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humans to insecticides in food, water, anc air; and (3) regulation
and legislaticn concerning pesticide development, testing and use.
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DEPARTMENT OF HEALTH, EDUCATION. AND WELFARE

December 5, 1969

Dear Sr. Simretarys

The complete report of your Commission on Pesticides -mad Thstr
Relationship to Environmental Health (Part 16. Part 11) is
included herein.

Part I, which I submttted to you on November 11, 1969, contains
the Commission's unanimous recommendations along with mummeries
of the reports of four SubcoAettees to the Commission.

Part II contains the complete reports and conclusions of four
Subcommittees and the four Advisory Panels to the Commission.
upon which findings the Commission based its recommAndations.
Over 5000 references to published or ongoing scientific rose rch
were reviewed and evalutted. Since each report was prepared by
the membership of the Subcommittee Advisory Panel involved
with the particular subject under .!eview, these reports t
themselves do not necessarily reflect the unanimous opinion
of the Commission's entire membership, although each Commission
member has reviewed all drafts of all reports. However, the
recommendations of the Commission were adopted unanimously.

On behalf of the Commission, its entire staff, and speaking for
myself, I would like to thank you for the superb support you and
your Department have given to the Commission. Ws hops that our
rec.-mendetions will be considered for early implementation by
all Departments concerned with the use of pesticides.

Sincerely yours,

tail M. ?teak

Chairman
Secretary's Commission on Pesticides
and their Relationship to Environmental

Health

Honorable Robert H. Pinch
Secretary
Department of Health, Education,

and Welfare
Washington, D. C.
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

November 11, 1969

Dear Mr. Secretary:

Attached are the unanimous recommendations of your Commission on
Pesticides and Their Relationship to Environmental Health. As
you know, the reports of the Commission, eightiin all, are in the
process of publication as you have directed.

These recommendations al.e arranged in an action priority order as
seen by the Commission; however, this order has no significance as
to their relative importance. In my own view the recommendations
support the following principles:

1. Chemicals, including pesticides used to increase food
production, are of such importance in modern life that
we must learn to live with them;

2. In looking at their relative merits and hazards wa must
make individual judgments upon the value of each chemical,
including the alternatives presented by the non-use of
these f.lemicals. Wo must continue to accumulate scientific
data about the effects of these chemicals on the total
ecology; and

3. The final decision regarding the usage of these chemicals
must be made by those governmental agencies with the
statutory responsibilities for the public health, and for

pesticide registration.

On behalf of the Commission and all of the staff assigned to help
the Commission, I want to express our thanks for the support you
have given us in carrying out this task. We hope that our efforts
will be helpful to you in carrying out your awesome responsibilites.

Sincerely yours,

Chairman
Secretary's Commission on Pesticidesand
Their RelatiooshiptoEnvironmentelHealth

Honorable Robert H. Finch
Secretary
Department of Health, Education,

and Welfare
Washington, D.C.

Enclosures
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INTRODUCTION

Our society' as gained tremendous benefits from the usage of pesti-
cides to prevent disease and to increase the production of foods and
fibers. Our need to use pesticides and other pest control chemicals will
continue to increase for the foreseeable future. However, recent evi-
dense indicates our need to be concerned about the unintentional effects
of pesticides on various life forms within the environment and on hu-
man health. It is becoming increasingly apparent that the benefits of
using pesticides must be considered in the context of the present and
potential risks of pesticide usage. Sound judgments must be made.

The Secretary's Commission on Pesticides and Their Relationship
to Environmental Health was appointed in April 1969 and charged
with the responsibility of gathering all available evidence on both the
benefits nad risks of using pesticides, evaluating it thoroughly, and
reporting their findings and recommendations to Secretary Finch.
After carefully reviewing all available information, the Commission
has concluded that there is adequate evidence concerning potential
hazards to our environment and to man's health to require corrective
action. Our Nation cannot afford to wait until the last piece of evidence
has been submitted on the many issues related to pesticide usage. We
must consider our present course of action in terms of future genera-
tions of Americans and the environment that they will live in.

The Commission's unanimously approved recommendations, devel-
oped after careful evaluation of all available evidence, are presented
in this document. Part II of this report currently is in preparation for
printing and 'trill be made available in the near future. This represents
the review of over 5,000 references to scientific research, and will con-
tain a full presentation of each Sub-Committee's Report to the Com-
mission, including special Advisory Panel Reports on carcinogenesis,
interaction, mut agenesis, and teratogenesis. We must consider the total
problem of pesticide usage not only in the context of what is presently
known but also in the context of the many unknowns still to be deter-
mined. Some of these unknowns may never be precisely determined.
Corrective action is recommended now to prevent further environ-
mental contamination from pesticide residues and to protect the health
of man.
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COMMISSION
RECOMMENDATIONS

Recommendation 1:
Initiate closer cooperation among the Departments of Health, Edu-

cation, and Welfare, Agriculture, and Interior on pesticide problems
through establishment of a new interagency agreement.

The registration of pesticides is now vested only in the Secretary
of Agriculture under the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA). The regulations implementing FIFRA state that
the purpose of the act is "to prot &ct the public health before injury
occurs rather than to subject the public to dangers of experimentation
and take action after injury. "' However, the present interagency
agreement requires the Secretaries of DHEW and USDI to produce
scientific evidence clearly demonstrating a present hazard to health
or to the environment in order to remove from registered use or pre-
vent the registration of any specific pesticide. In regard to health pro-
tection, the burden of proof should rest upon the manufacturer to
demonstrate to the Secretary of HEW that appropriate tests do not
produce untoward effects upon two or more species of mammals which
might indicate a hazard to health. Such a procedure is entirely in
keeping with the purpose of the act as stated above.

A new interagency agreement is needed to strengthen cooperative
action among the Departments of HEW, USDA, and USDI to protect
public health and the quality of the environment from pesticide haz-
ards. Approval by the Secretaries of DHEW and Interior as well as
Agriculture should be required for all pesticide registrations. Pesti-
cide uses deemed by any of the three Secretaries to be hazardous should
be restricted or eliminated.

The agreement should further require a continuous review of new
scientific information on pesticides now in use, with a formal review
made 2 years after initial registration and subsequent formal reviews
by the three agencies at 5-year intervals.

C.F.R.. Title 7, Cr. 11, Sec. 362.106(d) (1).
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Such an agreement and the closer interagency cooperation it would
produce would have other distinct advantages:

It would call attention to evidence suggesting concern and expe-
dite appropriate action ;
It would encourage cooperative approaches to public education,
applicator training, research on the biological effects of a pesti-
cide, and promote the development and use of improved methods
of pest control; and
It would provide a mechanism for focusing the concerns and
skills of each agency and to coordinate action on pesticide
problems.

If the objective of providing to the Secretary of DHEW the au-
thority to meet his responsibility for control of health hazards of pesti-
cides cannot be attained by a new interagency agreement, it will be
necessary to amend the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA).

Recommendation 2:
Improve cooperation among the various elements of the Department

of Health, Education, and W elf are which are concerned with the effects
of pest control and peaticicks.

The diversified and significant responsibilities associated with the
Department of Health, Education, and Welfare pesticide and pest-
control activities lack sufficient coordination and direction. Several
segments of DHEW have direct and implied responsibilities for pro-
teciton of public health in relation to the use of pesticides. The prob-
lem of achieving cooperation appears to be intensified by recent reor-
ganizations. Mzchanisms should be developed to assure exchange of
information between all pertinent segments of DHEW. There is a
need for reappraisal of the vector control activities, educational pro-
grams, research responsibilities, monitoring, State aid programs, and
other activities involving pesticides.

Recommendation 3:
Eliminate within two years all uses of DDT and DDD in the United

States excepting those uses essential to the preservation of human
health or welfare and approved unanimously by the Secretaries of the
Departments of Health, Education, and Welfare, Agriculture, and
Interior.

The uses of DDT and DDD as pesticides should be limited to the
prevention or control of human disease and other essential uses for
which no alternative is available. Such uses should be clearly identi-
fied and individually evaluated in relation to human hazard from ex-
posure, movement in the natural environment concentration in the food
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chains of the world, and other environmental considerations. Unani-
mous approval by the Secretaries of DREW, USDA, and USDI
(who in turn are expected to call on Federal, State and private ex-
perts for advice) would provide for Identification of essential uses
and assure that such approval will be based on sound judgment.

Abundant evidence proves the widespread distribution of DDT
and its metabolites (principally DDE) in man, birds, fish, other aqua-
tic organisms, wildlife, soil, water, sewage, rivers, lakes, oceans, and
air. Evidence also demonstrates that these materials are highly in
jurious to some nontarget species and threaten other species and bio-
logical systems. Elimination of all nonessential uses should be achieved
and the period of 2 years is recommended to assure a ?hievement with-
out excessive economic disrupt ion.

Unavoidable residues of these persistent pesticides will oont;nue
to occur in the soil, water, air, and food supplies for a period of years
despite restriction of usage in the United States. Reasonable .-nethods
must be established for the use of as much of the food supply as
possible without hazard to human health.

Despite diminution of DDT usage, the Commission urges that
research be intensified to gain further understanding of the ecological
dynamics and public health implications of this example of a persist.
ent chemical widely distributed in the environment.

It should be recognized that DDT is used in developing nations
in the prevention and control of malaria, typhus, and other insect.
borne diseases, and in the production of food and fiber. The control
of such uses is the responcibility of those nations. They should, how.
ever, receive from the United States the full benefit of all available
information and assistance on hazards, safe and effective uses of
pesticides, and alternative methods of pest control.

Recommendation 4 t
Restrict the usage of certain persistent pesticides in the United

Stales to specific essential tots which create no known hazard to human
health or to the quality of the environment and tellWI are unanimously
approved by the Secretaries of the Departments of Health, education,
and 1Velfare, Agriculture,and Interior.

Several pesticides other than DDT are persistent and cause or can
cause contamination of the environment and damage to various life
forms within it. Theme -e include sldrin, dieldrin, endrin, heptachlor,
chlordane, benzene hezachloride, tindane, and compounds containing
arsenic, lead, or mercury. We may anticipate that decrested use of
DDT and the above chemicals will result in An increased use of other
chem ics ls such AS tox Aphene. While there is no evidence that toss phene
undergoes biological magnification, its chemical properties suggest
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that it should receive close surveillance. Furthermore, the use of or-
ganometallic compounds and salts of heavy metals other than arsenic,
lead, or mercury should be periodically reviewed.

The uses of persistent compounds should be fully reviewed in light
of recent advances in understanding the undesired effects of some
pesticides. The acceptable uses should be selected and approved
unanimously by the appropriate departments. Such usage should be
retricted to essential purposes, r mited to the lowest effective dosage
required for the production and protection of essential foods and
fibers, and replaced by safer alternatives wherever possible.

It is, however, impractical to attempt to eliminate the residues
of such pesticides from foods by the application of zero tolerance
limits. Modern techniques have greatly increased the sensitivity of
the analytical methods available when the zero tolerance concept
was advanced. This fact must be recognized in judging the possibilities
of hazards and establishing tolerance limits with a sufficient margin
of safety to protect, human health and welfare.

Recommendation 5:
Minimize human exposure to thou peatieidet ronzidered to present

a potential health hazard to man.
Decisions on restriction of human exposure to pesticides should be

made by the Secretary of the Department of Health, Education, and
Welfare. In reaching such decisions, consideration must be given to
both the adequacy of the evidence of hazard to human health and pos
sible consequences to human welfare that flow from the imposition of
restrictions on human exposure to pesticides.

Accordingly, it is of utmost importance that the results of screening
tests be scientifically and rationally considered. The correct interprets,.
tion of hazards to human health is sometimes extraordinarily difficult.
It must involve the transfer of the results of animal experiments to pre-
diction of human effects. In addition, the screening process frequently
involves preliminary examination of the effects of massive dosages, pos
Bible contamination of test samples, and other factors which affect
proper interpretat ion.

The health and welfare of the public must be effectively protected.
However, it is not, in the best interest of the public to permit unduly
precipitate or excessively restrictive action based only on anxiety.

In recent screening studies in animals employing high dosage levels,
several compounds have been judged to be positive for tumor induc-
tion. In similar screening studies other pesticides have been judged
to be teratogenic. The evidence does not prove that these are injurious
to man, but does indicate: (1) A need to reexamine the registered uses
of the materials and other relevant data in order to institute prudent
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steps to minimize human exposure to these chemicals; and (2) to un-
dertake additional appropriate cvaluatory research on representative
samples of these substances in order to guide future decisions. It is
further important to have detailed knowledge of sample composition
and purity. These materials are: aldrin; amitrol; eremite; evades;
bis (2-chloroethyl) ether; chlorobenzilate; p,p'-DDT; dieldrin; hep-
tachlor (epoxide); mires; n-(2-hydroxyethyl)-hydrazine; strobane;
captan; carberyl; the butyl, isopropyl, and isooctyl esters of 2,4-D;
folpet ; mercurials; PCNI3; and 2,4,5-T.

The imposition of restrictions on exposure, particularly from pesti-
cide residues in food and water, should be accompanied by periodic
review and adjustment of pesticide residue tolerances. Indiscrimi-
nate imposition of zero tolerances may well have disastrous conse-
quences upon the supply of essential food and threaten the welfare of
the entire Nation. Stepwise lowering of pesticide tolerance may in some
cases be an effective and flexible instrument with which to execute
policy.

Currently our national resources of funds, manpower, and facilities
will not permit the concurrent testing of all pesticidal compounds.
Priorities for testing must be established. Effective national implemen-
tation of this policy will require continuing development and evalua-
ton of scientific information concerning the hazards of pesticides to
human health. Additional chemicals are being or should be investi-
gated and evaluated for potential hazards to human health, as re-
sources permit.
Recommendation

Create a pesticide advisory committee in the Department of Health,
gdueation, and Welfare to evaluate information on the hazard, of
pesticide, to human health and environmental quality and to advise
the Secretary on related matters.

The Secretary of the Department of 'Health, Education, and Wel-
fare is obligated to protect and enhance human health and welfare.
In relation to pesticides, this requires that he draw upon a wide
range of expert opinion and guidance. Excellent competence in some
areas exists within the staff of the Department, but the advisory serv-
ices of a group drawn from the professional, industrial and academic
specialists in related fields can provide unique and essential services.
A Pesticide Advisory Committee should be created and should in-
etude capers on human health and welfare, on environmental and
agricultural sciences, and from appropriate economic and industrial
areas of knowledge and experience.

In assisting the Secretary, the Pesticide Advisory Committee would:
Intrepret new information from scientific sources and from in-
crested national experience with pesticides.
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Assess the potential hazards of specific pesticides, based on
consideration of persistence of residues, possible distribution
and magnification in biological systems, and potential hazards
to hunrm health and welfare.
Recommend improvements in administrative procedures relat-
ing to pesticides; areas requiring intensified research atten-
tion; adequate programs for monitoring and interpreting pesti-
cide distribution; and, in conjunction with the U.S. Depart-
ment of Agriculture and the U.S. Department of the Interior,
recommend educational and training programs designed to im-
prove usage of pesticides and reduce deleterious effects.
Evaluate the complex risks and benefit considerations necessary
for making responsible judgments on the uses of pesticides, and
suggest means for maximizing benefits and minimizing risks.
Provide advice on suitable standards and tolerances for pesticide
content in food, water, and air to protect the public health and
the quality of the environment.
Identify gaps in knowledge and advise on needed research.
Review and recommend test procedures and protocols to be
employed by manufacturers in establishing the safety of
pesticides.

The committee should receive the full benefit of the information and
professional competence present in the Department of Health, Educa-
tion, and Welfare, maintain strong liaison with any comparable
advisory groups in other Federal agencies, and hare free access to
specialists and experts th roughout the nation.

Recommendation 7:
Develop euitable etandards fir peat icide content in food, water, and

alr and other aspects of environmental quality, that: (1) protect the
public from undue haearde, and (1) tecogniee the nerd for optimal
A tuna» nutrition and f ood supply.

In setting tolerances for pesticide residues in or on foods, the De-
partment of Health, Education, and Welfare should be cognizant
of the need for optimal human nutrition and food supply. Because
widespread environmental contamination by DDT and other persist-
ent pesticides can cause unavoidable residues in many raw foods,
the new Pesticide Advisory Committee should examine the problem
of tolerances carefully. Total human exposure, actual daily intake,
and total body burden of pesticide residues should be minimizei when-
ever feasible, bit' unavoidable residues should be realistically con-
sidered. (See next recommendation).

There is need to abate widespread contamination of the environment
in order to reduce unavoidable residues of pesticides in food, water,
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and air. Of equal importance is the need to take anticipatory regulatory
action to prevent future problems caused by other pesticides.

The fact that DDT residues are widespread throughout the environ-
ment has lead to unusual difficulties for certain food industries. For
example, the fact that DDT is concentrated from contaminated waters
into the fat of coho salmon and other fish is not the fault of the fishing
industry. DDT contamination of lakes, rivers, and oceans is not sus-
ceptible to immediate correction and reduction will require concerted
action to prevent DDT entry from various sources. Tolerances for
DDT residues in fish should be subjected to immediate review and
reflect the relative importance of the food in the diet. Concurrent
efforts should be made to apply processing methods capable of re-
ducing the DDT content of fish.

The Pesticide Advisory Committee may wish to consider a graded
sales of regulatory actions developed in proportion to the extent of

ironmental contami nat ion or risk thereof, in relation to total human
exposure, actual daily intake, and total body burden of pesticide
residues. Such a series might be as follows:

Grade I: No significant environmental contamination or risk
thereof is judged to exist. Only periodic surveillance
and confirmatory evaluation is required.

Grade II: Some environmental contamination or risk thereof is
judged to exist. Active surveillance is required, in-
cluding the assessment of total human body burden
of pesticide residues; investigation of their relation-
ships to various sources; evaluation of reductions by
variations in food harvesting, processing, and dis-
tribution techniques; and routine regulatory controls.

Grade III: Substantial environmental contamination or risk
thereof is judged to exist. Restrict total usage with
active program of replacing present usage with alter-
native pestkides, and approve use by permit only.

Grade IV: Widespread or severe environmental contamination
or general risk thereof exists. Ban all nonessential
uses and remove from the general market. Approve
use by permit only.

If indicated by the best available evidence, the above-graded series
of regulatory actions would permit immediate clarification of a pesti-
cide into grade 11! or IV, thus requiring approved use by permit only.
Anticipatory action can prevent harmful environmental contamina-
tion by pesticides and their movement into food, water, and air.
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Recommendation 8:
Seek modification of the Delaney clause to permit the Secretary of

the Department of Health, Education, and Welfare to determine when
evidence of carcinogenesis justifies restrictive action concerning food
containing analytically detectable traces o f chemicals.

The effect of the Delaney clause' is to require the removal from
interstate commerce of any food which contains analytically detectable
amounts of a food additive shown to be capable of inducing cancer in
experimental animals. This requirement would be excessively con-
servative if applied to foods containing unavoidable trace amounts
of pesticides shown to be capable of inducing cancer in experimental
animals when given in very high doses. If this clause were to be en-
forced for pesticide residues, it would outlaw most food of animal
origin including all meat, all dairy products (milk, butter, ice cream,
cheese, etc.), eggs, fowl, and fish. These foods presently contain and
will continue to contain for years, traces of DDT despite any restric-
tions imposed on pesticides. Removal of these foods would present a
far worse hazard to health than uncertain carcinogenic risk of these
trace amounts.

Commonly consumed foodstuffs contain detectable amounts of un-
avoidable naturally occurring constituents which under certain experi-
mental conditions are capable of inducing cancer in experimental ani-
mals. Yet, at the usual low level of intake of these constituents they are
regarded as presenting an acceptable risk to human health.

Exquisitely sensitive modern analytical techniques which became
available since enactment of the Delaney clause permit detection of
extremely small traces of chemicals at levels which may be biologically
insignificant. Positive response in carcinogenic testing has often been
shown to be dose-related, in that the carcinogenic response increases
with increasing dose levels of the carcinogen ; when the dosage of a
carcinogen is minimized, the risk for cancer is also minimized or
eliminated.

The existence of such dose responses of carcinogens must be taken
into account by evaluating the balance of benefits and risks as is com-
monly done in "mewing any toxic chemical. Ignorance concerning the
possible role of environmental chemicals in causation of human cancer
reinforces the case for caution in making such judgments. In addition
to the complexities of determining a "no effect" level of a weak car-
cinogen in a given experimental species, the extrapolation of the sub-
stances effects to other species including man is of such intuitive na-
ore that a wide margin of safety must be allowed. Neverthele&s,
compelling considerations of the increasing need for f,..od may lead
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to acceptance of an undetectable small risk in order to obtain the
benefit of adequate food.

The recommendation for revision of the Delaney clause is made in
order to permit determinations essential to the protection of human
health, not to justify irresponsible increases in the exposure of the
population to carcinogenic hazards.

Recommendation 9:
Real, li8h a Department of Health, Education, and 1Ve !fare clearing-

lawn for pesticide information and derelop peAtieide protection teams.
The sources of information on pesticides are exertmely diverse and

scattered, including Federal and State agencies, universities, private
research centers, and industrial laboratories. The urgent problems of
pesticide management require rapid access to scientific information.
At the same time, a most serious information gap exists in the absence
of reliable sources of data on local activities, progress, and problems
throughout the Nation. Therefore, the establishment of a clearinghouse
for pesticides is recommended and the organization of pesticide pro-
tection teams is strongly urged.

The clearinghouse should:

Collect and organize information on pesticides and their rela-
tionships to human health and the quality of the environment in
a modern system for storage, retrieval, and dissemination, and
secure evaluations of such data.
Provide bibliographies, reprints, and summaries upon request
from the Secretary of the Department of Health, Education, and
Welfare, appropriate Federal and State agencies, research cen-
ters and others with a valid need for knowledge.
Receive continuously information from the pesticide protection
teams and provide for its proper summary and distribution,
with special attention to dangers or improvements related to
methods of pest control.
Maintain liaison with national and international bodies active
in the field of pesticide safety.
Receive, summarize, and distribute data from pesticide monitor-
ing programs related to human health and welfare.

Pesticide protection teams should be developed from existing local
personnel and coordinated with Federal and State personnel and
facilities from agriculture, wildlife and public health. They would:

.1ugment existing agricultural extension and fish and wildlife
efforts relating to pesticides and thereby guide local usage and

feguards.
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Improve local surveillance of pesticide contamination, facili-
tate monitoring of human tissue residues of pesticides, and
investigate usage patterns and episodes of human toxicity.
Provide a rapid flow of local information based on the above
activities, to and from the clearinghouse, especially concerning
any emergency related to pesticides.
Inform the public, users of pesticides, local government and
enforcement agencies, and others in the proper and safe uses
of pesticides, techniques for disposal, and other matters.
Stimulate local awareness and constructive concern essential
for optimal use of pesticides.

Recommendation 10:
Increase Federal support o/ research on all methods of peat control,

the effects of pesticides on human health and on the ecosystems, and
on improved technique.: for predictionofhwnaneffects.

The scientific talent of the Nation should be mobilized more effec-
tively to resolve the problems associated with the control of pests.
This will require increased Federal support of intra- and extra-
mural research and development by all Departments concerned with
pesticides.

In order better to assess the toxic effects of pest control agents on
nontarget organisms and on human health, research should be ex-
panded relative to the metabolism and degradation of pesticides
and their effects on the integrated systems by which organisms de-
rive energy, build protoplasm, and reproduce. Additional studies
on teratogenesis, mutagenesis, and carcinogenesis must be supported.
Epidemiologic and pathologic relationships as may exit between
pesticides and hematologic, metabolic, neurologic, cardiovascular, and
pulmonary diseases, pregnancy losses, and cancer must be studied in
appropriate communities and population groups.

The nature and extent of any interactions that may exist between
pesticides and other factors hi the environment require further elucida-
tion. Improved scientific methods and protocols should be developed
to assess dose- response and metabolic phenomena related to the bio.
logical effects of pest control chemicals in various species in order
to increase the accuracy of extrapolative predictions concerning human
effects.

The economic costs of pesticides should be evaluated. This should
include the hidden costs to man resulting from the uses of pesticides.
Accurate quantitative data on environmental contamination and
damage to nontarget species by pesticides skald be obtained in order
to agless the impact of the total global burden of pesticide residues.
The Department of Agriculture undertakes to determine the economic
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impact of changes in pesticide usage, and such information should be
incorporated in this evaluation,

Cooperative Federal and State programs of research, training, and
demonstration aimed at the solution of practical pest control problems
should be expanded. The U.S. Department of Agriculture and the
Department of the Interior should make greater use of cooperative
agreements and grant support for these purposes. Such support would
lead to:

A. Better evaluation of the benefits of pesticides used for various
purposes in the context of alternative methods of pest control,
including combinations of pest control methods;

b. Development of less hazardous pest control chemicals with
high target specificity and minimal environmental persistence;

c. Comprehension of the nontarget effects of pesticides; and
d. Reduced damage to the environment.

Recommendation 11:
Provide incentives to industry to encourage the development of

more specifle peat control chemi(yds.
Incentives should be provided to industry to encourage the develop-

ment of safer chemicals with high target specificity, minimal environ-
mental persistence, and few, if any, side effects on nontarget species.
Developmental costs will be disproportionately high in relation to
profits from the lower volume of sales of more specific chemicals
which will be used selectively. The high cost of development will
discourage invest ments unless incentives are provided.

In order to encourage joint developmental efforts by Government
and industry, consideration should be given to the applicability of the
present patent laws and practices. The working life of a patent is in
effect shortened by the extended period required to secure approval
and registration. Moreover, the Assignment of patents to public owner
ship rather than to licensees reduces the incentive for private enter
prise to undertake the financial burden of approval and registrstion.

Recommendation 12:
Review and consider the adequacy of legislation and regulation

designed to:

I. Improve the effectivene of labeling and instructions to users.
a. Advertising incoasistent with the label Should be

prohibited.
b. An entirely now scheme of denoting relative tezicity

should be devised. The average consumer does not under
stand the progression from caution, to earning, to poi-
son. A need exists for a nonlanguage (graphic or numeri
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cal) representation of oral inhalation and dormal toxicity
to enable consumers to select less hazardous materials.

c. Effective labeling practices and instructions to users re-
quire use of common (generic) names for all pesticides,
and the conveying of clear directions for and information
about proper use, dangers, and first aid. Printing should
be readable and multilingual when that is appropriate.

d. When the chemical is known to be especially hazardous
to some type of organism, as toxaphene ia for fish, this
should be stated.

e. Instructions should also offer clear directions for safe
disposal of the empty container and of any unused
material.

2. Extend the present concept of experimental permits as a mech-
anism to register pesticides initially on a restricted basis to
enable close observation, documentation, and reassessment of
direct and indirect effects under conditions of practical usage.

8. Improve packaging and transportation practices in order to
minimize dangers of spillage and the contamination of ve-
hicles and of other merchandise.

4. Provide for monitoring and control of effluents from plants
manufacturing, formulating, and using pesticides.

6. Provide uniform indemnification to parties injured by mis-
takes In pesticide regulatory actions by Federal and State
authorities.

Recommendation )3:
Develop, in consultation with the Council of State Governments,

model regulations for the collection and disposal ol unwed pestkides,
used containers, and other pestkide COntominaied material..

The current model pesticide law recommended by the Association
of American Pesticide Control officials does not cover the important
problems of disposal of surplus pesticides and of used pesticide con-
tainers. Regulations to control these important sources of contamina-
tion and of accidental poisonings properly belong in State or local
codes.

An additional feature that should be included in a model law is
registration, possibly by social security number, of all workers em-
ployed in manufacturing or applying especially haurdous pest icides.
This would facilitate implementation of measures to protect them
from hazardous exposures as well as to expedite epidemiological in.
vestigation of adverse effects of pest icid2s on human health.
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Recommendation 14:
Increase participation in international cooperative efforts to promote

safe and effective usage of pesticides.
DDT is widely distributed throughout the global environment.

If present usage patterns continue, or if other persistent pesticides are
used in large quantities, the contamination of the environment may
increase with time An international problem exists and it will require
international cooperation to solve it.

Government and industry should increase their participation in
international cooperative efforts to assist developing nat ions to promote
safe and effective usage of pesticides for disease prevention and the
production of essential foods and fibers. The risk-benefit considera-
tions differ somewhat from country to country depending on the
particular problems encountered. Both benefits and hazards of using
a pesticide must be evaluated carefully in order to determine the appro-
priateness of use in a given area.

The U.S. Government should assume leadership in studying the
inherent health hazards of pesticide usage and cooperate in the training
of technical personnel from other countries.
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SUMMARIES OF SUBCOMMITTEE
REPORTS

USES AND BENEFITS OF PESTICIDES

SUMMARY AND CONCIXSMNs

The product ion mid use of pesticides in the United States is expected
to continue to grow at an annual rate of approximately 15 percent.
Predictions nre that insecticides will more than double in use by
1975 and herbicides will increase at an even more accelerated pace.
The foreign use of pesticides will likewise continue to increase with
Ike organochlorine and orgy nophosphorns insecticides continuing to
represent a significant part of the foreign market.

The use of DDT in domestic pest control programs is rapidly de-
clining with the major need reported to be associated with cotton
production in the Southeastern United States. Although the total
production is declining, an increasing quantity is being virchased by
AID and UNICEF for foreign malaria programs.

Most other persistent pesticides have continued to lecline ir. use
since 1957, a trend that will continue with the remaining uses being
primarily nonagricultural. The shift to nonpersistent pesticides will
continue sit au accelerated rate, however, there will be a continued
need for use of persistent materials for the control of selected pest
problems.

Although imaginative and exciting re,varch is in pmgrms, non-
insecticidal control techniques are not likely to have n significant
impact on the use of insecticides in the foreseeable future. There is
evidence of In increased appreciation for Ibe use of integrated con-
trol in the management of it populations with less persistent and
more selective insecticides playing nil impoitant part.

There is a serious lack of information avnilable on pesticide use
patterns, patticularly AS they relate to nonagricultimil uses. Likewise,
available data are usually noi olAainable fora limper evaluation of
the economic implications of pesticide use. The United Shies activity
hi international pest cord ml programs is complicated by the magnitude
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of involvement and the complexity of diplomatic and agency respon-
sibilities. There are many factors that are influencing the changing
use patterns oo pesticides. In addition to new pest infestations, resist-
ance to selected pesticides, alterations in the economics of crop pro-
duction, and changing agricultural and social patterns, the impact of
public opinion is having a growing influence on the use of pesticides.
The increased concern for new legislation and regulation of the
manufacture, sale, and use of pesticides must not be so structured
as to destroy the incentive for development of new pesticides more
compatible with other desirable environmental qualities.

CONTAMINATION

SUMMARY AND CONCLUSIONS

The subgroup on contamination has examined the present status of
knowledge on the dissemination of pesticides into the environment, the
mechanisms and rates at which they accumulate in various elements
of the environment, and methods by which pesticides might be con-
trolled so that their presence in the environment would pose a minimal
hazard to society consistent with the benefits to be obtained from
their use.

The subgroup has examined : a) The air route by which pesticides
are applied and distributed in the biosphere; b) the water route;
c) the food route; d) soil contamination; e) household uses of pes-
ticides; f) occupational exposures res1,11' from the manufacture
and application of pesticides, and acei t may occur in their
use; g) alternatives to the use of persi ides; h) the monitor-
ing of pesticides in the environment ; analysis of pesticides
in the environment.

Much contamination and damage a the indiscriminate,
uncontrolled, unmonitored and ex« f pesticides, often in
situations where properly supervisec, n of pesticides would
confine them to target areas and org :it the concentrations
necessary for their beneficial use with e to the environment.
Research investigations, demonstrat monitored operations
reveal that the careful application of he pesticides and the
use of techniques presently availabl ,g developed can be
expected to reduce contamination of 1 ,nent to a small frac-
tion of the current, level without, redm control of the target
organisms.

The present piecemeal involvement Federal agencies in
pesticide control requires more than I type of coordination.
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As human health and welfare are the values of prime concern, the
DHEW should provide a lead in the establishment of a mechanism
for administering pesticide control programs.

Ad hoc studies of pesticides in the environment are re not adequate to
assess the inputs of pesticides to the biosphere, their degradation.
translocation, movement and rates of accumulation. Monitoring is con-
ducted by a large number of agencies, but in each instance the monitor-
ing is related to a specific mission of the agency. Therefore, a single
agency should take the initiative to insure the effective monitoring
of the total environment, and the filling of gaps in data such as for
oceans and ground water, as they are identified. A continuous systems
analysis of pesticides in the environment needs to be conducted.

Aerial spraying should be confined to specific conditions of lapse
and wind that will preclude drift. Regulations to limit aerial applica-
tion to specific weather conditions would be helpful in providing
guidance for regulatory programs. Increased engineering development
effort, is needed for the design of equipment for, and the adaptation
of helicopters to the aerial spraying of pesticides.

The use of low volume concentrated sprays should be encouraged.
Since this technique, if it is not properly controlled, can be more haz-
ardous to workers, effective regulations must precede its increased use.

Increased information is needed on the degree of exposure of the
general population to pesticides used for household, lawn, and garden-
ing purposes. More effective means for regulation and control of pesti-
cide use by the general public should be instituted, possibly by licensing
of distribution outlets.

'The use of lindane and similarly toxic materials which act by evapo-
ration must be discontinued where Manaus or foods are subject to
exposure, such as in homes, restaurants, and schools.

There is a vastly increased need for the education of the general
public in the management of pesticides and in the training of profes-
sional applicators. Public communications media, schools and univer-
sities all have important roles to play.

Labeling regulations must also be improved. Print should be en-
larged and language should be made intelligible for the. lay public.
A need exists for nonlangnage, internationally intelligible insignia or
markings that will advise the user of the degree of toxicity and per
sistance of the product, its method of application, and the target
organisms.

More vigorous effort is needed to replace the persistent, toxic, and
broad-spectrum pesticides with chemicals that are less persistent and
more specific. Certain of the less-persistent pesticides, however, may
be more toxic to humans and therefore effective regulation of their
application is required to insure against injury to personnel.
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Integrated control techniques for the control of select pests promises
to effect a reduced usage of pesticides. Such alternative techniques
should be more widely applied.

Licensing of commercial pesticide applicators, as well as other large-
scale applicators of hazardous materials should be required.

Analytical methods, although extremely good, require further de-
velopment. Need exists for standardizing or referencing additional
techniques, even on an international basis. There is need for both
less sophisticated techniques for field use as Avell as for automated
techniques for widescale monitoring.

Standards for selected pesticides should be included in the Public
Health Service "Drinking Water Standards", Although guidelines
and criteria for some pesticides have been delineated, they have never
been officially established.

Prior to application of pesticides to waters for the control of weeds,
snails, mosquitoes, and in other aquatic uses, a careful analysis should
to- made of the proposed pesticide characteristics with respect to the
uses of the target area. Special concern is indicated where domestic
water supply is involved, or where food-chain concentration may
OMIT.

Steps should be taken to prevent the simultaneous shipment of
pesticides and foodstuffs within the same vehicle. Comprehensive
regulations for pesticide transportation are required.

Safe methods of disposal of pesticides, their wastes, and containers
are needed to prevent the contaimination of the environment and to
protect individuals from contamination and accidents.

Intensified research and development is needed in the following
areas, among others:

a. Prediction of the micrometcorological conditions suitable
for aerial spraying.

b. Application of systems analysis to the pesticide-enviroment
problem.

c. Pesticide chemodynamics, with emphasis on reservoirs of
storage.

d. More intensive development of less-persistent pesticides
with narrow spectra of toxicity.

e. Continuing development of spray devices with narrow
spectra of droplet sizes.

f. Continuing development of alternatives to chemical control
of pests.

g. Creation of more suitable materials for pesticide packaging
and containers to facilitate safe transfer, handling use, and
disposal.
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h. Treatment processes for tho elimination of pestir::,es from
domestic water supplies as well as from wastewaters,

i. Immediate studies of tho effects of pesticide residues on
algal photosynthetic activity.

EFFECTS ON NONTARGET ORGANISMS OTHER
THAN MAN

SUMMARY AND CONCLUSIONS

Man is an integral part of the living system, which includes about
200,000 species in the United States. Most of these are considered to
be essential to the well-being of man. Pesticides are nog; affecting indi-
viduals, populations, and communities of natural organisms. Some,
especially the persistent insecticidal chemicals such as DDT, have re-
duced the reproduction and survival of nontarget species.

Pesticides are dispersed via air, water, and the movements of organ-
isms. The most significant concentrations are found in and near Ole
areas of intensive use, but traces have been found in the Antarctic and
other areas far from application. Pesticides have reduced the popula-
tions of several wild species. Both extensive field data and the results
of excellent controlled experiments demonstrate that certain birds,
fishes, and insects are especially vulnerable. There are suggestions that
pesticides in the environment may adversely affect processes as funda-
mental to the biosphere as photosynthesis in the oceans.

However, the scarcity of information concerning the influences of
pesticides on natural populations prevents adequate assessment of
their total effects. Less than 1 percent of the species in the United
States have been studied in this connection, and very few of these
have been subjected to adequate observation. Present methods and pro-
grams for determining the influences of pesticides on nontarget organ-
isms are inadequate. Little data exists on the eistribution, location, and
impact of various pest control chemicals in the natural living systems
of the world.

The general nature of the effects of pesticides on nontarget species
populations and communities can now be suggested. Although there
is usually greater similarity of reaction between closely related species,
each species reacts differently to specific pesticides. DDT, for example,
causes egg shell thinning in ducks and falcons, but not in pheasants
and quail. Pesticides from the air, water, and soil may be concentrated
in the bodies of organisms. The concentrating effect is frequently en-
hanced as one species feeds on another and passes the pesticide from
one link to another in the food chain. Hence, predators like some birds
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and fish may be exposed to levels several thousand times the concen-
tration in the physical environment. Some nontarget organisms can,
under highly selective pressure from pesticides, evolve resistance to
them. The surviving resistant individuals may pass extremely high
concentrations to their predators. In communities exposed to pesticides,
the total number of species is usually reduced and the stability of popu-
lations within the community is upset. Often, beneficial species are
unintentionally eliminated. Such a reduction in the number of species
is frequently followed by outbreaks or population explosions in some
I:f the surviving species, usually those in the lower parts of the food
chain. When a vital link low in the food chain is eliminated, many
predators and parasites higher in the food chain are often also
destroyed.

The Committee has reached the following conclusions:
1. Adequate methods should be developed and utilized for evalu-

ation of the hidden costs of the uses of pesticides.
Such evaluation is essential as part of the development of use-

ful estimates of all of the benefits and costs to society. Some
partial estimates of the direct benefits are available and useful.
Adequate data are not. available on such indirect costs as losses
of useful fish and wildlife, damage to other species, and any
esthetic effects. These are required to guide rational decisions
on the pope). uses and control of pesticides so that the net gains
will be as great as possible while the net losses are minimal.

