophosﬁhorus exposure, concluded
that the possibility existed that long term exposure to organic phos-
phate compounds can induce irreversible or only slowly reversible brain
dysfunction.

DuBois (104) observed that under conditions of prolonged ex-
posure to an organophosphate that cause cholinesterase inhibition in
rats some acquired resistance would be expscted to develop. Williams
st al. (105) observed no cholinesterase inhibition when parathion was
administered at graded levels up to 3.5 ppm in the total diet of volun-
teers. In another study, 122 volunteers were studied to determins the
toxic effects of insecticides on peopls with and without respiratory

diseases. The insecticide used was paration and results indicatec that
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hazards of insecticidal poisoning to persons with environmental or in-
cidental exposure were negligible (106). DDVP has been shown to be
safe for warshouse workers when applied as a thermal aerosol twice a
week or less oftsn at a rate of 2 mg/f’t3 or less (107). Witter (108)
noticed no physioclogically significant exposure to DDVP by fogging
machine opératnrs applying 4 per cent DDVP .for 8 hours a day twice
weekly for 4 months. Culver et al. (109) estimated a worker's ex~
posure to malathion and chlorthion during esrosoling for mosquitoes to
be 100 to 200 times less than the acute LD 50!s reported for animals.
They also concluded that malathion and chlorthion could bs used safely
in aerosol form against adult mosquitoes in populated arseas.

Chavarria st al. (110) observed that dichlorves as an anthel-
mintic caused no cliﬁical side effects except for brief mild headaches
in a few when administered to 108 hospitalized adults. Cerf and co~
workers (111) have also reported encouraging results with dipterex

against several helmimths with good patient toleration.

Carbamates

The physiological sffsct of the carbamate insscticldes also in-
volves inhibition of the enzyme cholinesterase; however, generally, the
carbamate cholinesterase complex is less steble than is the organic
phosphate-enzyme combination. Absorption of the carbamates may also bs
determined by measurement of blood cholinesterase activity (53).

Kolbezen et al. (112) have dsmonstrated that there is =a direct
relationship betwsen the toxicity of the carbamate compounds and their
ability as cholinesterase inhibitors. Carbamates have been found to be

effactive against a wide range of insect pests (112, 113, 114), and
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have been found safe to use on various fruits and vegetables (115).

Winteringham (116) gave the following reaction to represent
the inhibition of cholinesterase by a carbamate:

Enz + I —»Enz:I -pEnz. + P

The free enzyme (Enz.) and inhibitor (I) combine to form a carbamylated
enzyme (Enz:I) with subsequent hydrolytic regeneration of free enzyme
(Enz.) and carbamate decomposition products (P). Carbofurin is a direct
inhibitor of acetylcholinesferase and produces signs and symptoms within
a half hour after absorption (117). Suicidal death due to the ingestion
of a quantity of a carbamate compound probably less than 8 ounces, has
also been reported (118).

It appears that the most widely used carbamate 1s carbaryl,
commercially known as Sevin. Best and Murray (119) have shouwn that
workers in an environment containing Sevin dust in air absorbed and
metabolized the insecticide, as demonstrated by high levels of urinary
excretion of the metabolite, 1-naphthol. During this study workers blood
cholinesterase analyses indicated absorption of the insecticide although
no employee showsd any signs or symptoms of increassd activity of the
parasympathetic nervous system.

Matsumura and Ward (120) reported that the degradation of car-
baryl by the human and rat liver was very similar. They also reported
differences in male and female rats of water soluble metabolite produc-~
tion. Differences in mammalian species suscéptibility to Sevin had
been demonstrated earlier by Carpenter et al. (121), and differences in
speciss susceptibility to one other carbamate compound has since been

observad by Tucker and Crabtree (122). Working with rats, Goldberg
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et al. (123) observed the male to be ebout three times as sensitive
than females to a carbamate compound and that mice were more sensitive
than rats to the chemical. El-Aziz et al. (124) also found age and sex
were important factors affecting the toxicity of six carbamaté insecti-
cides to certain species in one study. |

Vandekar (125) observed rash and signs of poisoning in both
spraymen and occupants of houses sprayed with carbamate compounds. De-
formities have been observed in fetuses of hampsters as a result of in-
jection interperitoneally with various carbamate compounds (126), and
teratogenic action of carbaryl in beagle dogs has also been reported
(127). Edington and Howell (128) have reported changes in the nervous
system of rabbits given sodium diethyldithiocarbamate and the same com-
pound has also been found to interfere with blood copper-level and have
a marked effect on pregnancy in rabbits (129).

Williams and co-workers (130) have reported that rats pre-
treated with chlordans or aldrin showed decreased acute oral toxicity
to certain carbamates. Meksongsee et al. (131) have. demonstrated a
potentiation of toxicity of carbamate insecticides with ethanol in mice.
These findings were similar to earlier findings of Goldberg st al.(123).

Vandekar and co-workers (132) have demonstrated that carbamates
produce a greater LDS0/EDS0 ratio than organophosphorous compounds,

From these findings they have concluded that in occupational over-ex-
posure to carbamates, it is reasonable to assume that an early warning
of poisoning by the appearance of unmistakable and incapacitating symp-

toms may be expected long before a lethal dose is absorbed.
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Summary

1t appears that current dietary and incidental exposure of the
general public to pesticides is negligible, It has been well estab-
lished that generally, the occupationally exposed person will demon-
strate a deposition-excretion level of pesticides in excess of that of
the non-exposed person. The organic phosphate insecticides are gener-
ally much more toxic than the chlorinated hydrocarbons or the carba-
mates. Pesticides of sach type may exhibit their toxic action upon man
through oral, dermal, or respiratory entry into the body, of which der-
mal seems to be the most important. The hazards of pesticide exposure
can be greatly reduced by the careful operator and by the use of cer-
tain safety precautions and devices. The toxicities of certain pesti-
cides can be altered when in combination with other pesticides or drugs.
It further appears that the professional PCDO through his constant con-
tact with pesticides, either individually or in combination, is subjec-
ted to more constant exposure than any other occupational group. Due
to a greater public awareness of the detrimental effects of pesticide
overuse or misuse it seems safe to conclude that the consumer will turn
to employment of pest control professionals, thus increasing the total
number occupationally exposed or increasing the exposure of those
presently pursuing that occupation. This realization points up the need
for a study to determine: a) the kind(s) and level(s) of exposure ex~-
perienced by these professionals, b) the experience and special train-
ing possessed by these professionals, c) the amount of supervision pro-

vided the employees, and d) the usage of protective devices by the em-

ployees.



CHAPTER III
PURPOSE AND SCOPE

Since proposed federal pesticide legislation promised to cause
swaeping changes regarding the knowledge and ability required of thosse
applying certain pesticides, obviously the application of these pesti-
cides will change accordingly (44). This legislation provides for the
prosecution of those using certain pesticides for uses other than the
use for which it was intended. It further provides for the State Regu-
latory Agency, in this state, the Department of Agriculture, to provide
compatible acceptable state legislation providing for the re-examina-
tion of all existing professionals. These are the persons presently
licensed by the State Regulatory Agency to perform Pest Control Serv-
ices.

Because this legislation provides that application of pesti-
cides be limited to competent persons, a study was initiated to deter-
mine the amount(s) of and kind(s) of exposure experisnced by today's
PCO's. Other areas chosen for investigation were worker's experience,
training, and amount of supsrvision. This was accomplished by a collec-
tion of pertinent data from the 68 member firms of the Oklahoma Pest

Control Association during the months of April through August, 1972,
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CHAPTER IV
MATERIALS AND METHODS

The population selected for this investigation was the 68 mem-
ber firms of the Oklahoma Pest Control Association. Since it contained
both those firms iicensed by examination, as well as "grandfather" 1li-
cense holders, it was considered representative of the pest control
operators in Oklahoma. .

Since all licensed firms have long been required by the state
requlatory agency to report monthly activities, monthly reporting was
chosen as the method of data gathering most appropriate for the. study.
This prior reporting experience provided a responsive population and
allowed for quick initiation of the study to coincide with the busy
months of the season.

In order to obtain the. desired information, a specially con-
structed form herein called the monthly data sheet was designed re-
sembling as closely as possible the standard monthly report forms pro-
vided each license holder by the state regulatory agency (sse Appendix
R).

One section of the data sheet was designed to collect informa-
tion pertaining to the amount(s) and kind(s) of pesticides used as well

as the pest controlled with these pesticides. Another section was
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designed to accumulate data relative to kind(s) and amount(s) of ex-
posure experisnced by employees as well as the employees' education,
training, experience, and supervision. Questions four and eleven of
this section were designed to serve as a check for inconsistencies in
reporting. Question four called for ths major area of esmployment of
the employee, while question eleven asked for the pesticide type to
which the employee was exposed. Since chlorinated hydrocarboﬁs are Bx-
clusively specified by the state regulatory agency for termite control,
any response other than chlorinated hydrocarbons for this area of em-
ployment was considered inconsistant.

The monthly data sheet did not solicit information regarding
socioclogical parameters and since it was apparent that this information
could be used beneficially by the investigator, especially as related
to age and education of the respondents, a preliminary repart form was
devised to solicit this information (see Appendix B). It was construc-
ted to obtain quick, objective responses and consisted of eleven ques-
tions. Question six of this form was included to sserve as a chsck for
inconsistant reporting when used as a cross check against the previously
mentioned monthly data sheet, especially questions four and eleven.
Since certain pesticide types are limited to certein licensss, a relae-
tively quick check for inconsistencies was provided when the two forms
were compared.

Both the report form and the monthly data sheet were revissd
several times to make them as clear and complete as possible and every
precaution was taken to make zsrtain that all terms used were the same

as those used universally by PCO's in his esveryday jargon. Although
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the case of the untruthful respondent is always a possibility, it was

concluded that this would be minimized due to the design of the research
instrument. Another area of particular concern was.that of thes possi-
bility of thé responses being provided by persons parfofming clerical
tasks only. To minimize this possibility, certain technical information
was solicited.

When final revisions appeared to be appropriate for solicite-
tion of the desired information, it was decided that much would be
gained by endorsement of the study by the state regulatory agency and
the association membership. This was obtained at the March 14, 1972,
meeting of the Western Chapter of the Oklahoma Pest Control Association
when the members pressnt voted unanimously to recommend full support of
the study at the next regularly scheduled statewide mesting of the as-
sociation. At this same meeting a representative of the state regqula-
tory agency publicly endorsed the study and on April 6, 1972, members
in attendance at the statewide meeting alsoc voted unanimously to co-
operate with the investigator throughout the study. Shortly after this
dual endorsement, the preliminary report form and several coples of the
monthly data sheet were mailed to all members of the association as of
April, 1972. The mailout material also contained a cover letter out-
lining the need for and the intent of the study. The letter asked for
return of the preliminary report form by return meil and requested tha'
return of the data sheet monthly during the peak season of 1972, 1In
order to indicate ths method of reporting more clearly, an example was

included in sach mailout.

The instructions provided asked for the return of all data

-
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sheets by the 10th of the month following the reporting month. Those
firms not responding by the 10th of the month were routinely sent a re-
minder requesting again the.desired information. Firms failing to rs-
spond to this request were contacted by phone and offered assistancs,
if dasired, in completion of the appropriate report form(s). When this
procedure failed, the virm was visited personally by the investigator

or the Dklahoma State Health Department Pesticide Coordinator.



CHAPTER V
RESULTS AND DISCUSSION

The resulfs of this investigation were cobtained from informa-
tion collected by two separate data gathering devices , and the data
were analyzed accordingly.

An analysis of these data ylelded one general finding of in-
terest which seems pertinant to mention here. This finding was the
large number of licensed firms which were pursuing the pest control
business only part time as evidenced by letterheads, advertisements, and
company names. Although this information was not specifically solici-
ted, it does seem meaningful since most such firms apparently used their
cther husiness outlets to utilize full benefit from permanent employees,
thus removing the pest control technician from the area of exposure at
least part of the year. Most firms were in businesses closely related
to the pest control profession such as landscaping, tree and yard care,
and/or some phase of home construction or remodeling. There were, how-
ever, some firms engaged in other businesses which seemed to have no
-spacific connection with the pest control business. These businesses
included a barber supply, a pawn shop, and a liquor store. Detailed

analyses were performed on each data gathering instrument.

37



38

Preliminary Report Form

0f the total respondents (N=52), the mean number of years of
experience posssssed by the owners/operators was 17.7 years, The range
of experience was from 5 months to 44 years, The 52 responses rapra-
sent a 76 per cent return of tha.preliminary report form. Fifty-six
per cent of the respondents indicated that they were licensed as
PCO's after 1955, the first year licensing was required by state sta-
tute. Firms in operation at that time were granted licenses under the
"grandfather" clauss, while those beginning later were required to sat-
isfactorily complete both a written examination, as well as perform one
or more actual jobs in the area in which licensing was desired., All 52
respondents indicated that they were. licensed to perform termite work
while 50 were licensed in the area of general pest control. These two
licennos permit the firm to engage in both termite and general pest
control while the other license granted by the state regulatory agency,
that of fumigation, was held by only 17 of the respondents. That par-
ticular licenss differs from the others previously mentioned since it
enables a licensee to use a definite method rather ‘than perform in a

distinct area. These data are presented in Table 2.

TABLE 2
LICENSE STATUS OF DKLAHDMA PCO's 1972

License Number of Operators Percentags
Termite 52 100
General Pest 50 96
Fumigator 17 33
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As previously mentioned, 1955 had a significant meaning since
it was in that year that licensing of PCO's was first required in Okla-.

homa. Table 3 shows the percentages of operators licenssd after that date

TABLE 3

TIME OF LICENSING

Year First Licensed Number of Operators Percentage
1955 23 44
After 1955 29 56

and those licensed by virtue of the "grandfather™ clauss. The number of
firms allocated to each category indicated that, indeed, the sample
population was representative and contained a like number of the "grand-
father”" license holders, as well as those who had besn testsd for
licensing. This breakdown also indicated that a large number of the re-
spondents had been associated with the business at least since 1958.
This stratification also served to provide built-in sub groups against.
which certain other findings could be compared.