2. Persistent chlorinated hydrocarboh hich have a broad spec-
trum of biological effects, including DDT, DDD, aldrin, chlordaile,
dieldrin, endrin, heptachlor, and toxaphene, should be progressively
removed from general use over the next 2 years.

These pesticides are causing serious damage to certain birds,
fish, and other nontarget species among world populations.
Some of these species are useful to man for food or recreation,
some are essential to the biological systems of which he is a part,
and some merit special protection because they are already
endangered.

These pesticides have value in specific circumstances, and
we suggest that they be used only under license and with spe-
cial permits. The system for assuring this careful use should
be established as the unrestricted use of these materials is
phased out over the 2-year period.

J. The release of biocidal materials into the environment should
be drastically reduced.
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In addition to restriction of the use of hazardous pesticides,
many techniques can be applied which will minimize the re-
lease of pest control chemicals. In industry, improved chem-
ical and engineering proc3sses could reduce the quantity of
contaminated wash water; more effective methods can be
developed for disposal of unused stocks and residues of pesti-
cides; and improved surveillance of effluents would tr., de-
sirable. For home use, improved materials and n- ()thuds of
application can be created and employed with greater discre-
tion on the part of the individuals involved. For large-scale
applications, conversion to integrated methods of pest control,
care in the selection and application of specific chemicals, and
preference for short-lived pesticides would reduce release to
the environment.

These efforts, combined with increased research and educa-
tion, would slowly but effectively reduce the damage to non-
target species.

4. The U. S. Department of Health, Education, and Welfare
or another Federal agency should negotiate a contract with a suitable
national professional organization to develop a system, complete
with standards of training, testing, and enforcement, for the effective
restriction of use of selected pesticides known to be especially haz-
ardous to man or to elements of the environment.

To achieve an adequate and prompt further reduction in
the use of certain pesticides and still permit their use where
no adequate substitute is acceptable, there must be a system
of regulation based upon State or local authority but using
uniform national standards. This system should provide for
use of the selected pesticides only by or under the immediate
supervision of a licensed operator meeting certain standards
of training, competence, and ethics.

5. Educational efforts relating to the proper and improper usages
of pesticides should be improved and expanded.

The most important element in the wise use of pesticides
is the individual person who selects the chemical to be used and
decides upon the methods of application. Suggestions have
been provided elsem here for the proper training of all large-
scale applicators. It is equally important that homeowners,
gardeners, students, legislators, civic officials, and others receive
adequate and correct information and develop proper atti-
tudes. Such education could contribute greatly to wise use of
pesticides, and also to rational response to governmental efforts
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to protect public health and welfn.a while gaining as much
advantage as possible from pest control methods.

6. All pertinent Federal and State agencies should review and
improve policies and practices of pesticide use.

The beneficial uses of pesticides have been accompanied by
a wide variety of policies and practices which have sometimes
been wasteful, unnecessarily destructive, or ineffective. We
offer the following suggestions to be included among the guide-
lines for wise use of pesticides:

sticides should be applied only when there is evidence
that ?est densities will reach a significant damage threshold.

b. Effective pest control does not usually require eradication
of the pest species, and should be directed towtad optimal
management of pest densities.

c. Support for research and demonstrations should be pro-
vided to projects based on the systems approach to pest manage-
ment and control.

d. Diversity of species is biologically desirable since it con-
tributes to the stability and efficiency of life systems.

e. No species should be eradicated except as a carefully se-
lected pest and when compensating human gains are ecologically
sound and clearly established.

f. Special care must be taken to prevent any damage to the
species and mechanisms which are of fundamental importance
to biological systems. For example, oceanic phytoplankton pro-
duces most of the oxygen necessary for the earth's biological
system.

g. Requirements for food quality should not be so high as to
require excessive use of pesticides. Customer preference, and
regulatory requirements, for unblemished fruit and vegetables
and the complete absence of insect parts have encouraged heavy
use of pesticides.

h. New pesticides should be given interim approval which
permits contained use in limited but typical circumstances
prior to general approval. The pattern of careful progressive
risks would encourage new developments without endangering
the public interest.

i. Effective incentives should be established to encourage the
development of improved pest control techniques. The cost of
entering a new product or testing a different control technique is
high. Since effects on the national welfare are involved, proper
governmental encouragement of private industrial efforts may
be appropriate.
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7. Registration requirements should bo strengthened and rede-
signed to permit initial provisional approval, then general use ap-
proval, and to require periodic review and re-registration of materials.

Registration of pesticides otters the most important oppor-
tunity for estimating potential benefits and costs in advance
of wide usage. In addition to present registration application
information, useful estimates should be provided of the per-
sistence of the pesticide, on the breadth of its biological impact,
and on its fate. These will disclose the nature and possible mag-
nitude of the nontarget effects. If approval is appropriate, we
suggest that it be for a short-term period and for use under
defined circumstances where risks are confined, and that general
use be considered after such field experience. Since some of the
significant effects in nontarget species are subtle, sublethal, and
difficult to detect, we recommend that all pesticides be subject
to periodic review and approval.

8. All commercial applications and other large-scale applications
of pesticides should be performed under the supervision of competent
trained persons.

The complex responsibilities of pesticide application involve
both achievement of the greatest possible benefit and maximum
prevention of damage. These require considerable knowledge of
the management of crops, the biology of desirable and unde-
sirable species, the effects of weather, and the effects of biocide
in the eco,ystems. They also require application of professional
judgment and use of professional standards of conduct and
responsibility. We suggest that all such applicators should be
properly trained, required to demonstrate their competence, and
awarded evidence of their ability. Incentives in the forms of
salary and recognition will be needed to encourage such pro-
fessional training.

Training programs for pest management specialists of all
types, including applicators, should include the concepts of sys-
tems approaches to pest control and emphasize the relationships
between pest management activities and the total biological
community affected.

Since new information is emerging rapidly in pest manage-
ment, refresher courses for county agricultural agents, appli-
cators and others involved in the uses of pesticides and other
control techniques would be of special value.

9. The production of additional information and comprehension
should be encouraged and supported on many aspects of pesticide use
and effects.
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Experience with pesticides has revealed many serious gaps in
available knowledge. Research is urgently needed on many gen-
eral ani specific problems. The following problems are an re-
lated to nontarget effects of pesticides, and many of them are
also pertinent to other areas of pesticide nse, to successful num
agement of animals and plants, and to fundamental science.

a. What are the acute effects of the common pesticides when
used on the many species of wildlife and other organisms which
may be exposed to them?

b. What are the effects of indirect and chronic. exposure?
c. What is the nature and magnitude of the effects of insecti-

cides on beneficial insects and other species?
d. What are the normal patterns and variations in natural

biotic communities, as baselines for understanding future pesti-
cide pollution effects ?

e. What mechanisms exert natural control on various pest
populations?

f. How can we best estimate pest populations and predict
their trends?

g. What are the full potentials and realistic limitations of the
pest control methods which are suggested as alternatives to
chemical pesticides, including predators, parasites, pathogens,
cultural control, sterilization, attractants, repellants, genetic
manipulation, and integrated approaches?

h. What improvements are possible for pesticide packaging
and disposal (including degradable containers) to minimize
threats to nontarget species?

10. A vigorous specific program should be created to bring the 100
most serious insect pest species of the United States under optimal
control.

These require about 80 percent of the insecticides now in use.
Dramatic focusing of attention on the "100 worst" could lead to
rapid improvement in the species-specific insecticides, bio-
logical control methods, or integrated control programs.

11. The responsibilities of the several Federal agencies involved
in pesticide regulation and control must be more clearly defined and
certain specific activities should be improved or initiated by appro-
priate agencies.

Procedures and patterns for the regulation and control of
pesticide use have emerged during the last 30 years in response
to changes in law, evolving practices in agriculture, production
of new chemical materials, changing public concern with health
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effects and nontarget damage, emerging scientific comprehen-
sion of benefits and costs, and other unstructured events. Both
benefits and costs are now so large as to merit the national allow
cation of responsibilities. We suggest careful review and
reassignment, by law if necessary, of the proper role of

a. The Department of Interior, charged with protection and
enhancement of nonagricultural resources and with water
quality control.

b. The Department of Agriculture, charged with assisting in
the maximum production of food, fibers, and other culturable
crops in ways which are not detrimental to other interests.

c. The Department of Health, Education, and Welfare,
charged with protection and improvement of human health and
welfare.

d. The National Science Foundation, responsible for im-
proved comprehension of fundamental processes and assisting
in their application for human benefit.

e. The Environmental Quality Council, Federal Committee
on Pest Control, and other coordinating agencies.

Other agencies are, of course, involved as users of pesticides
and in other functions. Those listed above, however, appear
to comprise the areas of primary attention. In addition to pres-
ent programs and activities related to pesticides, we suggest
the following services for new or additional emphasis:

a. A taxonomic and identification service should be estab-
lished to provide increased knowledge and reference standards
for biological investigations related to all fields of pest control.

b. Broader monitoring should be undertaken of the types
and quantities of pesticide transmitted by various means and
reaching nontarget species. Bioaccumulators like oysters and
other molluscs can be unusually useful as indicators, and the
levels of concentrations in predatory species are of special
importance.

c. Early indications of undesirable effects must be detected
effectively and followed by appropriate action. When the early
warning system suggests a potential pollution hazard in the
environment, the acquisition of additional pertinent informa-
tion by the scientific community should be supported.

d. Multidisciplinary investigations of alternative control
techniques should be carried out whenever present control meth-
ods are shown to contain potential hazards.

e. A single agency should assume the responsibility for
assimilating information on the effects of pesticides on nontar-
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get species and transmitting it to appropriate regulatory and
educational centers.

f. Measurable predictors of potential hazards from pesti-
cide use should be agreed upon and might be made the basis
of a handicap tax to be applied to each pesticide in proportion
to its pollution hazard.

EFFECTS OF PESTICIDES ON MAN

SUMMARY AND CONCLUSIONS

The scope of this report is intended to encompass the present state
of knowledge concerning the nature, extent and consequences of hu-
man exposure to pesticides. Data relating to exposure of experimental
animals have been reviewed only insofar as they contribute to our
understanding of phenomena encountered in man or provide knowl-
edge in areas where human data are meager or totally lacking.

No human activity is entirely without risk and this maxim holds
for pesticide usage in the human environment just as it does for all
other exposure to chemicals. There are formidable inherent difficulties
in fully evaluating the risks to human health consequent upon the use
of pesticides. In part, these difficulties stein from the complex nature
of the problems involved, the fact that many facets of these problems
have been recogniud only recently, and the general backwardness in
this area of research in men, as distinct from work in laboratory ani-
mals. Above all, one must not lose sight of the large number of human
variablessuch as age, sex, race, socio-economic status, diet, state of
healthall of which can conceivably, or actually do, profoundly af-
fect human response to pesticides. As yet, little is known about the
effects of these variables in practice. Finally, one must realize that the
components of the total environment of man interact in various subtle
ways, so that the long-term effects of low-level exposure to one pesti-
cide are greatly influenced by nniversd concomitant exposure to other
pesticides as well as to chemicals such as those in air, water, food and
drugs. While all scientists engaged in this field desire simple clear-
cut answers to the questions posed by human exposure to pesticides,
the complexity of the human environmental situation seldom allows
such answers to be obtained. Attempts to extrapolate from the results
of animal experiments to man are also beset with pitfalls. Hence, the
greatest care needs to be exercised in drawing conclusions regarding
cause-and-effect relationships in human pesticide exposure.

The available evidence concerning such human exposure to pesti-
cides derives from three main sources: planned and controlled admin-
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istration of pesticides to human subjects; case reports of epicode,s of
accidental or other acute poisoning; and epidemiological studies,
which in turn comprise surveys of occupationally-exposed groups (in
accordance with a variety of retrospective and prospective ap-
proaches), and studies of the general population.

Indices of exposure of human beings to pesticides constitute a vital
link in the chain of evidence that must be forged in order to reveal,
interpret, and maintain effective surveillance of, pesticide exposures.
Hitherto, the view that exposure of the general population was pre-
dominantly associated with the presence of pesticide residues in food
has been reflected in the efficient monitoring of total diet samples and
individual foods, but only sporadic attention to other sources of ex-
posure. It is now evident that much can be learned by monitoring the
end-product of human exposure in the form of pesticide levels in body
fluids and tissues of people. The information thus obtained is quite
distinct from, and at least as valuable as, the data on residues in food;
the two types of data complement each other admirably. Provision
of information on human levels, in adequately detailed overage of
various groups within the general population is seen as the single
most immediate step towards n better understanding and surveillance
of total exposure from all sources of pesticides.

Sophistication achieved through the use of modern technigtes has
made possible the study of absorption, disposition, metabolism and
excretion of some pesticides in man. Experience derived from animal
studies has provided guidance in directing the appropriate procedures
to the investigation of the behavior of pesticides in the human body.
To date, the most significant information of this sort relates mainly to
two organochlorine pesticide groups, namely DDT and allied com-
pounds as well rts the aldrin-dieldrin group. Knowledge of the dy-
namic aspects of the behavior of these two pesticide groups in the
human body is far from complete, but already some important facts
have been established. In general, for any given level of pesticide in-
take, an equilibrium level of pesticide is attained in blood and body
fat, despite continuing exposure. The precise concentration nt which
the plateau is established is directly related to the level of exposure
but also to other determining factors. In the case of aldrin-dieldrin,
the blood level appears to be a reliable measure of exposure. It appears
further, that. DDT in blood is directly related to recent exposure, while
in contrast DDE in blood is n reflection of long term exposure.

A detailed survey of case reports of incidents involving accidental
poisoning by organochlorine pesticides reveals that their general ac-
tion is to increase the excitability of the nervous system. Some of these
compounds also damage the liver. Their capacity to penetrate intact
human skin varies from one compound to another; in the case of en-
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drin, for example, percutaneous penetration plays an important. part
in clinical intoxication. Within the organochlorine group of com-
pounds there is a wide range of potent inl for node toxicity: DDT is
relatively safe in terms of acute intoxication, while dieldrin and endrin
have produced ninny cases of serious poisoning. Lindane presents a
special problem, inasmuch as it has been implicated, largely on the
basis of circumstantial evidence, in the causation of hematological
disorders. A characteristic of organochlorine poisoning is the dif-
ficulty of estnblishing the. correct diagnosis. This is especially true in
cases of mild poisoning that result in nonspecific symptoms and signs,
since except in the case of dieldrin there are no established criteria for
diagnosis on the basis of blood levels. Specific therapeutic measures
do not exist.

Inhibition of cholinesterase enzymes by the organophnsphate pesti-
cides appears to be the only importnnt manifestation of acute or
chronic toxicity produced by this class of compounds. Great variation
in acute toxicity from one compound to another characterizes this
group, which includes some of the most toxic nanterinls used by num.
Cholinesterase inhibition results in a well-defined clinical pattern of
intoxication which can be readily diagnosed. Specific therapeutic
measures are available and, pmvided they are pressed with sufficient
speed and vigor, are highly effective. Skin penetration by organophos-
pliates may be substantial. In view of the toxic potential of these com-
pounds, protection of workers exposed to them assumes utmost impor-
tance. Protective measures should include education, training, proper
equipment design, suitable personal protection devices, crateful medical
surveillance and well organized facilities ready tot teat cases of poison-
ing with II minimum of delay.

Carbamate pesticides are also cholinesterase inhibitors kit, because
of rapid in vitro reactivation of the enzyme, measurement of cholines-
terase activity is not a reliable guide to exposure. As with organo-
phosphides, the toxic potential of smile members of the crtriffinutte
group is very great.

Controlled exposure of human volunteers to pesticides under dose
medical supervision constitutes the most reliable approach to the
unequivocal evaluation of longterm effects of low levels of pesticide
exposure. The difficulties involved in maintaining such studies have
inevitably resulted in very small groups of subjects being exix*ed for
any appreciable length of time. The longest staidies on recoup hsve
lasted less than four years and the results can only reflect the period
of study. Consequently, the findings, especially when they are negative,
Are on to question when taken by themselves. It appears, however,
that present levels of exposure In DDT among the genettl pnpulstion
hare not prodlictd any ol-servable adverse effect in controlled studies
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on volunteers. The same is true of aldrindieldrin. These findings ac-
quire greater force when combined with observationsions on other groups,
such as occupationally-exposed persons.

With organophosphate pesticides, the problem of human residues
does not arise because these compounds are not stored in body fat.
Here the risk is one of acute poisoning. Much accidental poisoning is
attributable to public ignorance of the toxicity of these chemicals and
neglect of appropriate precautions in their use and storage. In de-
veloping countries serious accidents result from storage of pesticides
in unlabeled bottles and of food in used pesticide containers. Epi-
demics of acute poisoning follow spillage of concentrated organophos-
phates into bulk food or water sources. The hazard to human life is
shared by fish and wildlife. Regional pesticide protection teams are
suggested as a means of investigating, recording and ultimately pre-
venting accidents of this sort.

Industry has made much progress towards safe handling of pesti-
cides. Nonetheless, a very real occupational hazard exists, and exten-
sion of preventive measures should include regular blood testing for
evidence of organophosphate exposure. A limit for DDT and other
organochlorine pesticides in blood should be established to prevent
ore TeXpOS11

Pesticide exposure experienced by the population at large is in part
the legacy of earlier excessive or injudicious use of persistent pesticides.
Residues of these compounds have been, and Are still being acquired
from sit articles of diet and a variety of other environmental sources.
This is the major source of public concern. Although a number of per-
sistent pesticides can be identified, attention is centered on DDT,
and closely-related compounds, the most ubiquitous and predominant
of all pesticide residues in man. The consequences of these prolonged
exposures nn hubran health cannot be fully elucidated at present. Evi-
dence from workers who are subject to vastly greater exposure than the
public is reassuring but far from complete. Animal experiments clarify
certain issues but the results cannot be extrapolated directly to man.
On the basis of present knowledge, the only unequivocal consequere of
long-term exposure to persistent pesticides, at the levels encountered
by the general population, is the acquisition of residues in tiksues and
body fluids. No reliable study has revealed a canal amcist ion between
the presence of these residues And human disease.

Despite such reassurance, realization of the paucity of our knowl-
edge in this area flows from increasingly sophisticated studies on hu-
man residues of DDT and misted compounds. There appears to be
marked geographies' stratification of DDT residues in our population,
the average levels in the cooler isotherms being one-half of throe in
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the warmer climates. None of these observations apply to residues of
dieldrin. Such findings cast serious doubt on accepted beliefs that
food is the predominant source of DDT residues and that the entire
general population has reached equilibrium as regards acquisition of
snch residues.

Reopening these questions emphasizes the inadequacy of present
monitoring of exposure by relying mainly on analysis of food. This as-
pect. was stressed above. It also renders more urgent, the need to con-
tain and eventually greatly reduce the extent of human and animal
contamination by pesticide residues. Existing knowledge confirms the
feasibility of inducing active withdrawal of pesticide residues from the
human body but further research to achieve a practical means of at-
taining this goal is needed.

A survey of the reported effects of pesticides on laboratory animals
has furnished information on factors and experimental conditions
that could not easily be reproduced in human studies. For example,
the influence of diet on pesticide toxicity. and particularly lack of
dietary protein, has revealed substantial increases in acute toxicity
of some pesticides. In this, as in some other sections of our report ref-
erence is made to the capacity of orgnnochlorine pesticides to bring
about a great increase in the activity of liver enzymes responsible for
the metabolism of foreign compounds. This phenomenon of enzyme in-
duction has been ettensively studied in animals and is discussed in de-
tail in the report of the Panel on Interactions. Comparable enzyme in-
duction in the human liver is brought about by many drugs and also by
DDT. It is n sad comment on the dearth of knowledge of human physi -
°too to point out that the threshold dose of DDT for induction of
metabolizing enzymes in human liver is unknown.

Special sections of the report deal with the possible effects of pesti-
cides in bringing about heritable alterations in the genetic material
( mutngenesis) , effects on reproduce ion, including malformations in the
fetus or newborn infant (terntogenesis) and increasing the incidence
of various forms of cancer (carcinogenesis). The data available relate
only to experimental animals or to lower forms of life. At the present
lime we do not know whether or not such results are applicable to
man. While there is no evidence to indicate that pesticides presently
in use actually cause carcinogenic or terntogenic effects in man, never-
theless-, the fact that some pesticides cause these effects in experimental
mammals indicates cause for concern and careful evaluation. It is pru-
dent to minimize human exposure to substances producing these ad-
verse effects in mammals while additional investigations Are under-
taken to nmssts the potent:al of such suspect pesticides for causing ad-
verse effects in man. There is a need to develop standard protocols
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for safety evaluation that are sufficiently flexible to permit an indhid-
nal approach to the particular and often unique problems presented
by each pesticide. Assurance of safety to man demands special tech-
niques, not only for extrapolation of animal data to man, but also for
evaluation of controlled human expsure. Much effort will be required
to attain these objectives. Research in these areas should be expanded
and imbued with a greater sense of urgency than that manifested
before.

The Panel on Interactions has provided a valuable analysis of the
manner in which pesticides can interact with one another, and with
drugs and other environmental agents, in exercising effects on man
and animals. Once again one is struck by the complexity and impor-
tance of these interrelationships and by the extent of our ignorance of
effects on man.

To sum up, the field of pesticide toxicology exemplifies the absurdity
of a situation in which 200 million Americans nre undergoing life-
long exposure, yet our knowledge of what is happening to them is at
best fragmentary and for the most part indirect and inferential.
While there is little ground for forebodings of disaster, there is even
less for complacency. The proper study of mankind is man. It is
to this study that we should address ourselves without delay.
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USES AND BENEFITS OF PESTICIDES

SUMMARY AND CONCLUSIONS

The production and use of pesticides in the United Slates is expected
to continue to grow at an annual rate of approximately 15 percent.
Predictions are that insecticides will more than double in use by
1975 and herbicides will increase at an even more accelerated pace.
The foreign use of pesticides will likewise continue to increase with
the organochlorine and organophosphorous insecticides continuing to
represent a significant part of the foreign market.

The use of DDT in domestic pest control programs is rapidly de-
clining with the major need reported to be associated with cotton
production in the Southeastern United States. Although the total
production is declining, an increasing quantity is being purchased by
AID and UNICEF for foreign malaria programs.

Most other persistent pesticides have continued to decline in use
since 1957, a trend that will continue with the remaining uses being
primarily not agricultural. The shift to nonpersistent pesticides will
continue at an accelerated rate, however, there will be a continued
need for use of persistent materials for the control of selected pest
problems.

Although imaginative and exciting research is in progress, non-
insecticidal control techniques are not likely to have a significant
impact on the use of insecticides in the foreseeable future. There is
evidence of an increased appreciation for the use of integrated con-
trol in the management of pest populations with less persistent and
more selective insecticides playing an important part.

There is a serious lack of informatitn available on pesticide use
patterns, particularly as they relate to nonagricultural uses. Likewise,
available data are usually not obtainable for a proper evaluation of
the economic implications of pesticide use. The United States activity
in international pest control programs is complicated by the magnitude
of involvement and the complexity of diplomatic and agency respon.
sibilities. There are many factors that are influencing the changing
use patterns of pezlicides. In addition to new pest infestations, resist-
ance to selected pesticides, alterations in the economics of crop pro-
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duction, and changing agricultural and social patterns, the impact of
public opinion is having a growing influence on the use of pesticides.
The increased concern for new legislation and regulation of the
manufacture, sale, and use of pesticides must not be so structured
as to destroy the incentive for development of new pesticides more
compatible with other desirable environmental qualities.

GENERAL II:STORY OF PESTICIDES

A pesticide is a chemical used to cause the death of nonhuman orga-
nisms considered by man to be "pest"; i.e., inimical to human interests.
Rather -arbitrarily the following are excluded: pathogenic microor-
ganisms, viruses, bacteria, protozoa generally, endoparasites of man
and other animals, and a host of organisms causing special problems
such as the marine fouling organisms. Technically materials such as
chemotherapeutic agents can be classed as pesticides. However these
are regarded at; outside the scope of consideration of the commission.

Space does not permit us to trace the history of pesticide usage hack
to the dawn of recorded history. For example, it has been claimed that
Marco Polo brought pyrethrum to Europe from the far east as a won-
derous compound of secret origin. Rather, our emphasis will be on the
changes in uses and attitudes toward pesticides which occurred quite
suddenly in the mid-1940's. The insecticidal properties of DDT were
discovered in 1939; it was used in the field, mostly by the military, in
the early 1940's, and became commercially available to the public in this
and other countries about. 1945. Similarly, plant hormones and close an-
alogs were objects of research in the Iste 1930's, and from these studies
came the herbicide 2,4.D which was released commercially almost
simultaneously with DDT. From that start a host of new materials
has been produced, R major new industry has come into being, and
agricultural and public health practices have been revised. Education
and research efforts in these areas have not kept pace with develop-
ments in industry, Agriculture, and public health. As R result, there
has developed a public fear and public concern over the usage of these
new pesticides. Thus we shall concentrate our Attention on this sudden
Shift in pesticide practices that developed about 1915.
l'etticidet bt fore 1945

Perhaps the earliest pesticides to be used were organic materials of
natural origin. It is not known when pyrethrum was first used to kilt
insects nor red Squill to kill nits. Preparations of the plant sabadills
have been used its louse powders by South American natives for cen-
turies. As early its 1763 ground tobacco was recommended in France
to kill rphids and the active ingredient, nicotine, was discovered in
180P. Plant aterilds containing rotenone were timii RS insect as

44



early as 1848. Petroleum, kerosene, creosote, and turpentine were also
introduced as insecticides in the 18th century. They proved highly
toxic to plants as well as insects lt the petroleum oils came into wide
use as larvicides for mosquitoes. Late in the 19th century highly
refined oils with low toxicity to plants were introduced in emulsion
form and gained wide usage. A number of other natural organic
materials were developed as pesticides and are still in use today al
though their relative importance has diminished.

Inorganic compounds also came into early use as pesticides. The
arsenical, Paris Green, was used against the potato beetle in the Rooky
Mountain region as early as 1863. To combat scale insects in California
lime sulfur washes and fumigation with hydrogen cynanide (not
strictly an inorganic compound) were introduced in 1886. The use of
hydrogen cyanide led to what is one of the earliest recorded instances
of an insect developing resistance to an insecticidal chemical ; by 1916 it
was observed that the red scale insect was no longer killed by IICN,
and as this resistance spread geographically the use of this control
gradually declined. Lead arsenate was introduced as an insecticide
against the gypsy moth in Massachusetts in 1892. Sodium arsenite
found use both as an insecticide and a weed killer.

Gradually a number of metal salts, including those of copper, zinc,
chromium, and thallium, came into pesticide use, as well as some
extremely toxic compounds of fluorine and sulfur. Some of the metallic
salts such es cryolite (sodium fluoaluminate) and various salts of
arsenic, lead, mercury, and selenium are extremely persistent in soils
and are removed only by weathering, erosion, or in the bodies of plants
that absorb them from the soil (in the case of mercury some escapes
into the air by volatilization ).

The use of synthetic organic pesticides also btgan before World
War II. Dinitrophenols found very limited use in Germany as early
as 1892, and such extremely simple compounds as IICN, carbon disul-
Me, and methyl bromide were used very early. Unsuccessful attempts
to synthesize pyrethrum were begun in the 1920's. Naphthalene and
paradichlorobentene came into use early in the 20th century, and
few thiocyanates and cyclohexylamines were recognized as potential
insecticides in the IDA. The insecticidal properties of 131)T were
recognized in Switzerland hi 1939, and those of benzene hexachloride
(131IC) about 1910 in France and England.

With the advent of World War II our supplies of pyrethrum for
louse control And red squill for rat control were largely cut off and
it was imperative to find substitutes for military purposes. DI)T then
came into military use and a crash program of screening by the I'.8.
Fish and Wildlife Service developed the very poisonous compound
1080 (sodium rnonofluoroacet ate) as a rodent icide. The success of DDT
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in halting a typhus epidemic in Italy in 1043 and 1944 was an un-
precedented achievement which heralded the postwar era of unpar-
alleled benefits in the use of pesticides for human health.

Peat icide8 a ter 1945
As DDT came into wide use and its extraordinary insecticidal effects

were recognized there were predictions that all major insect pests
would be eradicated. The dangerous malarial mosquito Anophele4
gambiac had been eradicated in Brazil in the 1030s using pyrethrum
as the principal chemical weapon, and the availability of a low cost
synthetic substitute raised hopes for many more such triumphs. How-
ever, very soon, limitations to DDT use began to be recognized.

The promises of chemical control were viewed with such optimism
that research and agricultural practices often shifted away from tech-
niques such as cultural methods that had formerly been used. Major
efforts were devoted to finding new pesticidal chemicals without the
limitations that had appeared for DDT. It was found that insects
that were resistant to DDT were also often resistant to other related
organochlorine compounds thus the search began for insecticidal com-
pounds with distinctly different chemical structure. Then the organ°
phosphates came into use but resistance often rapidly developed. At
present we are witnessing an expansion in the use of carbamate
insecticides.

Following the appearance of resistance to DDT a tremendous num-
ber of new pesticides has appeared. There are now in the United
States some 000 active pesticidal chemicals formulated into over
60,000 preparations. These include insecticides, fungicides, herbicides
and plant growth regulators. Modern food production programs and
modern public health programs are dependent upon the use of these
pest control agents.

PESTICIDE PRODCCTION AND t

The production end use of pesticides in the United States continues
to grow in response to the demands of the U.S. users and the increased
demand for export. Surveys and reports of government and industrial
economists indicate that synthetic organic pesticide production is
increasing at approximately an animal rate of 15 percent with an indi
cation of more than $3 billion sales by 1975. This is in contrast to in-
creases of approximately 37 percent for the 5-year tyeriod, 1063 to 1067.
The total dollar value of all pesticides produced in this country was
$440 million in l964; this has increased to ttl2 billion in 1Nfi. Herbi-
cide sales, as indicated by (S. Department of Agriculture surveys,
have risen 271 percent since 1963 which represents more than double
the rate of inervase for all pesticides. Predictions are that insecticides
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will more than double in use by 1975 to more than $600 million, while
herbicide uses will increase to more than double that of insecticides
($11/2 billion) during that same period. The value for all herbicides
produced increased from $200 million to $800 million in a 5-year
period from 1964 to 1969 and is expected to reach $1,350 million by
1974.

Foreign uses for pesticides has continued to expand as indicated by
T.S. exports, as well as by surveys of European agricultural chemicals.

U.S. exports in 1067 were approximately $196 million. Insecticides
were responsible fur approximately 60 percent of the international
movement. Approximately 45 percent of these exports were repre-
sented by the organophosphorous and organocblorine insecticides
which were about equally divided. In 1967, there was a reduction in
DDT exports and an increase in other organochlorine and organophos
phorous materials. Sizeable quantifies of pesticides continued to be
shipped from the United States to eastern European countries in 1907,
with the largest share going to the Soviet Union.

The United States produces from 50 to 75 percent of all pesticides
manufactured in the world. However, it is predicted that the percent-
age of the 11.S. contribution is likely to be reduced as other countries
develop capacities or increase existing capacities to make these vhemi-
cals. It is likewise predicted that insecticides and fungicides will
continue to dominate the international market for some considerable
period of time.

lniretirido
Although the rate of growth for insecticides is not as Sptatleillftr

as that for herbicides. manufacturers' sales of synthetic organir insec-
ticides in 1967 reached 301 million, which was 10 percent above the
previous year and represented 38 percent of the total share of the
pesticide Wes, In 1967 the United States exported $150 milli( it worth
of insecticides which was an increase, of about 14 percent over the
previous year. These increases resulted largely from exports of keli-
ideal organochlorine and organophosphate technical materials.

A 1961 survey by the V.S. Department of Agriculture indicated
that U.S. farmers used approximately '2 million pounds each of 12
different insecticides., which accounted for 1.5 percent of the total vol-
ume. Toxaphene was used in largest volume, followed closely by DDT:
these two made up 16 percent of total pesticides used in 1961. The same
surrey indicates that farmers applied two-thirds of the total quantity
of all insecticides used on farms mm three crops: Cotton, and

ripples. The cotton nun ket Accounted for more than half of the total
including about 80 I percent of the methyl parathion, 86 percent of the
endrin, 70 perrent of the 11111T, and percent of the toxaphene. The
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corn market accounted for 10 percent of the total, including 96 percent
of the nldrin and 84 percent of the heptachlor. Latest data made
available by the USDA Economic Research Service from their 1966
pesticide use survey indicates that farm use of pesticides in 1966 (hi
terms of active ingredients) was up about 10 percent over 1964. Over-
all, insecticide and fungicides use (exclusive of sulfur) remained abriut
the same as in 1964 even though the use of insecticides on cotton was
down because of the large reduction in acreage. However, herbicide
use was up more than M percent. beading products among the insecti-
cides continue to be toxaphene, DDT, and nldrin, accounting for over
half of all insecticides used by farmers in 1966. Shifts in ingredient
usage among insecticides from nu to 1966 showed n slight decrease
in the use of chlorinated hydrocarbons and nn increase in the use of
organophosphorous compounds. The latest production figures (1967)
indicate that the organochlorines continue to make Lp approximately
one-halt of the U.S. prodUct ion and of these approximately 50 percent
is DDT.

Persixtent higretieldr11.1C

!WT.U.S. DDT production during 1967 was 10:3 million pounds,
down approximately 27 percent from 1966. Exports during 1997 were
82 million pounds, down approximately 10 percent. Over half of all
DDT exports were in the form of 76 percent wettable powder used
primarily for mosquito control. In 1967 five countries: India, Thai-
land, Brazil, Nepal, and Mexico, received over two- thirds of the export
tonnage of this formulation. Economic Research Service surveys indi-
cate that the U.S. output of DDT is approximately 40 percent less
than the peaks reached in MO to Ifni. Exports are claiming nn
increased share, approximately 70 percent of this production, Domes.
tic uses were reduced nearly 50 percent betit.en 1958 and 1966. 1)1Yr
has been replaced by less persistent pesticides in many States. Of
special significance has been the reduction in its use fur largesalc
forest insect control programs, mosquito larvicide and in some
instances, mosquito adulticide programs, as well as many agricultural
ipes. The use of 1)1/1' on wield t nral crops ranges from f he mon. than
1(N) entries in the Federal recommendations to emergency 11,4,4 only
in certain States.

Large amounts of 1)1Y1' Are used in this country for production
of food and fiber, for routro! of mosquitoes niol hats and for other

ptirpoA,s. Substitute products are usually more expensive
and sometimes les.s effective. Many of the siihstitiites have acute toe.
icit ;es representing greater degrees of flax:tills to the user than MEL
Other substitutes liA1P A loher mammalian InAleity. bast per -fret .1
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much greater hazard to pollinat ing insects. Still others are more toxic
to tish and vildlife.

It is not possible to summarize the advantages and disadvantages
of substitute chemicals that are presently available since there are
no general substitutes. Several available partial substitutes have a
variety of disadvantages including increased mammalian toxicity,
lack of tolerances on food commodities, decrease in insecticidal value,
high cost, increased toxicity to bees and pollinating insects, and
increased toxicity to lisp and wildlife. The biological impact of large-
scale use of many substitute chemicals is as yet unknown.

The usefnluess of noni asect icidal control techniques has 1Ken demon-
strated on a laboratory scale for several of the major economic insects.
The utilization of the sterile male technique and attractants; plus
pesticides have been used for the control of the screw worm in cattle
and of certain fruit Ines, both in the United States and on certain
Pacific Islands.

Although the total production of DDT is declining, an increasing
quantity of this compound is being pnrchased by AID and UNICEF
for foreign malaria programs. It is estimated that more than half
of the total I T.S. production of DDT is exported by Al!) and UNICEF
for malaria eradication. It is evident from the production data that
the use of DDT in domestic pest control programs is declining and
this appears likely to continue.

It is reported by well informed scientists that as far us insect vectors
of disease are concerned there are none known which are normally
susceptible to DDT that cannot be controlled with a substitute. How-
ever, stopping the production of DDT in this country would be a very
serious blow to foreign malaria eradication programs, now being
supported largely by AID. These are normally under the actual super-
vision of WHO teams. All) records over the past several years indi-
cate shipments of DDT have varied but the trends are slightly
downward. The consensus of AID personnel is that an abrupt with-
drawal of other organochlorine compounds would create immediate
and critical problems for growers throughout much of the developing
world, and could have a deleterious effect on world food production
and protection of public health. A gradual withdrawal, slow enough
to permit substitution and demonstration of organophasphate, carba-
mate, and other chemicals, would minimize the impact of such action.
Such a change would require a vast educational program. Reports
from authorities interviewed indicated that it was likely that malaria
programs would gnulually be discontinued if they were forced to use
substitutes for DDT.

The persistence of DDT is the essential characteristic that makes it
effective as a malarial eradication tool. A malarial victim may re-
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main infective for many months to mosquitoes that feed upon him. To
interrupt malaria transmission, constant 1)114(441(m against bites from
infected vectors must be provided for several years. The maintenance
of an insecticidal residue on interior surfaces of homes provides this
type of protection. The magnitude of the areas to be covered and the
inaccessibility of remote rural areas in tunierdeveloping countries
makes frequent spraying of houses impractical and expensive. With

YE one or two treatments annually are usually sufficient. The appli-
cation of DDT to the interior surface of houses results in a minimum
contamination of the outdoor environment. A recent WHO release
summarizes the status as follows: "In considering the pesticide prob-
lem, we must not forget the enormous benefits insecticides have brocglit
to humanity. DDT has hem instrumental in controlling some of the
most important vector-borne diseases of man. The concept of malaria
eradication rests completely on its continued use. The record of safety
of DDT to nun has been outstanding during the past 20 years and its
low cost makes it irreplaceable in public health at the present time.
Limitations on its use would give rise to greater problems in the ma-
jority of the developing countries."

It has also been suggested that banning the use of DDT in this coun-
try and at the same time sending it overseas for malaria programs
would be looked on with disfavor by recipient countries.

Recent reports by the World health Organization indicate that the
control of many of the most important vectors of linnum diseases is
still entirely dependent on insecticides and no effective or economimlly
feasible alternatives are mailable. There has been some reduction in
the use of DDT in vector control programs partly as the result of
progress in midatia eradication and partly due to the development of
insect resistance. It is very difficult, if not impossible, to obtain an
accurate figtre on the amount of Federal money spent on the chemical
control of vectors domestically or in foreign countries. In the past
10 years it is well over a half-billion dollars. All) and its predecessors
have spent at least this mach on foreign malaria programs since they
were initiated in the early 19,141's. I f the crisis with respect to the use
of pesticide chemicals for vector control is to be overcome, at large
increase in funds for research is mandatory.. substantial investment
will lm necessary to provide a solution to the problems involved ire

controlling insect vectors without the use of presently available chemi-
cals. Although DDT is still involved in some of the international food
production programs sponsored by U.S. agencies. there is a feeling
that at withdrawal or systematic reduction of DDT would have a
minimum effect.