Table 4 shows that 46 per cent of the owners/operators wers 51
years of age or older and that 84 per cent were 41 years of age or
older. This investigator interpreted this to be quite meaningful since
only 16 per cent were of the age which would indicate potential educe-
tional exposure after the age of modern day pesticides began.

From Table 5 it is quite evident that the highschool education
is the most frequently repcrted educational level attained and 23 per

cent of the owners/operators had attained at least one college degres



40
TABLE. 4
AGE DISTRIBUTION OF OWNERS/OPERATORS

Age Group Number of Operators Percentage

20-30 2 4

31-40 8 15

41-50 18 35

51 above 24 46
TABLE 5

EDUCATIONAL ATTAINMENT OF OWNER/OPERATORS

Educational Lsvel

Attained Number of Operators Percentage
Less than Highschool 8 15
Highschool 32 63
Bachelor's Degree 6 11
Master's Degres 6 11
Doctor's Degree 1] 0

and only 15 per cent falled to complete highschool. A closer look at
the raw data indicates that attainment of masters' degrees by the oper-
ators tsking the examination for licensing exceeded the operators
licensed by the "grandfather clause" six to one. There seems to be no
meaningful implications in comparisbn of other educational levels be-
tween these two strata. Mast college dggreac, howsver, did tend to be

either in a scientific or management field.
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Table 6 indicates that a total of 90 per cent of the operators

TABLE 6

REQUIREMENT OF PROTECTIVE DEVICES

Response Number of Operators Percentage
Yes 31 60
Try to 16 30
No 3 6
NG Tesponss 2 . 4

either require or at least try to require individual protective devices
for their employees. Only three operators indicated that they did not
require protective devices and two firms failed to mark either choice.
This particular question seemed for some reason to stimulate many re-
spondents to make personal comments. Most comments indicated a desire
for employees to use protective devices, but comments also reflected a
realization that quite possibly they were not used. A graphical pre-
sentation of the specific protective devices required by the respondents
can be found in Figure 2. These findings indicate that a majority of
the respondents required ambloyees to use four or more protective de-
vices. The investigator considers this to be meaningful as it reflects
an awareness on the part of the operator of the potential hazard of
working in close proximity to certain pesticides. This investigator
has several times witnessed PCO's failing to wear necessary protective

devices in an attempt to convey a sense of complete safety of the
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pesticide and procedure used and thus gain customer acceptance.

In summary, the Oklahoma owner/operator averaged 41 years of
age or older and had an average of 17.7 years of experience with a
rangs of 5 months to 44 years. There were more ouwners/operators who
had at least one college degree than there were operators without high-
school. A large majority of the licensed firms in the state pursued
other business interests, most of which were closely related to some
phase of pest control. Ninety psr cent of the operators required or
tried to require the use of protective devices, and a majority of these
required or tried to require four or more such devices. These findings
were quite similar to a recent study conducted with Indiana PCO's (133),
In that study, owners' age ranged from 28 to 76 with a mean age nf 48.4
They also had an average of 19.4 years of experience in pest control

work with a range of 3 to 45 years.

Monthly Data Sheet

Forty-nine firms representing a 72 per cent return responded
during the course of the investigation. Fiftesn firms reported only
once during the reporting period while 24 reported three or more times
and ten firms reported twice. An analysils of data from these sub
groups did not seem to bias the results and findings are reported ac-
cordingly.

Table 7 clearly shows that the PCO's pesticide of choice for
termite control was chlordane followed disténtly by aldrin while hep-
tachlor was used by only one of the reporting firms. Even though the
ratio of chlordane to aldrin was approximately 3,5:1, a closer look at

the raw data indicates:that most of the large volume use companies
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TABLE 7

PESTICIDE OF CHOICE FOR TERMITE CONTROL

—t——

C—

Com—— N ————

Pesticide Number of Operators Psrcentage
Chlordane * 38 78
Aldrin % 11 . | 22
Heptachlor ' : 1 2

* Dne operator indicated a duel choics.

prefer chlordane; consequently the amount of chlordane reacﬁing the en~
vironment is significantly greater than the amount of aldrin.

Table 8 shows the pesticide used for general pest control.

TABLE 8
PESTICIDE OF CHOICE FOR GENERAL PEST CONTROL

————— ]

Pesticide Number of Opsrators
Diazinon 35
Vapona 16
Disldren 12
Dursban 9
Chlordane 8
Baygon 7
Pyrethrum 4

®"General pest" here is defined to be all insects and other related

arthopods commonly known to be pestiferous to man, but not including
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termites, tree and lawn pests, and rodents. Diazinon was clearly the
pesticide of choice, followed by vapona, dieldren, dursban, chlordane,
baygon, and pyrethrum. Eight other pesticides were also listed as being
used for general pest control but in amounts not considered significant.
It would appear to this investigator that many PCO's were using mixtures
of various pesticidess for general pest control. The most common mixtures
appeared to be an organic phosphate and pyrethrum for a quirk “knock
down and kill" and a chlorinated hydrocarbon for a long residual. Tuwo
findings which seemed of particular interest to this investigator were
that no PCD reported the use of lindane, even though the lindane vapor
lamp still %lourishes in the state, and dieldren appeared to be used
almost exclusively for poisonous spider control.

The pesticide of choice for mice control is shown in Table 9,

TABLE 9

PESTICIDE OF CHOICE FOR MOUSE CONTROL

Pesticide Number of Operators
DOT 9
Warfarin 2
Fumarin 1
Dthers 1

Even though DDT has become quite difficult to obtain, it still was pre-
ferred by a majority of the PCO's reporting. It appeared that the pro-
fessional controls rodents almost exclusively by use of anticoagulants

baits. The rodent problem did not seem to be of great significance as
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evidenced by the extremely small number of firms reporting redent con-~
trol as a partvof their routine control servics.

The carbamate compound, sevin, appeared to be the pesticide of
choice for tree and/or shrub pest control, with malathion and diazinone
being second and third, respectively. These finﬁings can be seen in

Table 10. It was interesting to note that esven though few firms

TABLE 10

PESTICIDE OF CHOICE FOR CONTROL OF TREE AND SHRUB PESTS

Pesticide Number of Operators
Sevin 22
Malathion 7
Diazinon 2

actively pursue the tree spraying business, those that do are, indsed,
using large quantities of pesticides and on a volume basis are apply-
ing more pesticides into the ambient environment than any other pest
control activity. It also seems meaningful that a large number of
PCO's engaged in tree and/or shrub spraying used a mixture of sevin and
malathion or sevin and diazinon.

The five lsading pessts controlled by the PCO's during the
period of investigation are presented in Table 11. Téble 12 presents
similar findings from a previous study (65. When spécific household
pests were listed individuaslly, termites appeared to be the lsading psst
controlled followed quite closely by roaches, spiders, silverfish, and

fleas. Lawn and tree pests, collectively, appear to occupy a position
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TABLE 11

MOST FREQUENTLY CONTROLLED PESTS

Pest

Termites

Roaches

Tree and Shrub Pests
Spiders

Silverfish

Fleas

TABLE 12

THE TEN MOST IMPORTANT PESTS CONTROLLED BY
PEST CONTROL OPERATORS IN 1965

Pest

German Roach

House Mouse

Norway Rat
Subterranean Termites
House Ants

American Roach
Carpenter Ant
Oriental Roach
Fleas

Brown Dog Tick
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equal to that of many household pests and, on an overall analyses of
the raw data, appear to be ranked in third position of most controlled
pesté. This investigator considers the ranking of termite control in
the number one position, probably due to the high unit of profit per '
dollar investment coupled with the increased number of pre-treats being
performed as a result of a recent surge in building. In 1970, there
were 5,288 pre-treats reported to the state regulatory agency (52).

Another section of the monthly data sheet indicated that ten
of the 49 participating firms had no employses while the upper range
was 11, with a mean of 2.7 employees per firm. The total number em-
ployed by the participating firms was 135. A presentation of these data

can be seen in Table 13. A very interesting revelation concerning thess

TABLE 13

NUMBER OF EMPLOYEES PER FIRM

Number of Employees Number of Firms Percentage
0 10 20
1-2 21 43
3-5 11 22
6~-10 6 12
11 above 1 2

data is that over 65 psr cent of the employees have 3 or more ysars
experience. The 19.3 per cent of the employees with less than 1 ysar

experience also ssems quite high; houwsver, no distinction bstwsen
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transient employees and firm growth was attempted in this study. Em-
ployee data gathered were limited to employees with expasure to pesti-
cides. By definitlon, exposure was defined as intimate contact with
one or more pesticides either in technical or diluted form under normal
daily routine work conditions. This method excluded many part-time
personnel who were used to perform tasks prior to application of pesti-
cides, and were actually not part of the work force during application.
Another point of particular interest was the quite large number of
Pirms employing family members. This might account for the large num-
ber of persons with many ysars of experience.

Responses to column six through ten of the monthly data shest
indicated that there seemed £o be no correlation between length of em—
ployment, experience, and amount of training, with the job performed by
the employee. Generally, it can be stated that the owner/operator
delegated little supervisory authority to personnel although some did
sell and a large number mixed chemicals. Employee attendance of tech-
nical schools or other association meetings was practically non-exist-
ent.

Columns twelve through fifteen solicited information relative
to the length of time of exposure and supervision of the employees. An
analysis of the data indicated that employees were exposed to pesticides
an averaga of 18.9 days per month. A large majority of the employees
worked 5.5 or 6 days per week while soms worked only 2 or 3 days per
wesk.

Sixty-seven per cent of the employees worked alone at least

part time and 44 per cent were supervised at least part time. Of those
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employees supervised, there seemed to be no common denominator which
determined supsrvision. The supervisors employed had an average of
15.4‘yaars experience ranging from a low of 1 year to 40 years. Super-
vision in this context was determined to be contact or consultation be-
tween supervisor and employse one or more times during the normal work
day. There seemed to be no significant difference in amount of super-
vision provided employeses regardless of thelr area of spescialization or

the pesticides to which they were regularly exposed.



CHAPTER VI
SUNMMARY AND CONCLUSIONS

An investigation was conducted during the peak season of 1972
to determine the kind(s) and amount(s) of exposure experienced by PCO's
in Oklahoma, as well as other parameters perculiar to this paeticular
professional group. The 68 member firms of the Oklahoma Pest Control
Associatlion were chosen as the population for the study. Data were ob-
tained by use of specially designed report forms provided the firms by
the investigator. Based on the results of this investigation, the fol-
lowing conclusions were reached.

The Oklahoma PCO was repeatedly exposed to varying amounts of
pesticides individually and in combination while engaged in normal per-
formance of his routins duties. On an average, the Oklahoma PCO ex~
periences exposure 18.9 days per month and usually worked alone. A
large percentage of owners try to require protective devices for their
employees but realize that often these protective devices are not used.
The chlorinated hydrocarbon, chlordane, appeared to be the most exten-
sively used pesticide and was generally applied in concentrations
of 1 per cent or less. Practically all of the thordene used was used
for the control of subterranean termites. Diazinon was the most exten-

sively used of ths organic phosphates and was normally applied in

51
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concentrations of 0.5 per cent or less. Quite often it was used in
combination with DDVP and pyrethrum. Most diazinon was used for the
control of the German roach. Sevin was the most extensively used carba-
mate compound and was often used in combination with organic phosphates
and/or chlorinated hydrocarbons. Sevin was used primarily for control of
tree and shrub pests usually in percentages ranging from 0.3 to 0.5 per
cent. This investigation indicated that potentially tree and/or shrub
spraying contributed more environmental pesticide contamination than any
other activity studied.

Eighty-four per cent of the ouwners/opsrators were 41 years of
age or older which indicated that the possibility existed that these
persons received very little if any education dealing with pesticides
during their formal education. Twenty-thrse per cent of the owners/op-
erators have attained at least one collsge degres and 73 per cent
of the employees have a highschool education. Although it appeared
that the employees as a group were highly trainable, attendance at
specialized schools or regularly scheduled technical meetings was prac-
tically non-existent. Sixty-~five per cent of the employees have been em-
ployed three ysars or longer while the average length of experience of
the owner/operator was 17.7 years. Length of employment, education, and
prior experience did not appear to be a criteria for determining em-
ployee job assignments or degree of supervision.

These findings point to the nsed for future studies dealing in
depth with this occupational group. Therefore, the following are recom-
mended:

a) Retrospsctive epidemiclogical investigations of pesticide



b)

c)

d)
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related morbidity and mortality of occupationally exposed
persons. For example, the incidence of illness and/or
death in this occupational group should be studied for com-
parison with similar rates for the general population.

Prospective epidemiological investigations of occupation-
ally exposed persons to determine toxic effects due to long
term exposure. This could be accomplished by monitoring
various parameters in a cohort of expused persons from time
of initial employment for several years.

Laboratory studies involving in-depth biochemical analyses
of body fluids and tissues to determine measures of toxic
reactions in occupationally exposed persons as evidenced by
cell abnormalities, detoxifying enzyme levels, and tissue
deposition levels.

Studies probing the adequacy and effectiveness of existing
licensing and regulatory legislation governing this occu-
pational group in Oklahoma by studying the state of the art
in Oklahoma and comparing these findings with those from
other states.

Investigations exploring the effectiveness of existing PCD
technician training techniques currently used in Oklahoma
with those utilized by other states.



1.

2.

3.

4,

5.

7.

9.

10.

1.

12.

LIST OF REFERENCES

A Good Life for More Peocple. 1971 Yearbook of Agriculture. U.S.
Govt. Printing Offics, p. 295.

Plant Diseases. 1953 Yearbook of Agriculturs. U.S. Govt. Print-
ing Office, p. 116.

Funk and Wagnalls Standard College Dictiopary. Harcourt, Brace,
and World, Inc., Nesw York, p. 1009.