There is a principle of international diplomaey which recognizes
that at free and independent nation lets a right to make its own choice
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Ivitliont dictation by any other power. For example, pesticides shipped
to a foreign purchaser on his own specifications are exempt from the
requirements of the Federal Insecticide, Fungicide, and Rodenticide
Act of 1947, as amended. Accordingly, information on pesticide usage
must be volunteered by the foreign user or his government rather than
demanded by AID as a basis for authorizing loans mule'. which pesti-
cides are to he purchased. All pesticide purchase requests handled
under A ID or comparable funds should he funneled through an
appropriate scientific statT. A follownp of the use patterns acid effec-

veness of the material shipped should be an important prerequisite
to any fund release or shipment. Such reports should include a sum-
mary of efficacy, reports of accidents to humans or other animals, as
well us any adverse effects on wildlife. Such input will require a new
philosophy as will as substantial reorganization and increased support
for proper handling of future pesticide shipments to foreign countries.

Methowycldor.ln comparison with DDT, methoxychlor produc-
tion and usage are at much lower levels. Use levels have been quite
stable over the past 15 to 20 years, although its pattern of use has
varied and changed somewhat over this period.

Currently, about. 75 percent of the methoxychlor sold is used for
fly control on cattle and in farm buildings, with the remainder divided
between crops, control of elmbark beetles (Dutch Ehn disease), grain
bin tmatinent, home garden and household insecticides. The largest
recent shift has been in crop use; from primarily fruits and vegetables
in earlier years, to forage crops particularly alfalfa weevil control.

Restriction in use of the "persistent" insecticides should have only
minor effects on use of methoxychlor: (1) Methoxychlor is not very
effective against a number of the pests controlled by these com-
poundsfor example, soil insects such as corn rootworm, wireworms,
etc., (2) Other compounds (such as various organophosphates or
carbamate insecticides) are available and registered for many uses,
and would probably be used more extensively, if the persistent insecti-
cides were banned.

A moderate increase (6-10 percent) in methoxychlor usage is pro-
jected in the uses for which methoxychlor already is accepted (cattle,
farm buildings, etc.) plus possible increases for area control of mos-
quitoes, blackflies, etc.

Aldrin.This compound has been an effective and extensively used
soil insecticide. Roughly one-half of the U.S. corn acreage treated
with soil insecticide last year was treated with aldrin. Particular
insects of economic importance that were controlled are ants, cut-
worms, wireworms, flea beetles, Japanese beetle grubs, seed corn
beetles, seed corn maggots, European chafer grubs, white grubs, corn
bill bugs, sugarcane beetles, webworms, white fringe beetle grubs,
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crickets, and corn root worm larvae. In areas of root worm resistance
to organoehlorines narrow spectrum materials are used at rates suffi-
cient to control rootwortn. The highest sales for aldrin were in WOO.
In 1.165 sales of ahlrin had dropped 3(1 percent and by 1972 the
estimates indicate a reduction of 00 percent from the highest sales
year.

Piddrin.This compound is used widely to control a variety of
pests, especially when a long lasting residual effect is desired. These
residual uses for dieldrin include its application for termite control,
insect control on lawns, turfs, ornamentals and flowers, and at the
present time household residual sprays and permanent moth proofing
of fabrics. The hulk of the material is used for termite control. In
1968, 81 percent of the aldrin and dieldrin agricultural use was for
corn soil insects. Other agricultural uses made up 11 percent and non-
agricultural specialty uses including termite control, Government
programs and so forth, an additional 8 percent.

The highest sales year for dieldrin was in 1950. Usage has steadily
decreased because of resistance in the cotton boll weevil and certain
other agricultural pests. This is a 70-percent drop ill It 12-yea period.
Estimates indicate that usage, will drop another 10 percent by 1972,
practically all remaining uses beilig for nonagricultural purposes.

Endrin.The major domestic use for endrin is as a cotton insecti-
cide. The projected use of endrin for this purpose indicates a decrease
between 1909 and 1973 as a result of increased insect resistance.
Projected use in international areas for endrin indicated a relatively
stable use pattern or possibly a slight decrease. All uses of endrin
in the United States are on a no-residue basis. Substitute insecticides
for endrin are being evaluated in many developing countries. How-
ever, economic factors have limited the introduction of substitute
materials; for example in India, studies indicate that substitute insec-
ticides for control of rice and cotton insects would increase the cost
of t reatment 80 to 95 percent.

He ptachlor.This compound is primarily a soil insecticide.. It is
anticipated that the heptachlor used in the United States will be
primarily for control of the soil insect complex in corn, which will
represent between 55 and 75 percent of the domestic use. The second
inost significant use of heptachlor is in the commercial pest control
field. At present this usage for primarily structural termite control
represents about 15 percent of the use pattern and is expected to in-
crease to some 3.1 percent by 197:1. In 1900 there was a 50-percent de-
crease in the use of heptachlor over 1959. This was in response to the
Food and Drag Administration's concern for the residues of its
metabolite heptachlor epoxide. An important use for heptachlor in
early years was the control of alfalfa weevil. A significant reduction
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in the use of heptachlor occurred between 1963 and 1964 as a result of
the residues reported in milk and subsequent removal of heptachlor
for this use.

Ohtordmte.The agricidt ural usage of chlordane is primarily as a
soil insecticide. It has been especially important in the home, lawn, and
garden pest control market. These markets represent its major use,
which is estimated nt about 70 percent of the total use bet ween the
ymrs 1969 through 1973. Approximately 50 percent is estimated to
be used in the pest control market for primarily structural termite
protection and about 10 percent in the home, lawn and garden use,
primarily for turf treatment. About :10 percent is estimated for agri-
cultural usage.

Structural pest control is expected to continue its current rate
of expansion of about 10 percent per year. The same expansion can he
expected in the industry pesticide purchases, which are now about
$40 million per year at the wholesale level. Further use of persistent .
pesticides in the pest control industry is likely to be influenced by
development of resistance in inqwni ant pests. In the mid-1950's,
diazinon replaced chlordane as the dot ninant insecticide in general pest
control, because of resistance. Dinzinon resistance has not been it major
problem. A earbamate insecticide, such as Baygon, might rise in ;in-
portance if substantial resistance to diazinon should materialize.
Resistance in termites appears to be unlikely as a factor affecting
choice of insecticides in the foreseeable future.

The commercial structural pest control industry indicates that it
has approximately 18,000 men rendering periodic service. Each tech-
nician may treat 10 to 20 premises a day and use, a persistent insecticide
in almost every one. The principal pests controlled are cockroaches,
ants, fleas, ticks and pests of fabric, stored food, and wood products.
Practical control requires 3111 insecticidal residue to be availalde at
such time as the pests emerge from concealment, from pupation, or

out the egg. Aldrin, chlordane, dieldrin, and heptachlor are the
materials primarily used for subterranean termite control. Au example
of the magnitude of this problem is provided by figures available from
the State, of Georgia where 46 thousand termite jobs ore performed
each year. Mossaehusetts reports nearly a thousand inquiries per year
by the public regarding termite control. It has been calculated that
three out of live houses in the Midwest can be expected to become
infested with termites. This applies to the Detroit, I Kansas
City and Milwaukee areas a lid 11StillIlleti a honse I o ve a life expect ancy
of 35 years. The USDA calculations indicate that the annual cost
to U.S. homeowners is approximately half a billion dollars from
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termite damage. The persistent pesticides indicated above provide
1R to 20 years protection in most instances.

Noninsecticidal control techniques are not likely to have any sig-
nificant impact on future use of pesticides in household and structural
pest control.

The commercial pest control operator is using a small and decreasing
amount of DDT. These uses are often involved with the control of
bats in structures, house mice where control is not possible with
other acceptable materials, and limited uses for ants, cockroaches,
garbage pests, scavengers, and ectoparasit es.

A large portion of the pesticides used by the Department of Defense
is shipped overseas. More goes to Vietnam than to any other country.
Relat ively little persistent insecticide is used for area control of insects.
The Department of Defense does little mosquito-larvae control and
inalathion or naled are the insecticides most frequently ised for adult
mosquito control. Mirex is used for fire-ant control on some of the
installations in the southern U.S. and 10 percent dieldrin is used on
,small areas when recommended by the U.S. Department of Agriculture
Plant Pest Control Division. Persistent insecticides are used for ter-
mite control, some for residual spraying in warehouses and other
quarters and for selected insects. The Department of Defense has
pest control operations on military propert:es in the United States
and overseas. The Armed Forces Pest Control Board provides co-
ordination and each service conducts programs tailored to resolving
it specific problem. None of the Department of Defense budget is
commonly allocated for pesticide regulation, and no employees are
occupied full time on this matter. The importance of such regulation
is recognized and many measures are taken to insure that pesticides
are utilized properly. In 1969 $11/2 million was allocated for pesticide
research by the Department of Defense. The majority of the money
was used to support research conducted under contract or grant with
only six Department of Defense professional personnel devoting more
than 50 percent of their time to pesticide research.

The Department of Defense conducts pest-control programs as re-
quired on the 30 million acres of property that it controls in the United
States. These programs are regarded as essential for the protection of
the buildings and perishable stored products that are required for the
Armed Forces. The protection of forest and recreation areas is also of
major importance. Pest control to protect the health and welfare of
citizens residing on and adjacent to military installations is also im-
portant. While price ants are not readily available, current costs of
the Department of Defense Pest Control Program in the United States
is approximately $7.7 million per year.

54



The organochlorines are used extensively on several of the quaran-
tine prorams. These materials are considered to be the most practical
and in some cases the only means of treating products as well as
processing of cargo areas to prevent the spread of several important
insect pests. The organoehlorines are the backbone. of the present .
regulatory program for Ihitefringed beetle, Japanese beetle, Euro-
pean chafer, fire nut, and sweet potitto weevil. These scientists responsi-
ble for regulatory decisions have indicated that there is no satisfactory
substitute for these chemicals 10 meet the. requirements for regulation
under provisions of the quarantine laws. There is also the joint agree-
ment with the committee concerning the enforcement of similar quar-
antine. regulations on four domestically quarantined pestsnamely,
European chafer, Japanese beetle, cereal leaf beetle, and gypsy moth.
The Republic of Mexico is also concerned about certain of the U.S.
domestic quarantine pests, but it accepts our regulatory programs and
certification thereunder for movement in Mexico as it relates to these
pests. Some oganochlorines are also employed as it basis for allowing
movement into the United Slates of certain prodnets of foreign origin.
The principal commodities involved in these regulatory programs are
nursery stock, sod, bulbs, corms, and plant crowns, stone and quarry
products, ;ndustrial supplies, timber products, sweet potatoes, Irish
potatoes and transplants. Additional regulatory responsibilities are
included with the. treatment of areas around processing plants, truck
and rail transportation renters, trailer camps, campgronnds, and
airports.

Su ?I? Mary of foreign in. ecticides uses

In general, there is limited information available on the economic
impact of pest infestations on foreign agriculture and related pesti-
cide use patterns. However, the summary provided the Commission
by Shell Chemical Co. scientists gives an updated appraisal of the
international uses of persistent pesticides and is included as appendix
A of this report.

Specific data are not available from most foreign countries on past
use; however, the Indian report published in 1907 by the Special
Committee on Harmful Effects of Pesticides has provided interesting
and relevant statistics regarding the use and projected use of insecti-
cides. In India the use of pesticides has increased from the treatment
of 10,120 hectares in 1946 -47 to about 6.15 million hectares in 1061 -132
and has risen to 17.4 million hectares in 1965-66. This latter figure
represents about 11.9 percent of the total crop area, The amount of
IMT used in plant protection is expected to quadruple from 600 metric
tons in 1964-65 to 2,400 metric, tons in 1968-69. The amount of aldrin,
dieldrin, heptachlor, and chlordane is expected to increase from about
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90 metric tons in 1964-65 to 1,050 metric tons in 1968 -60, a factor of
12. The report indicates that these increases in the use of organo-
chlorine insecticides are not likely to result in any increased havard
to human beings and (honestly animals, but that they may have a sig-
nificant effect on tvildlife. The increase in the use of DDT in plant,
protection will be accompanied by a planned decrease in its use in
public health from 8,426 tons of technical material in 1964-65 to 3,456
metric tons in 1968-69. In 1967, approximately 20,326 metric tons of
pesticides, technical grade, were being used, of which 16,262 metric
tons were manufactured in India and the remaining imported. Pre-
dictions were for the reqnirement of 77,509 metric tons of technical
material for use in 1968-69. Within the period of 1965-66 to 1968-69,
it is predicted that the area to be treated with pesticide will increase
more than 51/2 times and will cover 85 million hectares (54 percent of
the total crop urea).

Pe.9tiride econwiti C8

Prior to 1945 it was common to find statements in the literature
estimating the loss to pests of crops and stored commodities in tht,
ITnited States at "10 percent," or "at least 10 percent." One standard
textbook of economic entomology (Metcalf and Flint, 1939) attempted
to be more thorough and to estimate for individual crops and com-
modities the loss from insect pests as of 1936 both in percentage of
the crops destroyed and in dollar values. The latest revised edition
of that textbook gives a revised estimate based on 1957 data showing
percentage losses to insects of various crops and stored products which
are virtually identical to the 1936 figures. The dollar values of the
losses, however, have approximately doubled in most cases, in port
reflecting increased prices. In the appendix we have added a final
column giving the percentage of the potential crop production lost,
to insects outside North America.

The economies of pest control is made up of the interrelationships
of the benefits, costs, and side effects. That is, the incremental benefits
of another unit of contral must be equal to or greater than the asso-
ciated incremental costs. This is not an easy task because in pest con-
trol there are many different kinds of pests. Each may be associated
with many different damages and there are numerous ways to control
each pest. At present, research in this important area has been pri-
marily involved with on attempt to measure in aggregate the effects
on farm sales associated with varying levels of pesticide use. The
only source of data for this work has been the secondary data from
the agricultural census and other data

and 1966.
1des from the USDA,

such as the pesticide use surveys of 1064 an
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The funds allocated to the Economic Research Service by the Agri-
cultural Appropriations Act of 1965 ($500,000) provided for research
on the cost and benefits of alternative methods of controlling plant
and animal pests, and the collection of basic data on current uses of
pesticides and costs and methods of controlling pests. This research
was divided into three phases: (a) Biennial surveys of a nationwide
sample of farms to obtain data on practices farmers employ to control
pests by the use of chemicals, and the costs of these practices; (b)
analysis of selected alternative methods of pest control with emphasis
on comparative, costs and returns in selected areas; and (e) analysis of
the economic. implications of alternative methods of pest control both
on the fa rat and foragriculttireasa whole.

The economic analysis of the benefits of pesticides is largely an
undeveloped area. A full cost-benefit appraisal of pesticides in the
American economy or in agriculture has not been made. Gaps in pres-
ent knowledge of the technical relationship of pesticides in the fields of
agriculture, health, and natural resources make such an evaluation
difficult.

Available data, are not adequate to properly evaluate the economic
implications of pesticide use. Estimates of the total volume of pro-
duction of these chemicals are reasonably accurate, but only aggregate
estimates are available to indicate the extent that chemicals are used
in agricultural production. Little information is available to indicate
the use of the many chemicals in the production of specific crop and
livestock commodities. Costs of side effects have not been evaluated
for inclusion in the analyses.

Headley, who has pioneered in this area, is quick to point out that
there is not a large body of time series data available and, therefore,
cross-section studies have been used. These estimates are inadequate in
several respects. They are not generated experimentally and they may
be measures only of assoziation and not measures of the contribution
of pest control with other things constant. In addition, the cross-sec-
tional analysis measures change in farm sales at the prices determined
for the year of the cross - section measurement, based on supply and
demand in that year. Headley's early results show an incremental con-
tribution of about $4 to $5 per $1 of pesticide expended by a farmer.
A later study shows contributions per ounce of technical material by
production region. The impact of chemical pesticides is strongest over-
all in the area south of the Ohio River and west of the Mississippi. The
Pacific region, South Plains, and Northeast also devote more produc-
tion resources to chemical pesticides than does the Corn Belt, North
Plains and the mountain regions. Headley points out that part of heso
differences is due to resource values such as land and labor, but it
seems reasonable that they also reflect pest problems, such as biological
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conditions for pests and the product orientation of agriculture region-
ally such as cotton, vegetables, tobacco, and fruit, as compared with
cereals. Sufficient experimental data are not available nor do they seem
to be in the process of development. The general needs appear to be

1. Functions that relate pest infestation to crops or livestock yields
both quantitative and qualitative, and that are representative for prod-
ucts produced, pest infestations, and regions.

2. Functional relationships that relate pest control by the various
methods, compounds, cultural plaices, biological control methods, to
pest infestation, not only for average seasons but over time, to indicate
population trends, target pest species, and also associated pest species.

3. Information that relates a level of use of a pest control method
to the known side effects in order to ascertain changes in side effects
resulting from different levels of pest control methods. From this
kind of inf,wmation estimates of the damage prevented as a result
of the changes in control could be developed for products by regional
products by pest. In addition, estimates of pest population changes
due to the control change could be generated and, finally, changes in
side effects as a function of changes in coutrol could be estimated and
related to yield damages prevented.

FACTORS INFLUENCING ClIANGING USE PATTERNS

New pest problems that can have an effect on pesticide usage come
about through several means. Many pest problems develop from new
introductions either coming into the United States or from one area
to another within the country. The introduction of such insect pests as
the gypsy moth, and more recently the cereal leaf bet tle, have had it sig-
nificant effect on the use patterns of insecticides. When n?w pest
problems are recognized, efforts are often initiated to restrict their
migration usually through quarantines, and attempts are then made to
eradicate the pest. Widespread control measures may become neees
nary when the new species become widely dist ri but ed.

Pests can develop a change in the preferred host plant and thus
alter their economic significance. New problems which nfleet pesticide
usage are created when previously undeveloped areas are utilized for
public recreation. Such pest problems as disease-bearing mosquitoes
and ticks and noxious weeds sneh as poison ivy and ragweed are typical
of such situations.

When a new agricultural crop is produced more intensively new
pest problems will often occur. Other occasions arise where an insect
becomes a pest because factors such as temperature, moisture, food
supplies, etc., are optimum to bring about a high population density.
Examples of this are the various species of grasshoppers which in
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certain years build up to tremendous numbers and in other years may
not be a problem.

Pest rodaance.The term "resistance" is applied to formerly sus-
ceptible species whose populations can no longer controlled by a
given pesticide at the rates normally recommended. The earliest in-
stance of resistance in the Fruited States was noted in 1008 when the
San Jose scale resisted lhne sulfur sprays in a few orchards in Wash-
ington. Early resistance to DDT wa seen in the housefly by 1910 in
Sweden. Fortunately, acquired resistance to DDT apparently does
not involve a cross resistance to cyclodiene derivatives, nor to organic
phosphate compounds, and vice versa.

Resistance s a character developed by selection within a population
of a species normally susceptible to a particular pesticide. It is all
inheritable clutreteristic, developing only in populations that already
have the factors for resistance, and not inducible by habitation during
the lifetime of the pest organism.

Sonic 224 species of insects and acarines in various parts of the
world have developed resistance to one or more groups of insecticides;
of these, 127 are agricultural pests and 97 am pests of medical and
veterinary importance. Resistance can be discussed in three major
categories; DDT, cyclodiene, and organophosphate resistance. Of these
three, DDT resistance occurs in 8 species, cyclodiene resistance in
110 species, and organophosphate resistance in 3D species. There are
many p0p11111110118 in which two or three of the resistance factors are
present. simultaneously.

Since resishuce is the result of Darwinian selection, it should be
expected to develop wherever insects are exposed for long periods to
selecting levels of the insecticide that causes some degree of mortality
short. of 100 percent. The change toward resistance will be more abrupt,
when the selecting level, in terms of percent mortality, is higher, and
there will be less delay in its development when the area treated is
wider and the surrounding untreated population is smaller. Residual
insecticides are ideal selecting agents because they persist such a long
ericx1 at selecting levels of contamination. The practical outcome of

resistance to chlorinated hydrocarbon compounds has been the intro-
duction of a variety of new mpumphosplinte and carbamate
compounds.

Xne p(*titiefra.To meet the residue problems associated with many
uses of persktent pesticides, a wide range of organophosphste and
carbannte insecticides has been developed. For example, malathion,
csrbaryl, and related materials are now used for the control of many
insects where it is es ential that crops or livestock are not treated with
persistent materials Ciodrin and dichlorvos are now available for the
control of flies in dairy barns and milking AMA, and for direct use



on livestock. For gypsy moth control, DDT is being replaced in many
areas by Sevin (carbary1). Abate, a compound will sele,tivity for
mosqnito hirvae, is replacing DDT in many areas.

New soil insecticides have replaced aldrin and dieldrin for certain
agricultural insect control prognuns. Many newer organic phosphate
compounds, such as phornte and disulfoton are applied as plant sys-
temic insecticides in the form of granules.

Nair method* of oppliration.New application methods are being
used to decrease the pesticide contamination hazards and to increase
pesticide efficacy. Improved forecasting' of outbreaks of pest infestn
Lions has often resulted in a reduction in the number of pesticide appli-
cations necessary for adequate control.

Direct incorporation of pesticides into soil has resulted in a reduc-
tion of such hazards ns spray drift rural residue on standing foliage. By
direct. furrow soil application, n smaller amount of pesticide can be
used and still provide effective control.

The current interests in the use of chemical nttractnnts and chemo
sterilnnts involve using baits which, in some instances, can control
the insect pest without, contaminating the environment. The chem.
osteribuits rind the poisons used with the attract nuts are moderately
toxic to innnunnls lit there are newer OHM on the way that are expected
to be much safer.

Ahern/Or control trchnignci.Meelianical and cultural control
measures are nssocinted with normal agricultural procedures and gen.
era Ily involve certain changes in normal farming techniques rather
than the addition of special procedures. Althongh widely used in the
past, many cultural control techniques have been replaced by labor-
saving chemicals.

Rotation of crops is often an efficient way to reduce weeds and
insects. Another cidturni practice that has been very effective is the
development of insect and/or disense.resist ant plant varieties. In gen-
eral, breeding for pest resistant varieties is extremely slow and tedious
and must be directed at n single type of pest. To be effective, resistance
to a given disease or insect must be combined with desirable agronomic
or horticultural characteristics.

The successful use of biological control techniques Ions been resp on.
alie for the control of a limited number of pest species. Most success-
ful cases to date have involved the uFe of parasitic or prednerous
insects. There are at least IN such successful examples in the faired
Slates where noxious insects have been controlled by other insects.

Microbial tontml of certain ins e( t pests 'ass received incrmed
attention in recent years. Nematodes, protozoans, bacteria, fungi, and
viroes have been tested experimentally.
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Availability of materiels to work with is the limiting factor in
using pathogens in control programs. Th?re are also problems of
registration of labels and quality control assays which need to be
worked out for each organism.

The potential use of chemost cri tants on a wide scale to control insect
populations is an intriguing one. The development of suitable com-
pounds, acceptable application methods, and a better understanding
of insect habits are areas of research which must be fully explored
before any serious effoi t ran Ix' made to use chemosterilants on a wide-
spread commercial basis. II is likely that through continued research by
universities, government agencies, and the chemical industry, relatively
safe and specific chemostvri tants will be developed for field use.

The potential uses of pheromones and other insect attractants fall
into two categories: (1) population density surreys and (2) direct
behavioral control. Although early tv,Irk has been promising under
controlled conditions, there are ninny questions yet to be answered
before pheromones will have a major tole in insect control.

coilability of Labor. The availability of labor hi agriculture
today is forcing a tremendous push toward completely mechanized
fanning. 11 is a wellknown fact ti.at the trend is toward bigger and
fewer farms, and it is becoming more and more uneconomical to employ
hand labor to care for aril harvest crops. As a result, there is a greater
reliance on pest irides.

Econoniir Po Tilt PI Mt.Economic pressures are Ind on the grower
front a number of sources.

The public demands top quality produce and tore grower must meet
these demands to obtain the premium market price. This requires pr.).
tection of the produce from planting through harvest and until it
reaches the consumer.

Certain regulatory pressures concerning vont mina' ion of processed
foods with pest fragments haven strong influence on pesticide usage.
in orderto reduce or eliminate the pests.

IlEATItint: tit:1)11'N .1NO (;t:Nt:R.1,

INFIrTICIDVA .%Nti

insecticides may be classified in several different ways. One system
hat has been widely used is lms4-41 on the mode of entry of the insect i-

tidal agent into the insert--slonnleh, contact, And poisong.
Stomach poisons are materials which ail' ingested by the insect and kip

primarily by act hal on or absorption from the digestive system. Th 4
title t ivencm s generally limited to the mid ml of chewing infra& Con -
net )Kiisolls are absorbed through the body wall and mast come into
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direct contact with the insect to kill. They at usually required against
sucking insects. Fumigants enter the tracheal or respiratory system in
the form of n gas and are effective against insects found within on
enclosure.

Because of the large degree of overlap found when using this system
of classification, insecticides are more frequently discussed in terms
of their chemical nature. The major divisions are inorganic and
organic. Organic insect icides otr further broken down into oils. botani-
cals, and synthetic compounds. The synthetic compounds are by far
the most widely used and are further sulxlivided on the basis of their
chemistry.

1. lwmganic insecticMc.1.Although inorganic insecticides have
largely been replaced by more efficient organic count:01111(1s, some still
find n place in agricultural pest control. head arsenate is used primarily
on trees and shrubs to control chewing insects. It may also be used in
baits for the control of ants and cockroaches. Other inorganic insecti-
cides occasionally used are: calcium ersennte, various sulfur deriva-
tives, and Paris green. Their general use is r(st rid ed because of toxicity
to :inn, persistence, and the adroit of new and better insecticide.

d. Oils.Thesa are uses ;n nit emulsion and are employed ns insect
rides iu n number of ways. They nifty 1x used ns solvents or carriers for
insecticides, such ns diesel fuel in nerinl applications. Oils also sem. to
carry ;used ichlos over water for mosquito control or even oil alone may
be used for this purpose. Highly refined oils, which are relatively non
phytotoxic, are applied to tree foliage. These are known ns summer
oils and are effective in controlling aphids, unites, and scale insects on
fruit trees. The dormant oils, which Are lees relined, are restricted hi
use to application when no foliage is present. They are effective in
eliminating over-wintering eggs of unites and aphids, and in control-
ling scale insects,

1. BolanicaltA number of plant extracts are in active demand as
insecticides despite the variety of synthetic organic compounds now
available. These extracts, or botanicals, break down into harmless
compounds soon after application and with a few exceptions may be
handled with relative safety. They are quite specific in their effect e-

ness, being limited largely to soft -bodied insects such as aphid:, t hrips,
and certain caterpillars, {particularly the younger stages. The more
important toxicAnts include l yrethrins, rotenone, and a few related
compounds. All are of complex strnclure, and there hss been little
success in their development by synthesis, with the notable exception
of Allet lain, which is a :vitt het ic "py ret

Pyrethrin and allethrin Are formulated As Butts, sprays, and Rem.
sole, stmlly with a synergist to increase infect toxicity. They are noted
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for rapid knockdown of insects through net ion ns n nerve poison. Their
low mammalian toxicity makes them very suitnble for use around live-
stock and ns household sprays. Rotenone is n selective insecticide thnt
kills by inhibiting oxygen utilization by the insect. II may be used
with relative safety nround most nnimnls, although swine are highly
susceptible lo its toxic notion. Its greatest use ns nn insecticide has
been for control of cattle grubs and extern] pests of livestock. Other
both/ileitis of lesser imporinnee include sabndilln, rynnin, bnrthrin,
dimethrin, niid nicotine.

4. Synthetic Organic lwecticide4 and Iliticide&The synthetic
orgnnics dominnie the insecticide field todny. Rnpid developments
makes nn up-todate clnssificntion difficult, but they can be broadly
grouped into genernl chemical classes.

a. The organcchlorines or chlorinated hydrocarbons have been
widely used since 11)45. The outstanding feature of this group is the
pmlonged residunl effect by both contact and stomnch action. They
nre essentially insolunble in venter, ard hnve little or no tendency to
be absorbed systemically into the plant. They hnve shown effective
persistence for over 10 yenrs in tests where massive soil treatments
were used RS in termite control. Contrary to popular belief, the or-
ganochlorines are rather specific in their action, being highly poison
ous to insects in certnin groups, and comparatively ineffective in
killing others.

Itesistnnee to these insecticides has developed in n growing number
of pests (hiring their period of nee. The development of resistance
to one organochlorine is usually followed by resistance to oth.rs.
Hagar& to applicators are minimal when these insecticides are used
according to directions with the exception of endrin which must be
handled with extreme care.

The problem of illegal residues persisting after harvest usually
comes from this group of insecticides.

The most widely used orgsnochlorine, as well as the most publicized,
is DDT, which belongs to n claca of compounds known as diphenyl
aliphatic chlorinated hydrocarbon& Other compounds related to DDT
are: Hothane (TI)E), Marlste (met hoxychlor), Kelthane (dicofol),
Acaraben (chlorobentilate), Acarslaie (chloropropylate), as well as
a few more of lesser importance, including Dimite, Karathane (dino-
cap), Ilandsne, and Divine. These compounds are used at rites of

to 2 lb/A as insecticides and 2 to 4 lb/A as miticides.
A second class consists of chlorinated aryl hydrocarbon:. This group

contains a number of widely used compounds again mostly in agri-
culture. Examples are benzene heaschloride, chlordane, heptachlor,
sldrin, dieldrin, endrin, endosulfan, toxaphtne, and several more.
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of lesser importance. Of these compounds, chlordane, aldrin, and
dieldrin are widely used in structural pest control; e.g., termites.

b. Organophosphorou8 hinectiehlex.Organie phosphates have a
wide range. of insecticidal effectiveness. They are mainly contact insec-
t icidesolt hough ninny have fumigant action.

'rho organic phosphates net as inhibitors of the enzyme, cholinester-
ase. Often the effect is not immediately obvious and n worker may be
exposed to the poison on successive days without apparent ill effects.
however, grave symptoms appear when the critical level of enzyme
inhibition is reacliti. The hazards of using the phosphates vary
widely, depending on the compound, but they are generally considered
to be more toxic than many of the organohlorines.

The phosphates as n whole do not have a long residual action. This
makes some undesirable where a long period of protection is needed,
but many of the phosphates are most important where residue toler-
ances limit the choice of available insect icidesond in control of insects
resistant to chlorinated hydrocarbons.

Agriculture provides the major market area for the organic phos
pliates although n few are of import a lice hi the area of public health
(dichlo'"os. Abate, and fenthion). A few also find limited use in
home and garden products. Iletcroryclir (Print:icor of phosphomus
minpounds are applied in the range of 1 to I., lb/A. Examples are

(couniaphos), Iturshan, dinziliou, (Whim (azinphosinethyl),
and several others of lesser importance.

A second group of organic phosphates is tho phrny/ deriratircR. Ex-
umi des of this group are : Nitrox (methyl parathion), Thiophos ( pa ra
union), Itot nel, ltaytex (fenthion), Abate, Ciodrin, plus a barge num-
ber of lesser impotimice. Application rates of these compounds are
typically in the range of 0.5 to2 lb./A.

'Elie third class of organophosphorons (Imounds is the otiphatir
der;evrlirvt. This group includes such compounds as Dylox (triehlor-
fon), Itibmin (MNI), N'apona (dichlorvos), l'hosAlrin (inevinplios),
Iiidrin (dierolophos), Systox (demeton), Thimei (phorate), Nfela-
Systox -11 (oxydemetomethyl), inalathion, Cygoa (dialelhoale), plus
a number of other:4. 'l'hcse compounds a re recommemlNI to be used in
ihe general range is 1 to 111./A.

r. rarlfirpmrle in.tertithl(t.---The ear-Immo( insret are of com-
paratively recent development and mpreAmt n loniopie class of insect
tidal comp(milds of considerable diversity. These apparently owe
their act iviI to act ion against the eitzyme, clod inesterase, as do the or-
gaimpliosphates. 1 lowever, unlike the phosphates, I hey ate competitive
rather than irreversible 411(11 hors of this enzyme. They are rapidly
detoxified and eliminated from animal tissues and, thus are not ac-
cumulated in fats tor excreted in milk. One of the surptisitig features is
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the synergistic action of carbamates which results from their combi-
nation with piperonyl inttoxide, sesanmex, sulfoxide, MOK 284, and
other materials used as pyrethrin synergists.

The carbamates act by contact or stomach poisoning and are not
fumigants or vapor toxicants. Their major area of use is on agricul-
tural crops where recommended application rates range from 1 to 10
lb./A. The chief exception is Ilaygon, which is restricted to use by pest
control operations for shot treatment in the control of cockmaches and
other pests of public health importance. Other examples of carbaniate
insecticides are: Ilux-10, Furadan (carbof um), Laminate (methomy1),
Sevin (carbaryl), Zectram, and several others of lesser importance.

d. 317seellaneou4 insecticide rompounds.There are several insecti-
cides available that do not fit in the abovementioned groups. They
typically have a more Bullied activity spectrum and tend not to be as
widely used. This group includes such materials as creosote and penta-
chloroplienol, which are used primarily to prevent termite damage to
fence posts and foundations. Compounds of the nitrophenol group,
such as dinitrocresol and dinitrobuitylplietiol have limr"ed me in
agriculture at 1 to 3 lb./A.

Several fumigants are available and are used both in agriculture and
for public health. These include methyl bromide, hydrogen cyanide,
and paradichlorobensene, which are applied at about 1 lb./1000 cubic
feet of area. Fly sprays for use around the home and also in livestock
structures may contain organic thiocyanates, Lethane, or Thanite.

Fungicides and bactericides.Thee chemicals are toxic to fungi
and bacteria. With plant diseases, them chemicals act to prevent tl,e
plant from suffering detrimental effects of the particular (IISRAS(.
To he effect ive, the fungicide or bactericide must be capable of prevent
ing a distass from becoming established, or arresting the disease if
it is already present. To accomplish this, an effective material to be
used on crops or desired plants roust have four art aides, in addition to
relative safety In the crop and low hazard to the consumer of the
product and applicator of the compound: (I) The material must be
able to penetrate the microbial membrane or change these membranes
In establish itself nt the active locus; (2) it, must enter into reaction
with normal cell met aboliEni to disrupt the biochemical proc,...ws of
the cell e&setit ial to its growth and functioning; (3) the toxicant must
be selective so it will not enter into extraneous reactions in the plant
tell and become detoxified or become attached to relatively inert cell
structure such AS spore wall; (4) the molecule must be sufficiently
stable to permit its effect ire use as k spray deposit, chemotherapentant,
or AS occurs in a few examples, to generate fungitoxie decomposition
products AS required.
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The discussion of fungicides and bactericides in use today cnn best
be accomplished through n chmification based on chemistry. As with
other pesticides, antimicrobinl action can be related to molecular
composition.

1. The inorganic fungiride* are the oldest known fungicides and,
di spite the onset of new synthetic organic conwomals, are still relied
on by ninny growers. Their use is almost, completely restricted to agri-
culture, with souue application in the golf course and titrfgrass indus-
try, Ind with only minor penetration in the home nud garden market.
Recommended rates range from 1 to 20 lb./A. Exnmples of inorganic
fungicides on the market are: liortienus mixture, copper sulfate, cop-
per oxide, copper zinc chromate, sulfur, lime suit furonercuric chloride,
Clorox, cadmium chloride, plus n few other related compound

2. Considerable effort has been expended on the development of
antibiotic* ns fungicides and bactericides to control diseases of plants.
.1 number of effective mnterinis have been discovered but have not been
reduced to commercial use. One of the major problems has been phyto
toxicity. Agrintycin (streptomycin) is a bactericide that hag proven
itself to be an effective control agent when used anywhere from 0.5 to
2001b./.% depending upon the target bacterial disease. Act hone (eyelo
hesimide) exhibits similar activity as n fungicide when used in
range of t to 100 grains per 100 gallon spray solution.

.. Organic Miry compound* ;IPA used as fungicides for seed treat-
ments and for bull) and corm treatments. A few organic mercury com-
pounds are used ns folinr sprays. Arena of use are chiefly Agriculture

small market in the specialty area; i.e., golf courses and sod
industry. Examples of prodnets tuning organic mercury formulni ions
are: Phenyl mercuric neehtte, Sentesan, Ceresan Af, Panogen, Chip.
cote 25. Emmi, and Sienuni. Remit-mended treatment rotes of these
compounds range fmm 0.25 to 5 owners per bushel of seed or 0.5 to
511)./A.

Several metal organic fungiridra our available anti used chiefly for
treatment of handling, harvesting, and storage equipment. They also
are used to prevent rot and mildew in wood and fabrics. These products
are recommended to be applied to a 1. to 5permut solution. Examples
are: Copper naphthertale, copper osinale, pinolinolatu, and Du-Ter.

5. The dithiorarbamate fngiride* 11111'r., their greatest use for foliar
disease control of agricultural crops. Many ate also effective when
toed as a soil drench. Recommended rates of application range from
1 to lb lb./A. They are, for the most part, the metallic salts of ;titbit).
carbamic acid derivatives. The niMallie gall form provides them with
the neemary stability to remain effective long enough to control the
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target disease. organism. Examples of dithiocarbamntes being used
today are: Wpm (SM DS), &date (zirnm), Parzate (nabam), Man-
mite (math), Ditlinne Z-78 (zineb), Amami (thiram), Fermate
( ferbam), and Polyram (tneti ram).

0. Chlorine-containing fungicides are effective against a large num-
ber of agricultural crop diseases. They may be used as foliar sprays,
soil (britches, seed treniments, or dormant sprays. They are effective
against turf diseases, powdery mildew, scab fungi, and several other
pathogens. Depending on the compound, they are used at rates ranging
from 0.25 to ti or 10 lb./A. Examples of this class of fungicides are :
Yenta (PCP), Terrachlor (PCNIt), 'team hlorobenzene, Caplan,
!Mohan, Plialtan (Nye), Phygon (dichlone), reinstall, Spergon
(chloranii), Dyrene, ])aconil 2787, Terrazole, Demosan, and Ilotran
(dichloran).

7. Thee are a number of fungicides of variable chemical nature
that fall into n miscellaneous grouping. They ale used both in agrictil
lure and in the sod and turf industry. Itecommemled rate ranges arc
front 0.2 to 3 lb./A. Examples are: Karalhnne (dinocap), Morocide
(hinapacryl), Dexon, Cyprex ((iodine), biphenyl, Doweide A, My).
din, Horvath'', and Creosote.

Ilerbieide4, defoliant'', and de,Aireanta
There are almost 100 different chemicals and combinations of chemi-

cals that are used effectively as herbicides. There are three basic types
of herbicides depending upon their effects on plants: Contact, systemic,
and soil sterilanls.

Contact herbicides kill plant parts through direct contact with the
foliage. fienerally the effects are acute and the plant dice quickly.
Contact herbicides may be selective in their action or they may be
nonselective and kill all plants.

Systemic herbicides can be absorbed by either the foliage or the
mots and may be translocated through the entire plant system. They
1.1e usually selective in their toxicity and they usually have a chronic
effect on swept ible plants.