Dfficial Publication of the Association of American Pesticide Con-
trol 0fficials Incorporated, 1971-72.

Environmental Quality, The First Annual Report of the Council on
Environmental Quality. U.S. Govt. Printing Office, Aug., 1970.

Report of the Secretary's Commission on Pesticides and Their Re-

lationship to Environmental Health, Parts 1 and 2, ThEIU.S.
Dept. of H.E.W. U.S. Govt. Printing O0ffice, Dec., 1969,

Edson, E. F., Sanderson, D. M., and Noakes, D. N. "Acute Toxicity
Data for Pesticides (1964)," World Review of Pest Control,
4¢ 36.

Street, J. C., Mayer, F. L., and WUagstaff, D. J. "Ecological Sig-
nificance of Pesticide Interactions,” Indus. Med., 38: (11)
91-95 (1969).

Bass, S. W. and Triolo, A. J. "The Effect of DDT on Parathion
Toxicity in Micse, " (Abstract) Toxicology and Applied Pharma-
cology, 12: 289 (1968).

Zavon, M. R. "Interactions," Bio Science, 19(10): 892~4 (1969).

Weiss, L. R. and Brodie, R, "The Effect of Several Pesticides and
Drug Combinations on Some Behavorial and CNS Responses in
Rats," (Abstract) Toxicology and Applied Pharmacology, 12: 288
(1968).

Falk, H. L. and Kotin, P. "Pesticide Synergists and Their Metabo-
lites: Potential Hazards," Annals New York Aced. Sci., 160:
299-313 (1969).

54



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

58

Fitzwater, W. D. "31,972 Years of Pest Control," Pest Control,
40(4): 30-32 (1972).

The Holy Bible, King Jemes Version. Exodus Chapter 8, vs. 17,

Farmers in a Changing World. The 1940 Yearbook of Agriculture.

U.S. Govt. Printing Office, Washington, 1940.

McMillen, W. Bugs or Pgople? A Reasoned Answer to Opponents of
Pesticides. Appleton-Century, New York, 1966, pp. 5, 10.

Bjornson, B. F., Pratt, H. D., and Littig, K. S. Control of
Domestic Rats. P.H.S., Pub. #563. U:S, Govt. Printing
Office, Washington, 1971.

Lyle, C. "Can Insscts Be Eradicated?™ Insects. 1952 Yearbook of

Agriculture. U.S. Govt. Printing Office, pp. 197-9.

West, T. F., Hardy, J. E., and Ford, J. H» Chemical Control of
Insects. John Wiley and Sons, New York, 1952, p. 68.

Haller, H. L. and Busey, Ruth L. "The Chemistry of DDT," Science
in Farming Yearbook of Agriculture, 1943-47. USDA. U.S. Govt.
Printing Office, pp. 616-22.

Hitchner, L. S. "The Insecticids Industry."™ Insects. The 1952
Yearbook of Agriculture. U.S. Govt. Printing Office, pp.
450-4,

Yearbook of the U.S. Department of Agriculture. Govt. Printing

office, Washington, pp. 245-246, 1912,

Whitten, J. L. That We May Live. D. Van Nostrand Company, Inc.,
Princeton, New Jersey, 1966, pp. 21, 44.

Porter, B. A. and Fahsy, J. E. "Residues on Fruits and Vegsta-
bles." Insects. 1952 Yearbook of Agriculturs. U.S. Govt.
Printing Office, pp. 297-301.

Chapman, L. A., Riehl, L. A., and Pearce, G. Wl. "0il Sprays for
Fruit Trees." Insects. 1952 Yearbook of Agriculture. U.S.
Govt. Printing Officse, pp. 229-39.

Stage, H. H. and Irons, F. "Air War Against Pests.™ Science in
Farming. Yearbook of Agriculturs, 1943-1947. U.S. Govt.
Printing Office, pp. 835-8.

messenger, K. and Popham, W. L. "From 0 to 5,000 in 34 Years."
Insects. 1952 Yearbook of Agriculture. U.S. Govt. Printing
office, pp. 250-1,




28.

29,

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40,

41.

56

Lemmon, A. B, "State Pesticide Laws." Insects. 1952 Yearbook of
Agriculture. U.S. Govt. Printing Office, 1952, pp. 302-310.

"Bounty Laws in Force, 1907." Yearbook of the U.S. Department of
Agriculture. Govt. Printing Office, 1907, pp. 561-564.

Bowen, C. V. and Hall, S. A. "The Organic Insecticides." Insects.
1952 Yearbook of Agriculture. U.S. Govt. Printing Office,
pp. 209-18.

Latta, R. and Goodhus, L. D. "Aerosols for Insects." Science in
Farming; Yearbook of Agriculture 1943-1947. U.S. Govt. Print-
ing Office, pp. 623-27.

Sullivan, W. N., Fulton, R. A., and Yeemans, A. H. "Aerosols and
Insects.” Insects. 1952 Yearbook of Agriculture. U.S. Govt.
Printing Office, pp. 240-244,

"DDT: Pro and Con." Gazstte, Quarterly Publication of the Pan
Amer. Hlth. Org., 3(2): 2-4, 15 (1971).

Metcalf, R. L. "Meet the Carbonates." Pest Control, Trade Maga-
zines, Inc., 30(6): 20-28 (1962).

Ward, J. C. "A Dynamic Statue for Pesticides." Protecting Our
Food. 1966 Yearbook of Agriculture. U.S. Govt. Printing
Office, pp. 271-89.

"The Cranberry Boggle." Time, The Weekly New Magazine. Published
by Time Inc., 540 N. Michigan, Chicago, Illinois, LXXIV(21),
pp. 25. November 23, 1959.

Heim, W. G., Appleman, D., and Pyfrom, H. T. "Effects of 3-Amino-
1, 2, 4 Triazole (AT) on Catalase and Other Compounds." Amer.
J. Physiol., 186: 19-23 (1956).

Carson, R. Silent Spring. Houghton Mifflin Company, Boston.
The Riverside Press, Cambridge, 1962.

"Ecology: Chemical Controversy." Time, The lWeekly New Magazins.
Published by Time Inc., Chicago, Illinois, B83:72, pp. 72-74.
June 19, 1964.

Monitoring Agriculture Pesticide Residues, 1965-1967. A Final Re-~

port on Soil Crops, Water, Sediment, and Wildlife in Six Study
Areas. Agricultural Research Service, U.S. Department of
Agriculture, July, 1969.

Contract #PH 21-68-2037 between Public Health Service and Oklahoma
State. Health Department, May 24, 1968.



42,

43.

44.

45,

46,

47,

48.

49,

50.

51.

52.

53.

54,

55.

56.

57

Report on the Pesticide Monitoring Study of Oklahoma Environment.
The Oklahoma Department of Pollution Control, Nov. 1, 1971. .
(Interagency Distribution)

Holladay, J. and Killackey, J. "DDT Ban's Scope Surpriseé Soon-
ers." The Daily Oklahoman, Oklahoma Publishing Company, Vol.
81, No. 162, Page 1, Column 2, Thursday, June 15, 1972.

Federal Environmental Pesticide Control Act of 1971. HR10729,
92nd Congress, 1st Session.

Additional Views to Accompany H.R. 10729. The Committee on Agri-
culture, House of Representatives, 92nd Congress, 1st Session.
Report No. 92-511, September 25, 1971.

Oklahoma Pesticide Law. [Okla. Stat. (Supp. 1970), tit. 2,
83-61 to 3-70 J.

Oklahoma Phenoxy Herbicide Law. [Oklas Stat. (Supp. 1970),
tit. 2, s3-25 to 3-707.

Wood Preservative Law. [Okla. Stat. (Supp. 1970), tit. 2, s2-30
to 2-309].

Ornamental Sprayers and Pruning Law. [Okla. Stat. (Supp. 1970),
tit. 2, 83-271 to 3-2797.

Structural Pest Control Act. [Okla. Stat. (Supp. 1970), tit. 2,
s3-171 to 3-1807.

An Act Relating to Food and Food Products for Human and Animal
Consumption. [Okla. Stat. (Supp. 1970), tit. 2, s-19 to 2-247,

Oklahoma Agriculturs Annual Report Fiscal Year 1969-1970. James
Ballinger, President, State Board of Agriculture, Edited by
Larry Robinson.

Wolfe, H. R, and Durham, W. F. "Safety in the Use of Pesticides."

Proceedings of the Second Eastern Washington Fertilizer and
Paesticids Conference, N.C.D.C. Pesticides Program Publication

#175, pp. 14-21 (1966).

Hayes, W. J. Clinical Handbook on Economic Poisons: Emergency In-—

formation for Treating Poisoning. U.S. Govt. Printing Office,
poHos. PUbo 476 1963 L4

Gibson, R. L. and Melby, T. H. Occupational Diseases. U.S. Govt.
Printing Office, P.H.S. Pub. ;1097, pp. 243-250,
Morrison, G. and Durham, W. F. "Analytical Diagnosis of Pesti-

cides Poisoning Collection, Storage and Shipment of Biological
Samples." JAMA, 216(2): 298-300 (1971).




57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

58

Peterson, J. E. and Robison, W. H. "Metabolic Products of p,p!-DDT
in the Rat'" TDX. Applo pharoy 6: 321-327 (1964)0

Wolfe, H. R. and Armstrong, J. F. "Exposure of Formulating Plant
Workers to DDT." Arch. Environ. Health, 23: 169-176 (1971).

Wolfe, H. R., Durham, W. F., and Armstrong, J. F. "Urinary Ex-
cretion of Insecticide Metabiolites: Excretion of Para-nitro-
phenol and DDA as Indicators of Exposure to Parathion."

Arch. Environ. Health, 21: 711-716 (1970).

Edmundson, W. F., Davies, J. E., Cranmer, M., and Nachman, G. A.
"l evels of DDT and DDE in Blood and DDA in Urine of Pesticide
Formulators Following a Single Intensive Exposure." Indus.
Med. and Surg,, 38(4): 145-150 (1969).

Morgan, D. P. and Roan, C. C. "™Absorption, Storage, and Metabolic
Conversion of Ingested DDT and DDT Metabolites in Man.™ Arch.
Environ. Health, 22: 301-308 (1971).

Hayes, We 3., Quinby, G. Eo, Walker, Ke Co, Elliott, J. IU., and
Upholt, W. M. "Storage of DDT and DDE in People with Differ-
ent Degrees of Exposure to DDT." Amer. Med. Assn. Arch. Ind.
Health, 18: 398-406 (1958).

Davies, J. E., Edmundson, W. F., Schneider, N. J., and Cassidy,
J. C. ‘"Pesticides in Psople: Problems of Prevalence of Pesti-
cide Residues in Humans." Pest. Monit. Jour., 2(2): 80-85
(1968).

Wolfe, H. R. and Armstrong, J. F. "Exposurs of Formulating Plant
Workers to DDT." Arch. Environ. Health, 23: 169-76 (1971).

Laws, E. R., Curley, A., and Biros, F, J. "Men with Intensive Oc-
cupational Exposure to DDT, A Clinical and Chemical Study."
Arch. Environ. Health, 15: 766-75 (1967).

Edmundson, W. F., Davies, J. E.,, Nachman, G. A., and Roeth, R. L.
"n,p'-0DT end p,p'-DDE in Blood Samples of Occupationally Ex-
posed Workers." Public Health Reports, 84: 53-58 (1969).

Ortlse, M. ¥. "Study of Men with Prolonged Intensive Occupational
Exposure to DOT." A.M.A. Arch. Indus. Health, 18: 433-40
(1958).

Cueto, C., Barnes, A. G., and Mattson, A. M. "Determination of
DDA in Urine Using an Ion Exchange Resin." J. Agric. and Food
Chem., 4: 943-45 (1956).

Wolfe, H. R., Durham, W. F., and Armstrong, J. F. "Exposure of
Workers to Pesticidss.™ Arch. Environ. Health, 14: 622-23
(1967).




70.

1.

72.

73.

74.

75.

76.

77.

78.

79.

ao0.

81.

82.

59

Wolfe, H. R., Walker, K. C., Elliott, J. W., and Durham, W. F.
"Evaluation of the Health Hazards Involved in House-Spraying
with DDT." Bull., Wld. Hlth. Org., 20: 1-14 (1959).

Durham, W. F., Armstrong, J. F., and Quinby, G. E. "DDA Excretion
Levels Studies in Person with Different Degress of Exposure to
to DDT." Arch. Environ. Health, 11: 76-79 (1965).

Durham, W. F., Armstrong, B. S., and Quinby, G. E. "DDA Excretion
Levels." Arch. Environ. Health, 11: 76-79 (1965).

purham, W. F., Armstrong, J. F., and Quinby, G. E. "DDT and DDE
Content of Complete Prepared Meals." Arch. Environ. Health,
11: 641-647 (1965).

Campbell, J. E., Richardson, L. A., and Schafer, M. L. "Insecti-
cide Residues in the Human Diet."™ Arch. Environ. Health, 10:
831-36 (1965).

Duggan, R. E. "Residues in Food in Feed: Pesticide Residue Levels
in Foods in the United States from July 1, 1963 to June 30,
1967." Pest. Monit. Jour., 2: 2-46 (1968B).

Hayes, W. J., Dale, W. E., and Pirkle, C. I. "Evidence of Safsty
of Long-Term High, Oral Doses of DDT for Man.™ Arch. Environ.
Health, 22: 119-35 (1971).

Stein, A. A. "Comparative Methoxychlor Toxicity in Dogs, Swine,
Rats, Monkeys, and Man," (Abstract) Indus. Med. and Surg., 37:
540-41 (1968).

Curley, A., Copeland, M. F., and Kimbrough, R. D, "Chlorinated
Hydrocarbon Insecticides in Organs of Stillborn and Blood of
Newborn Babies." Arch. Environ. Health, 19: 628-32 (1969).