Soil sterilants arc chemicals which prevent plant growth when
present in the soil. The length of time for effectiveness may range
fmin lesthan 18 hours to more than 2 years.

The greatest area of use of herbicides is in agriculture, although,
ronsiderRble 111110111Itx are mil in maintenance of rights-of-way, water-
ways, maintenance of industrial arena, in the home lawn and garden,
and by various Om-eminent al agencies.

1. /norvaac herlileklca are derivative. of inorganic acids where
hydrogen has replaced by a metal. In anflicient concentration these
provide a contact burning effect. The rates of application are usually
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high, ranging from 100 to 1,200 Examples are Sodium a rsenit e,
cakinni arsenate, smlimn chlorate, and sodium borate.

2. .1/efid-organ;c compoluidx include those having it metal ion com-
lex combined with an organic ism ion of the molecule. These com-

pounds are usually used to eontrol large areas of weeds such as on
railroad and highway rights-ofway. A few are selective and are used
to control crabgrass in desirable turf lawns. Examples are: Disodium
met Italie a rsount e, caeodylic acid, phenyl mercuric acetate, and several
other similar products.

:1. Carboxylic amniotic herbieide*.This large group of synthetic
herbicides has chemistry with two characteristic moieties, it carboxyl
group and an atemo tic group. Their act ivity includes cont act, systemic,
and soil sterilant net ion, depending upon the compound and the rate
and method of application. They can be divided into five types:
Phenoxy acids, phenylacetic acids, (enoic acids, phthalic acids, and
plultalantie acid herbicides.

a. Phelioxy herbicidra ore a selective group of compounds used
for broadleaf weed and woody plant control. They are systemic in
nature and in warm moist soil persist 3040 days. They are only
slightly toxic to man and other animals. Examples are: 2,4.1), 2,4,5-T,
silvex, Risme, MCI'A, erbon, dichloroprop, and others. The recom-
mended rate range for use is from 0.25 to 2 lb./A.

b. Phenyloatic acid.---Tho single phenylacetio 'will of note Is
feline. It is used at 4 to 20 lb. /.\ for a variety of purposes including
agriculture. aquatic weed control, and right of.wny weed removal. It
is more persistent in the soil than the ph'on'y herbicides but would not
be expected to accumulate from 1 year to the next. It also has a low
toxicity to mammals.

r. Benzoic add rompounds.---The benzoic and herbicides have it
longer soil persistence than the phenoxy compounds and have a low
toxicity to IIIMMIMIS. Their major use is in agriculture where they are
effective against ROMIRI nerd ereffilial bmadleaves and grasses. Several
show some crop selectivity. Examples are: Amiben, 11Anvel I) (di-
camba), Benue (NIA), and Trysben (2,3,0411A). Application
rates range from 1 to 4 lb./A,

d. Mahone add rompoundo.The ',Moth. odd herbicide* are
reemergence herbicides that prevent weed germination. They are per-

sistent for only nlavut 30 days in the soil and they ate relatively non.
toxic to mammals. They are used in agriculture at R to 12 lb./A. Ex-
amples Are: Daethal (I)1'PA) and endot hall.

e. Phthabunir acid compounds.-- -The phlholomie acid herbicide*
are reemergence compounds with selective activity. They are applied
at 2 to 8 lb./A and are used almost exclusively for agriculture. They
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are relatively safe to humans and other warm-blooded animals. No re-
sidual toxicity is expected to remain in the soil from one year to the
next. The best example is Mimi]) (napt elm or NPA) which is avail-
able in several forms.

Aliphatir Arid Herbicides.The chemicals in this group are ali-
phatic compounds containing n carboxyl group. They nre gross killers
with limited toxicity to bmndleaf species. At low rates of 3-0 lb./A
they are agricultural herbicides, but at 10-50 11)./A they nre tem-
porary soil sterilants. They nre only slightly toxic to humans and
warm-blooded animals and present no health hazard under normal
use. Examples are: l)owpon (deletion) and trichloracetie acid (TCA).

6. Substituted Phenol Hcrbicides.Substituted phenols nre used for
contact killing of all weeds hit by the spray. They are applied to rail-
road and highway rights-of-way and industrial areas as well ns on
agricultural crops. They nre also used, ns reemergence herbicides.
Their persistence in the soil is only about 3 to 5 weeks, and they are
not translocated in the plant. Examples are: dinoseb (or DNI1P)
and pent achlomphenol. Their toxicity to mammals is considered mod-
erate to very toxic.

Heterocyclir Nitrogen Deriratire heterocyclic
nitrogen derivatives nre agricultural herbicides with low mammalian
toxicity. When applied at 1 to 4 lb./A, they demonstrate good selec-
tivity, some ])ossming reemergence and some postemergenee activity.
At higher rotes of 10 to 40 111,/A, a few are effective soil sterilants.
At rates of less than 4 11)./A and under a warm, moist environment
they seldom persist in the soil for more than 1 year. Examples nre
Antrex (nimble), Prince]) (simazine), Milogard (ropazine),
promet one, and Am it rol.

Aliphatir Organir Nitrogen Herbirides.Aliphatir organir
nitrogen compounds can be sulxlivided into three general types: the
substituted u rens, carhatuntes, and other amides.

a. Substituted Viyai.rirra is a common agricultural nitrogen
fertilizer. Replacement of some of the hydrogen atoms in the urea
molecule with other substiluents has provided a number of effective
herbicides. They are absorbed easiest throngh the roots and will nor-
mally persist in the soil 3 to A months at preemergenee rates (1 to 4
lb./A) and up to 24 months at soil sterilant rates (20 to 60 11)./A).
They are relatively safe to warm-blooded animals and fish when nse)I
at agricultural rates. Examples are: Telvar (monuron), Karma
(diuron), nybar ((enroll), lows (linumn), (Moran (flnometuron),
Tenoran (chlomum),Iterlum ()wee), and 'Npersan (siduron).

b. tverbarnates.A number of rarbaroates have been proven to
be quite effective as agricultural herbicides when used at rates ranging
from 1 to 0 ih./A. They are most effective in preemergente applies-
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Lions, nd ore relatively nonersistent in moist, warm soils. Although
a few cerbeninte herbicides will cause dermal irritations, they are
considered to be moderately safe to humans and warm- blooded ani-
mals. Examples are: Vegedex (CDEC), Ch loro 1l'(` (CI PC), Eptam
(Eine), Tillnul (pelmInte), Sohn' (butylate), Vernam (vernolete),
Carbyne (barbell), Ordrem (molinnte), Avedex (dilate).

e. r Anddef.There are several amide derivatives used as
herbicides in agriculture) and hen and garden products. They are
basically preemergent herbicides with a soil persistence of 1 to 3
months at the recommended rotes of 1 to 10 lb./A. For the most part
they are only slightly toxic, but one, CDAA, is (lamely toxic. Other
examples ere: Dyinid (diphenemid), Betesen (bensulide), Lasso,
dieryl, (cymmid, and Stain (propanil).

R. The dinftrooniline heldridr4 are preemergenee compounds effec-
tive against annual grasses and some broadleaf weeds. They are ex-
tensively used in field and horticultural crop weed control and turf.
At the recommended rates of 0.b to 3 lb./A, in warm, moist soil they
hare n persistence of 2 to 6 months. Their toxicity to lumens and
wermlooded anima s is only slight, making them safe to handle.
Examples are: Treflan (Iriflurelin), Ilefen (benefin) and Plenavin
(nitrelin).

0. The rdirilr hrthiddrs are used for preemergence broadleaf weed
ml in small grains end also in orchards mid nurseries. Moderately

toxic to merninels, they range in soil persistence from 1 month to over
years. The recommended application rates vary from 0.5 to lb lb./A,

depending upon the compound and desired use. ExAmphks are: Marl
romoxy1ii1), ('ertrol (ioxy nil), and Casoron idichlobeni1).
10. Herbicides falling into a miscellaneous category include uracil

&rivet ives chlorinated compounds, aldehydes, and others. The group
includes at least two compounds, pa raquat end (liquor possessing nigher
mammalian toxicity. Others of this group are considered moderetely
toxic. They are used in agriculture as well as ill industry. Other exam-
pits: include: Tordon (piclornm), propachlos, Aqualin (ncrolein).
Pyrnmin (pyrazon), Slither (terbacil), and bromacil.

niatiebfrit
Nematode control requires the use of clean soil, clean planting stock,

and sanitation. Chemicals used to kill nematodes must not only he
efficient for killing the orgarism, but also innst leave no residues harm-
ful to plants. Prefenibly they should I* easy to apply. The most effec-
t he nemeticides hare been thane with fumigant action. The fumigant
act ion luny come from a gas con finNI at the soil surface or from volatile
liquid or grinin!ar compounds actually placed in the soil. All are poison-
owe to Man and animals.
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I. Halogenated hydrocarbon Nematicides.These nematicides may
be injected into the soil or they may be gaseous fumigants applied to
the soil surface under gasproof covers. They have a residual activi-
ity of about 1-6 weeks during which time they can be harmful to plants.
They should be regarded as moderately to very toxic to the applicator.
Many are mixtures of two or more active compounds. Examples are:
Dowfume MC-33 (methyl dibromide+chloropicrin, D-D (dichloro-
propane + dichloropropene), Telone (mixture of chlorinated 03 hydro-
carbons), Nemagon (dibromochloropane), and ethylene dibromide.
Rates of application recommended for these compounds are 1 to 2 lb./
100 ft.2 of fumigant or 12 to 20 gal./A of soil injected liquid.

2. Organic Phosphate Nematicides.A special formulation contain-
ing 4 lb./gal. diazi non controls soil insects and ecto-parasitic nematodes
of southern turf grasses. This product, Sarolex, has a recommended ap-
plication rate of 10 to 20 lb./A.

3. Cyonate Nematicides.---Vorlex is a preplant soil fumigant that
controls weeds, fungi, insects, and nematodes. It is a mixture of methyl
isothiocyanate and chlorinated C, hydrocarbons. This mixture is ap-
plied at about 20 gal./A. At least 2 weeks must be allowed before plant-
ing a crop. No cover or water seal is required.

4. Thiophene 1V ematicides.An example of a thiophene nematicide
is Penphene (tetrachlorothiophene, or TCTP). It is recommended for
controlling a number of nematode pests on tobacco. It kills by fumi-
gant action when injected into the soil at 6 to 8 lb./A. After 2 weeks
the soil must be aerated before the crop is planted.

Rodenticides and mammalian biocides
The interrelationships of man and animals have become increasingly

complex as human populations have increased. As wildlife habitats
have become altered, certain species have established new balances.
Thus some species have substantially increased in population density,
often creating problems that adversely affect man's interests and wel-
fare. There are numerous situations when control of predators and
rodents is essential to protect agricultural and pastoral interests as
well as human health and safety.

Of the various kinds of nuisance, destructive, disease-carrying, or
predatory mammalian pests, rodents are the main targets of control. A
number of chemical control measures have been developed for rodents,
many of which can be used on other mammalian pests such as coyotes,
skunks, raccoons, etc. Compounds which are toxic to rodents are usu-
ally also toxic to humans and should be handled with utmost caution.

I. inorganic rodenticides.There are a number of inorganic com-
pounds that are effective against such pests as rats, mice, moles, and
gophers where they are problems. Although most often used as 1 to 2
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percent baits, a few are active as fumigants. Examples of some inor-
ganic rodenticides are: arsenic trioxide, arsenic sulfide, barium car-
bonate, calcium cyanide, zinc. phospl.ide, thallium sulfate, and sodium
fluorosilicate + zinc cyanide.

g. Botanical rodenticides. -- Certain plant extracts have toxic ac-
tivity toward rodents when used in 'suits at 0.5 to 1 percent. One of
these, red Equill, is specific for rats a;:d nontoxic to other warm-blooded
animals when used at specified rate. ranges. Strychnine in 1+oth the
alkaloid and sulfate form is used chiefly in poison baits set for
squirrels, gophers, rabbits, and some lesser pests.

3. Anticoagulant redenticides.The anticoagulant rodenticides are
highly effective in controlling rats and house mice. They are essentially
odorless and tasteless and are effective in low doses. Action is not rapid
and usually 3 to ri feedings from a 0.5 percent bait is required. Death
is due to internal hemorrhaging. These baits are recommended for
use only in protected situations where access by higher animals is pre-
vented. Examples of this class are: Fumarin (comnafuryD, Di;lhacin
(diphacinone), Warfarin (eomnafene), Pival (2- pivalyl -1,3 -inan-
dione), and Valone (2-isovaloy1-1,3-indandione).

4. Fluoride Rodenticides.The fluoride rodenticides are extremely
toxic to warm-blooded animals and their application is restricted to
use by licensed pest control operators. They are odorless, tasteless,
and fast acting, chiefly affecting the heart, with secondary effects on
the central nervous system. Two such compounds are in use: Com-
pound 1080 (sodium fluoroacetate) and Flnoroakil 100
(fluoroacetamide).

MiRcellancous Rodenticide8.--There are a few other rodenticides
available with a greater degree of selectivity toward rats. One of
these, ANTU (2-napthylthiourea) is specific. for the Norway NIt when
used as a 1 to 2 percent bait. Another is a specific single dose rat
poison for Norway and roof rats. This compound, Baticate (nor -

formide), is said to be nontoxic to a large number of other warm-
blooded animals.

Mollu8cicide8

There are several invertebrate poisons used to control molluscs
where their presence is undesirable. They are relatively specific and
are essentially nontoxic to fish and warm-blooded animals.

Polystream is a mixture of chlorinated benzene fractions that is
effective in oyster beds to control oyster drill, a predatory snail.

Bayluscide (cblonitralid) is used to control snails and lamprey in
flowing streams.

Matacil (aminocarl)) is a carbonate insecticide that is also very
effective in controlling garden snails and slugs.
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Metnldehyde is a component of slug and snail baits that acts both ns
an attractant and toxicant. It may be formulated with or without
calcium arsenate.

Pi8cicida
The use of piscicides is restricted to game and fish management for

improvements to public waters. The main objective is to remove rough
or trash fish prior to restocking lakes and rivers with more desirable
game fish.

Most widely used for this purpose is rotenone, a highly toxic fish
poison. Used in low dosages, it stuns the fish. As the fish surface,
desirable species are seined out and placed in fresh water tanks where
most revive. A second lake application kills undesirable fish.

The antibiotic antimycin is finding increasing use as a fish toxicant.
Lampricide L-30 -F (3-trifluoromethy1-4-nitrophenol) has been

used extensively in stream management to control populations of
lamprey.

Toxnphene has also been used on occasions ns a means of killing
undesirable fish in water management programs though it is not reg-
istered for the use and the manufacturer discourages it.
Ay/tides

Some of the most difficult control problems concern birds in cities,
at airports, around homes, and those which gather in great flocks and
cause damage to grain crops, animal feedlots, truck and fruit crops.
Some of the more troublesome species are pigeons, gulls, starlings,
and blackbirds.

Avitrol (4-aminopyridine) controls nuisance and destructive birds
as a treated grain bait. It causes individual members of the flock to
utter distress cries which, in turn, causes other members of the flock
to leave and avoid the "undesirable place." It is used to control pigeons
around city buildings, gulls nt airports, and starlings in feedlots.

Another compound, Queletox formulation of Ilaytex insecticide),
is also used to repel birds by affecting a few individuals which frighten
others away.

Also used for bird control because of their repellent action are
nthrnquinone and thiram. Thallium sulfate may be used in a bait to

control starlings but is restricted to use by Crovernmentligencies
because of dangerous cumulative poisonous properties.

RELATED MATERIALS AND THEIR USES

REGULATORS OF PLANT GROWTH AND REPRODUCTION

The control of plant growth and differentiation through the use of
chemical substances is a new development. A number of chemicals are
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now known that have a relatively broad spectrum of effects while
others merely mediate or block specific metabolic pathways. As a gen-
eral class of compounds, the plant growth regulators are considered
to be relatively nontoxic to litunans 111111 other warm- blooded animals.
Their persistence in soils is short, only 4 to 0 weeks.

.1faho.--Synthetic auxins were the first chemical regulators to
find widespread agricultural use. Rate levels of 10 to 0 ppm are use-
ful for promoting rooting of cuttings, setting of fruit, fruit thinning,
delaying preharvest drop of fruit, and for control of flowering of
pineapple. Examples of synthetic auxins in use today are: ii-indole-
butyric acid, in-napthaleneacetie acid, /3-napthoxyacetie acid, p-chloro-
phenoxyacetic acid, 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-T,
and silvex.

Gibberellins.A large number of varied responses in plants are as-
sociated with the gibberellins. There is marked stem elongation; over-
coming of physiological and genetic dwarfism ; acceleration of flower-
ing in cold-requiring biennials and long-day plants; promotion of
fruit setting; fruit enlargement; elimination of seed, bud, and vegeta-
tive dormancy; promotion of lateral bud growth ; seed germination;
and growth at suboptimal temperatures. Rates of application vary
with the effect desired and may be from 1 to 1,500 ppm. The chief
example is gibberellic acid (gibberellin A3).

Cytokinine. These compounds are of relatively recent origin with
their use potential being limited to favorable effects of prolonging
storage life of green, leafy vegetables and possibly in the enhance-
ment of fruit setting. They are applied at rates of 5 to 10 ppm and
are often combined with one of the other kinds of growth regulators.
Examples of the cytokinin group are: N6- benzyladenine, Ne-benzy1-
9-tetrahydropyranadenine, and zeatin.

Orowth Retardants. The growth retardants, or inhibitors, may be-
come useful in the growing and handling of crops and in reducing
woody plant growth. They inhibit sprouting of onions and potatoes
in storage; they increase wheat yields by increasing tillering and
stinmlating shorter and thicker stems to reduce lodging. A few are
used extensively to control growth of flowers and ornamentals. They
may increase cold resistance. Examples of growth retardants are:
malefic hydrazide, Cycocel, Mar, and Phosphon.
Chemical Repellents

Repellents have two principal advantages : since they need not kill
the pest species, the best repellents have low general toxicity and may
be used safely on man, beneficial animals, and food plants; and they
can provide protection for an individual man, animal, or plant with-
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out the necessity of destroying a huge segment of the pest populations,
with all the expense, difficulty and even hazard that this may involve.
Repellents also have some disadvantages. Because the pest population
is not destroyed, but only held at bay, the host must be completely
and continuously covered with the repellents to obtain protection.
Usually the repellents that protect man and animals are lost rapidly
by abrasion, evaporation, and absorption through the skin, necessitat-
ing re-treatment at intervals of a few hours or days at most.

The uses of repellents include protection for domestic animals from
biting flies. These may be combined with a low level of pyrethrins.
Man uses repellents to help ward off biting and disease-carrying in-
sects such as mosquitoes, flies, and ticks. Repellents are also used to
prevent pests from infesting certain areas such as food and drink
containers, as well as termite-susceptible structures.

Some insect repellents available are: Ethyl hexanediol (6-12),
N, N-diethyl-m-toluamide, butoxy propylene glycol, dibutyl succinate,
and octyl propyl sulfoxide.

Attractants
Chemical attractants arKI associated agents serve useful purposes

as lures in traps. As insect attractants they are used to detect pest
infestations, estimate population densities and aid in control of the
pest either through traps or incorporated into poison baits.

Some chemical attractants are biologically active in extremely small
quantities. This is particularly true for those associated with sexual
behavior. Others are apparently feeding attractants. Although not,
always true, insect attractants are usually quite specific for a given
species and often for a single sex of the species.

There are at least seven synthetic attractants available for use in
control of fruit flies and melon flies. They are methyleugenol, anisyl-
acetone, cuelure, siglure, medlure, and trimedlure. These have been
very effective in aiding with Mediterranean fruit fly control. Other
attractants are gyplure, bombykol, butylsorbate, and methyllinolate.

LEGISLATION AND REGULATION RELATING TO PESTICIDE PRODUCTION
AND USE

Experimental labels, as currently administered, offer an opportunity
for a manuff,cturer to place a relatively small amount of a product
on the market in order to better determine the acceptance of the prod-
uct in the market and the need that it may or may not fulfill in the
marketplace. The advantages of this approach are that.:

1. The manufacturer can get an early assessment of the futuro of
the product which may help him determine the amount of investment
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he must make in new manufactnring plants and further product
developments; and

2. It permits the regulatory agency to have a close look at any
problems that may be eneonutered by the product. Efficacy or safety
deficiencies will likely be brought out by the experimental label pro-
cedure without an overwhelming liability to the manufacturer or
threat to the environment or populace.

In recent years experimental labels have been more widely used.
Under present procedures it is necessary to account for all material
placed under the experimental label and to provide biological results
on the material used. This procedure is helpful, but. a further step
appears in order; namely, the limited sale in regular commercial
channels without the requirement of biological results on the material
should be permitted or even made mandatory for 1 year prior to a
full registration. This would go even further toward enabling the
manufacturer to assess the product in the marketplace but with a
limited exposure on his part and would similarly provide the regula-
tory agency with a greater opportunity to assess possible threats to
man or his environment. The experimental label is not now a man-
datory procedure, though it is becoming much more widely used. If
the limited label concept is instituted, it is proposed that the limited
label be mandatory but that the experimental label remain discre-
tionary on the part of the applicant.

Improved Label Clarity
Efforts should be made to achieve label clarity. The purpose of the

label on pesticide containers should be `o identify the product, explain
the use, and provide adequate directions for use and sufficient pro-
tection for the applicator. Specific improvements recommended for
greater Clarity

1. The use of the product. should be prominently displayed on the
front panel in language familiar to the consumer; such as, "Weed
Killer," "Insect Killer," "Growth Regulator," etc.

2. The ingredient statement. should be simplified. It should use com-
mon names only (and every active ingredient should have a common
name) with no reference to chemical names as a footnote outside the
ingredient statement, no reference to licensing agreements, no patent
declaration, and no conversion to equivalents within the ingredient
statement. Otherwise, the style for the declaration of ingredients
could remain identical to current requirements of USDA. The entire
ingredient. statement should be printed in such a way as to stand out
from the rest of the label copy; i.e., printed with a contrasting
background.
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3. The label should specify what the product will and will not do.
Organisms to which the product is hazardous should be indicated.
For example, if a compound is known to be very toxic to specific
types of animals such as fishes or birds this information should be
highlighted on the label.

4. The label should be dated in some mannerdate of manufacture;
all expiration date based on product shelf life or stability; or, at the
least, the date of label registration expiration.

5. It is recommended that an entirely new scheme of denoting
relative toxicity be devised. The average consumer does not understand
the progression from caution, warning, to poison. A graphic or numer-
ical representation of the degrees of oral alai dermal toxicity should
be developed to enable consumers to select less hazardous materials.
Professional graphic communicators should be consulted on this
project. Cautionary statements should clearly indicate the hazards
without undue cautionary statements.

6. The manufacturer should be responsible for providing, on the
label, information on how to handle spillage and other accidents.
Complete instructions on the disposal of excess material and empty
containers should be provided.

Consideration of Experimental Stock in Commercial Channels
During the past quarter century of intensive organic chemical

pesticide development, many products and product forms have been
placed on the market. Today, with greater knowledge and better ana-
lytical tools, regulatory agencies would probably not allow some prod-
ucts on the market at all. Other products would require much more
restrictive labels. The problem is especially acute in the area of home-
owner products, where some highly toxic materials have been made
available to the homeowner in small packages and where other prod-
ucts have borne unrealistically restrictive labels such as "Wear rubber
gloves, mask and goggles," or "Wear protective clothing." Problems
of shelf life, chemical stability, and physical stability have undoubt-
edly arisen in many of these products. Packaging materials of several
years ago may be less satisfactory than would be permitted today.

At the present time, all pesticide products are registered with the
USDA for a 5-year period. This expiration date does not now appear
on the label. If it did, all obsolete stock not bearing a valid expiration
(late should be collected and disposed of. Collection, of course, causes
the problems of financial responsibility to be brought forth. In many
cases the product might be returnable to the manufacturer. In cases
where companies have gone out of existence, some other means of
indemnification at public expense should be considered. It is impera-
tive that a realistic and workable collection and disposal system for
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both pesticide and containers be established, and it is suggested that
our present county agent system for rural areas and public health
dicer system for urban areas might be the appropriate collection
center. The removal of all obsolete stock from commercial channels
would permit much better regulation of new products and would re-
move ninny potential hazards from the marketplace.

PROBLEMS OF INTRODUCTION Or NEB' PESTICIDES-COSTS

The development cost for any new pesticide is influenced by a num-
ber of factors. Some of these are related to the nature of the chemistry
of the pesticide; but the most important influences on cost are those
caused by the nature of our economy; i.e., labor costs, equipment cost,
facilities overhead, etc., and the intended use of the new pesticide; i.e.,
food crop or nonfood-crop use.

Some insight into the cost of developing a new pesticide can be
gained from a review in a recent publication on It fi D costs which
appeared in the April 26, 1969, issue of Chemical Week. page 38. The
following table outlines costs for various stages in pesticide develop-
ment and indicates the odds of reaching each stage.

Step

Average Chance of Total
cost per reaching 14. de D.

compound next step Cumulative c

Synthesis and initial screening_ $400 1:100 1:100 MO, 000
Toxicity testing 100, 000 1:10 1:1, 000 1, 000, 000
Field evaluation 400, 000 1:4 1:4, 000 1, 600, 000
Product development 200, 000 1:2 1:8, 000 400, 000
Process development and

pilot plant 200, 000 1:1.5 1:12, 000 300, 000
Test marketing 200, 000 1:1. 5 1:18, 000 300, 000
Commercialization r 1, 000, 000 1:2 1:36, 000 2, 000, 000

Totals 2, 100, 400 5, 640, 000

Sales over $5 million/year 1:10 1:360, 000

This assumes no marketing organization has been established. Otherwise, the commercialisation step
would be induced to $200,000. Source: Arthur 0. Little. Figures are for 1964, latest year for which they are
available.

The value given for "toxicity testing" appears to be low, particularly
if a compound is to be used on a food crop. The overall figure of $2.1
million per compound appears to be a masotrible one. For pesticides
to be used on nonfood crops, this figure can br: somewhat reduced. The
annual outlay for agricultural research by industry was reported at
$17 :3 million in 1965, which represented 55 percent of all funds spent
by government and industry for this purpose (front the National Pro-



gram of Research for Agriculture, USDA, 1966), Thus, the search for
new, more effective pesticides is an expensive one.

Reduced incentives
An important part of every decision to develop a new pesticide is

the competitive situation in the marketplace. Quite obviously a new
compound which has better activity, is safer or more convenient to use,
or is less costly than competitive pesticides, has economic advantages
which may make the market attractive. However, in many cases these
factors are unknown or difficult to determine accurately in the early
stages of product development. Thus, a development decision is often
made on the basis of limited knowledge of the true potential of the
compound. Mistakes can be made which add to the development cost
prorated against successful products.

When faced with decisions regarding the commitment of several
hundred thousand dollars to compound development, research manage-
ment often looks to the profitability of the market for the compound.
When faced with such products as 2,4-D (selling wholesale at less than
40 cents per pound) and DDT (at less than 18 cents per pound), man-
agement has difficulty in justifying a large research expenditure for
a compound that has similar biological activity. In addition, if ade-
quate technical support is to be given a new product, there must be
sufficient return to finance such support over at least the initial years
of consumer use when he is learning to use the compound correctly. At
the outset when the ability of thenew product to compete with existing
and perhaps lower cost materials is unknown, only those compounds
possessing distinct advantages over existing products have a chance
for success.

Increased regulatory requirements
Regulatory requirements can be expected to be increasingly more

stringent as the years go by. As our technology advances, there will be
many more questions to answer and requirements to be met. Each new
pesticide not only must satisfy existing requirements but in itself
creates new questions which must be answered.

In the quest to learn more about the impact of chemical pesticides
on the environment, there will be new information developed which
may alter present pesticide regulatory requirements. Thera will be
more interest in persistence, metabolites in plants and soils, water and
air pollution, etc. It can be expected that governmental regulatory
agencies will constantly modify requirements with changing patterns
of agricultural technology and cultural practices. Just as the science
of agriculture changes, the regulations governing pesticide develop-
ment and use will change as needed. We must insure that such changes
are well founded and beneficial to agriculture and mankind. Every
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technological advance is associated with certain risks. In the final
analysis the benefits to mankind must be weighed against the risks to
mankind.

idtiple regulations
As Federal Government regulatory requirements increase, it is

safe to predict that there will be greater interest on the part of State
and local governments. California has been a leader in the develop-
ment of a state regulatory program ; other States have a good begin-
ning, and still others will follow suit. In all probability most State
regulations will follow Federal guidelines and will likely be less
demanding.

Limited markets
Two types of limited markets can be envisioned, one governed by

crop acreage, the other by competition. In the first situation, the crop
acreage potential for the pesticide is so limited as to make the market
too small for an economic return on research cost ; e.g., a herbicide for
garlic or turnip greens. In the other situation, a large number of
efficacious, low-cost products on the market so limit the potential for a
new material of equal or slightly better activity that a return on
research investment cannot be realized.

Public reaction
While somewhat unpredictable, we can expect greater awareness by

the public of pesticides and their use. Everyone in government and
industry has a serious moral obligation to deal in facts to the public if
pesticide and agricultural technology are to advance. Reporting and
exaggerating the danger of pesticide usage without equal treatment
of the beneficial aspects of pesticides threatens to retard the advancing
technology required to meet food and public health demands around
the world.

ADVANTAGES AND DISADVANTAGES OF SUBSTITUTE METHODS OF PEST
CobrraoL

There is growing concert about the distribution of pesticide residues
in the environment, the effects of these residues on ecological systems,
and possible effects on human health. Therefore, there is growing
interest in alternative means of controlling pests. Some of the proposed
alternatives themselves present hazards that should be carefully con-
sidered before they are put into widespread use. Our purpose here is
briefly to consider some of the consequences of replacing present
methods of control.

DDT is a very low cost material (17.5 cents per pound, 1968) and
it is unlikely that any effective insecticide will be produced that does
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not cost more on a unit weight basis. However, any control method
that does not have to be repeated frequently will cost less in the long
run, and any that do not have the damaging side effects on the environ-
ment that DDT exhibits will have rather intangible values that can at
least partially compensate for greater dollar costs.

It is felt that a reconsideration of cultural controls such as schemes
of crop rotation and trends away from monoculture of single crops
over huge areas is needed. It is widely taken for granted that such
methods would add greatly to labor costs, but we are unaware of any
cost-benefit analyses that have taken account of all relevant factors
including the savings in pesticide costs and the intangible benefits.

More emphasis should be placed on the development of resistant
varieties of crops. This is the only method of control that has proved
feasible against the stein rusts of cereals, and the approach should be
extended to other types of pests. Although, as with the rust fungi, pests
are likely to evolve the ability to exploit resistant strains of crops, the
availability of strains with different patterns of resistance to pests can
greatly alleviate the need for other means of control.

Research should be encouraged on the possibilities of displacing pest
species through competition with innocuous species. For example,
most species of blackflies will not bite man. It is conceivable that some
simple environmental modification could lead to displacement of
noxious forms.

These approaches, together with quarantine regulations and the
synthesis of insect pheromones which would be absolutely specific for
a particular pest species, are not regarded as involving any risks of
undesirable side effects. Some other proposed alternative controls
require further discussion.

Alternative chemicals
As the chemical insecticides currently in use are removed because

they have lost their effectiveness or have been recognized as hazardous,
consideration will be given to replacing them with other chemicals that
may be even more hazardous. For example, parathion is an extremely
poisonous chemical that can be absorbed through the skin. It has caused
a significant number of human deaths when used without proper
precautions.

While most of the organophosphate pesticides usually break down
quite rapidly in the environment they can affect various enzyme sys-
tems in man and domestic animals at very low concentrations. The
effect of prolonged exposure to minimal residues of other pesticidal
chemicals are unknown.

Very little is known about possible synergistic or antagonistic in-
teractions of various chemicals. It is known that when dieldrin and
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DDT are present simultaneously, each affects the storage of the other
in fatty tissue. It has been reported that the presence of detergents in
bodies of water prolongs the residual time of organophosphates. Pesti-
cide residues are believed to have the potential for altering body re-
sponses to drugs. These interactions are essentially unpredictable and
difficult to investigate experimentally, but are indicative of the in-
evitable risks involved in introducing new chemicals into the
environment.

Biological control
The principal hazard of introducting predators into a new region

is the possibility that the introduced species will itself become a pest.
The mongoose was introduced into the 'West Indies for the purpose to
control its but it became a scrouge of poultry raisers and of the
native ground nesting birds.

An outstanding success of biological control in Australia was con-
trol of the prickly pear cactus by a moth imported from Uruguay. In
this case, prior to the introduction, Australian scientists carefully
screened various potential control agents and rejected several because
it was found that they would feed on garden crops if they ran out of
cactus.

Care should also be taken with the introduction of bacterial and
fungal diseases to be certain that they are not going to attack bene-
ficial species. For example. the milky disease which is used against the
Japanese beetle attacks beetles of only one family which includes no
species known to be beneficial.

The great merit of biological control is that a one-time application
may permanently solve a pest problem if sufficient care is taken in ad-
vance to be certain of the characteristics of the forms to be introduced.
Another possibility which has not received nearly the attention it
merits is the encouragement of native species which have the potential
for aiding in pest control if ways can be found to encourage increases
in their numbers.

The widespread use of broad spectrum chemical pesticides has
sometimes had adverse effects on biological control. Scale insects whic%
had been adequately controlled biologically have broken out as a re-
sult of predacious insects being killed.

The sterile male technique
The spectacular success of the program to eradicate the screw-worm

fly in the Southeastern United States by releasing male flies that had
been sterilized by radiation has focused a great deal of attention on
this approach.
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In the program against the screw worm fly the males were sterilized
in the pupal stage in the laboratory by exposing them to gamma radia-
tion. Now proposals are being made for sterilizing insects in the
field with chemosterilants. Some of the chemicals proposed for use
are powerful mutagens and carcinogens that may pose a threat to man
and beneficial organism. Even if chemosterilization were performed
in the laboratory, there seems to be no information about possible
effects on predators eating the sterilized insects.

Aliacelleneotm controls
Many additional methods of pest control have been proposed but

not yet developed to the point, where they can be evaluated either with
respect, to benefits or hazards. Ultrasound has been proposed for use
against, insects and birds, but possible side effects are unknown.

In the more advanced orders of insects development of the adult
reproductive stage requires the disappearance of a "juvenile hormone."
Thus there is a potential for inhibiting insect reproduction by supply-
ing this hormone artificially. The most obvious side effect is damage to
beneficial insects such as bees, but there may be other effects.

Probably most plants and many animals have developed, in the
course of evolution, specific chemicals that serve as pesticides or re-
pellents. Some such as nicotine, pyrethrum, and rotenone are in use
ns pesticides and others such ns the oil of poison ivy and the cantharidin
of blister beetles are recognized as hazardous compounds. It seems at
present impossible to predict what new and useful, or potentially
destructive, discoveries may be forthcoming in this field.

Finally, there nre possibilities for controlling pests by such devices
as "trap crops" which nre so attractive that the pests congregate where
they can easily be controlled. For example, certain pests of cotton
nre preferentially attracted to alfalfa. An analogous case involving
animals is the old practice of releasing guinea pigs in buildings infested
with fleas for the team** of collecting these parasitic insects. One
can imagine that under some conditions trap crops might attract new
pests as, for example, by bringing in undesirable weeds, but such
possibilities seem not to have been investigated.

A remit x

INTIMNATIONAL AttPECTS OV reel.
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The following breakdown on tonnage basis indicates the relative
importance of insecticides in various crop groups in the world and



the dependence on chlorinated hydrocarbons (aldrin, BHC/lindane,
chlordane, DDT, dieldrin, em..rin, heptachlor and toxaphene) is evi-
dent from second column (below). The source of this information is
Shell International Chemical Co.'s worldwide usage survey for 1966.

Crop

Total
Insecticide

u
thousand

sage,
tons

Percent
chlorinated

hydrocarbon
insectScIdee

In total

Cotton
Rice
All other cereals

60. 4
12.0
7.6

38
57
85

Vegetables 6. 8 46
Potatoes 2. 8 61
Sugar beet 2. 4 55
Sugarcane 2. 1 74
Tobacco 2.0 67
Oilseeds 1.9 77
Coffee .8 81
Tea . 5 19
Sweet potatoes . 2 92

Fruit including citrus, represent a relatively unimportant use of
chlorinated hydrocarbons (CIII) on tonnage basis due to large
volume of spray oils, however, chlorinated hydrocarbons on olives
rate 55 percent and on vines 16 percent of total. DDT is used on fruit
in Japan, South Africa, Mexico, Italy, United Kingdom, and Argen-
tina, and BlIC is used in Japan, India, and Algeria.
Each crop Is discussed below in turn

Cotton. Although only 38 percent of total, the chlorinated hydro-
carbons are essential to this outlet in view of unrivaled cost/perform-
ance effectiveness and also the need to alternate with organo phosphorus
products Areas of major significance for use of CHI are: Mexico,
Nicaragua, Egypt, Sudan, Brazil, Guatemala, Colombia, Australia,
Turkey, Uganda, Ivory Coast and El Salvador for control of follow-
ing pests: boll weevils, leafworm, lace bugs, slink bugs, cutworms,
thrips, jassids, cotton stainers, tortrix larvae, lygus, mites, army-
worms, white flies, aphids, pink bollworm, spiny bollworm and
loopers, all of which are ubiquitous. Cyclodienes also play part in
control of soil pea such as wireworms (Agriotes), white grubs,
various coleopterious larvae, cutworms and hylemya, either as seed
dressings or preplanting soil treatmenta. Cotton Imes due to insects
compared with actual production (from l'Ilantenschutz Nachrichten
Bayer, 1967) are as follows:
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Ares

Actual Estimated
production actual tosses

der,Ite pests due to insects Percent total
(thousand tons) (thousand tons) lost to tweets

(A) (B)

Central America
South America

848
980

170
237

16. 7
19.5

Africa 1, 004 206 17. 0
Asia 2, 086 455 17. 9
Europe and Australia 175 30 14. 6

Total 5, 093 1, 098 17. 7

These losses occur not withstanding current insecticide use, which in
cotton is essential for viable production. Figures for Europe include
the eastern block. Letters A and B have same significance in all tables.

Rice. --Rice is very dependent upon BIIC for control of various
borers, armyworms, hoppers, beetles, but in addition endrin (stem
borers, hoppers, rice bug, gall fly, jassid), DDT (cutworms, army -
worms, flea beetles, loopers, paddy borer, paddy rice jassid, leaf
hoppers), toxaphene (cutworms), and aldrin (termites, rice water

gryllotalpa, tiptrla sp, paddy root weevil, paddy grasshopper)
are of importance. Areas of major significance included Japan, India,
Indonesia, Cambodia, Colombia, Venezuela, Taiwan, Brazil, and
Spain.