Curley, A. and Kimbrough, R. "Chlorinated Hydrocarbon Insecti-
cides in Plasma and Milk of Pregnant and Lactating Women,"
(Abstract) Toxicology and Applied Pharmacology, 12: 285 (1968).

Fiserova-Bergerova, V., Radomski, J. L., Davies, J. E., and Davis,
J. H. "Levels of Chlorinated Hydrocarbons Pesticides in Human
Tissues." Indus. Med. and Surg., 36: 65-70 (1967).

Rappolt, R. T., Mengle, D., Hale, W., Salmon, B., and Hartmen, B.
"Kern County: Annual Generic Pesticids Inputs Blood Dyscrasias;
p,p-DDE and p,p-DDT Residues in Human Fat, Placentas with Re-
lated Stillbirths, end Abnormalities," (Abstract) Indus. Med.

and Surg., 37: 513 (1968).

Dale, W. E. and Quinby, G. E, "Chlorinated Insecticides in the
Body Fat of People in the United States." Science, 142: 593-
95 (1964).



83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94'

60

Haun, E. C. and Cueto, C. "Fatal Toxaphene Poisoning in a 9-Month
0ld Infant." Amer. J. Dis. Child, 113: 616-18 (1967).

Dale, W. £,, Curley, A., and Hayes, W. J. "Determination of
Chlorinated Insecticides in Human Blood." Indus, Med. Surag.,
36: 275-80 (1967).

Deichmann, W. B., Keplipger, M., Dressler, I., and Sala, F. "Re~
tention of Disldrin in the Tissues of Dogs Fed Aldrin and DDT
Individually and As a Mixture," (Abstract) Indus. Med. and
Surg., 37: 548 (1968).

wiersma, G. B., Sand, P. R., and Schutzmann, R. L. "National Soils
Monitoring Program - Six States, 1967." Pest Monit. J., 5(2):
223~7 (1971).

Morgan, D. P. and Roan, C. C. "Chlorinated Hydrocarbon Pesticide
Residue in Human Tissues." Arch. Environ. Health, 20: 452-57
(1970).

Zavon, M. R. "Diagnosis and Treatment of Pesticide Poisoning.”
Arch. Environ. Health, 93 615-20 (1964).

Johnson, M. K. "Delayed Neurotoxic Action of Some Organosphos-
phorus Compounds." Br. Med. Bull., 25(3): 231-35 (1969).

Morgan, P. and Roan, C. C. "Renal Function in Persons Occupation-
ally Exposed to Pesticides." Arch. Environ. Health, 19: 633~
36 (1969).

Mann, J. B., Davies, J. E., and Shane, R. W, "Occupational Pesti-
cide Exposure and Renal Tubular Dysfunction," Chapter in
Acute Glomerulonephritis, Proceedings, Seventeenth Annual Con-
ference on the Kidney, Etdited by J. Metcalf. Little, Brown,
and Company, Boston, 1967, pp. 219-226.

Tocci, P. M., Mann, J. B., Davies, J. E., and Edmundson, W. F.
"Biochemical Differences Found in Persons Chronically Exposed
to High Levels of Pesticides." Indus. Med., 38(6): 188~195
(1969).

Cavagna, G., Locati, G., and Vigliani, E. C., "Clinical Effects of
Exposure to DDVP (Vapona) Insecticide in Hospital Wards."
Arch. Environ. Health, 19(1): 112-123 (1969).

Arterberry, J. D., Durham, W, F., Elliott, 3. W., and Wolfe, H. R.
"Exposure to Parathion: Measured by Blood Cholinestsrase Level
and Urinary p-Nitrophenol Excretion." Arch. Environ. Health,
3: 476~485 (1961).




61

95. ODurham, W. F., Wolfe, H. R., &nd Elliott, J. W. "Absorption and
Excretion of Parathion by Spraymen.®™ Arch. Environ. Health,
24: 381-387 (1972).

96. Durham, W. F. and Wolfe, H. R, "An Additional Note Regarding
Measurement of the Exposure of Workers to Pesticides."™ Bull,
wld, Hlth. Org., 29: 279-281 (1963).

97. Baetjer, A. M. and Smith, R. "Effect of Environmental Temperature
on Reaction of Mice to Parathion, an Anticholinssterase Agent."
Amer. J. Physicol., 186: 39-46 (1956).

98. Hartwell, W. V., Funckes, A. J., and Hayes, G. R. "Respiratory
Exposure of Volunteers to Parathion." Arch. Environ. Health,
8: 820-5 (1964).

99, Hayes, G. R., Funckes, A. J., and Hartwell, W. V. "Dermal Ex-
posure of Volunteers to Parathion." Arch. Environ. Health,
8: 829-833 (1964).

100. Hartwell, W. V. and Hayes, G. R. "Respiratory Exposure to Organic
Phosphorus Insecticides." Arch. Environ. Health, 11: 564-68
(1965).

101, Wolfe, H. R., Armstrong, J. F., Staiff, D. C., and Comer, S. W.
"Exposure of Spraymen to Pesticides." Arch. Environ. Health,
25: 29-31 (1972).

102. Durham, W. F., Wolfe, H. R., and Quinby, G. E. ™"Organophosphorus
Insecticides and Mental Alertness.™ Arch. Environ. Health,
10: 55-66 (1965).

103. Metcalf, D. R. and Holmes, 3. H. "EEG, Psychological, and Neuro-
logical Alterations in Humans with Organophosphorus Exposure."
Annals New York Academy of Science, 160: 357-365 (1965).

104. DuBois, K. P. "Low~lLevel Organophosphate Residues in the Diet:
Their Potential Hazards." Arch. Environ. Health, 10: 837-841

~ (1965).

105. Williams, M. W., Cook, J. W., Blake, J. R., Jorgensen, P, S., and
Frawley, J. P. "The Effect of Parathicn on Human Red Bloed
Cell and Plasma Cholinesterase." A.M.A. Arch. Indus. Health,
18: 441-45 (1958).

106. Ganelin, R. S., Cueto, C., and Mail, G. A. "Exposure to Parathion
Effect on General Population and Asthmatics.™ JAMA, 188: 807-
810 (1964).



107.

108.

109,

110.

111.

112.

113.

114.

115.

116.

117.

118.

62

Durham, W. F., Hayes, W. J., and Mattson, A. M. "Toxicological
Studies of 0, 0-Dimethyl-2, 2-Dichlorovinyl Phosphate (DDVP)
in Tobacco Warehouses." Arch. Environ. Health, 20: 202-210
(1959). .

Witter, R. F. "Effects of DDVP Aerosols on Blood Cholinesterase
of Fogging Machines Operators." Arch. Indus. Health, 21:
7-9 (1960).

Culver, D., Caplan, P., and Batchelor, G. S. "Studies of Human
Exposure during Aerosol Application of Malathion and Chor-
thion." Arch. Indus. Health, 13: 37-50 (1956).

Chavarria, A. P., Swartzwelder, J. C., Villarejos, V. M., Kotcher,
E., and Arguedas, J. "Dichlorves, An Effective Broad-Spec-
trum Anthelmintic." Am. J. Trop. Med. and Hyg., 18(6): 907~
911 (1969).

Cerf, J., Lebrun, A., and Dierichx, J. "A New Approach to Helmin-
thiasis Control: The Use of an Organophosphorous Compound.”
Am. J. Trop. Med. and Hyg., 11: 514-17 (1962).

Kolbezen, M. J., Metcalf, R. L., and Fukute, T. R. ™"Insecticidal
Activities of Carbamate Cholinesterase Inhibitors." Agric.
Food Chem,, 2(17): 864-70 (1954).

Metcalf, R. L., Fukuto, T. R., and Winton, M. Y. "Insecticidal
Carbamates: Compariscn of the Activities of N-Methyl-and N,N-—
dimethylcarbamates of Various Phenols." Jour. Econ. Entomol.,
55: 345-7 (1962).

Hadaway, A. B. and Barlow, F. "The Toxicity to Adult Mosquitoes
and the Residual Properties of Some N-Acyl-N-Methylcarba-
mates." Bull, Wld. Hlth. Org., 35: 454-6 {1965).

Mann, G. S. and Chopra, S. L. "Residues of Carbaryl on Crops."
Pest. Monit. 3., 2(4): 163-66 (1969).

Winteringham, F. P. W. "Blood Cholinesterase Inhibition as an
Index of Exposure to Insecticidal Carbamates." Bull Wild.
Hlth. Org., 35: 452-3 (1966).

Tobin, J. S. "Carbofuran: A New Insecticide." Jour. Occup. Med.,
12(1): 16-9 (1970).

Reich, G. A. and Welke, J. 0. "Brief Recordings Death Due to a
Pesticide." New Eng. Jour. Med., 274: 1432 (1966).

Best, E. M. and Murray, B. L. "Observations on Workers Exposed to
Sevin Insecticide: A Preliminary Report."™ Jour. Occup. Med.,
4(10)s 507-17 (1962).




120.

121.

122,

123,

124,

125,

126.

127,

128.

129,

130.

63 -

Matsumura, F. and Ward, C. T. "Degradation of Insecticides by
the Human and the Rat Liver." Arch. Environ. Hsalth, 13:
257-61 (1966). ‘

Carpenter, C. P., Weil, C. S., Palm, P. E., Woodside, M. W.,
Neir, J. H., and Smyth, H. F. "Mammalian Toxicity of 1-Naph-
thyl-N~Methylcarbamate (Sevin Insecticide)." Agric. Food
Chem., 9(1): 30~9 (1961).

Tucker, R. K. and Crabtree, D. G. "Toxicity of Zectran Insecti-
cide to Several Wildlife Speciss." Jour. Econ. Entomol., 62:
1307-10 (1969).

GDldeI‘Q, M. E., JOhnson, He Eo, Knaak, Je Bey and Smyth, He Fo
"Psychopharmcological Effects of Reversible Cholinesterase
Inhibition Induced by N-Methyl 3-Isopropyl Phenyl Carbamats
(Comp;und 10854)." Jour. Pharmacol. Exp. Ther., 141: 244-51
(1963).

El-Aziz, S. A., Metcalf, R. L., and Fukuto, T. R. "“Physinlogical
Factors Influencing the Toxicity of Carbamate Insecticides
to Insects." Jour. Econom. Entomol., 62(2): 318-24 (1969).

Vandskar, M. "Observations on the Toxicity of Carbaryl, Folith-
ion and 3-Isopropylphenyl N-Msthylcarbamate in a Village-Scale
Trial in Southern Nigeria." Bull. Wld. Hlth. Org., 33: 107-
15 (1965).

DiPaolo, J. A. and Elis, J. "The Comparison of Teratogenic and
Carcinogenic Effects of Some Carbamate Compounds." Cancer
Research, 27: 1696-99 (1967).

Smalley, H. E., Curtis, J. M., and Earl, F. L. "Teratogenic Act-
ion of Carbaryl in Beagle Dogs." Toxic. Appl. Pharm., 13:
392-403 (1968).

Edington, N. and Howsll, J. McM. "Changes in the Nervous System
of Rabbits Following the Administration of Sodium Disthyl-
dithiocarbamate." Nature, 210: 1060-62 (1966).

Howsll, 3. McC. "“Effect of Sodium Diethyldithiocerbamate on
Blood Copperlevels and Pregnancy in the Rabbit." Nature,
201: 83-4 (1964).

williams, C. H., Casterline, J. L., Jackson, K. He, and Kays,
J. E. "Studies of Toxicity and Enzyms Activity Resulting
from Interaction between Chlorinated Hydrocarbon and Carba-
mate Insecticides.” Tox. Appl. Pharm., 11: 302-7 (1967).




Filmed as received

without page(s) 64

UNIVERSITY MICROFILMS,.



APPENDIX A

Monthly Data Shesets



66

Monthly Data Shest

Part A
Ploase complete and return Firm reporting
on or before the 10th of
the month following Address
reporting month. Month you

are reporting

Person preparing
report

PLEASE PROVIDE THE FOLLOWING ABOUT PESTICIDES USED DURING THE NMONTH YOU
ARE REPORTING. AN EXAMPLE HAS BEEN PROVIDED TO INDICATE METHOD OF RE-
PORTING. BEGIN ON LINE ONE.

TYPE (NANE) OF POUNDS OR GALLONS OF

PESTICIDE PESTICIDES USED CONCEN- PEST
DURING MONTH TRATION CONTROLLED

Example: DDT 15 pounds 50% Mice

1.

2,

3.

4,

5.




67

Monthly Data Shest-Part B

Please provide the following information for all employees (including
part-time employees) who were actually exposed to (worked with) pesticides during.
the month reported. An example has been provided to illustrate the method of re-
porting more clearly. Begin on line one and report all exposed employees by name.
Column D asks for the employse's name; once the initial (first) report has been
made for an employee and all information in columns 8 thru 1S has been complsted, -
following monthly reports need only include informaticn in columns O (name) and
columns_11 thru 15 (information which may change from month to month) for that
employss. Houwever, always provide information in all columns (0-158) for any em-
ployee hired since last reporting date. If more space is needed, use additional
forms. :
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Preliminary Report Form

1. Name of Company

2. Name of Ouner/Operator of Business

3. Address of Ownsr/Operator

4., Total years of experience in Pest Control Business of
Owner/Opsrator

5. First year that Owner/Operator was licensed as a PCO in Dklahoma
6. Check appropriate license (s) held by Owner/Operator.

Termite

General Pest

Fumigator

7. Age of Ouner/Operator (check appropriate age group)

20~30 years

31-40 years

41-580 years

51 and above

8. Educational background of Owner/Operator

Highschool
Bachelor's degree

Major area of study year
Master's degree

Major area of study year
Doctor's degrese

Major area of study ' year

9, Average number of employess that you employ

10. Do you require that your employses use protective devices and/or

special clothing while working with pesticides? Try

Yes No to

11. 1f number 10 was answered yes, check any of the things listed belouw
that you do require.

Gloves Yes No Special Clothing Yes No

Respirators Yes No Other things

Goggles Yes No Specify