Rice losses due to insects:

Ares

Admit Estimated
product /2n actual tosses

despite pests doe to insects Percent total
(thomnd tons) (thousand tons) lost to Mods

(A) (11)

Central Amerka 921 41 4. 3
South America 7, 470 329 4. 2
Africa 8, 610 1, 217 17, 8
Asia (including Turkey) 184, 377 103, 700 40. 6
Europe 1, 585 37 2. 3

Total 169, 963 107, 324 35. 7

.111 other rr real s.(Maite, small grains, sorghum, etc.) These crops
are highly dependent on CIII for insect control. Again BIIC is most
important for control of crickets, cutworms, wireworms, (where in-
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festation not severe) myriads, lepidopterious larvae, and tipulidae in
India, U.K., Mexico, Ha utevol ta/Niger, and Turkey. However, for soil
hest control, e.g. wireworms, white grubs, crickets, cutworms, coleop-
terous root norms, dipterous root worms, of which first four are
ubiquitous, there is really no substitute performance-wise for cyclo-
dienes aldrin, heptachlor and dieldrin. Thus, these products are essen-
tial for these crops in France, Colombia, Chile, Mexico, Turkey, Spain,
India, Argentina. East Africa, Japan, and Greece. Aldrin or dieldrin
seed dressings give protection at extremely low cost and without risk
of phytotoxicity to large areas of cereal crop and are valuable produc-
tion tools especially in Argentina, Turkey, East Africa, Greece, India
with particular reference to wheat..

Lome due to intwete for wheal, oats, barley, rye :

Area

Actual Estimated
wod

te
fiction actual losses

despi peiAs due to InsecU Percent tolal
(bOanAd tons) (thousand tons) lost to Insects

(A) (B)

Cerftral America 2, 403 154 6.0
South America 15, 977 867 & 1
Europe 129, 049 4, 940 3. 7
Africa 9, 645 1, 437 13.0
Asia 42, 763 2, 978 6.6
Oceania 1, 374 837 37. 8

Total 201, 201 11, 213

Losses due to insects for millet and sorghum:

Area

Mitsui=Son
(ilionlInntans)

(A)

Estimaled
actual keret

doe Vs Insects
(thousand tons)

(1)

Permit kW
WI to Snares

Central America
South America 1, 180 120 9.2
Europe 250 23 & 4
Africa 18, 200 3,316 1S. 4
Asia 19, 920 3, 162 13.7
Oceania 219 22 9.1

Total 39, 809 6, 643
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Losses due to insects for maize:

Ares

Actual
prod notion

despite pests
(thousand tens)

(A)

Estimated
act nal losses

due to insects
(thousand tons)

(B)

Percent total
lost to insects

Central Ameeica 8, 450
South America 19, 057 6, 353 25. 0

Europe 28, 324 1, 647 5.5
Africa 14, 920 9, 503 38. 9

Ada 16, 510 2, 620 13. 7

Oceania 200 12 6.0

Total. 87, 461 20, 135

Vegetables (excluding potatoes).-131IC is important in India,
Japan, Mexico, Spain, but again where soil pests; e.g. agriotes, agrotis,
hylemyin sp. gryllotol pa, and melolont ha, need to be controlled cyclo-
dienes are not reulaceable on grounds of performance and lack of
taint. Thus in crops, e.g. onions, tomatoes., chilies, and cabbage, where
residue levels are acceptable, cyclodienes are important in Japan, Italy,
Spain, Trance, and Portugal. DDT for control of cutworms, boll
worms, white flies, jossids, fruit borers, webworms, cabbage moth, ilea
beetles, weevils, and army worms is important in Mexico, Spain, Japan,
India, Chile, U.K., Thailand and South .1 fries.

Vegetable losses due to insects:

Ares

Actual
production

&spite mat
(thomod tons)

(A)

EstImaksi
setoal loom

doe to insects
(thousand tons)

Percent total
kit to Insects

Central America.. 5, 000 639 11. 3

Europe 26, 645 866 3. 1

Africa 52, 994 7, 413 12. 3

Asia 61, 288 9, 209 13. 1

South America 35, 328 2, 634 6.9
Oceania 838 104 II. I

Total 182, 059 20, 865

Potatoes( including sweet potatoes.Potatoes are heavily depend-
ent on cychxlienes for control of wireworms and other soil pacts and
there ate no suitable replacements'. 1111C is little used due to taint.
Areas of importance for soil pest control include France, Spain, lira-
ail, Colombia, Peru, United Kingdom, Japan, Greece and Taiwan.
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Foliage use of DDT is prevalent in Brazil, Colombia, Mexico, and
Australia against thrips, tuber moth, armyworm, blister beetle, flea
beet le and Colorado beetle.

1,088 due to ineeeta:

Area

Actual
prodion

despite
uct

mts
(I houand tons)

(A)

Estimated
actual keses

due to insects
(thousand tons)

(8)

Percent total
lost to insects

Central America 537 108 18. 7
South America 7, 942 1, 922 19. 5
Europe 141,543 9, 904 6. 5
Africa 1, 760 782 30. 8
Asia 11, 600 2, 035 14.9
Oceania 720 74 9.3

Total 164,102 14, 825

Sugar beet.In view of nature of the crop cyclodienes (aldrin and
heptachlor) again are very important for control of soil and ground
surface pests such as agriotes, agrotis, gryllotolpa, melolontha, blani
ulus gut tulatus (millipedes), lixus, cleonus and pegomyitt, particularly
in I3elgiutui Italy, France, Spain, Greece, Chile and Turkey. Use of
CHI seed dressings are essential when considering gertninatico re-
quirements of modern monogerm seeds, e.g. in U.K.; seed dressing in
other areas, e.g. Turkey, are also important aspect whet, estimated
75 percent are treated this way. IIIIC use is important for cleonus,
armyworm and beetles in Italy and Turkey and DDT is important in
Turkey and Spain for similar pests.

Sugar beet losses due to insects:

Area

Actual
lsetion

(it -manons)
(A)

Esti 1.4
seems tosses

dos le Weds
(thousand tons)

(8)

Percent total
keg to kuects

Central America.
South America 1, 034 229 18. 1
Europe 100, 080 8,1157 5. 7
Africa
Aida 7, 440 3, 449 31. 7
Oceania

Total 108, 554 9. 735
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Sugarcane.BHC/lindane are dominant here and important in con-
trol of leaf hoppers, white flies, termites, soldier fly (Australia);
borers and cane beetles, in Mexico, Australia, India and Brazil. Endrin
is important in certain areas; e.g. Ivory Coast, Taiwan and India, for
borer control. Also, dieldrin is particularly relevant in South Africa
where heteronychus licus is not controlled with any other product.
Aldrin and heptachlor are important for soil pest control in India,
Brazil, Mexico, Pakistan and Taiwan.

Sugarcane lows due to insect*:

Area

Actual
renductlon

despite pWs
(thousand tons)

(A)

Estimated
actual losses
due to insects

(thousand tons)

(B)

Percent total
lost to Insects

Central America 101, 942 16, 446 13. 2
South America 117, 070 31, 358 21. 1
Europe 410 27 & 2
Africa 30, 900 16, 450 33.3
Asia 188, 120 134, 372 47, 7
Oceania 17, 670 2, 677 la 2

Total 456, 112 199, 330

T obacco.Fol i age pests such as leaf worms, bollworms, thrips, horn-
worms, flea beetles, leaf miners, stink bugs, cutworms necessitate use
of DDT in Mexico, Australia, South and East Africa. Likewise small
quantity of 13110 is used mainly in Mexico. Soil pests as previously
listed are important in Japan, Italy, South Africa, Mexico, Colombia,
Greece, and Spain, where cyclodienes are used instead of above two
products, especially where wireworms are present.

Tobacco lone* due to insects:

Area

AOwil
prMuctIon

&a(m°=mots
tam)

(A)

Illsthaated
actual Imes

do Insects
(thousand Sons)

(D)

Percent WWI
kat W Wefts

Central America 247 41 14. 2
South America 244 77 24. 0
Europe 704 46 & 1
Africa 260 67 lik 0
Ms 1, 460 218 13.0
°Mania 18 4 19.2

Total 9, 933 443

bee to resists see rim owe be (*strolled ably Is, &WM..
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Oil Seeds. These crops including sesame, soybeans, groundnuts,
sunflower, etc, are again heavily dependent on CHI. BHC is important
in India and Japan while DDT is used in Argentina, Brazil, India,
Japan, Colombia, and Nicaragua, Toxaphene also is important in
Colombia, France, Brazil, and Venezuela against lepidopterous larvae,
earworms, armyworms, and loopers.

Loam doe to insect,:

Ana

Actual
production
despite pws

(thousand tons)

(A)

Estimated
actual losses

due to Insects
(thousand tons)

(E)

Percent total
lost to insects

Central America 2, 854 255 ft. 2
South America 5, 614 381 6. 4
Europe 5, 095 1, 378 21.3
Africa 8, 785 2, 269 20. 5
AA& 19, 765 4, 971 20. 1
Oceania 366 91 19. 9

Total 42, 479 9, 345

In addition to crop aspects there are certain other specific pest
problems to be taken into account :

Locusts. Total world annual value loss is estimated at $1 billion
{Bayer 196?). In Asia and Africa more than 60 countries are liable to
invasion by locust swarms. 1Ifediumsited swarm may contain 3 billion
locusts and consume 3,000 tons of food/day ("Pests and People,"
Shell). Several figures for value of crops destroyed in India, Kenya,
Morocco, Libya, Sudan, Senegal, Ethiopia, India between 1928 to 1962
are available if required (AntiLocust Research Centre London, Hand-
book). Recession of swarms was experienced from 1962 to 1968 but
then a further outbreak started in 1969. However, this was checked
and 1969 now is unlikely to become a plsgue year due to spray cam-
paigns using 131IC and dieldrin. The latter is still very important
for control of hopper bands. Other insecticides including organ.
phosphorus materials either are not so effective or more expensive.

Termitee.Total world annual value (excluding damage to wood-
work, buildings, etc,) is $165 million (Bayer 196?). Annual expendi-
ture in Australia for repairing damage done by termites is 3 million
A. pounds ( Pans February 1965, vol. 2). Termites in agriculture are
covered where important in earlier sections. Nonagricultural use of
aldrin/dieldrin is particularly relevant in building eongruction where
many architects now specify dieldrin alone.
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Yellow fever and malaria, The main insecticide used against Aedee
aegypti is DDT. One fifth of world's malaria has been eliminated
by use of pesticides (Pans A, Vol. 9, No. !,1968). In India the number
of malaria cases dropped from 100 million in 1933-35 to 150,000 in
1966, and loss to economy in same period nduced from 1.3 billion
dollars to 2 million (World Health, April 1968). Dieldrin has played
a part in this spectacular progress but DDT is still important in at
least 24 countries for mosquito control and an estimated 16,000 tons
are used annually. This is of particular importance in India, Mexico,
Brazil, Venezuela, Columbia, Vietnam, Honduras, and Japan.

Chagas dttease.Residual house spraying with gamma BlIC and
dieldrin is successful in Central and South America. At moment, CHI
are particularly important in Venezuela and Brazil.

Sleeping eiekne,88.This disease is transmitted by the Tsetse,. Ac
cording to "World Rev. Pest Control" (vol. 5, No. 1, 1966) between
1930 and 1946 half a million cases were reported and treated in
Nigeria alone.

Four and one half million square miles of Africa is denied to cattle
and horses with consequent inpoverishment of farming practice. DDT
is used in Nigeria and Zambia but more effective control is obtained
with dieldrin, which is widely used in Nigeria, Tanzania, Kenya,
Uganda, and Zambia. Some endosolfan also used in this outlet. Use
of organophosphorus insecticides is unsatisfactory.

River blindness (Onchocerciasis).This is spread by simulium fly.
It is of particular importance in West Africa where DDT is used
in Nigeria, Ivory Coast, and Upper Volta.

Wood prearreation.In addition to public health, CHI are valu-
able in certain industrial uses, e.g. protection of wood products against
borers etc., in wood.producing countries.

Tneara (Grasshopper).- -This is a particular problem in Argentina,
affecting 15 million hectares of which 7 million are natural pass and
support average of 3 sheep or 0.8 cons/Ha. Right grasshoppers per
square metre eat equivalent to one animal/Ha. Thus, infested land
in dry years is unable to support stock by mid summer and the have
to be moved at great expense to tucara.free area or sold cheaply for
slaughter. Prior to the use of dieldrin, annual losses of cattle products
estimated at 90 million dollars despite extensive use of 8110. Dieldrin
and heptachlor were banned February 1968 due to residue problem on
USA imports, and subsequently four other products were approved:
Sevin (expensive, difficult to apply), malarhion (more expenive than
dieldrin and average in perfonnance) Diszinon (requires removal of
animals from treated area), and Dibrom (requires special equipment).
Smnithion trials were succeful, but in practice control was poor,
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likewise control by malathion. Carbaryl, Diazinon, Azodrin, Gardona
and Dimethoate gave poor or complete lack of control. At present
there has been complete withdrawal of all approvals with resultant
confusion. Next season Tucura infestation is expected to be severe due
to lack of control this season, and if conditions are dry national dis-
aster may result. Above case study clearly underlines the drastic effect
that removal of the one essential agricultural weapon may have on an
agricultural economy.
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CONTAMINATION

SUMMARY AND CONCLUSIONS

The subgroup on contamination has examined the present status of
knowledge on the dissemination of pesticides into the environment, the
mechanisms and rates at which they accumulate in various elements
of the environment, and methods by which pesticides might be con-
trolled so that their presence in the environment would pose a minimal
hazard to society consistent with the benefits to be obtained from
their use.

The subgroup has examined : a) The air route by which pesticides
are applied and distributed in the biosphere; b) the water route;
c) the food route; d) soil contamination ; e) household uses of pes-
ticides; f) occupational exposures resulting from the manufacture
and application of pesticides, and accidents that may occur in their
use; g) alternatives to the use of persistent pesticides; li) the monitor-
ing of pesticides in the environment; it systems analysis of pesticides
in the environment.

Much contamination and damage results from the indiscriminate,
uncontrolled, unmonitored and excessive use of pesticides, often in
situations where properly supervised application of pesticides would
confine them to target areas and organisms and at the concentrations
necessary for their beneficial use without damage to the environment.
Research investigations, demonstrations, and monitored operations
reveal that the careful application of many of the pesticides and the
use of techniques presently available and being developed can be
expected to reduce contamination of the environment to a small frac-
tion of the current level without reducing effective control of the target
organisms.

The present piecemeal involvement of various Federal agencies in
pesticide control requires more than the existing type of coordination.
As human health and welfare are the values of prime concern, the
DHEW should provide a lead in the establishment of a mechanism
for administering pesticide control programs.

Ad hoc studies of pesticides in the environment are not adequate to
assess the inputs of pesticides to the biosphere, their degradation,
translocation, movement and rates of accumulation. Monitoring is con-
ducted by a large number of agencies, but in each instance the monitor-
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ing is related to a specific mission of the agency. Therefore, a single
agency should take the initiative to insure the effective monitoring
of the total environment, and the filling of gaps in data such as for
oceans and ground water, as they are identified. A continuous systems
analysis of pesticides in the environment needs to be conducted.

Aerial spraying should be confined to specific conditions of lapse
and wind that will preclude drift. Regulations to limit aerial applica-
tion to specific weather conditions would be helpful in providing
guidance for regulatory programs. Increased engineering development
effort is needed for the design of equipment for, and the adaptation
of helicopters to the aerial spraying of pesticides.

The use of low volume concentrated sprays should be encouraged.
Since this technique, if it is not properly controlled, can be more haz-
ardous to workers, effective regulations must precede its increased use.

Increased information is needed on the degree of exposure of the
general population to pesticides used for household, lawn, and garden-
ing purposes. More effective means for regulation and control of pesti-
cide use by the general public should be instituted, possibly by licensing
of distribution outlets.

The use of indane and similarly toxic materials which act by evapo-
ration must be discontinued where humans or foods are subject to
exposure, such as in homes, restaurants, and schools.

There is a vastly increased heed for the education of the general
public in the management of pesticides and in the training of profes-
sional applicators. Public communications media, schools and univer-
sities all have important roles to play.

Labeling regulations must also be improved. Print should be en-
larged and language should be made intelligible for the lay public.
A need exists for nonlanguage, internationally intelligible insignia or
markings that will advise the user of the degree of toxicity and per-
sistance of the product, its method of application, and the target
organisms.

More vigorous effort is needed to replace the persistent, toxic, and
broad-spectrum pesticides with chemicals that are less persistent and
more specific. Certain of the less-persistent pesticides, however, may
be more toxic to humans and therefore effective regulation of their
application is required to insure against injury to personnel.

Integrated control techniques for the control of select pests promises
to effect a reduced usage of pesticides. Such alternative techniques
should be more widely applied.

Licensing of commercial pesticide applicators, as well as other large-
scale applicators of hazardous materials should be required.

Analytical methods, although extremely good, require further de-
velopment. Need exists for standardizing or referencing additional
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techniques, even on an international basis. There is need for both
less sophisticated techniques for field use as well as for automated
techniques for wide-scale monitoring.

Standards for selected pesticides should be included in the Public
Health Service "Drinking Water Standards". Although guidelines
and criteria for some pesticides have been delineated, they have never
been officially established.

Prior to application of pesticides to waters for the control of weeds,
snails, mosquitoes, and in other aquatic uses, a careful analysis should
be made of the proposed pesticide characteristics with respect to the
uses of the target area. Special concern is ;ndicated where domestic
water supply is involved, or where fa:a-chain concentration may
occur.

Steps should be taken to prevent the simultaneous shipment of
pesticides and foodstuffs within the same vehicle. Comprehensive
regulations for pesticide transportation are required.

Safe methods of disposal of pesticides, their wastes, and containers
are needed to prevent the contaimination of the environment and to
protect individuals from contamination and accidents.

Intensified research and development is needed in the following
areas, among others:

a. Prediction of the micrometeorological conditions suitable
for aerial spraying.

b. Application of systems analysis to the pesticide-enviroment
problem.

c. Pesticide chemodynamies, with emphasis on reservoirs of
storage.

d. More intensive development of less-persistent pesticides
with narrow spectra of toxicity.

e. Continuing development of spray devices with narrow
spectra of droplet sizes.

f. Continuing development of alternatives to chemical control
of pests.

g. Creation of more suitable materials for pesticide packaging
and containers to facilitate safe transfer, handling use, and
disposal.

h. Treatment processes for the elimination of pesticides from
domestic water supplies as well as from wastewaters.

i. Immediate studies of the effects of pesticide residues on
algal photosynthetic activity.

PESTICIDES AND PERSISTENCE

Any examination of environmental contamination by pesticides must
include a consideration of persistence. Persistence in pesticides may
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be henefiicial or harmful. Lasting residuals provide control of target
organisms over longer periods of time and reduce needs for reapplica-
tion. However, lasting rosiduals may also affect nontarget flora and
fauna for long periods of time.

Major classes of pesticides may be grouped as nonpersistent, mod-
erately persistent, persistent, or permanent. Persistence times are
those periods required for a 5- to 100-percent loss of the pesticides'
activity under normal environmental conditions and rates of applica-
tion (1). Accordingly, nonpersistent pesticides may be characterized
as having persistence times of 1 to 12 weeks; moderately persistent
pesticides, 1 to 18 months; and persistent pesticides, 2 to 5 years. Perm-
anent pesticides are virtually permanent as they are not degraded. The
overlaps and gaps simply illustrate the generality of the above defi-
nition of persistence time. Varying the environmental situation varies
the persistence.

Important nonpersistent pesticides are organophosphorous com-
pounds. They include malathion, methyl parathion, and parathion,
which are widely used for the control of cotton and other pests. Mala-
thion has also been developed for use as an undiluted ultra-low-volume
splay. Another class of nonpersistent pesticides is the carbamates,
which contain neither chlorine nor phosphorus, but are classified with
most of the organophosphates in their low persistence. Carbaryl is the
most used carbamate and was the third most used insecticide in the
United States in 1964. Cotton, apples, and soybeans accounted for 62
percent of its total agricultural use. Its persistence is approximately
that of malathion and parathion.

Most pesticides fall into the moderately persistent grouping. Nearly
half of the total quantity of pesticide used in 1964 was used on corn.
wheat, and cotton. 2,4D and Atrazine, together, made up 54 percent
of the total agricultural usage of herbicides in 1964. In 1967, herbicide
sales in the United States exceeded insecticide sales for the first time.

The persistent group of pesticides include most of the chlorinated
hydrocarbons. Of this group, DDT is still the insecticide most widely
used worldwide although the overall demand for DDT. both in the
United States andabroad, has declined. Most DDT exported is used in
malaria-control operations. Within the United States, use will
undoubtedly decline further, especially in view of mounting
restrictions. The cyclodiene, organochlorines include aldrin,
endrin chlordane, heptachlor and toxaphene. Aldrin is currently used
as a soil insecticide to control the corn rootworm. Dieldrin is used for
the control of pests when a long-lasting residual effect is required.
Toxaphene accounted for about 25 percent of all crop insecticides used
in 1961,69 percent having been applied to cotton.
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The permanent group of pesticides are based on such toxic elements
as mercury, arsenic, and Ind. Once applied, these materials remain
unless physically removed as by leaching with water. Since their water
solubility is low, they tend to remain where applied.

CITED REFERENCES
(1) Kearney, P. C., R. 0. Nash and A. P.. Isensee. "Peristence of Pesticide Resi-

dues in Soils", pp. 54-07, In: M. IV. Miller and 0. 0. Berg, Eds., "Chemical
Fallout", Thomas, Springfield, III. (1960).

TilE AIR RotrrE

The introduction of pesticides into the environment for the control of
insects or unwanted plant growths is most generally accomplished by
aerial or surface applications. In all such cases, air is the medium
through which pesticides move to their intended to rgets. The character-
istics of the air medium affects the efficiency of the application on the
target and the dispersion of the pesticide outside the target area. A
clear understanding of the ways in which air characteristics influence
pesticide applications and of the presence and persistence of pesticides
in air is necessary both for the efficacious application of pesticides and
for the proper control of the possible harmful effects which these toxic
chemicals may exert on nontarget organisms and the human
populations.

In 1963 the State of California used about 20 percent of the total
U.S. pesticide production (1). Approximately 80 percent of pesticides
applied by commercial applicators were applied by aerial treatment,
and 20 percent by surface application. Problems associated with the
application of pesticides by aircraft are therefore of primary im-
portance. These considerations include the effect of the aircraft and its
operation on the dispersal of the pesticide and the influence of meteor-
ological conditions on aerial pesticide treatments. In addition, param-
eters such as wind drift, pesticide formulation and particle size, which
are common to all pesticide applications, must be evaluated.

The application of pesticides by aircraft has increased over the last
30 years. Fixed-wing airplanes have been the dominant means of ap-
plication but the use of helicopters has increased and is expected to
increase further. Aircraft have been used to apply dusts, aerosols,
granular materials and sprays.

Regardless of the pesticide formulation, the pattern of release from
fixed-winged aircraft is from the craft, into the air wake created by the
wings. The wake carries the material outward to the wiEgtips, then
drops it in a swath of about wingspan width. Two distinct vortices
develop at the wingtips. The strong central propeller wash skews the
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wake to one side of the aircraft. The velocity of the particles is greater
in the propeller wash than in the vortices. The wake which an aircraft
produces is a function of the weight of the airplane and its load and the
configuration of the wing and external applicating equipment. There-
fore, the lighter and more aerodynamically clean the aircraft, the less
turbulent is the wake and the more efficient and controllable the
application.

The configuration of the particle movement behind a helicopter is
similar to that of winged aircraft. Outer vortices develop but they are
different hi intensity due to the change in pitch of the rotor blades.
The velocity of the particles is greater at the center of the rotor than
in the wash created by the outer blades. Contrary to earlier opinion,
the downwash of the helicopter rotor does not, at normal operating
speeds, aid in the application of pesticides. In fact, above speeds of
15-25 mph forward speed, the helicopter does not exert any greater
downwash than a winged aircraft. Only when the helicopter ap-
proaches hovering velocities does any significantly greater downwash
occur. The spray pattern from helicopters is, however, better than that
of an airplane due to the lack of a propeller wake.

The helicopter has other advantages over fixed-wing aircraft. It is
highly maneuverable and is capable of flight at low levels and in moun-
tainous terrain. The helicopter also has the ability to takeoff and
land in small openings and it is not as dependent on airport facilities
as fixed-wing craft. This reduces the turnaround time for reloading
and may overcome the helicopter's two main disadvantages, its high
cost and lower carrying capacity. On flat terrain or over forests where
aircraft must fly faster than 45 mph and at heights of 50 feet or more
above the treetops, slow, low flying fixed-wing aircraft are as efficient
in application as helicopters and are less expensive to operate.

The spraying equipment used on fixed-wing aircraft and helicop-
ters are similar in design. Dusts and granular materials are usually
spread by means of a centrally located venturi device which mixes the
material with air aid discharges it into the trailing wake. Sprays are
atomized by hydraulic atomizing nozzles and are distributed through
a wing length boom. No benefit has been found by using longer-than-
wing-length booms because the aircraft wake limits and controls the
distribution of the particles. Booms are used on both fixed-wing air-
craft and helicopters. Jet type nozzles aimed with the airstream have
been used but produce a relatively coarse spray not suitable for all types
of insecticide spraying. In most forest spraying, standard boom and
nozzle spray systems have been used. They usually deliver 1 gal/acre
at an atomization of 150 to 200 f4 mass median diameter with the maxi-
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mum drop size often exceeding 500 e. Aircraft used for low-volume ap-
plications have been equipped with smaller nozzles er mini-spins cali-
brated to release 8 to 16 fl. oz./acre at a slighty finer atomization,
usually 125 to 160 mass median diameter with a maximum drop size
between 300 and 500 A.

The atomization during low-volume spraying of mini-spin rotary
units operating at three speeds and of three, small orifice, flat spray
nozzles was investigated by Isler (2). An increase in the rpm of the
mini-spin unit from 4000 to 8000 resulted in a decrease in the average
mass median diameter (m.m.d.) of malathion drops from 184 to 120 IA.
The best performing flat spray nozzle exhibited a range of m.m.d. of
112-158 with an average m.m.d. of 128, a value only slightly higher
than that of the mini-spin at 8,000 rpm. The mini-spin, however, pro-
duced a narrower distribution of drop sizes than did the nozzle. At
the low end of the spectrum, 25 percent of the spray volume of the
mini-spin was in drops smaller than 90 0, compared to 42 percent with
the nozzle. The performance of the mini-spin, therefore, was more
desirable than that of the nozzle because it resulted in fewer small
drops which would be subject to drift and fewer large drops which
would result in overdosing and inefficient spray application. This study
demonstrates that the selection of the appropriate spray equipment is
an important consideration in effectively applying agricultural chemi-
cals.

Aficroelimatology effect. The dispersal of particles during an aerial
application is dependent, on wind and thermal conditions at the site
of application. At the time of application, calm wind conditions should
prevail to minimize drift and allow for greater control of the pesticide
application. Thermal conditions are also important since temperature
gradients present in the area of application affect the movement and
dispersion of the particles.

Akesson and Yates (3) state that the following measurements should
be made for proper control of spraying: 1) The temperature gradient
between 8 and 32 feet ; 2) wind direction and velocity at 8 feet ; and
3) the relative humidity at 8 feet. The temperature gradient between 8
and 32 feet will yield information as to the thermal condition present.
There are two main types of thermal conditions. When the temperature
decreases with elevation a lapse condition is said to exist. When the
reverse is true and the temperature increases with height from the
ground, the thermal condition termed inversion exists. Under various
combinations of lapse conditions, the main particle movement is verti-
cal whereas under conditions of inversion the main particle movement
is in a lateral direction. The measurement of the temperature gradient
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between 8 and 32 feet indicates the degree of lapse or inversion con-
ditions which exist. According to Akesson and Yates (3), a normal
lapse condition would exist when a difference of about 0.1° F exists
between the 8 and 32 foot elevations, with the lower elevation being
%miner. (The commonly used dry-adiabatic lapse rate is 5.5° F/1,000
ft.) When the lower point becomes cooler, an inversion exists which
puts a warmer air mass over cooler air and contains the spray particles
in the area. Freshly irrigated or wet fields produce a low inversion as
I he wind carries the wet air over the crop.

The best weather conditions for application are under conditions
of a normal lapse. With calm winds and an inversion condition between
8 feet and 32 feet (that is the temperature at 32 feet is +2° to +5° F.
greater than at 8 feet), increased drift occurs because the "cap" of
warm air prevents vertical movement and promotes horizontal or
lateral movement. A lapse condition between 8 feet and 32 feet of
0.1° to 5° F. is usually indicative of turbulent weather. Large
amounts of drift may then be expected to occur. The measurement, of
temperature gradients should therefore be considered as one of the
best indicators of when and at what height sprays should be released
at a particular spray site.

Pesticide formulation and particle size.The formulation of pesti-
cides, whether dusts, sprays, aerosols or granular material, and the size
of the particles emitted, determines to a large extent : 1) The effect
of microclimatic conditions on the spraying operations; 2) the poten-
tial exposure hazards, and 3) the persistence of the pesticide in the
atmosphere.

The major climatic effect on spraying is that of wind. Dispersion
of pesticide by drift as a result of windy conditions results in a loss
in efficiency. If such losses occur, additional applications must be made
which increases the cost as well as the hazard. More frequent applica-
tions also contribute to an increased insect resistence which, in turn,
requires additional applications. Proper spraying procedures must
therefore be developed. This is made difficult by the fact that many
of the pesticides vary in their reaction to climatic conditions and the
formulation itself affects their response.

Several studies which are illustrative of the variability in drift
have been conducted. It has been found, for example, that the amount
of drift, occurring with aerial spraying is greater than that with sur-
face spraying. Middleton (1) reported the results of the work of
Wasserman et al. (4) who compared air concentrations in forests
after surface and aerial applications of BM' and DDT. The results
are as follows:
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Surface Treatment Aerial Treatment

BHC 2.6-12,5 mg/m8 air 4.1-53.7 mg/ma air.
DDT 4.6-25.5 mem' air 18.9-170.9 mg ens air.

Thus, it is quite evident that the increased use of aerial applications is
accompanied by an increased hazard from drift as well as a possible
loss in the efficiency of the application.

Akesson el al. (6) measured the drift downwind after a DDT
application of 1 lb./acre t o 40 acres under both windy and calm weather
conditions. They found the following :

Concentration Distance (ft.) 0.01
(p.p.m.) too feet p. .m. found

downwind dopwnwind

Calm condition' 1. 5 8, 000
Windy condition" 8. 0 20, 000

The amount of drift, therefore, is highly dependent. on wind
conditions.

The amount, of drift, is also related to the size of the treated area
and to the rate of application of the pesticide. The larger the area
treated, the greater the number of swaths that must, be made by the air-
craft and the greater the potential for drift, but the lower the loss per
unit area treated. Also, the greater the application rate, the greater
the residue at given distance downwind.

Gerhardt and Witt, (6) compared the drift of spray and dust for-
mulations of DDT and found that under the same climatic conditions
and nt an application rate of 1 lb. /acre, the spray resulted in a con-
centration of 0.1 p.p.m. DDT 2,610 feet downwind and the dust
1.4 p.p.m. at the same distance. This effect was due to the difference
in particle site between the two formulations, the dust particles being
smaller than the spray droplets.

Yen (7) studied the effect of liquid particle. size on drift and found
that particles of less than 5 1, diameter exhibited little deposition and
drifted in air currents for many miles. Particles. of 10-50 p diameter
were deposited several miles from the source. Prim the wind ras
high, particles of 100 p exhibited little drift hazard and when the par-
ticles were greater than 200 go diameter, 80 percent were deposited
within short distances downwind. Akesson and Yates (3) studied the
effect of dust particle size on drift and found that when released 10
feet alxwe the ground into n wind 3 m.p.h., 2 p diameter particles
traveled 21 miles, 10 p particles 1 mile and 50 it part icles2-n feet.

Akmon and Yates CO sptayed a field with toxaphene dust and
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spray and measured the drift of each as well as that of fine (95 to
150}4 diameter) and medium size (150 to 300p diameter) particles. They
found that in all cases the ground fallout due to drift away from the
target. area was 4 to 10 times as high for dust than for sprays. Also,
the ground residue from applications of fine drops was twice as much
as medium drops at distances up to 1,000 feet. They also observed that
in some eases, the amount of pesticide in the air downwind was 30 to
40 times that on the ground.

These studies indicate that, as far as drift is concerned, the greatest
potential nontnrget, contamination hazard occurs with smaller diam-
eter particles. Since dusts contain a greater percentage of these smaller
particles than do conventional liquid sprays, dusts constitute a greater
drift hazard than sprays. Sprays, however, are not uniform in drop
size and, with atomizers cnrrently used, there is no way to eliminate
the production of a wide distribution in drop sizes. Both large and
small drop sizes sill be produced. Moreover, the control of drop size
in favor of the larger drops to reduce the. drift potential results in
decrease in the efficiency of spraying since the efficiency is an inverse
function of drop size. More large drops fall to the. ground but the
extent of coverage is less. Therefore a compromise in drop size must be
reached between those sizes which minimize drift. and a size which
yields a high efficiency of application. Since n wide distribution in
drop size is inevitable with commonly used spray equipment, and fine
drops will inevitably be created, dependence upon large droplet size
to control drift is not appropriate. The measurement of micrometeoro-
logical conditions, therefore, is of paramount importance in determin-
ing the so fety of a proposed application.

This point is illustrated by n study conducted by Quinhy and Door-
nink (8) in which the absence of wind and the presence of n thermal
inversion caused problems men though calm weather prevailed at the
time of the application. !Wing nn aerial application of ( tetra-
ethyl pyrophosphate), a thermal inversion and static air conditions,
as well RS topography which impeded the movement of the dust Wen
air and the presence of tall Props with dense foliage which constricted
nir movement, n11 combined to prevcin the pesticide from dispersing
with the result that persons and livestock near the dusting area were
A fleeted by the pesticide. The conditions of application were those that
lend been used snecessfully for 10 years prior to the date of the acci-
dental i)isoning. Therefore, for each individual application, apro-
priate measurements of microclimalology must be made and evnlnated
in order to insure that .rife and effective treatment is carried ont,
because as this work shows, while it is normally considered desirable
to have little or no wind when spraying d.sticides, such weather con-
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ditions nuy create a Problem as serious as that caused by windy
conditions.

Given good micrometeorological conditions, the size of pesticide
particles or drops determines the efficiency of the application, i.e., the
actual amount, of pesticides %vhich impinges on the target organisms.
If the application efficiency is high, contamination by pest icicles caused
by particles which fall on nontarget organisms and/or foliage and
soil, is minimized. If, in addition to more efficient application, pesti-
cides less toxic to nontarget organisms and more selective to target
organisms are used, then a reduction in environmentall contamination
will result.

In a study on the spray application for the spruce budworm, Mimel
and Moore (!0) attempted to resolve these problems. They felt that
the spray operation should meet three conditions: (1) An insecticide
which would be more toxic to the spruce banhvorm than to other Orga-
nisms should lie used () the insecticide should be amendable to
breakdown in the forest ecosystem and thus not be accumulated in plant
and animal systems; and (:1) the pesticide should be directed to the
target insect with a higher degree of efficiency than to other organisms.

Zectran, a carbamate insecticide, was selected for use because it
demonstrated a high degree of selectivity for the budworm. It is more
toxic to the budworm than DDT and has a relatively high acute oral
toxicity, which are the main potential hazards in field use. Also, Zec-
tran and its metabolites are readily broken down by sunlight and in
plant and animal systems. The problem of directing the spray to the
spruce budworm with greater efficiency. than to any other organism was
then studied.

It has been demonstrated that most forest spraying has been con-
ducted with particles of 1500 mass median diameter, i.e., 50 percent,
of the part ides are of drop sizes greater than Mit diameter. This was
true even though earlier work indicated that drop sizes of more than
100p penetrated vegetation only slightly or not at all. Moore made a
study of the drop sixes which would most efficiently penetrate the forest
canopy. Fine fluorescent particles were suspended in the spray. These
particles distributed themselves according to the spray volume in
any given drop. Hy counting the number of gourescent. particles
remaining after a given drop had evaporated, it was possible to
determine the approximate original size of that drop.

When the size and number of spray drops impinging on each spruce
budworm larvae was studied, it was found that no significant number
of drops larger than 100ii diameter and only a mall number of drop-
lets between 50 and 100/4 diameter reached the target insects. Only
drops below 500 diameter reached the budworm larvae with any
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degree of efficiency. This is significant when it is considered that 95
percent of the spray volume of spray systems normally used in forest.
insect control are larger than 50,a diameter. Thus, a great proportion
of this spray fails to reach the target insect and becomes a major
source of environmental contamination. This study resulted in the
development of a spray system which eliminated all drops above 120p
diameter.

Potential i'xposure hazardcPesticides vary in their toxicity to
humans. The potential exposure of a person to a given pesticide. often
is determined by the fornmlation and particle size of the material.
Thus, a compound which may not be considered toxic to humans but
that has been formulated in a way which promotes easy entry into the
body, may be potentially more harmful than a more toxic pesticide
with a more difficult entry path. Particle size is an important factor.

The. three main modes of entry of pesticides into the body are by:
(1) inhalation; (2) skin absorption: and (3) ingestion. Hayes (/0)
has rated the three major pesticide formulations (gases, dust, and
sprays) according to their potential for entry by the above routes. For
respiratory intake, the most hazardous formulation is a gas. Next are
dusts and the least dangerous are. sprays. Thus, the danger from this
route of entry decreases with increasing particle. size. The maximum
danger due to skin absorption is from sprays and liquids, with dust
posing the lowest threat. Hayes noted that some gasses can pass
through the skin.

The effect of particle size on exposure was studied by Wolfe et al.
1 The dermal and respiratory exposures to parathion of workers

using both conventional dilute spray machines and low-volume con-
centrate sprays were compared. The particle size of the concentrate
spray is smaller (20 fe to 100 pe diameter) than that of the. conventional
spray machine (over 150 p diameter). The potential dermal and
respiratory exposures associated with the two spraying methods were
found lobe as follows:

Come binge fttliVini Con re Iona dRate
tecb n kit* trt rine method

Dermal eapegv.re 27.9 ma./11r 19.4 ma./hr.
Reviratory exposure 0.033 rrg.fhr 0.02 mg./hr.

Most of the difference in the dermal exposnre was attributed to a
greater hand exposure with the concentrate machine. The difference in
respiratory exposure was considered to tie caused by the smaller drop
site produced by the concentrate spraying method.
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The potential danger if pesticides to handlers and operators is well
known. The literature is replete with accidents which have occurred
with adverse, sometimes lethal, consequences. There is less information
available, however, concerning the pesticide exposure to the general
population. Stich information is vital if the proper assessment. of the
risk to the general population is to be determined.

Risebrough et al. (12) measured the concentration of pesticides over
Barbados, an area remote. from the agricultural use of pesticides, and
found that the total amount of pesticides in the air ranged from less
than 13X 10.6 nanogrnms per cubic meter of air to 380X 10.6 rig /at'.
By contrast, the air at La Jolla, Calif., an area adjacent. to agricultural
areas when pesticides are used, contained an average of 7.0 X 10.2
ny/O. 'flits, the authors concluded that pesticides are universally
present in air and that their distribution from application sites is
dependent on the prevailing patterns of wind circulation and the rates
of fallout.

In 1065, the occurrence of a dust storm of unusual intensity allowed
a study of the transport of pesticides over long distances and the subse-
quent precipitation to earth by rainfall to be conducted (13). The dust
storms were spawned on January 23 in the southern high plain's of
Texas. The dust-bearing air mass gradually moved eastward, spreading
out. in a north south directi6n and narrowing in an east-west direction
doe to airflow patterns within the air mass, and by January 26, parts of
the dust had reached Cincinnati, Ohio. Dust was collected in Cincin-
nati and analyzed for its pesticide content. The major pesticide com-
ponents of the dust were DDT and chlordane with concentrations of
0.6 and 0.5 ppm. respectively based on the air dried weight of the
dust. DDE and Ronne] followed closely in concentration. These four
pesticides, together with three other pesticides, heptachlor epoxide,
2,4,511 and dieldrin, which occurred in lesser amounts, made up the
major portion of the pesticide content of the dust.

This study gives evidence that pesticides may be transported over
long distances when attached to dust particles in the air. These parti-
cles may be washed oat of the air by rainfall and deposited on the
ground. Evidence is also provided that the pesticides can survive
degradation by photochemical reactions in the atmosphere and can be
deposited over land surfaces remote from their point of application.

A study was carried out by Stanley (/.4) with the express purpov
of determining the atmospheric contamination by pesticides in the
rnited States. Sampling sites were established at nine locations: Bal-
timore, Md., Buffalo, N.Y., Dothan, Ma., Fresno, Calif., Iowa City,
Iowa, Orlando, Fla., Riverside, Calif., Salt Lake City, Utah, and
Stonevilk, Miss Both urban and rural sampling sites were chosen.
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Chlorinated hydrocarbons such as DDT, BHC, DDE, lindane, did-
drin, and nldrin, and organophosphorus pesticides such ns parathion
and malathion were sought. Only DDT was found at all localities.
The DDT concentrations were highest in the agricultural areas of the
South. Pesticides were found from the lowest level of detection (0.1
ng/m3 air) to as high as 1560 ng/m3 p-p' DDT, 2520 ng/nt, towline
and 465 ng/m3 parathion.

The highest pesticide levels were found when spraying was re-
ported to have occurred just prior to the sampling. There was no cor-
relation between pesticide levels and rainfall. In most cases, when the
pesticide levels decreased after a rainfall had been reported, it was
also noted that spraying activities had also ceased because of the rain.
The decrease in pesticide levels could therefore have been due to the
cessat ion in spraying operations.

The kinds and levels of pesticides found varied with the agricul-
tural activity in a given area. The pesticide levels varied from season
to season according to the chemicals used and crops grown during
each season. Most pesticides were present in the atmosphere as par-
ticulates. There was little correlation between the pesticide level and
the time of day. These concentrations, even the highest levels meas-
ured, are below those. encountered by the general population from
other sources. For example, Durham et aI. (b5) analyzed 12 restaurant
and I7 household meals and found that, based on the food in the meals
analyzed, the mean daily intake of DDT was 1.99 X 10-' nig. If a per-
son inhales 7000 1/day of air containing 1560 ng/no' DDT. he will
inhale 1.092 x10-2 nig/day.

It is obvious from this study that broader sampling programs must
be undertaken in order to establish the pesticide levels to which the
general population is exposed. In the study just mentioned, both urban
and nmal sampling sites were chosen, but in ditterent localities. It
might be more meaningful to take both urban and rural samples at
the same locality rather than to try to compare pesticide levels of
rural Mississippi with urban California or New York. In order
to study the pesticide levels in the United States, perhaps one section
of the country should be concentrated on at a time. An area in which
a large amount of pesticides is being used, for example the South-
east, could be selected for study. Within this area, urban and rural
samples would be collected in order to establish the amounts of pes-
ticides transported from the rural spraying areas to the urban center.
In this way, urban exposure could be related to the spraying activities
in the surrounding rural area.

Persistence pritiddrA in air.The presence of pesticides in air
is a fmwtion of their chemical nature, physical state, method of ap-
plication, and atmospheric conditions. The persistence of pesticides in

114



the air-i.e., the length of time the particles remain in the air-is also
a function of these factors. Pesticides may be lost from the air by sev-
eral means. Gravitational fallout and washout. by rain are perhaps the
two major factors which cause pesticide removal from the air. Ex-
posure of pesticides in air to sunlight and reactive compounds results
in degradation or modification of the compounds by photolysis and
catalysis, but the amount of pesticides removed from the. air by these
processes is unknown.

The persistence of pesticides in the air is also a function of their
volatility, particularly with spray operations. Spray particles decrease
in size as they fall, due to evaporation and codist illat ion. If they evapo-
rate completely before they fall to the ground, dust particles remain
and are more liable to drift.

('ITEI) EFEItENCES
(I I yltuut,t :roN, .1. T.: The presence. persi.stence, and removal of pesticides in

air. In Chichester, C. 0. (PA.): kcararch in Peatirie 1c.i. New York. Aca-
demic. 100. pp. 101-1tn,

121 Is1.7.a. I). A.: Atomization of lowvolmile malathion aerial sway. J. Ecox.
nfontot. 59:688-0)1. 1000.

(.1) .Ixt:ssoN. N. ft., .ND Yarts. W. E.: l'roblenis relating to application of ag-
ricultural chemicals and resulting drift restdues. .tnnnal Her. Enfontol.

:2,4-318. 1901.
I4) W.SSFANIAN, 11. 11.11.&(. K, %some, (I.. AND 110RVATII. I'.: TONIC hazards

during 1)1)Tatid IIIICspraying of forests against Lymantria totutchn.
.1. if. .1. .1 re. In4. If ea 21:503 -:i0 1900.

1.11 .Er.ssoN. N. It. YA1r.. W. E.. Cotrs. it 11. Axn itacovar, W. E.: Agri
cultural clumb.al drift residues resulting from atrcraft applications. Age.
.1i-fa/ion 0: 72--52.

tolt Iir.ait.uurr. P. 1).. AND WITT. .1. M.: Summary of downwind drift
comparison of dust vs. spray. iN Mr licalthic Shag, Dept. 1:ntrunology.
1'nlv..1rizona, 111(13.

Iii Yro. II.: The problem of distribution: The physics of falling droplets and
particles. Tie drift hazard. lit lake. .lar. .Irialion Conf. pp. 112-130.
1059.

I S) Qt-IN fly, ANI1 Doostx II. M.: Tetraethyl pyrophosphate p)lsoning
following airplane dusting. .1..1ro. 1Icd. Assoc. 101:1-0. 1005.

101 C. Vii.. Axn Moons-, A. 1t.: Sprnce budworm mortality as a function
of aerial spray droplet size. Nrir pyre n0:1210-1251. 1067.

t In, 11Avifi. W. 1.: Toak.ologieni problems associated with use of pesticide&
/ail. cad Trop. 5 :11))-132, 1601.

lip Wolsr., II. It ..1aVallt0X0. J. P., AND DI 11111A18, W. P.: exposure
from concentrate spraying. .trek. Eitrfr. tifollii 13:314-343, 1000.

}list tinoi cr. K. liocitr, It. J.. Itiurrts. J. J.. AND 0011311/X0, E. 11.:
Pesticide.: Transatlantk movements In the northeast trades. Science 150:
1213-1230. 100*.

Hi (*ours. .1. Al.. .ND V.: WhIespnad trauslocalion of irstkides
by air transport and rain-out. In Dould. 8. F. Orpaafe
in the 1:nary:twit 1Vnh., 1).('...11hances in Chemistry Series. American
Chemical Society, 1171X1.1,11- 163-110.

115



(14) STANLEY. C. W.: Study to determine the atmospheric contamination by
pe.stIcIdes. Final Report Midwest Research Institute, 1008. 00 PP.

(15) Man Am. W. F., ARMSTRONG, J. F., AND Qui:N."1Y. G. E.: DDT a:id DIM;
content of complete prepared meals Arch. Erwin Man 11:031 -417. 1001.

TILE WATER Roum

The introduction of pesticides into the water environment can oveur
even before the. ruindmp collies into contact with a pesticide-treated
surface. Rainwater was collected continuonsly over a 12-month period
in the British Isles at seven widely distributed sites. At all sites and
throughout the. year, rainwater contained alpha- B11(', gamma-1111C,
dieldrin, pp' DDT. pp'I)DE, and pp'TDE. The concentrations were
extremely minute, being of the order of parts/10" or parts/10" (1).

The major pathway of pesticides into the water environment occurs
through direct application to surface waters and surface run off. The
major recipients of surface run off are streams, lakes, and coastal
waters.

(Forms! /co/cmSome pesticides ultimately find their way into
ground waters, but the contribution of pesticides to a surface water
such as a perennial stream from a ground water source islike rain-
fallminute. Many variables are responsible for the small concen-
trations of pesticides usually found in ground waters. These include
the type of pesticide, its solubility, formulation, and mode of appli-
cation, the soil types, climate, season, miming of soil organic matter,
microbioh,lical populations, and yet other factors. Organochlorines,
for example, have been demonstrated to move only short distances in
soils via the leaching proems (0). Another study concluded that it was
most unlikely that parathion mild contaminate underground water
supplies by leaching. under normal rainfall conditions (3).
workers found that lindane ..nd heptachlor do not contaminate ground
waters when used in gilitiltitieS encountered in agi:cultural practice,
but concluded that to avoid the passibility of contamination, these
organochlorines should not be used oftener than once every 2 or 3
years (4). Working with dieldrin, Eye (4) concluded that it cannot 1*
transported through soils into subsurface waters in significant amounts
by infiltrating water because of the extremely long timeseveral
hundred years necessary to transpor1 the dieldrin in solution through
the top 12 inches of soil. However, ground waters nest be vigilantly
pmtected since, once ollited, the contamination ran persist for long
periods of time. That they can keome polluted is documented in the
Montebello, ('alif., and Colorado arsenal incidents, both of which
involved 24-1) (6).

The Environmental Control Administration's Bureau of Water
Hygiene recently (summer 196i)) queried several States about inci-
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dents of well water contamination by pesticides. The reply from Illi-
nois, succinctly characterizes the response from all the States: "" *
To our knowledge we. have never had a public well water supply con-
taminated with pesticides. Through the years we have had several
instances of private wells being contaminated by and large through
accidental spills and back siphonage directly into the well. A typical
example is a v.ell in Adams County where a farmer was making up
a tank of pest;c-ide. He. left a power pump in operation while lie went
into his farm home for lunch. While he was there the motor stopped
and the total content of the tank was back siphoned into the well.
We have rarely had an example of a well being contaminated by
underground infiltration. The few instances where we have had such
condition have been the result of the application of termite control
materials in a trench immediately adjacent to a water supply well."

From Wisconsin it is reported that it took several months to remove
the residual taste from the water of wells accidently contaminated
by 2,-D during which time cattle would not drink the water. An
analysis of a private well water in Ohio showed 00)33 mg. of chlor-
dane per liter but no information was available on the route of entry.
Another well contained 2,4 -I) in a concentration of 0.0155 mg.//.
which gained entry through rnnoff front an area sprayed by the
State Highway Department.

The Indiana response stated: -We have learned to expect requests
for help in three or four cases of chlordane in wells every spring or
early summer when exterminators treat for termites. The pesticide
normally associated with termite control is chlordane althoogh one
of the labels sent to us this spring inchulcd one percent of an extract
of Lindane.- One of the properly owners whose well was contaminated
during termite extermination reported that his water still tasted of
chlordane a year Inter.

In connection with the State's Oround Water (Quality Control Act
in Michigan, consideration was given "to the possibility of pollution
of the soil or pound water from the mixing and preparation of sprit)
materials, fertilizers, or chemicals,- and (lint a 1.10.font isolation
distance. is specified between a well and the preparation or storage
area for such chemicals.

Preliminary results from a Hureau of Water Hygiene survey of
private well water supplies in one State indicate that pesticide pollu-
tion of ground waters is more wide-spread than commonly realized.
although the concentrations are very low. At the time of writing
only nine samples had been analyzed, hut all nine showed DDT. in
addition, three contained endrin, two contained chlordane, and one
each contained dieldrin and heptachlor. Although all concentrations



were less than one microgram] per liter, the possibility of concentrations
increasing with time must be considered.

Surface runoff.The 1907 production of pesticides of 1050x 104 lbs.
if applied continually to the annual U.S. runoff (1.10 x 104 million
gallons per day) would result in a concentration of 0.3 mg./47).
Although this exercise is purely academic (most of the pmduction
is exported and most of that which is used is degraded or tightly
bound to soils) it does point out the extensive use of pesticides by
our society.

Because of the tight binding characteristics of pesticide residues to
soil particles, it is suggested that the general pollution of water by
pesticides occurs through the transport of soil particles to which the
residues are attached (8). Problems of sampling and analysis preclude
the use of systems designed to give continuous read-out of pesticide
concentrations in water. It is a common finding in water analysis that
fish may contain pesticides in excess of Federal tolerances, yet water
samples from the same environment may fail to reveal the presence of
residues at levels of 1 x 10-3 Ing./1. (0). It is not surprising, therefore,
that shellfishknown for their accumulating characteristicshave
been proposed as monitors of water quality for pesticides. Laboratory
experiments showed that oysters and other bivalves remove chlori-
nated hydrocarbon pesticides from experimentally contaminated water
and store them i» tissues. In clean water. the residues are flushed out at
uniform rates. Using oysters, Butler (10) conducted a aear, 170-sta-
tion study of estuaries that demonstrated that pesticide pollution is
primarily the result of agricultural practices in the associated river
basins, and that in specific locations, industrial or municipal wastes
and noxious insect control pmgrams are major sources of pollution.

The Public Health Service Laboratory at Dauphin Island, Ala..
clearly de nonstrnted the seasonal variation in 'pesticides content of
oysters in Mobile Bay. Peak total DDT levels occurred in late winter
and early spring months, coinciding generally with the maximum
fresh water inflows and minimum salinities of the Bay waters (11).

Nicholson (11) notes the close affinity of pesticides to soil particles
and suggests that the soilos.s equation used in guiding conservation
farm planning be applied to the prediction and control of pesticide
pollution us,,ciated with rural run off. The affinity may also be a basis
for water pollution control recommendations based on geographic
zones.

lake .Geologically speaking, lakes are usually transitory kzlies.
They are bon', they live and age, and they die. Their aging process is
termed eutrophicat ion. That man's influence grossly accelerates the
process is well documented; witness Lake Erie. Lakes and oceans are
veritable sinks for man's wastes. But lakes are infinitely more sus-
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ceptible to man's negligence because of their much smaller size. Even
larger lakes, however, are not immune as witness the Lake Michigan
('oho salmon and Lake Erie ent rophicat ion problems. To illustrate the
concentrations of pesticides present in Lake Michigan water, the re-
sults of grab samples taken from the two intakes to the Chicago filtra-
tion plant during April 1969, showed the following:

Concentrationppm

Pest icide Plant I Plant 2

Lindane O. 020X 10 -I 0.010X10 -'
Heptachlor epoxide 0. 049X10 -$ 0. 01 9X10 -3
Aldrin O. 019X10 -3
DDT O. 058X10 -3 0 . 034X 10 -3
pp' DDT 0. 122X10 0. 029X10 -3

A limited number of surface samples collected by the Bureau of
Commercial Fisheries, Ann Arbor Biological Laboratory, from Lake
Michigan in 1968 showed the following:

DJJT 2.0-2.8 ppm x HY'
DDD 0.3-171.5 ppm X 10'
DDE 0.5-1.4 ppm x 10-'

Lakes with waters of lesser amounts of dissolved minerals are more
biologically sparse than more eutrophic lakes. An interesting experi-
ments was performed in Oregon wherein two mountain lakes were
treated with the organochlorine toxnphene. One lake was deep and
biologically sparse, the other was shallow and rich in aquatic life.
The deeper lake could not be restocked with trout for 6 years because
of toxic quantities of toxaphene remaining in the water. Trout were
restocked in the shallow lake within one year. Explanations offered
for the slow recovery of the deeper lake include thermal stratification
due to depth, a slow rate of dilution from small tributaries, and
markedly less plant and animal life (/.3).

An important aspectperhaps the most important aspect --of
chemodyncmics of a lake and which is fundamental to the life of the
lake as well as to the effects of pesticides therein involves the sediment -
water-chenlcal interchange. These relationships are well suited to
modern systems analysis and mathematical modeling and deserve
increased study.

The possible buildup of pesticides in the bottom sediments of lakes,
with the rrs'ilt that they become, in effect, reservoirs of pesticide resi-
dues, has received little study. If this 1 henomenon occurs in lakes
which undergo thermal stratification, the pesticides could theoreti-
cally be resuspended with the sediments during the fall overturn and
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present aquatic organisms with additional exposure to higher con-
centrations than would be expected. Such periodic exposure could
lead to an increased biological accumulation in the food chain.

Most of the studies that have described the fate of pesticides intro-
duced into aquatic systems have found that the decrease in water pesti-
cide concentration which occurs with elapsed time after the applica-
tion is accompanied by an increase in the concentrations of pesticide
found in the bottom sediment and /or the organisms. For example,
Bridges rt al. (10 applied 0.02 p.p.m. 1)1)1' to a farm pond and ob-
served that the surface water concentration decreased from 0.08 p.p.m.
one -hnlf hour after treatment to zero in 4 weeks. The concentration of
DDT in the bottom mud prior to treatment was found to be lifiS p.p.m.
One-half hour after treatment, DDT concentrnt ion in the mud was 0.21
p.p.m., and after 8 weeks the mud contained 0.10 p.p.m. At this
time vegetation samples contained 5.1 p.p.m. 1)1)1'. Twelve months
after treatment, the vegetation had returned to pretreatment levels.
Fish accumulated 3 to 4 p.p.m. DDT and its metabolites s' 1(11111
month after the treatment. The levels dec:ined to 2 to 3 p.p.m. 15
months later. Cope (1.5) reports on a study in which 20 p.p.m. DDT
were added to a microcosm system containing w 'ter, mud, vegetation,
sunfish and snails. The water concentration decreased to 0.42 p.p.b. in
14 days but the mud concentration had increased to G p.p.b. and the
vegetation to 15.6 p.p.m. The fish contained 1.0 p.p.m. DDT after 2
weeks and the snails 160 p.p.b.

Undoubtedly not n11 pesticides exhibit the same phenomenon. For
example, the water in a pond contaminated by endrin as a result of
aerial spraying of an adjacent field at the rate of 6 oz. of act ive ingredi-
ent per acre wns found to contain 0.04 p.p.m. endrin 4 days after treat-
ment (10. The water concentration declined for 21 days after which
no more endrin was detected in the water. Endrin concentrations in
the mud after 4h days were found to 14 0.35 p.p.m. after which time
the endrin disappeared.

Although sonic pesticides may not exhibit loupterm accumulations
in aquatic systems, the possibility exists that ref.ervoirs of pesticides
became avnilable for recycling back into biotic systems. Therefore,
studies on the rate: of pesticide interchange aen*s timelwater inter-
faces and between vegetation and water and the magnitudes of the
pesticide levels involved should be conducted.

1.:111114 rine Irak rs

Pesticides are n nintter of serious concern to the shellfishing And
finfishing industry as well ns to sports fishing enthusiasts. Water final-
ity standards for pesticides as a means of protecting fish resources ap-
pears to be of value for shellfish but the evidence is not so clear for
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game fish. The studies of Mobile Bay oysters by the Public Health
Service (II) demonstrates the ability of shellfish to cleanse them-
selves of pesticides. Butler (17) reported an ability of shellfish to
cleanse themselves of 0.03 to 1.5 p.p.m. of various organochlorines in a
10-20 day period when placed in clean water. A similar ability for
finfisb has not yet been demonstrated.

Although estuarine areas wherein oysters are found would appear
highly vulnerable to pesticide contamination, continuing surveillance
demonstrates that the need for standards is not urgent (18). However,
a surveillance program is highly recommended (19).

The importance of estuarine areas as the nursery areas of the world's
marine food production is discussed by Butler (20). He states that.
industrial and domestic pollution of many estuaries has already so
degraded the environment that only the most tolerant of organisms
can persist, and that the remaining uncontaminated estuaries are of
major importance. As pristine qualities cannot be restored to degraded
estuarine environments, consideration must be directed toward the
provision of estuarine hatcheries similar to those u.,,ed for fresh waters.

The, inhibition of marine algal photosynthesis by DDT was investi-
gated by Wurster (21). Four algal species, including a diatom from
Long Island Sound, a coccolithophore and a green alga from the
Sargasso Sea and a neritie dinoflagellate, were tested, as well as a
marine phytoplankton community, by exposing them to DDT and
measuring their photosynthesis as indicated by the fixation of C".
In all cases an increase in the concentration of DDT from 1 p.p.b. to
100 p.p.b. produced a decrease in photosynthesis from the photosyn-
thetic level of unexposed control algae to approximately 10-40 percent
of the control photosynthesis. At a constant. 10 p.p.b. DDT, the inhibi-
tion of photosynthesis decreased with increasing cell concentration
due, according to the author, to a decrease in the amount of DDT in
solution per cell. Wurster states that his laboratory experiment demoii-
trated that reduced phytoplankton populations in natare might be

caused by DDT. DDT might also encourage blooms of some algal
species after the selective stress of the el iemical has produced a decrease
in other, less tolerant, community phytoplankters. Continued increases
of concentration of persistent pesticides in the marine environment
might then have long-term impact on total photosynthetic activity,
perhaps inducing a change in oxygen and carbon dioxide partial pres-
sures in the atmosphere.

Potable water Napply
The Public Health Service Advisory Committee on ITse of the PHS

Drinking Water Standards recommended limits for select pesticides
(22). These limits were derived for the Advisory Committee by an
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expert group of toxicologists as being safe if ingested over extensive
periods. The limits for four of the pesticides (aldin, heptachlor,
chlordane, and parathion) were set at even lower values because of
their orgamoleptic properties. The pesticides and their limiting con-
centrations are :
Pee/etch. emzechtration.
Aldrin
Chlordane
DDT

0.003
0. 042

Die hirin 0. 017
Endrin 0.001
Heptachlor 0. 018
Heptachlor epoxide 0. 018
Lindane 0.030
Methoxychlor 0. 033
Organic phosphates plus carbamates 0.1'
Toxnpheile 0.005
2,4=1)+2,4,5==r+2,4,5-=TP 0. 1

'As parathion In cholinesterase Inhibition. It may be necessary to resort to
even lower concentrations for some compounds or mixtures.

it should be noted that these criteria have never been officially
adopted h the Public I fealth Service in their I)rinking Water Stand-
ards although the operating program, the Bureau of Water Hygiene,
utilizes the criteria as guidelines.

Water quality criteria related to recreation as used by the Public
fealth Service contain ILO limits for specific pesticides. The need for

their control is emphasized in terms of satisfactory conditions being
1:reserved through watershed management : viz.. evaluation of poten-
tial health hazards through consideration of the toxicity, persistence,
and exposure hazards of any pesticides to be used (41).

Water is a vehicle for transporting wastes and most waste-treatment
plants us.c biological processes. The effects of pesticides on these bio-
logical stabilization processes are so far not of great importance at
the concentrations usually encountered (24). 1 lowever, effects ran be
disastrous at the high concentration.. that might result from spills or
accidelits.

The removal of pesticides by standard water trea t mei it processes
has been found to vary with the individual pesticide and the concen-
trations encountered. In general, it is much more difficult to remove the
low levels of pesticides that occur through continuous contamination
from runoff, etc., than to reduce the high levels which result from
direct application and accidents.

Cohen ct at. (25) studied the effectiveness of standard water treat-
ment processes for removing rotenone and toxaphene and concluded
that the single most effective treatment was the use of activated carbon.
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Rotenone and toxaphene at concentrations of 100 p.p.b. were reduced
to 3 p.p.b. and 7 p.p.b., respectively, with 5-6.6 p.p.b. carbon. Alum
coagulation failed to remove either pesticide. Chlorine and chlorine
dioxide were ineffective in reducing the concentration of toxaphene but
did oxidize rotenone. The concentrations required, however, were so
high that the residual oxidants had to be removed by dechlorination.

My and Faust (26) (21) found that activated carbon was the most
effective method for removing the herbicide 2,4-1) from water. At an
initial concentration of 1 p.p.m., 1:3.6 -16.2 p.p.m. carbon was required
to reduce the 2,4-1) concentration to 0.1 p.p.m. The authors found that
precipitation with limestone products did not remove 2,4-1) from the
water because of the high solubility of calcium and magnesium salts.
Neither oxidation by chlorination or potassium permanganate nor
coagulation with ferrous sulfate. and alum at concentrations of 100
p.p.m. removed 2,4-D from water.

The removal of low concentrations of toxaphene and I3IIC by carbon
adsorption at a municipal water treatment- plant was studied by
Nicholson et al. (28). During a 4-year period, the concentrations of
toxaphene in untreated water was measured at 7 to 270X 10-6 p.pan.
while the concentration of toxaphene in treated water (luring the same
period ranged from 5 to 410 X 10 p.p.m. The concentrations of
ranged from 7 to 1,004X 10-6 p.p.m. in untreated ivater and from 9 to
640x 10-6 p.p.m. in treated water. It was concluded that the treatment
process used was ineffective in removing the low concentrations of
toxaphene and WIC.

The use of other techniques for the removal of low levels of pesticides
from water has not received extensive study and requires further
evaluation. Such methods involve the use of other adsorptive media,
ion exchange resins, selective membranes and pH adjustment and
require that the chemical characteristics of the specific pesticide that
is to be removed be taken into account.

The available data suggest that periodic occurrences of high pesti-
cide levels in water may be reduced to acceptable concentrations by
water treatment practices and that adsorption by activated carbon
is the most effective such treatment. Low level, long-term contamina-
tion, however, is much more difficult to remove and evidence indicates
that current water treatment methods do not eliminate this possible
source of human exposure.

The keport of the National Technical Advisory Committee to the
Secretary of the Interior (22) on water quality criteria for most
industrial uses does not indicate pesticide contamination to be a major
concern. However, water requited for food and kindred products and
for the leather industries is specified to be of drinking water quality.

Pesticides can have detrimental effects on irrigation \rater quality,
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directly or indirectly. The plienoxy acid herbicides (2,4-D has been
mentioned in the Montebello, Calif., and Colorado arsenal incidents)
are suspected contaminants of irrigation water. Brims (29) found that
when 2,4-D at 6 lbs. pee acre in irrigation water was applied to red
Mexican beans in the seedling stage, the root systems were severely
damaged and the yield was reduced by 40 percent. When applications
at the same level were made at the bloom stage, the loss rate dropped
to 29 percent.

Tentative guidelines have been suggested for certain herbicides and
for specific crops (32). An example is provided by :

herbicide Type of application Reference crop
Concentration

ing./I.

Acrolein Furrow beans 60
corn 60
cotton 80
soy beans 20
sugar beets 60

Sprinkler corn 60
soy beans 15
sugar beets 15

Crop injury threshold in irrigation waters.

For most pesticides, however, too little is known about their ultimate
fate and their influence on irrigated agriculture. However, thus far
evidence does not indicate that under normal use insecticide contami-
nation of irrigation mite' is detrimental to plant growth or accunm-
lates in or on irrigated plains to toxic concentrations.

Pesticide-laden irrigation waters may be a source, of contamination
to nearby streams as a mat of flooding and/or runoff. Miller et al.
(0) observed the movement of parathion from cranberry bogs .treated
at the rate of 1 lb. per acre into a nearby irrigation ditch and drainage
canal. A parathion concentration of 30 p.p.b. was found in the drainage
canal immediately after spraying as a result, of water seeping through
the floodgate. After 24 hours, the concentrations had decreased to
3 X 10-3 p.p.m. At this time 2,4-D was also detected 50 and 150 yards
down the drainage canal indicating movement of the pesticide from the
point of application. The use of a water tight floodgate would mini-
mize seepage bathe overflow of the bog and irrigation ditch as a result,
of a heavy rain would remain as a potential source of contamination
of waters and soils in nontarget areas.

In n study of the fate of aldrin in rice paddies, it was found that
2 days after seeding with treated seeds at an application rate of 6 oz.
per acre, the water iu the paddy contained 1.6 p.p.b. aldrin plus deil-
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drip (31). After the third and last drainage of the paddy, 14 weeks
after seeding, the water contained 0.07 p.p.b. aldrin plus dieldrin. Up
to 0.027 p.p.b. aldrin plus dieldrin was found in the ditches into which
the paddies were drained after 14 weeks and the small stream which
received this water contained up to 0.44 p.p.b. The river into which
the stream flowed contained as much as 0.023 p.p.b. aldrin pins diel-
drill. Concentrations in the river decreased to below 0.006 p.p.b. after
several more weeks.

In the same study, 7 days after the treatment of a cotton field with
0.4 lb. per acre of endrin, a concentration of 0.66 p.p.b. endrin was
found in the runoff following a 1.15-inch rain. Used irrigation water
contained 0.11 p.p.b. endriu 3 days after spraying. Prior to irrigation,
the water had contained 0.08 p.p.b. endrin. These data indicate that
irrigation water applied to fields following the application of pesti-
cides may be contaminated after use. The degree. of contamination
depends on the time interval between the, pesticide application and
the irrigation water use, as the water concentrations decrease with
elapsed time. The concentrations of pesticide in runoff after heavy
rains, following pesticide application may be significant. Godsil and
Johnson (32) studied the pesticides in water used to irrigate the areas
surrounding the. Tule Lake and Lower Klamath Lake Wildlife
Refuges located in northern California. Approximately 156,000 acres
of land lie upstream from these lakes and extensive use of pesticides is
made in the area. Water is used and reused throughout the irrigation
system and samples were taken at a point where the water had been
recycled an estimated 5.2 times. Endrin, because of its abundant usage
in the area as well as its high degree of persistence, was found in the
irrigation water in greater amounts than any other chemical. The con-
centrations of endrin in the irrigation water increased during the
growing seasons and decreased to the limits of sensitivity between
seasons. The endrin concentrations of submerged plants, clams and fish
followed a similar pattern. A maximum of 0.10 p.p.b. endrin in the.
water and 198 p.p.b. in tui chubs was found during one growing season.
Thus, the pesticide concentration of irrigation water and aquatic biota
were directly associated with the agricultural activities in the area.
Between growing seasons, both the water and the organisms returned
to low levels of contamination. No mortalities were observed as a result,
of this contamination. Although these results indicate that. short-term
pesticide contamination does not result. in a permanent, residual con-
centration of pesticides iu aquatic organisms, the possible long-term
hazards may only be postulated.

Direct spraying. Pesticides are applied directly to waters for the
control of mosquitoes, obnoxious or undesirable weeds, and snails. In
order to minimize the potential harm of such applications, both to non-
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target biota and to human consumers of water, an analysis of the pro-
posed pesticide's characteristics with respect to uses of the target area
must be conducted prior to its application. An example of a successful
large-scale direct application of a pesticide to water which serves both
as it recreational facility and as a water supply is provided by Smith
and Isoth (33) who describe the application of 2,4 -1) for the control
of Eurasian waterntil foil growth in TVA reservoirs. Very stringent
controls were required in order to preserve the aquatic components
of the system as well as to minimize the contamination of drinking
water taken from the impoundments.

Eight. hundred and eighty-eight tolls of a 20 percent 2,4-D butoxy
ethanol ester granular herbicide were applied to 8,000 acres in seven
reservoirs at rates varying from 40 to 100 pounds of 2,4-1) acid equiva-
lent per acre. Prior to the application, laboratory experiments deter-
mined that concentrations of 2,4-D much in excess of the concentra-
tions that would be encountered in the field, were not completely toxic
to mosquito larvae. This indicated that the aquatic fauna would not be
adversely affected by the concentrations resulting front the tp,:,licat ion.

Following the application of 2,4-D, raw water sample.. .,-ere, ana-
lyzed by activated carbon absorption at nine water treatment plants.
At eight of the plants, concentrations in the raw water of less than
1 p.p.b. 2,4-D were found, and at the ninth, 1 to 2 p.p.b. were detected.
Treated water from the ninth treatment plant contained less than 1
p.p.b. 2,4-D. Significant. mud concentrations were observed following
treatment, however, and these residues remained high for a. consider-
able period of time. In the Watts Bar Reservoir, for example, 58.8
p.p.m. 2,4-D butoxy ethanol ester was found 10 months after treatment.

In the reservoirs examined, no significant change was observed be-
tween pre- and post-treatment. numbers of burrowing mayflies, indicat-
ing that the benthic invertebrate populations had not been harmed.
The elimination of the watermil foil did, however, result in a significant
loss of aquatic insects which utilized submerged vegetation as a habitat.
Although little uptake of 2,4-D by fish was observed, instances of the
accumulation of the herbicide by freshwater mussels were observed.

The large-scale application of a herbicide for the control of nuisance
aquatic plant growth with a minimum of harm to the aquatic. eco-
system is demonstrated by this study. The results could not have been
obtained had not the herbicide used been carefully selected.

In another investigation, preliminary studies failed to reveal all
the hazards involved with the proposed direct application oft pesti-
cide to a lake for the control of it nuisance organism. The. insecticide
D1)D was applied directly to Clear Lake in California for gnat control
in 1949, 1954, and 1957 by pouring tt liquid concentrate of DIM from
barges (34). The resulting water concentrations were estimated to be
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14 p.p.b. in 1949, and 20 p.p.b. in 1954 and 1957. It was determined
before the applications that DDD at these concentrations was not
toxic to fish and other aquatic organisms. Dead western grebes, how-
ever, were found in 1054,1955, and 1957 in areas surrounding the lake.
An analysis of the fatty tissue of the birds which died in 1957 indi-
cated that 1)1)1) was present at a concentration of 1600 p.p.m. Sub-
sequent DDD analyses were made on members of the fish populations
and it was found that all fish contained DDD, and that carnivorous
fish contained more than plankton-feeding fish. It was concluded
from this study that the grebe; losses, occurring after the DDI) appli-
cations, were caused by chronic DIM poisoning resulting from eating
DDD-contaminated fish. Therefore, studies prior to the application,
which indicated that the 1)1)1) concentrations used were not toxic on
a short-term basis, did not take into account the biological concen-
tration of the pesticide through the food chain.

Mosquito control.- Current mosquito control practices utilize both
larvicide and adulticide techniques. The Southern operationsinclud-
ing the States of Alabama, Florida, Georgia, Louisiana, Mississippi,
South Carolina, and Texasrely on light oils applied with spreading
agents in their larvaciding operations. Aircraft application is used
for large areas at the rate of 5 gallons per acre, Paris green pellets are
also applied by some districts, and, again, sometimes the aerial route
is used. Resistance is the primary reason that organochlorines and
organophosphates are not used.

The Southern opera ions also rely extensively upon engineering and
drainage techniques. These are not too amenable to Western activities,
however, where irrigation is a prime cause of mosquito burdens.
These areas have also met with extensive resistance problems and
have gone through chemicals such as DDT and Abate. Last year,
Dursban was utilized in large-scale tests because it appeared that this
chemical would be a more economical choice than oils or Paris green
pellets.

Adulticiding operations utilize ground equipment such as the new
Leco ULV (ultra-low-volume) and chemicals such as malathion and
Naled. Aircraftfixed-wing and helicoptershave been used to apply
Baytex, and organophosphate. ITLV and fogging operations are often
conducted in populated areas.

Municipal and industrial waste discliorges.As with many other
industrial processes, the wastes of the pesticide manufacturing and
formulating industries usually may not safely be introduced directly
into receiving bodies of water. The treatment required to reduce the
toxicity of the wastes to levels which will not. endanger aquatic sys-
tems varies with the components of the wastes themselves. Some com-
pounds are amenable to treatment. by chemical and biological processes
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while others are more resistant to conventional treatment. Settling
basins are often used to allow time for waste decomposition and for
impoundment during periods of low flow. Solid and heavy liquid
wastes may be incinerated effectively, often in combination with the
scrubbing of effluent stack gasses for removal of harmful vapors.
Adequate incinerator operation is essential. The deep well disposal of
wastes may be practical in some instances but, because of the risks in-
herent in this disposal technique, a thorough evaluation of the geologi-
cal characteristics of the area and the nature of the waste involved is
required in each specific instance before this method is employed.

Water concentrations. As part of the National Water Monitoring
Network, samples of a water-suspended sediment mixture from 11
streams in the Western part of the United States were analyzed
monthly for 12 different pesticides beginning in October 1965 (35).
The compounds for which analyses wee. made included aldrin, DDD,
DDE, DDT, dieldrin, endrin, heptachlor, heptachlor epoxide lindane,
2,4-D, 2,4,5-T and silvex. All insecticides were found at one time or
another but not at all stations. The amounts observed were small,
ranging from less than p.p.t. (parts per trillion) lindane, to 110 p.p.t.
DDT. Insecticide concentrations of 5 p.p.t. or more were found in
slightly more than 50 percent of all positive samples. No herbicide was
found at any time at any station.

Although no definite seasonal pattern could be noted in pesticide oc-
currence, positive results were more. frequently found in February,
March, April, and May. ',imbue was the most frequently found in-
secticide and occurred in 46 of the total 165 positive results. The most
infrequently occurring pesticide was aldrin which was observed only
four times at all stations. The most frequent occurrence of pesticides
was at the Rio Grande River station below Anzalduas Dam, Tex.,
where 20 percent of the total positive results were observed. The least
number of positive results was observed at the Snake and Columbia
River stations each of which recorded only seven pesticide occurrences.
Since the amounts of pesticide applied in the various areas could not be
ascertained, no relationship could be made between residues in the
water and the agricultural use of pesticides.

Studies of the chlorinated. hydrocarbon pesticide content of sedi-
ments in water from the lower Mississippi River and its tributaries
were conducted in 1964, 1966, and 1967 to determine the extent of
possible sources of agricultural pesticides in the streams of the Delta
(30). There were two areas of significant pesticide contamination, one.
in Memphis, Tenn., and the other in Mississippi. Both were in associa-
tion with chlorinated hydrocarbon pesticide manufacturing plants.
Pesticide residues were detected from both agricultural and nonagri-
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cultural areas. There was, however, no evidence of a general build up
of chlorinated hydrocarbons in the sediments of these streams from the
agricultural use of pesticides. DDT analogs and associated metabo-
lites were found in sonic of the tributary streams where no known for-
mulators were located. These data indicate that the large amount of
chlorinated hydrocarbon pesticides applied to crops in the Mississippi
River Delta have not created widespread contamination of the water
and sediments in the area.

s a part of a nationwide program to determine the levels of cholori-
nated hydrocarbon pesticides hi estuaries, nine California estuaries
were sampled during 1066 and 1967 M. Shellfish were used as sam-
pling organisms because of their ability to concentrate low pesticide
levels in the marine environment. Among the pesticides found were
lindane, heptachlor, aldrin, heptachlor epoxide, 1M1, dieldrin, and
eudrin. Based on the wet weight of homogenized oyster, mussel, and
clam tissue, DDT, DIM, DDE, dieldrin, and endrin were found in
estuaries in concentrations from 10 to 3,600 p.p.b. High levels of DDT,

DDE were observed from offshore exposure, as the king crab
contained 2,739 p.p.b., and the ova from a cape salmon 668 p.p.b. The
pesticide levels of shellfish in estuaries receiving runoff from agricul-
tural and urban areas were found to be as high as 11,000 p.p.b. The
pesticide residues in est uariesgeographically isolated from agricultural
areas seldom exceeded 100 p.p.b.

From 1958 to 1965, samples taken at more than 100 stations in the
major river basins of the United States were analyzed by carbon
adsorption for their chlorinated hydrocarbon content (38). Dieldrin,
endrin, and DDT concentrations as high as 0.1001).1)1)9 0.116 p.p.b., and
0.148 p.p.b., respectively, were found at various sampling stations.

The results of this study indicate that the most widely found chlori-
nated hydrocarbon pesticide was dieldrin which occurred most fre-
quently in all river basins. Endrin was found oceassionally in the early
years of the survey with increases in incidence occurring in 1962 and
1963. The maximum frequency of occurrence of endrin was found in
1964, particularly in the lower Mississippi River, after which endrin
levels decreased. DDT and its associated compounds were found regu-
larly from the beginning of the study with a slightly increasing trend
in evidence.
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There is a tendeoes toward the overuse of pesticides both in agri-
1111t11M1 as Well as in domestic activities. In largeseale operations the
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dust ing or spraying operation is frequently conducted with the avowed
purpose of serving as a prevention of blight or insect infestation in
order to assure against potential] loss. In some cases an assessment of
the actual existing infestation or evidence to indicate the exact dosage
requirel would lead to considerably smaller amounts of pesticides
being used.

Excessive household use of pesticides occurs because of the complete
hick of a scientific approach to their employment. In cases where large
scale applications are made by plane, commercial spraying or fogging
equipment, attention must he given to problems of drift associated
with wind and air currents. Depending upon the degree, of infestation
and the nature of the meteorological conditions, occasions have arisen
where the felt need for pesticide application did not allow the post-
ponement of the spraying operation until more favorable meteorolog-
ical conditions existed. In such cases, drift has been experienced to a
distance as great as 100 miles.

Sy8tenoir rerstt4 kurface-type pridieidek...Some research has been
conducted on plant systemic pesticides which allow the pesticide to be
picked up by the roots of the plant- and clrried through the plant
system. To date, while sonic applications of this type have been suc-
cessful, the overall prospects for wide-scale adoption (!o not appear
to be very promising. addition to the potential of reducing the
waste of the more convo.tional types of application such an approach
would increase contamination of the soil. Questions have also been
raise!' in regard to the use of plant systemic pesticides in relation to
the possibility of the contamination of the fruq and plant which
are subsequently used for human or animal feed.

PeRtieideR from .roil to p11ui. ('mops may absorb pesticides from
soil previously treated. In areas where shert-term crops are raised.
such as ion t nick farming where the crops have relatively short grow-
ing periods and where repeated applications of pesticides may be used
for each crop, there is evidence that a considerable amount of pesti-
cide residue remains in the soil and is picked up by the plant and
deposited in varying amounts in the food product.

For example, Lichtenstein rf lid. ( found that cucumbers grown
on soil treated once a year for 5 years with Akin, diehlrin, and hep-
tachlor at the rate of 5 pounds per inch -acre contained up to 0.011,
0.102, and 0:23 p.p.m., respe. lively. Similar residues were found in
both the upper and lower halves of the cucumbers. The pesticide
residues had penetrated the mot system and were translocated to tl:e
fruit. In the same study, it was found that alfalfa grown on soil con-
taining 0.5 p.p.m. per inch-acre of aldrin or heptachlor would contain
appniximately 0.005 p.p.m. of Rldrin and dieldrin or 0.015 p.p.m. of
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heptachlor and heptachlor epoxide. Similarly, Wood ct O. (2) found
that alfalfa grown on fields treated 4 and 5 years earlier with dieldrin
at 5 pounds/acre contained as much as 0.03-0.04 p.p.m. dieldrin. The
residues of corn grown on the same fields did not differ greatly from
those of the alfalfa.

Bruce ct at. (31 studied the relationship between the pesticide resi-
dues in several crop seeds, the soil concentration and fat content of
the seeds. Theiv results are as follows:

Seed
Soil residue

P P.m
Seed residue

Heptachlor and heptachlor epoxide_ Corn 0. 5-4. 0 0. 002-0. 01
Barley 6. 5-4. 0 0. 002-0. 02
Oats 0. 5-4. 0 0. 008-0. 08

Alchtn and dieldrin Corn 0. 35-3. 5 0. 002-0. Ot,8
Barley 0. 35-3. ti 0. 006 -0.015
Oats 0. 35-3. 5 0. 007-0. 08

Seeds with high fat content such as soybeans and peanuts contained
greater pesticide residues than did seeds of lower fat content.

Nash (4) grew wheat in soils treated with DDT and dieldrin at
0.5,2 and 10 p.p.m. Dieldrin residues in the wheat seedlings increased
in direct proportion to the soil application rate. DDT residues also
occurred in the seedlings but to a lesser extent. After 3 weeks, dieldrin
seedling residues were approximately 18 percent of the soil concen-
t ration and 1)1)1' residues approximately 3 to 10 percent. The transfer
of pesticides contained in a soil to crops via the root system can there-
fore be n significant source of food contamination.

Metabolim of policidei by the plant. Studies of the ability of
plants to metabolize pesticides which hnve been applied either to the
surface of the plants or which may be found in the soil have indicated
that in some cases this process can serve as R means of reducing the per-
sistence of the. pesticides. For example, the destructive hydrolysis of
organophosphate hvecticides on plant surfaces and within plant
cells (especially for systemic insecticides) Allow such strong pest
(ides as TM', Phosdrin and Mevinphos to be used safely on edible
fruits and vegetables within R day or two of harvest. Persistent chlo-
rinated hydrocarbon insecticides, on the other hand, do not. undergo
olegradat ive react ions in such short time periods.

In other cases, however, more harmful and/or persistent compounds
may he reduced by metabolic processes. It is well known that within
plant cells aldrin may be converted to epoxide dieldrin and heta-
chlor to heptachlor epoxide. The vapor pressure of the epoxide corn-
pounds are lower than that of the parent chemicals with the result
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that the half-life values of the pesticides increase from about 1 day to
7-13 days.

7'11c effect of plant characteristics on residue. A number of plant
characteristics require additional application of pesticides at various
stages of production. These include growth rate of the plant, foliage
density, shape of the plant, surface. characteristics of the leaves, stems
and branches, problems of the enzyme systems of the plant, and the
metabolic rates of the plant. The amount of residue which actually
comes in contact with the plant and remains effective depends to a
great extent on all of these factors.

Mac factor. The pesticide residue carried to human food may
depene, on the period of time between the application of the pesticide
to the crop and the harvest and plocessing of the crop. The intensity
of the application, growth, dilution, and degradability are coupled
with the. time and method of processing. All of these factors must be
considered in the assessment of the amount of pesticide which reaches
the ultimate consumer.

Mann and (liopra (5), for example, found that carbaryl residues on
cabbage. and eggplants decreased exponentially from the day of appli-
cation. Their results, after spraying the plants at three different rates
every 3 three weeks for 9 weeks, are as follows:

Initial residuesp.p.m.

0.S.5 poi nd!acre 1.1 pat mtscre 2.2 pm nd rat.t

Cabbage (0 day) 14. SO 23. 83 33. 86
Cabbage, washed (0 day) O. 97 I. 34 I. 25
Eggplant (1 day) ft 33 12. 22 16. SO

?ally wt.:SuesI% p.m.

11 SS poutni 'acre 1.1 pound 'am 2.2 poumi 'Atte

Cabbage 2.50 3.04 5.13
Cabbage, washed 1. 44 2. 17 2. 94
Eggplant 3.0.5 4. 31 .'t. 40

The rate constant was 0.17-0.28 per day for both vegetables and the
half-life values for cabbage and eggplant were 3 and 3.2 days respec-
tively. These results indicate that ample lime must be allowed for
pesticide die off before processing, even though carbaryl and other
pesticides do exhibit a rapid residue loss, rate. It is therefore important
that the rate of residue loss is known by the farmer and food proces:or,
in order that pesticide application and crop harvesting and processing
may be coordinated. These results also indicate the process of pesti-
cide dissipation may be speeded up by such procedures as washing.
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The use of the crop.The route of pesticides to man may depend
upon the use of the crop in question. For fiber products, the residue
on the crop may cause less concern, except in cases of those persistent
pesticides which may cause dermatitis or which are toxic by skin
absorption.

Some food products which are subjected to a series of pesticide
applications are consumed by the public without extensive processing.
In other case:, the processing of the food may remove a portion of the
pesticide residue while in other cases the food processing method may
serve to concentrate and accentuate the pesticide problem in the
food product.

Surveys of food in the markets of the nation indicate varying
amounts of pesticide residues in many commercial foods. The total
dietary exposurt varies from one part of the country to the other
and depends upon the dietary habits of the individual or family.
Few, if any, foods are completely free from sonic degree of pesticide
residue.

The dietary intake for pesticide chemical,: in the United States from
June 1960 to April 1968, is reported by Duggan and Lipscomb (0).
The market diet studied was that of 16- to 19-year-old males, a group
that consumes greater quantities and kinds of food than any other.
The study was conducted in ,five geographical regions of the United
States and the foods were prepared for consumption before analysis.

During the period from Juin, 1966 through April 1967 (referred
to as the 1907 period), residues of 15 chlorinated hydrocarbons, 6
organophosphates, 4 herbivides, and 2 carhantates were detected. Simi-
larly, between Juno 1961 and April 1968 (designated as the. 1968 study
period), residues of 18 chlorinated hydrocarbon chemicals, 8 organo-
phosphat es, ti herbicides, and 1 ea rbantate were found.

The following table reports the daily intake and percentage of total
daily dietary intake of each of the four organic pesticide classes.

TOO 'mate eneday
retcvnl !alai daily

!nixie

1967 1966 196; 1966

Chlorinated hydrocarbon! 0. 081 0. 072 09. 8 85. 8
OrganophosphateA 018 . 000 15. 5 .1. 5
lIerbieideA 004 . 004 3.4 .1. 0
Carbamat ell .013 .002 II. 3 3.7

Total 100. 0 100. 0

Chlorinated hydrocarbon peAtieideR.----The high pmportion of
chlorinated hydrocarbon residues in the diet is expected because of
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their greater persistence and wide use. The daily intake of chlorinated
hydrocarbons has been relatively consistent since 1964. DDT and its
analogs comprised approximately two-thirds of the chlorinated hydro-
carbon residues found during the 1967 and 1968 periods. DDT alone
accounted for approximately one-fourth of the total intake of chlori-
nated hydrocarbons. The major sources of the chlorinated hydrocar-
bons were those food classes representing products of animal origin,
namely, "dairy products and meat, fish and poultry." These foods were
the source of approximately one-half of the total intake of chlori-
nated hydrocarbon residues. In view of the fact that these products
received little direct application of pesticide chemicals, their presence
must be due to indirect and environmental sources. Grain, fruits,
and garden fruits combined to account for about 40 percent of this class
of pesticides. The dietary intake from the remaining srven food classes
studied: Potatoes; leafy vegetables; legume vegetables; root vege-
tables; oils, fats, and shortening; sugars and adjuncts; and beverages,
accounted for about. 10 percent of the chlorinated hydrocarbon
residues.

Dieldrin, lindane and heptachlor followed DDT and its analogs in
magnitude of dietary intake. The incidence and amounts of other
chlorinated hydrocarbons detected in the study were too low to be of
any dietary significance.

Organophovhate imeetickle4.Appmxinintely one-third of the
organophosphate insecticides were found in grains and cereals. Ma la-
thion accounted for 80 percent of the calculated daily intake of organ-
°phosphates. The average daily intake for this 2-year period was 0.009
mg./day. The incidence and intake of the remaining seven organophos-
phorons insecticides detected were too low to be considered Is regular
components of the diet.

licrbicideA.About 60 percent of the herbicide residues detected
during the 1067 and 190 periods were in foods of animal origin, that
is, dairy products and meat, dish and poultry. This is again idicative
of envimmnental contamination since herbicides are not used directly
on these products. The two mast frequently found herbicides were
2,4-D and PCP.

Carhamate insceilekletcThe incidence and amounts of carbaniat es
were very low in both study periods. The insecticide carbaryl was found
in four composite samples in 1907 but WAS not found at all in 1968.
For 1067 ils calculated daily intake was 0.000 mg./day. This group of
chemicals did not mom at sufficiently high levels of frequencies to he
considered as contributors to the daily intake of pesticide chemicals.

Dithiocarbamale residues were found in R few samples in both studs
periods. Evidently this class of insecticide decomposes sufficiently dur-
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ing harvesting and processing so that it is not regularly found in
ready-to-eat, food.

Inorganic re8idues.Inorganic, bromides were found in approxi-
mately 80 percent of all samples examined during the 1967 and 1968
periods. Bromide residues were, found in all food classes, but the highest
residues were found in the grain and cereal class. The average daily in-
take for the 2-year study period was approximately 2-1 mg.

Arsenic residues were detected in 10 percent of the composite samples
examined in 1967 and in 18 percent. of the. samples analyzed in 1968.
The daily intake of arsenic, calculated as A s208, was 0.33 mg. for 19f
and 0.137 mg. for 1968.

When the dietary intake. of pesticide, chemicals is compared with the
acceptable daily intake proposed by the Food and Agricultural Or-
ganization of the United Nations and the. World I lealth Organization
Expert Committee on Pesticide Residues, it is found tha, no acceptable
daily intake value was exceeded by food residues during the 196:1-1968
period. The daily dietary intake for practically all pesticides was at
least one order of magnitude (1/10) or more below that considered
safe by the FAO-WII0 reports. The average combined level of a!drin
and dieldrin, however, was approximately equal to the acceptable
daily intake values. This is significant because, except for DDT and its
analogs, dieldrin is the pesticide most, frequently found in food. The
following table compares the FAO-WII0 acceptable daily intake
values with the dietary intake of several pesticides during the 1965-
1968 period.

FAO-W110 F:tpended dietary intake t
wept able

daily Intake 1%3 l% 19611

Aide-in and dieldrin 0. 0001 0. 00009 0. 00013 0.00000 0.00006
Carbaryl 02 0021 0005 0001
1/1)1', 1)DE, TDE . 01 . 0009 . 0010 .0008 . 0007
Lindane . 0125 . 00007 . 00006 . 00007 .00004
Heptachlor and

heptachlor epoxide. . 0005 . 000033 . 00003 . 000021 .000031
NIalathion 02 . 0001 . 0002 . 00004
Parathion .00.1 00001 . 00001 . 000001
All chlorinated hydro-

carbons .0012 .0010 . 0012 .0011
All organophosphateA. 00014 . 00025 .00007
All herbicides. 00012 . 00022 . 00005 .00006

(mg ltit. body irt,,dey).

In summary, the kinds, frequency and levels of chlorinated hydro.
carbon pesticides found in the total diet samples during 1967 and
1968 do not differ significantly from those found from 19(4 and 1966.
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Chlorinated hydrocarbon residues were commonly found in all diet
samples and in all food classes except beverages. The incidence of
otganophosphorus pesticides increased during the 4-year study period.
Nfalathion was the major contributor of this group to dietary intake.
The incidence and levels of herbicides have remained low throughout
the 4-year study. No herbicide residues were found in legume and
root vegetables and garden fruits. The incidence of carbaryl and
carbamate chemicals were too low for these pesticides to be consid-
ered as regular constituents of the diet.

Foods of animal origin were the main source of chlorinated hydro-
carbon residuts in the diet. These. foods comprised about one-fourth
of the diet used in the study. These foods were the source of about
one-half of the intake of total chlorinated hydrocarbon residues and
DDT compounds and were the source of even a greater proportion of
heptachlor epoxide, IIIIC and dieldrin. Since the residue levels of
nidrin and dieldrin are about the same as the acceptable levels of these
compounds, it is possible that the acceptable daily intake nay be ex-
ceeded under certain dietary patterns. Reductions in residue levels
in foods of animal intake would be the most effective means of re-
ducing the dietary intake of pesticides, particularly the more toxic
pesticides.

The exposure of the general population, therefore the impact of
pesticides tm the health of man, is much greater through the food
route than either air or water. Although "market basket" studies indi-
cate that the exposure of the population to pesticides through food
over the last few years has generally not increased, present levels of
intake, particularly for aldrin and dieldrin, may be some cause for
concern. At any rate, so far as the health of the general population
is concerned, the greatest emphasis in pesticide control should be on
reducing the concentration in foods. Methods for such reduction are
available and are being applied on an increasing scale.

Animal feed.Market basket surveys indicate that foods of animal
origin contain relatively high levels of pesticide residues. As meat and
dairy products are not directly treated with pesticides, t he consumpt ion
of contaminated feed is probably responsible for the subsequent. build
up of pesticides in animal tissues. The wide a riety of components such
ns fish, soybeans, and cottonseed contained in animal feed increases the
potential contamination of the feed by pesticides.

The length of time that the residues remain M high levels in animal
tissue varies with the pesticide And the concent rat ions consumed. Often
the tissue residues decrease after the cattle stop eating contaminated
feed. If the cattle were killed and prepared for human consumption
while still eating contaminated feed or immediately after they had
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stopped eating such feed, however, significant residue levels in the meat
might be found if they were originally high. The build-up of pesticide
residues in cattle tissue was studied by Rusoff et at (7) who measured
the residues of heptachlor epoxide in the fatty tissue of cattle which
grazed on pasture treated with 0.25 lbs./acre heptachlor. The cattle
were allowed to begin grazing on the field at intervals of 1, 8, 15, 29,
and 43 days following the application of the pesticide. The cattle
which began grazing 1 day after treatment contained 2.5 p.p.m. hep-
tachlor epoxide in the fat. No pesticide was found in the cow which
began grazing 43 days after treatment indicating that the pesticide
level in the forage had declined. The fatty tissue. residues decreased
with increased elapsed time before grazing began. Several cows were
allowed to begin grazing on a field during an application of 0.25 lbs.)
acre heptachlor. The average fat ccntent in these cows was found to
contain 3.45 p.p.m. heptachlor epoxide after 29-30 days. The concen-
tration decreased with increasing time from the application. Lathan
1 p.p.b. heptachlor epoxide residue was found in the raw and cooked
meat of cattle which had grazed for 125 days. This study indicates
that although pesticide residues do build IT in tissues as a result of
eating contaminated feed, the residues are reduced after such feeding
is terminated.

Claborn et al., (8) found that after feeding toxaphene to cattle
over an 8.week period at rates of 60, 100, and 140 p.p.m., fat residues
were 8.4,14.3, and 24.3 p.p.b. respectively. Claborn el al, (9) also found
that no residues of Sevin were found in the tissues of cattle, sheep,
goats, and hogs after they had been sprayed four times in 2 weeks
with a 1 percent suspension. One goat contained Sevin in the fat
of the brain. The tissues of Hereford steers fed 50 and 20 p.p.m. Sevin
for 27 days also contained no residue.

Tim excretion of pesticides in milk after cattle have consumed for-
age previously treated with pesticides can also be a problem. Cows
fed DDT in their diet at rate of 0.5, 1.0, 2.0, 3.0, and 5.0 p.p.m. DDT
in alfalfa exhibited DDT in their milk at all feeding levels except
0.5 p.p.m. (10). At 1 p.p.m., residues of 0.01 to 0.03 p.p.m. were
consistently present in the milk after 10 days. As the 1)1)1 feed levels
increased, the DDT contamination in milk increased. At a feeding
rate of 5 p.p.m. significant DDT levels appeared in the milk
from a Guernsey cow. The milk concentration during the feeding
period ranged from 0.10 to 0.32 p.p.m. Cows were also fed toxaphene
at rates of 2.5, 5, 10,15, and 20 p.p.m. for 77 days (11). The milk con-
centrations increased with time amounts in the food. The residue levels
in the milk plateaued after the 28th day except for the 2.5 p.p.m.
level at which a plateau was reached after the 9th day. Plateau levels
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in the milk at the 2.5, 5, 10, 15, and 20 p.p.m. toxaphene feeding level
were 0.043, 0.076, 0.100, 0.173, and 0.179 p.p.m. respectively. A rapid
decline in pesticide milk residues was observed after the feeding of
toxaphene was terminated and, 14 days after the termination, almost
all the cows produced milk with nondetectable amounts of toxaphene.
Thus it appears that milk residues as well as tissue residues decrease
after termination of the feeding on contaminated forage. Not all pesti-
cides produce residues in milk. Loeffler et al., (12) found that Cruthion
did not produce detectable residues in milk at feeding levels of 4.2 to
33.3 p.p.m. Guthion metabolites were detected, however, but disap-
peared within 3 days after treatment was discontinued.

The spraying of cattle with insecticides for insect. control may pro-
duce milk and tissue residues. Claborn cl al., (8) sprayed cows with
toxaphene and strobane in a 0.5-percent emulsion, a 0.5-percent sus-
pension, and a 2-percent oil spray. These concentrations are entomo-
logically effective. The emulsion and suspension were used twice. at 3
week intervals and the oil spray twice. daisy for 21 days. The maxi-
mum residues in milk (0.61-0.71 p.p.m.) occurred 1 or 2 days after
the first spraying with the emulsion Ind suspension and then decreased
to low values at 21 days (0.07:41.12 p.p.m.). There was no significant
difference in residue levels between the two formulations or two insec-
ticides. The residues of both toxaphene and strobane reached the
maximum (0.28-0.41 p.p.m.) about the third day of oil spraying then
remained +at :approximately the same level for 18 days. Since Ho resi-
dues are permitted in milk, these insecticides are not recommended
for use in the control of cattle bisects. Thus. animals which are fed
on feeds containing pesticide residues or which are sprayed with
pesticide for insect control may serve as an additional source of
ixsticides to the consuming public.

Moubry (1 al., (1.1) studied the decline of chlorinated hydrocarbon
pesticides in the milk of cows. After pesticide residues were detected
in the milk of several herds., all efforts were made to remove the cows
from exposure to pesticides by minoring the cows from contaminated
food and/or dermal spraying for insect contras ?. After removal fr-om
the pesticide sources the residues eventually declined to a point below
actionable levels. Dieldrin had the longest retention time in milk, ap-
proximately 100 days. DDT and its analogs,1111(',lindane, endrin, and
inethoxychlor follow in that order. The amount of 1)1)1', 1)1)1), ME
residues in milk varied in relation to each other depending npon
whether the animal exposure was by ingestion or dermal application.
This knowledge is useful when determining the source of pesticide
exposure.
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Direct exposure. -- Various foods receive a direct exposure to pesti-
cides during the growing season and, depending upon the methods of
processing, may contribute considerable pesticide to the diet of the
food customer. The problem to the consumer in this situation depends
upon the degradability of the pesticide, the time factor between the
application and the final processing, the time factor in shipping and
the amount of pesticide applied. The degree of pellet rat ion of the pesti-
cide into the food material is also of concern with certain types of
food.

Koivistoinen et al. (14) studied the fate of malathion residues from
post-harvest treatments during food processing of gooseberries, plums,
tomatoes, apples, and stringbeans. The approximate residue. reduction
produced by the various processing techniques were: Canning, 50 per-
cent. or more; processes with a cooking period of 15 to 20 minutes, 30
to 50 percent ; juice making by prming or steaming, 70 to 00 percent ;
dryirg at 75° C. for 1 to 2 drys, 90 to 100 percent ; and freezing, 40 to
50 percent. Losses of from 0 to 70 percent were obtained by washing
the fruits in running water for 1 minute. Virtually no malathion was
lost when the processed materials were stored at 4° C. for up to 8
months.

The removal of DDT, malathion, and carbaryl from tomatoes by
commercial and home preparative methods was studied by Farrow
ct nl., (16). Commercial canning and juicing operations removed pi ac-
t ically all DDT, malathion, and carbaryl residues. All but trace
amounts of DDT and malathion were 'moved by the home canning
of whole tomatoes and tomato juice. Approximately 92 percent of the
carbaryl residue was removed by canning whole tomatoes and 7T per-
cent removed by the home canning of tomato juice. 11ome preparation
removed appmximately 85 percent of the DDT residue, 90 percent of
the malathion and 69 percent of the carbaryl residue. Haw, unwashed
fruit stored at 55° F. exhibited no significant decrease in DIYF or
carbaryl. malathion residues, however, decreased by approximately
30 percent. during a 7-day storage period.

The effect of commercial and home preparation on DDT residues in
potatoes grown on soil treated by front 19.1 to 23.2 lbs./acre DDT was
investigated by Lamb (1 al.. (16). Commercial washing operations re-
moed approximately 20 percent of the total 1)1)T residue from per

wherets lye peeling plus washing removed about )4 percent.
Following washing, commercial pmcming further reduced the rtvi-
due to insignificant levels. Peeling removed more than 01 percent of
the residue diming home preptrative procedures. No significant loses
of DDT residue was exhi!)it ed by potatoes stored M 45° F. fora period
of 8 weeks.
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Gunther et al., (17) found that the half-life values for Guthion
under dry field conditions was 30 to 38 days for lemons and 340 to 400
days for oranges. Rainfall or washing markedly decreased the Guthion
residneq. (1uthion is largely noupenetrating, therefore, and relatively
persistent on these fruits, but may be removed easily.
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SOIL CONTAMINATION

The fall-out of pesticides following sprayed applications in the di-
rect treatment of soil has led to a build-up in the soil of various
amounts of pesticides. Soil residues may, therefore, be a cause for con-
cern since they may reach man by a number of routes : uptake from
soil by consumable crops; leaching into water supplies; volatilization
into the air : and by direct contact with the soil. The magnitude of the
problem is directly related to the amount supplied to the soil and the
rates of pesticide degradation in the soil. The problem can be minimized
by reducing the amounts of pesticides reaching the soil by more effec-
tive application procedures, by using pesticides that have a low per-
sistence so that once they reach the soil they remain only for short
periods or by the use of pesticides of relatively low toxicity.

In order to reduce the hazards of soil contamination, it is necessary
to understand and utilize the mechanisms which affect pesticides per-
sistence in soil so that for any given application the correct parameters
may be measured and evaluated. The factors which must be considered
include: (1) Pesticide type and formulation ; (2) pesticide adsorption;
(3) soil type; (4) soil moisture and temperature; (5) uptake by
plants; (6) leaching of pesticides from soil by water; and (7) wind
erosion.

Pesticide type and formulation.The persistence of a pesticide is
related to all of the factors enumerated above as there are many bio-
logical, chemical and physical mechanisms of pesticide removal from
soil, each acting differently depending on the chemical structure of
the pesticide. For example, chlorinated hydrocarbon compounds are
less amenable to bacterial breakdown than are the organophosphates.

The formulation and application method used may influence a pesti-
cide's longevity in soil. Lichtenstein (1), for example, found that
aldrin residues on the soil surface decreased more rapidly than resi-
dues beneath the surface, no doubt because of a greater exposure of the
chemical and physical effects of weathering. It was also found that
granular applications of Guthion were more persistent than emulsions.

Pesticide adsorption and soil typs.The phenomenon of pesticide
adsorption is intimately related to the particular pesticide in question
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and the type of soil in which it is found. The nature of the colloidal
soil particles, whether they are high in oitanic content or are of clay
or sandy composition, affects adsorption. The solubility of the pesti-
cide and the pH of the soil also affect soil adsorption. Some pesticides
are absorbed more rapidly under moist conditions and some under dry.
Most pesticides are adsorbed to a greater extent at cool temperatures
than under high temperature conditions but not all. In short, there
are few general statements about adsorption that can be made con-
cerning all pesticides. Each compound reacts to the influencing fac-
tors in an individual manner.

Soil moisture and temperature.In addition to affecting adsorption
rates of pesticides on soil particles, the moisture and temperature of
the soil may also affect microbial activity. High rri,-,isturo content tn-
hances the degradative process of hydrolysis by microorganisms. Tem-
perature also affects the biological breakdown of pesticides, the solu-
bility of the pesticides, and the amount of volatilization which occurs.

Uptake by plants. Some pesticides are translocated from the soil
into plants or crops. Lichenstein (2) found that potatoes, radishes,
and carrots gross n on a loam soil treated with aldrin at 1 lb. per acre
contained 0, 0.03, and 0.05 p.p.m. respectively. Heptachlor-treated
soils yielded greater crop residues than did those treated with aldrin.
Thus, this mechanism constitutes a potential exposure hazard for man
since edible crops will take up pesticides from the soil.

Leaching of pesticides from soil by water. Pesticides held in the
soil may be carried by water with possible subsequent contamination
of water courses, water supplies, and groundwater. Run-off after
eivner rainfall or irrigation may physically transport particles to
which pesticides adhere or the water may leach the pesticide from the
soil particles. Water NM percolated through soils treated with 1 p.p.m.

lbs. per 6-inch acre) aldrin or parathion (3). A parathion con-
centration of 0.013 p.p.m. was found in the water percolated through
the soil. This concentration decreased with time until water percolated
through the soil 17 days after treatment contained only 0.001 p.p.m.
No measurable amounts of aldrin were detected in water percolated
through aldrin-treated soil during the same time period. The contami-
nation of water by pesticide soil residues was in general a function
of the water solubility of the particular insecticide.

Nicholson, et al. (4) studied a pond in a 40-acre watershed which
contained various crops. Parathion was applied N.. the crops at the
rate of 4.4 lbs. per acre. During the months following treatment as
much as 1.9 p.p.m. parathion was found in the bond bottom mud and
0.01-1.22 p.p.b. in the water. The bottom sediment and water con-
centrations varied according to the application time and the amount
of soil erosion.
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Tarzell and Henderson (5) found that the dieldrin concentration
of runoff water from a grassy area treated with 2.66 lbs. per acre de-
creased with tame. The dieldrin concentration of water following a
rainfall which occurred one day after treatment was found to be 0,13
pp.m. The concentration of dieldrin in runoff following a third rain
which occurred 9 days after the treatment wi-ts 0.025 p.p.m. No dieldrin
was detected in the runoff following a rainfall later in the 9th day after
treatment.

Nowhere is the argument against using the permanent types of pesti-
cides (e.g. mercury, arsenic and lead) better illustrated than in orchard
areas of the United States where arsenic-containing pesticides have
been in use for decades. In many such areas the arsenic has accumu-
lated in the soil to the point where the soil is toxic, shortening the life
of trees and making difficult the profitable use of orchard lands for
the forage crops that normally follow orchards in rotation (6).

Wind erosion. -- Another possible hazard to the general public from
soils contaminated with pesticides is that of wind erosion. With appro-
priate conditions of soil, moisture, humidity, and wind, pesticide resi-
dues from the soil may find their way into the air and be transmitted
for great distances from the original source of application. (See section
C, The Air Route.)
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IlouSEHoLD USE

The use of pesticides for domestic purposes has become widespread.
.Accompanying this increased application is an increased danger of
misuse, accidental poisoning and increased contamination of the home
environment. Homeowners are seldow acquainted with the scientific
rationale of safe application and frequently fail to read and under-
stand the instructions contained in the label. Thus, problems of over-
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use and misapplication have reached the point where contamination
by household pesticides may constitute a significant proportion of
the total population exposure.

Of special concern is the development of a large number of pesti-
cide dispensing devices intended to simplify the reduction of pests
in the household. Shelf paper impregnated with pesticides and evapo-
rators intended to produce an insecticide aerosol for insect control
are examples of potentially hazardous installations in closed environ-
ments. Pesticides have been incorporated in paints, furnace filters,
swimming pool chemicals for algae control, and in various types of
automatic dispensers, all of which may provide problems of exces-
sive pesticides in the living environment of the household. Garden
hose atomizers have been developed for home use with a variety of
pesticides. These devices have the potential of causing back-siphonage
in which situations highly toxic pesticide materials can be intro-
duced into the home drinking water system.

Little information is available concerning the total amounts of
household pesticides used in the United States. A study of Salt Lake
County, Utah, from July, 1967, to July 1968, is illustrative of the
amounts of household chemicals in use and indicates the proportion
of the total amount of pesticides applied that may be attributed to
domestic use (1).

In Salt Lake County, with an area of 761 sq. miles and a population
of about 440,000, a total of 200,811 lbs of pesticide were applied during
the 1-year study period. The amounts used in the various types of
application are as follows:

Use
Domestic
Agricultural

Farm

Pounds
102, 490

38, 511
Commercial Applicators 18, 722
Fruit 14, 540
Government Agencies 12, 871
Mosquito Abatement 12, 871
Live Stock 2,880

Total 200, 885

In this county, therefore, domestic pesticide use accounted for ap-
proximately one-half the pesticides. These amounts would vary de-
pending on the degree of agricultural activity in a given area but
illustrate the large amounts of pesticides that are being used domes-
tically in some areas.

Of the 102,490 lbs applied domestically, the amounts of the impor-
tant pesticides used were as follows:
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Pesticides Pounds
Arsenic 81, 783

Chlordane 5, 876

2,4,5-T and 2,4-D 5, 700

DDVP 2, 800

Malathion 1,380
DDT 1,108
Other 3, 663

The inorganic pesticide arsenic, therefore, accounted for approxi-
mately 80 percent of the domestic pesticides used.

A different usage pattern was found in Arizona by the Arizona
Community Pesticide Studies Project which contrasted the domestic
usage of pesticides with agricultural usage for the year 1968 (2). The
findings were based on 475,362 households in the state and a crop
acreage of 1,204,000 acres and are presented below.

Pesticide group House and garden
use-1968

Agricultural use
1968

lba. tech.
material

lbs, tech,
material

Chlorinated hydrocarbons 28, 600 4, 202, 000

Herbiciciv. 12, 690 870, 000
Organophosphates 11, 590 2, 839, 200
Miscellaneous insecticides 5, 600 263, 600

Fungicides 2, 600 126, 000

Carbamates 1, 900 153, 400
Defoliants and dessicants

Total 62, 980
1,

9,
084,
538,

100

300

Thus, in contrast to the findings in Salt Lake County where a high
arsenic domestic usage was found, the group of chlorinated hydro-
carbon pesticides accounted for approximately 45.5 percent of the
pesticides used domestically. Also, whereas the domestic usage of pesti-
cides in Salt Lake County accounted for approximately 50 percent
of the total, domestic usage in the state of Arizona accounted for only
about 0.6 percent of the total.

All people, of course, do not use pesticdes in their homes and
gardens in equal amounts. Finklea et at, (3), for example, surveyed
Charleston, South Carolina, and found that whereas 83 percent of
the white families sampled used pesticides in their home, 97 percent
of the nonwhite families employed household chemicals for pest con-
trol. It was observed that the homes of nonwhite families were more
frecently infested with roaches, mosquitoes and flies. Nonwhites
therefore applied pesticides inside their homes more intensely than
did whites. Yard and garden applications, however, were found prin-
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cipally among whites. Thus, the differences in application were prob-
ably attributable to differences in economic status and housing quality.

Both white and nonwhite families commonly ignored safety precau-
tions in the use of household chemicals. Locked storage was not em-
ployed by 88 percent of all families; 66 percent stored the pesticides
within easy reach of small children; 54 percent stored the chemicals
near food or medicine ; and C6 percent never wore protective gloves dur-
ing use or washed their hands after the application.

This study indicates that lower socioeconomic groups may use
pesticides in greater amounts than higher socioeconomic levels but that
both groups tend to disregard safe practices in the application and the
storage of these poisons.

Davies and Carter (4) observed differences in DDE blood levels in
children living in different areas of Dade County, Florida. Some of
the children in the poorer sections exhibited DDE blood levels as high
as those found in adults. The authors hypothesized that the pesticide
blood levels could be correlated with the dust levels in the homes, as
the poorer homes tended to have higher dust levels than other homes.
Poorer homes had many roaches and therefore a greater dependence on
insecticides prevailed in these homes. Also, since DDT is one of the
cheaper pesticides, the poorer families favored its use. The younger
childre7., therefore, would be most likely to be exposed to the dust as
they crawled upon the floor. To test this hypothesis, kittens were placed
in a clean home in good repair and in one of the poorer homes. The kit-
ten in the clean home exhibited no increase of DDT and DDE blood
levels during the study period of four months. The kitten in the
poorer home, however, exhibited a rise of DDT from 12 p.p.b. to 120
p.p.b. and in DDE, from 10 to 20 p.p.b. during this same period. The
average blood DDE in the fear children in this house was 39 p.p.b.
Both homes were given the same cat food. Therefore, even though
the number of kittens in the experiment was not large, a demonstrable
difference in blood DDT and DDE levels was observed, indicating that
general household conditions may have nn effect on the possible expo-
sure to children when all other factors are equal.

Several studies have attempted to correlate environmental pesti-
cide levels attributable to domestic usage with pesticide blood levels
or respiratory performance. Weiner and Worth (5) studied two
groups with similar income, educational level, occupations, residences,
and ethnic background to determine the relationship between insec-
tickle use and respiratory impairment. The heavy-use group applied
pesticides once a week or more often and the light-use group used
pesticides less than once a week. Tests of forced expiratory volume
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and forced vital capacity revealed that people in the consistently
light pesticide use group performed significantly better than those
in households using insecticides heavily. There was no definite corre-
lation between respiratory impairment and a particular pesticide
nor could any other environmental variable be attributed to the dif-
ferences in respiratory function. More asthma and chronic sinusitis
were observed in the heavy-use group and perennial nasal allergy
was twice as common in this group.

A comparison of the exposure to lindane from home vaporizers
with that of occupational exposure levels is provided by a study in
California (6). Several groups of people, each having various expo-
sures to lindane were studied. Lindane blood levels and air concentra-
tions to which they were exposed were sampled. The results are
summarized below :

Sample population

Undone In whole
bloodp.p.b. Llndane e;r

concentration
mgX10-elmsMean Range

ControlNo exposure 0. 48 0. 3-0. 9
Nonproduction workers in lindane plants 0. 93 0. 3-2. 5 9. 0-49
Production workers in plant 1 with little or no

skin contact 4.6 1. 9-8. 3 31-1800
Production workers in plant 2 with little or no

skin contact 4. 1 1. 0-8. 9 11-1170
Production workers in plant 2 with ample

skin contact 30.6 6. 0-93.0 11-1170
Lindane exposure from home vaporizers only 2. 2 0. 9-5.2 1. 0-110

The exposure to lindane home vaporizers produced greater blood
concenttations than nonproduction workers experienced in lindane
plants and in some cases, as evidenced by the overlapping ranges,
produced blood levels higher than in production workers in lindane
plants. Lindane air concentrations attributable to lindane home vapor-
izers were at times as high as those concentrations in the lindane
manufacturing plants.

In summary, the data presented indicate that the use of household
pesticides, while high for all groups, is greater in lower socio-eco-
nomic levels than in high. This fact, together with the generally less
clean conditions found in poorer homes, indicates that people of
lower economic levels may receive a higher exposure to household
pesticides than other segments of the population. All groups tend to
disregard the labeled instructions for safe application and storage.
Respiratory impairment and high blood pesticide levels have been
correlated with heavy pesticide use.
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An additional potential household exposure is provided by contact
with wearing apparel that has been treated with pesticides for moth-
proofing. A survey of dry cleaning establishments in three counties of
Mississippi was conducted by the Mississippi Community Studies
Pesticide Project in an attempt to detetrmine the number of firms
which employed such practices and the pesticides involved (7). Forty-
one dry cleaning firms were questioned about their mothproofing pro-
cedures during the year 1968. Of the dry cleaners studied, 16 used no
mothproofing agents while 25 did use such products. When mothproof-
ing agents were employed, it. was generally the practice to mix a quan-
tity of the agent with the regular dry cleaning fluid. Thus, in these
firms, every article of clothing which was dry cleaned was moth-
proofed as well, regardless of whether the customer had requested
mothproofing. Mothproofing generally began in April or May and
ended in July, August, or September. One dry cleaning firm used moth-
proofing year round.

Four main mothproofing chemicals were used: Sanex, Milo, Tri-
pruf, and Sanitone. All four products contained DDT, although Sani-
tone, which was 100 percent DDT, was the only product in which the
DDT concentration was identified. The maximum volume of moth-
proofing chemical used during 1968 by any firm was 20 gallons; the
maximum weight was 75 pounds.

In mot cases, only one or two employees in a given firm had direct
contact with the mothproofing chemical. The estimated number of
families affected, however, was always in the hundreds, and in some
instances, it was in the thousands. A large number of customers was
therefore exposed to DDT by the mothproofing practices of these dry
cleaning firms.

Commercial peat control. Throughout the nation there are large
numbers of commercial pest control operators Who work extensively
in private dwellings and institutions in the control of household pests.
In 1963 there were 5223 firms concerned with structural pest control
and exterminating services and the number continues to grow. The an-
nual gross income from these operations is estimated to be over 450
million dollars of which about 30 to 40 million dollars is spent on the
purchase of pesticides (8) .

The 10 most important pests controlled by pest control operators in
1965 were as follows:

1. German roach.
2. House mouse.
3. Norway rat.
4. Subterranean termites.
5. House ants.
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O. n roach.
7. Carpenter ants.
8. Oriental roach.
9. Fleas.
10. Brown dog tick.

The German cockroach and the two commensal rodents are the
three most important pests encountered and require frequent, usually
monthly, control. Although fourth on the list of important pests, ter-
mite control accounts for about 35 percent of the industry's income.

The most important insecticides for household use are as follows:
1. Diazinon spray.
2. Chlordane spray.
3. DDVP Spray additive.
4. "Kepone" pellets.
5. DDT dust.
0. Pyrethrins and *merest.
7. "Baygon."
8. Sodium fluoride.
0. DDVP spray.

Diazinon is an organophosphate, is the most frequently used insec-
ticide for indoor work and is effective against most chlorinated hydro-
carbon resistant roaches. Chlordane is very effective against ants and
most species of cockroaches and is used for the control of many minor
pests because of its long residual action, low odor and moderate
inammalian toxicity. DDVP is used to provide a quick knockdown in
conjunction with more persistent chemicals such as Diazinon and
chlordane. The use of Kepone pellets as baits has increased even
though it is relatively slow acting. DDT dusts are used as a trailing
powder to control mice and for the control of cockroaches. Pyrethrins
are used as knockdown sprays and in food processing and storage.
Baygon, a carbatuate, is used to control chlorinated hydrocarbon re-
sistant cockroaches. Sodium fluoride is often mixed with pyrethrum
for dusting walls and concealed areas.

Anticoagulants, such as Kepone pellets referred to above, are used
extensively by pest control operators for the control of rodents. Their
use is primarily as a bait to maintain low population levels after
the rodent numbers have been reduced. Water solutions of anticoagu-
lants are sometimes used, as are tracking powders, but the most com-
mon method employed is that of solid baits. Although anticoagulants
are slow acting, their low toxicity makes them quite attractive from
the safety standpoint. These compounds are ineffective against some
rodent populations, however, because of a natural tolerance or resist-
ance and more toxic rodenticides are required in these situations.
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Proper commercial pest control dictates that the chemical and tar-
get pest organism be matched effectively. The pesticide which will
accomplish the greatest kill in the shortest possible time and in the
safest manlier is the chemical which should be used. The toxicity of
the pesticide must be balanced with its persistence, however, since
many pest organisms require frequent control. Nonpersistent.pesti-
cides may result in uneconomical control frequencies as, for example,
in termite control. More persistent pesticides are therefore often
required and their application must be properly administered to avoid
long-term contamination.

Most commercial pest control operations are under the licensing
jurisdiction of local units of government and in some cases under
State control. The operators, in the main, have demonstrated an
interest in the protection of the health of their employees as well as
protection of the health of the public. The National Pest Control
Association, an organization composed of and sponsored by commer
cial pest control operators, promotes the safe use of pesticides and
helps in the production and evaluation of new chemicals and control
techniques.
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PESTICIDE MANUFACTURE, OCCUPATIONAL EXPOSURE AND ACCIDENTS

In the processes of manufacturing and formulating pesticide mate-
rials, industrial employees may be exposed to pesticide gases, fumes,
and dusts, and to skin contact with these chemicals. In many of the
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large manufacturing plants, industrial hygiene and medical super-
vision are available. Among the small manufacturers throughout the
country, however, little attention is given to industrial hygiene prac-
tices and medical supervision is not available.

Hazards to manufacturing employees can be reduced through a
variety of methods, as for example, the installation of appropriate
ventilation equipment. Hartwell and Hayes (1) observed workers
in two organophosphate formulating plants, one with adequate and
the other with inadequate facilities for respiratory protection against
inhalation of airborne contaminants. In both plants, the workers who
loaded and packaged the formulation mixture, the most hazardous
job in the manufacture of pesticides, were studied. Cholinesterase
activity depressions as a result of pesticide poisoning occurred 41 times
in 26 subjects in the plant with inadequate protection during the first
year of the study. When the plant installed a system which distributed
uncontaminated compressed air to facemasks worn by each worker,
the incidence of pesticide poisoning decreased drastically. The other
plant studied had such a compressed air system but poisonings occurred
due to a faulty design in the air system which allowed a back syphonage
of pesticide-laden air to occur. When this situation was corrected, the
incidence of pesticide poisoning decreased.

Protective clothing may also be employed to protect the workers.
The training and instruction of the workers regarding the hazards
involved in the manufacture of the pesticide, the techniques used for
self-protection, the reasons for this, protection and the procedures to
be followed in case of accidents are perhaps the most important pre-
ventive actions.

It is well known that workers in plants producing persistent pesti-
cides, such as DDT, accumulate much higher levels of the pesticide in
their adipose tissue than the general population. However, Laws et al.
(R) found that even though 35 workers with exposures of more than
11 years at a DDT manufacturing plant had accumulated 38 to 647
p.p.m. DDT as compared to 8 p.p.m. in the general population, no ill
effects were evident. The long-range effects of such high exposures
and accumulation rates are less certain.

Agricultural applications. In California during 1966, 1,347 acci-
dents were attributed to pesticides and other agricultural chemicals
(3). Accidents in the agricultural use of these chemicals numbered 820
while all other occupations accounted for 527 accidents. The number
of accidents involving these chemicals in terms of the industry where
the accident occurred and the occupation of the injured persons is
reported below.
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A g rico Itu re! Chemical

By industry By occupation

Accident
total

A gricul-
tural

Manufao.
luring Other I

Farm
laborers Other I

Total 1, 347 820 204 323 704 623

Organophosphates 253 183 46 24 152 101

Parathion 102 88 12 2 79 23
Other 151 95 34 22 73 78

Chlorinated Hydro-
carbons 94 49 18 27 42 52

DDT, chlordane,
lindane, kolthane. - 40 19 7 14 17 23

Methyl Bromide 30 17 6 7 17 13
Other 24 13 5 6 8 16

Lead and/or arsenic
compounds 10 7 1 2 7 3

Herbicides 145 90 12 43 80 65
Fertilisers 133 73 37 23 48 85
Other 8712 418 90 204 375 337

I Includes: Construction; transportation; trade; structural pest control; government; and unspecified.
I Includes: Professional; clerical and sales workers; truck drivers; gardeners; and unspecified.
$ Includes: Puns ictcles; carbamatas, sulfur; and 438 unspecified.

Of me accidents caused by known compounds, the organophos-
phates were involved more than any other group. Of these, para-
thion accounted for approximately 40 percent. Herbicides and ferti-
lizers, with approximately the same number of accidents, were
involved in the next highest number of accidents where the pesticide
or chemcal was specified. Chlorinated hydrocarbons were involved in
the fourth largest number of accidents. Within this group, DDT,
chlordane, lindane, and Kelthane accounted for approximately 43
percent of the cases and methyl bromide, 32 percent.

There were approximately four times as many accidents involving
agricultural uses as there were industrial accidents. More agricultural
accidents than industrial accidents occurred with every pesticide
group listed.

Farm laborers were involved in more accidents than all other
workers combined, acwunting for approximately 52 percent of all
reported accidents. The accident rate for each pesticide specified
was higher for the farm laborer category than for any other corking
situation.
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Exposure to pesticides from agricultural applications may be ex-
perienced by individuals who apply the pesticide or by agriculture
workers who work in the fields where the pesticide has been applied.
Wolfe et al. (4) studied the health hazards associated with the agri-
cultural application of endrin and dieldrin, two of the more toxic
chlorinated hydrocarbons. The dermal exposure of workers wearing
normal clothing while spraying a 1-percent formulation of endrin
dust on potato fields was calculated to be 18.7 mg./hr. The respira-
tory exposure was calculated to be approximately 1.8 percent of a
toxic dose per hour of exposure. While spraying endrin on orchard
cover crops and dieldrin on pear orchards, the calculated exposure
was 0.2 percent and 0.3 percent, respectively, of a toxic dose per
hour. Even though the exposure levels were far below toxic levels,
the fact that chlorinated hydrocarbons are stored in the body fat
must be taken into account, when evaluating the hazards of repeated
exposures.

It has been estimated that an average orchard sprayman who wore
no hat or protective clothing on his arms would be exposed to approxi-
mately 7.7 percent of the toxic dose of parathion per hour (6) After
about 13 hours of spraying, therefore, the individual could theoret-
ically become poisoned. Experience has shown that this is not neces-
sarily true, however, and this may be attributed to the slow and/or
incomplete absorption of the pesticide which impinges on the skin.
Therefore, toxicity data must be tempered with knowledge of the
mechanisms of pesticide entrance into the body.

Wolfe et al. (6) determined values for dermal, respiratory, and total
exposure in terms of the fraction of toxic dose for 31 different work
activities associated with the pesticide application of 10 different, pesti-
cides. Wind was the most important environmental condition studied,
as the amount and direction of wind directly affected exposure levels.
For each pesticide, there appeared to be a significant variation in the
hazard depending on the type of activity in which the worker was
engaged. For example, the hazard from the indoor house spraying of
DDT was about four times as great as flagging for airplane dusting
of fruit orchards, about seven times as hazardous as outdoor house
spraying, and over 30 times as hazardous AS operating an air blast
spray machine in a fruit orchard. The loader received about three times
as much exposure as the pilot and about 414 as much As the flagman.

The metho1 and rate of application also affected the potential ex-
posure. For example, the potential exposure while operating an air
blast machine spraying tree orchards with parathion was about 12 times
as great as the esposure when spraying the same compound on row
crops with a boom type sprayer. The air blast machine sprays the
pesticide up into the air where it is more subj0,1 to drift whereas the
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boom-type sprayer directs the spray downward. Increases in the appli-
cation rate would also be expected to increase the possible exposure.
In the same way, the amount of time the workman worked at his par-
ticular job would also increase the pesticide exposure.

The potential dermal exposure to each pesticide was much greater
in every work situation studied than the potential respiratory ex-
posure. The respiratory exposure for the various work situations stud-
ied ranged from 0.02 to 5.8 percent. of the total exposure. The use
of low-volume concentrate spraying of parathion in fruit orchards
resulted in a respiratory exposure about three times as great as that
observed for similar parathion applications using conventional high-
volume spray. This is undoubtedly due to the fact that the low-volume
concentrate spraying results in particles of significantly smaller size
than conventional sprays.

Only three of the compounds studied, endrin, parathion, and TEPP,
were involved in operations in which the mean value for the percentage
of toxic dose potentially absorbed per hour exceeded 1 percent. The
highest potential exposure was observed for %corkers who loaded air-
planes with 1 percent TEPP dust. They recei%ed 44.2 percent of the
toxifl dose per hour of work. Although the fraction of toxic dose re-
ceived during application of some of the lets toxic chlorinated hydro-
carbon pesticides was comparatively low, these compounds are, as
noted previously, stored in the body fat following absorption. No
manifestations of such pesticide exposure hark., been observed, however.
In cases where poisoning did occur, it. was possible to show an obvious
disregard of one or more of the safety regulations. Thus, this study
affirms that pesticides can be used safely provided recommended pre-
cautions are followed.

Quinby and Lemmon (7) studied the potential exposure of workers
engaged in picking, thinning, cultivating, and irrigating various crops
to which parathion had been applied. Eleven cases of poisoning in
volving more than 70 persons occurred from contact with the parathion
residues. Since the air concentration of parathion over the crops
was extremely low, it appeared that most of the affected workers were
exposed primarily by the dermal rather than the respiratory mute.
Also, it. WAS observed that many of the workers removed their protective
clothing and wore contaminated clothing for long periods of time.
Thug these poisonings were a direct result of working with and
handling contaminated crops.

In all eases where individuals work with pesticides, it is mential
that they 1* made aware of the problems peculiar to the particular
chemical exposure and that they become familiar with methods of
protect ion.
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Transportation.. In the consideration of problems associated with
contamination of the environment, the possible contamination through
the transportation of pesticides from the point of manufacture to the
point of final application must be considered. The equipment designed
for transportnion of large volumes of pesticide, which in case of acci-
dent could cause hazard to numbers of individuals, require a design
such that accidents would be prevented insofar as possible, Tank cars,
trucks, and pesticide containers need to be designed in such a manner
that mishandling, which frequently occurs in shipment, will not cause
accidents to the individuals handling the material or to the general
public. It is essential that equipment used in handling and disseminat-
ing pesticides be adequately and properly maintained, so that spills
and the escape of pesticides is avoided.

There is also a need to prevent food contamination with pesticides,
particularly in shipment. A number of cases have been reported in
which pesticide materials shipped with foodstuffs contaminated large
volumes of food, thereby causing subsequent illness and death.

To minimize such occurrences, the simultaneous shipment of pesti-
cides and foodstuffs should be avoided. In fact, vehicles used for bulk
pesticide shipment. &mulct be single-use vehicles; i.e., their use should
be confined solely to the transport of pesticide chemicals.

Contamination of water supplies by accidental spills and the con-
tamination of grain used subsequently to make flour has also been ex-
perienced. In all cases, consideration must be given to the instruction
of the individual handling the material concerning the hazardous na
ture of the chemical involved.

Accidents. --A large number of accidents from pesticides occur each
year. For example, in 1901, 9.5 percent of all cases of accidents and
poisoning of children younger than 5 years of age in the United States
was attributed to pesticides (8). Of the 32,034 reported cases, 18,119
were caused by medicines, 1,726 by petroleum products, and 2,7® by
pesticides.

In South Carolina, between 1957 and 1966, 39 deaths were attributed
to pesticide usage (0). Most poisonings occurred in areas of high pesti-
cide application and 60 percent of the fatalities occurred in children
under 5 years of age. Parathion accounted for 34.2 percent of the poi
sonings and arsenic. 31.0 percent.

In Dade County, Fla., studies of the pesticide mortality records for
the years 1950-67 revealed that children under 5 years of age ac-
counted for 2.3 percent of the fatal poisonings (10). These deaths were
primarily due to accidentni ingestion of the pesticides in and around
the home. in addition to the children, yo.mg to middle age Adult
miles who were necupat ionnlly poisoned and middle age to older Adults
who suicidally ingested pesticides; accounted for the majority of the
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fatal and nonfatal pesticide poisonings. Organophosphate pesticides
accounted for 53 percent of the fatal poisonings.

McLeod and IIerban (11) studied the pesticide mortalities which
occurred in Louisiana between 1958 and 1967. Pesticides were the CAUSO
of 102 deaths during this period. The 10-year cumulative death rate
from pesticides per 100,000 population are as follows:

White:
Accidents 0. 48
Suicide I. 94

Nonwhite:
Accidents 2. 21
Suicides 0. 62

Pesticide ingestion accounted for 75 out of the 102 cases. Most of
the poisonings in infants and children were accidental whereas poison-
ings in adults were primarily suicides. Only three deaths were occupa-
tional and these were all agricultural. Arsenic accounted for 37 deaths;
unknown pesticides 21; inorganic phosphorus 12; fluoride 10; and
orgcnophosphates 9.

McLeod (10) also studied the 107 cases of pesticide poisoning in
patients admitted to Charity Hospital in New Orleans from July
1965, through June 1967. Children less than b years of age accounted
for 77.8 percent of these cases. In comparison with the total admis-
sions to the hospital, a greater proportion of the pesticide poisoning
patients were Negro. Most of the adult poisonings were the result of
suicidal attempts whereas the poisoning of children occurred through
accidental ingestion. Pesticide mixtures accounted for 26.1 percent
of the poisonings; Fumarin and Warfarin 20.6 percent; organophos-
phates 15.9 percent; and chlorinated hydrocarbons 4.6 percent.

The above studies indicate that children who accidentally ingest
pesticides in the home account for a large proportion of the accidental
poisonings attributable to pesticides. Efforts aimed at the reduction
of accidental poisonings, therefore, must be directed toward the mini-
mixing of children-pesticide contact in the home environment. No
single pesticide or pesticide formulation has been incriminated as
being a major cause of accidental poisoning. The availability or ease
of access to the pesticide would seem to be more important than the
type of chemical involved.

Accidental exposures to pesticides occur through inhalation, direct
consumption of contaminated food, and through skin absorption.
Coble el O. (13) reports the accidental poisoning of several people
by flour contaminated with tndrin. Although no human fatalities
resulted, the bread which caused the poisoning killed a rat within
12 boars after feeding and caused dogs to convulse. Extracts from
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the flour sacks killed a dog 2 hours following ingestion. How the flour
became contaminated was not known.

The packaging of pesticide products is an important consideration
in the reduction of accidents, whether in the manufacturing plant,
during shipment, in stores or in homes. Defective packages or pack-
ages which might rupture during rough handling must be avoided.
The use of package materials which will not weaken during long
periods of storage due to degradative processes such as corrosion
should be made mandatory.

Another problem is that of the disposal of used pesticide containers.
Large containers may contain appreciable, amounts of pesticides
after use. For example, Wolfe et at (14) fobnd that 22 empty 5-gallon
metal drums which had contained 45 6 percent parathion emuklflable
concentrate contained an average of 2.73 gm. of technical parathion
in suspension. Tests indicated that rinsing the containers twice with
water removed almost 98 percent of the removable, parathion. The
disposal of the rinse water presents additional problems, the solu-
tion to which may be the shipment of unrinsed bulk containers back
to the manufacturer who, presumably, would hare the facilities neces-
sary to clean the containers, dispose of the rinse water and dispose of
or reuse the containers, and at the same time insure that the con
tainers would not be reused for packaging foods or the like.

The incorrect disposal of containers used for household pesticides
constitutes a hazard to man and his environment. It is important,
for example, that glass or metal containers be disposed of soon after
their contents have been emptied in order that they may not, be used
for drinking water jugs or other household purposes or remain avail-
able for possible contact with children. The present day disposal meth-
ods, namely incineration (as presently practiced, time-temperature
aspects are insufficient for pyrolysis) or burial in the ground, are
unsatisfactory in that even though they minimize the immediate
dangers of exposure, they contribute to the buildup of environmental
contamination. A solution offered for the disposal of bulk containers
may not be practical with regard to the many smaller bags, bottles,
boxes, cans, etc., sold to the public each year. Obviously, a more sat-
isfactory solution to this problem must be found. In this connection,
information as to the proper disposal of old, unsold stock or of dis-
continued pesticides should be made available to all pesticide users.

The accidental incorporation of massive levels of granular or powder
insecticides in animal feed in place of the intended mineral is a pri
mary source of pesticide problems in livestock. Animals that die from
such exposures Rre disposed of in rendering plants and end up in
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meat scraps and tankage fed to animals, thus contributing to
pesticide residues in foods for humans.

In order to prevent accidents of the types listed above, one of the
important aspects is that of labeling, coloring, or otherwise clearly
marking pesticides in such a manner that will bring to the atten-
tion of users the hazards which exist, It is important that the user
of pesticides be thoroughly and forcibly warned of the hazardous
nature of the material and the reasons for the precautions which are
recommended. Problems of storage need to be given adequate atten-
tion, particularly in relation to storage of household pesticides so
as to prevent their availability to children.

The possibility of sales control through appropriate registration
of the more hazardous pesticides should be given attention.
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ALTERNATIVE PEST CONTROL MEASURES

Alternatives to persistent pesticides may be of two main types. First,
nonpersistent pesticides may be substituted for persistent materials.
Secondly, pest control procedures which do not utilize toxic chemicals
may be employed. Such alternative methods are usually of a biological
or physical nature but their use has been limited up to this time, al-
though much research has gone into the development of these tech-
niques. An increased emphasis is lying placed on nonpesticide control
methods, with more than N percent of the Agricultural Research Serv-
ice entomological research budget in 1967 devoted to these alternative
techniques. Since more than 90 percent of the total amount of pesti-
cides used are employed for the control of fewer than 100 species of
pest organisms, the reduction of these specific pest populations by non-
chemical methods would significantly reduce the pesticide burden.

In some situations, the establishment of a goal for pesticide treat-
ment of less than a 100 percent kill would not only reduce the amount
of pesticide needed but also would allow the maintenance of beneficial
predators in the community enabling them to continue exerting a nat-
ural population control of the pest organisms.

Development of nonperaistent pesticides The development of non-
persistant pesticides has had high priority for the last several years.
The results of this intense effort are already becoming evident as the
trends in pesticide application Are to the use of the less persistent
pesticides. For example, the organophosphate compounds are under-
going increased production and use whereas the persistent chlorinated
hydrocarbon compounds are, in general, declining in use. Although
many of the less persistent pesticides are more toxic than the persistent
chemicals, and therefore can exert a greater potential toxic effect. on
pesticide handlers and on nontarget organisms, the fact that they
remain viable in the environment for shorter periods of time reduces
the possibility of their entrance into ecological systems with possible
harmful consequences.

Resistant crops. One of the best. methods for protecting crops
against insect injury is the development and use of resistant plant
varieties. The expense of applying sprays and dust, the hazard of
chemical residues, and the danger of developing resistance to pesticides
are all avoided. The development of resistant crops, therefore is a con.
tinuous process of discovery, breeding, and selection of resistant strains.
As the diseases are constantly changing, the resistance of crops to plant
diseases may Also vary. Rainfall, temperature, felinity, planting dates,
and soil condition all influence the degree of resistance shown to s
crop disease.
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Resistant plants that have been developed frequently show an im-
provement in yield and (malty as a result of more normal growth.
Various strains of wheat, oats, and barley and other grains have been
developed which are resistant to leaf blights and rusts. Various strains
of nongrain plants such as alfalfa, cotton, tobacco, beans, potatoes,
and tomatoes have been developed which are resistant to specific dis-
eases caused by various fungi, bacteria, viruses, and nematodes. The
goal is the development of strains of each type of crop which are re-
sistant to all major types of diseases.

Plants which are resistant to attack by insects, as for example the
Hessian fly, have been developed. Corn varieties are available that re-
duce cornborer lows by 70 percent. Wheat and alfalfa strains which
are resistant to the particular insects which attack these crops are
being developed and cotton strains resistant to attack by the boll
weevil have been found. The development of resistant varieties ap-
pears to be the most successful of all nonrllemical control methods.

/meet parasite., and predafora.The introduction of beneficial pare.
sites and predators not native to a particular location and their artifi-
cial growth and distribution is one method by which pests may be
controlled. In addition to the potential lower pest control costs and
avoidance of chemical residues, the widespread substitution of par-
asites or predators for chemical applications would aid in preventing
the danger of developing insect resistance and would also reduce the
possible pesticide injury to the host plant.

There are now at least 95 epecies of imported parasites and predators
established in the continental United States. Many of these were
brought from Europe to control the gypsy moth, the browntail moth,
the European cornborer, and the alfalfa weevil. A large majority of the
introduced species are wasites. There are at least 39 species of par-
asites used in California lgainst scale insects and mealy bugs. Tachinid
flies are used principally against forest and shade tree insects. The
development of techniques which allow for an economical production
of great numbers of parasites has been a large factor in the success
of these efforts. This is necessary so that effective numbers can be re-
leased in areas infested by pest insects.

In spite of some succem, there have been only 106 insects anywhere in
the world including 46 in the United Stat-s., that have been partially,
substantially or completely controlled by parasites or predators in-
troduced into an area by man (/). For reasons of easier geographical
and ecological control, the greatest succe&ses in this type of treatment
have occurred on islands. This is also true of other means of biological
control and it is a fact that large volumes of pesticides still must be
used to control the organisms to which biologi-11 control methods have
been applied despite some succem
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Insect prdhogem.Since insects are subject to infection by disease-
causing organisms, namely, bacteria, viruses, fungi, protozoa, and
nematodes, the use of these organisms offers potential control of pest
insects. The organisms which attack insects are very seldom the same
organisms which attack higher plants and animals, which make them
relatively specific by nature. Various attempts have been made to de-
velop control methods by utilizing disease-producing organisms.
Studies have been made on chinch bugs, grasshoppers, the brown-
tail moth, and the citrus white fly, using fungi as a disease-producing
agent. The propagation and distribution of fungi, however, is largely
dependent on weather conditions and the results of field studies have
been difficult to evaluate. Another problem with the use of insect fun-
gus diseases is that atmospheric moisture and temperature greatly
affect their dissemination. Warm humid conditions are usually re-
quired for the use of fungi in the control of insects. Bacteria, viruses,
and protozoa, on the other hand, are not so dependent on high relative
humitity for growth and dissemination as are the fungi. These orga-
nisms may be ingested with food or carried by the insect's predators
and parasites, by wind and rain and irrigation water. Weather con-
ditions are important, however, in developing the population densi-
ties required for the control of pest organisms.

Bacteria have been utilized for the control of the Japanese beetle.
Large numbers of beetle grubs are first infected with the bacterium
Bacillus sp. The grubs are then refrigerated until ready for use. At
that time, the grubs are ground up, a dust base is added, and the spore
powders are distributed through areas infested with Japanese beetle&
The bacteria spores are resistant to dryness, moisture, cold and heat,
and may live in the soil for years infecting grubs feeding on grass
roots.

The control of the alfalfa caterpillar has been accomplished by in-
fection with the virus Borrelina eampeotee. Infection of these cater-
pillars by this virus can reduce caterpillar populations below economi-
cally important levels in from 5 to 7 days. Supplies of the virus may
be augmented by the continued collection of infected larvae in the
field and their processing to conditions amenable to dissemination.

Micro-organisms used for insect control should not pose a threat to
higher animals or plant& The main difficulties of this type of control
involve the manufacture and dissemination of large amounts of the
microbial material. Also, most of these biological agents are specific by
nature and afl'ect only one pest, allowing other pest insects to live and
flourish once their competition has been reduced. Pathogens also gener-
ally do not produce the quirk kills which farmers prefer. Thus, despite
some promise, the pathogenic control of pest organisms must be
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improved substantially before it can become an effective control
technique.

Cultural or environmental control.The so-called cultural or en-
vironmental techniques for pest control are essentially modifications
of the ecological systems within which the insects operate. One such
approach is the use of induced sexual sterility in which the basic be
havioral patterns of the insect provide the mechanism of insect, control.
In this technique, insects which are sexually sterilized are released
to mate with normal insects thus reducing the population's repro-
ductive potential. If the number of sterile matings is sufficiently
greater than the number of normal matings, the population will
decrease with each generation instead of increasing. When, by con-
tinued release, the number of sterile insects is maintained at A con-
stant level, while the number of normal insects declines, the ratio of
sterile matings to normal matings will increase rapidly in successive
generations.

In many eradication programs, such as the screwworm and melon
fly programs, sterility was induced by irradiation. Since this tech-
nique requires the rearingof insects in the laboratory in large numbers,
it is not applicable to species which are not suited to such laboratory
rearing. In these cases, chemical sterility of a large proportion of the
existing natural population would provide the answer. Chemosteri-
lants are effective in the control of species in which the males and
females that are produced over a sizable area mix thoroughly before
mating takes place. If both sexes remain near the site At which they
molt to adults until after mating has taken place, chemosterilants
would not, be as effective as toxic chemicals. All of the chemosterilants
which are presently in use are presumably mutagenie agents. For this
reason, contact between these chemicals And man or beneficial Animals
should be avoided. Species that are attracted to baits and other
attractants are particularly susceptible to such methods. As of
1966 chemosterilants were not recommended for the control of any
species and no lArge scale experiments in their use had been con
ducted. Research was under wAy to develop safe chemosterilants and
to devise 9A fe And effect ive methods of application.

NegArdless of whether the sterility is induced by chemosterilants
or by irradiation, there are certain characteristics necessary for a
species to be controlled by sexual sterilization. The first necessity,
particularly in reference to Airradiation produced sterility, is that
the species be able to be raised economically in lArge numbers. Specks
that produce a large number of eggs per female and hare A short
life cycle are most readily amenable to this type of resting. However,
it is also e&-oentisl that the sterilized insects an not in themselves con-
dilute A ;injuries or a soutre of injury. Such insects as houseflies
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and cockroaches, or insects which serve as disease vectors, are not
species that can be acceptably controlled by sexual sterility. Species
which are widely distributed or have economic significance also would
not be practically controlled by sexual sterility. Sexual sterility will
achieve maximum success only with species iu which the males and
females mix over a considerable area before mating occurs. If the
insects are restricted in their movement it may be difficult to obtain
adequate distribution and placement of sterile insects in required
numbers to compete successfully with the normal insect in the various
parts of the total area. And finally, it is necessary to be able to steri-
lize the species without too serious effects on its vigor, longevity,
behavior, or mating competitiveness.

Another method of effective sterilization of insects is to inject into
the adult insects synthetic juvenile hormones. Juvenile hormones are
produced by the insect's body during metamorphosis to retard the de
velopment of the adult characteristics. During the final stage of meta-
morphosis the juvenile hormone is not produced, allowing adult
characteristics to develop. When large amounts of synthetic juvenile
hormone are introduced into adult insects, the insects are effectively
sterilized by the degeneration of the adult characteristics. Williams
and Robbins (2) report on research by Roller which determined that
20 mg. of synthetic juvenile hormone was fully effective in controlling
codling moth infestations in individual apple trees. In other experi-
ments it was found that when the high dose of 1 mg. of synthetic
juvenile hormone was injected into a body of an individual male adult
of Pyrrhocoria apterwt, normal females reeeived sufficient juvenile
hormone to sterilize them when mated to the treated male. The con-
taminated females were then in turn be to infect normal males
during later matings, and in many cases, these infected males paved
along sufficient hormone to sterilize yet a further group of normal
females. Thus, if this technique could become effective, the dissemina-
tion of the sterilizing chemical would be enhanced by the normal
activity of the insects themselves.

However, the juvenile hormone may be considered a broad-spectrum
insecticide with a potential for killing beneficial fauna, end hence,
care in its application must be exercised.

Physical pest control methods.. Various types of physical pest con-
trot methods have been developed and are undergoing study in order
to develop their practicality and usefulnevs. Nelson and Seubert (3)
reviewed new methods of pest control which utilized forms of electro-
magnetic, sonic, and ultrasonic energy.

The use of radiofrequency (RF) electromagnetic energy for the
control of inserts has been investigated. Although it has been postu-
lated that. RF energy of some particular frequency would be effective

163



in killing insects by virtue of some resonance phenomenon, this has
never been demonstrated. It is thought the main lethal action of RF
energy on insects is produced by the heating of the RF electric fields.
The use of RF heating in the control of insects in n large area is im-
practical. The main application of the RF heating effect has been in
the insect control of grain, foodstuffs, and wood. RF heating has been
used to control insects in stored grain without damage to the grain
itself. RF heating has been used for wood disin festat ion where in some
cases it might be more practical than conventional heating and chem-
ical methods by virtue of its deeper penetration. Little of the RF
energy spectrum has been studied but from the results obtained thus
far this type of electromagnetic energy merits further investigation.

Infrared energy has been used for insect control by radiating grain
on conveyor belts and maintaining lethal temperatures. The use of
infrared energy for the control of insects within large areas has not
proved practical. Attractants which utilize infrared light sources
have had some success.

Visible light has been used for many years to attract insects Most
of the common light traps employ blacklight, fluorescent lamps as the
attractant source. These lamps emit strongly in the ultraviolet region
and attract large numbers of photopositive insects. Light traps have
been used as an entomological survey device, for detection and quar-
antine work, for the detection of population changes, and the predic-
tion of insect infestations. The use of light traps for the direct con-
trol of insects has been effective in small areas such as vegetable crops
or garden plots and there has been some evidence which suggests that
the control of insects in larger areas by this method may be possible.
Light traps at a density of three traps per square mile over a circular
area 12 miles in dii.meter reduced the tobacco horn worm population by
approximately 65 percent in one season. Light traps in combination
with other techniques offer promise. With certain insects, light traps
containing caged virgin females exhibited a higher catch of male
insects than either separately. Light traps might possibly be used in
combination with chemosterilants.

Visible light may 1* used in other ways to control insects. For ex-
ample, during critical times in the site cycle of certain insets, if the
normal dark period is interrupted by a momentary flash of light, nor-
mal development is prevented. More research into the seasonal cycling
and development of individual insect species must be undertaken so
that techniques such AR this can 1* used effectively.

X-rays and gamma rays, located at the high-energy end of the eke-
Imma.gnetic spectrum, are extremely penetrating types of radiation,
The effect of their ionizing time atoms can be very damaging if seffi-
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cient energy absorption results from radiation exposure. One use of
ionizing radiation in insect control is that of the sterilization of male
insects as discussed previously. The use of irradiation for disinfecting
grain has also received much attention. Various dose levels applied
to grain are used to either sterilize or kill insects without harming the
grain. Wheat irradiation with 20,000 to 50,000 rads from gamma
sources providing energies of not greater than 2.2 Mev. has been ap
proved by the Food and Drug Administration. Since studies of gam-
ma irradiation of citrus fruits have shown that low doses of radiation
are effective in controlling eggs and larvae of the Nfoxican fruit fly,
approval of gamma irradiation for such fruits is also being considered.
When the design of radiation equipment allows it to be used to disinfect
large quantities of grain and other products and the costs of such treat-
ment become more competitive, it is likely that ionizing radiation will
be used to much greater extent in lieu of chemical insecticides.

Other forms of radiant energy, such as sound and ultrasound, have
also been considered for their pest control applicability. They can be
used in two main ways: (1) By causing death directly by heating,
injury to vital organs, or by applying intense energy levels, and (2)
by using lower intensities to which the pests are attracted or their be-
havior affected. Killing pests directly with high intensity sonic and
ultrasonic energy appears impractical because of the cost of produc-
ing the required energy and because the energy can only be applied in
a, restricted area. Artificial sounds and recordings of an insect's own
sound have been used to attract insects.

Integrated control techniques.The joint utilization of several suit-
able techniques to eradicate pests or manage their population levels
is termed integrated control. Integrated control utilizes chemical, bio-
logical, and physical techniques either concurrently or in sequence to
reduce pests to acceptable levels. Integrated control requires a tho moo rrh
understanding of the ecology of the pest populations and reli,
only on chemical pesticides, but also natural enemies and al'
factors in the environment which tend to limit pest populations

Integrated control is desirable because the flexible nature
ecosystem allows it to react or adjust to stress in various wad:
to counteract the reactions of the ecosystem or to lessen the
which causes undesirable side reactions, more than one control I
is desirable. For example, rather than applying a large am('
pesticide for the control of Hessian fly on wheat, smaller an),
pesticide together with delayed seeding and the planting of
strains of wheat lessens the flow to the ecosystem, does not
such a large ecosystem reaction, and controls the Hession
more effective and economical manner than by using pesticide



A similar typo of integrated control would be the use of light to at-
tract insects to a bait which had been impregnated with a chemical
poison.

The effectiveness of integrated control in pest management is well
illustrated with control of the spotted alfalfa aphid. More than a dozen
insecticide treatments were initially employed for aphid control. When
use of natural enemies and insecticides were judiciously combined,
insecticide treatments were reduced to one. However, integrated con-
trol involves techniques that may appear quite subtle to the nonecol-
ogist, such as special plantings of certain tree types (bald cypress)
on reservoir shorelines (4). Hence, integrated control is likely to be em-
ployed only where knowledgeable personnel are available to initiate
and supervise such a program.

In short, integrated control is the manipulation of all the chemical,
biological, and physical components of the environment for the control
of the pest organism. The proper analysis of the techniques and mea-
sures to be employed requires that a systems deign be developed for
the ecosystem in which the pests are found. Ecosystems contain dy-
namic interactions, therefore successful management of the system
must also be flexible and dynamic. To augment integrated control
techniques, fundamentals of ecology, genetics, plant pathology, agron-
omy, and entomology, as well as system analysis, economics, and
biomathematics must be employed.
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MONITORING OF PESTICIDES IN THE ENVIRONMENT

The initiation of specific monitoring programs for pesticides has
been the result of the very specialized interest, of individual govern-
mental agencies. As described below, the Departments of Agriculture,
Interior, and Health, Education, and Welfare all have substantial
roles in pesticides monitoring. Even within these agencies, the respon-
sibilities are divided according to the specific missions of the sub-
agencies such as the Food and Drug Administration, the National Air
Pollution Control Administration and the Environmental Control
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Administration in HEW and the Federal Water Pollution Control
Administration and the U.S. Geological Survey in Interior.

Recognizing the proliferation of studies and responsibilities, a Fed-
eral Committee on Pest Control was established which is charged with
coordination of activities and exchange of information amongst the
agencies involved in pesticide management. The Committee has no
responsibility for initiating activities. Consequently, there are con-
siderable gaps in the monitoring program with the result that an
assessment of the level of pesticides in the biosphere, and how it is
changing, is almost impoc.Able to make. For example, among the
largest reservoirs for the storage of pesticides being added to the
environment are the oceans and yet no agency of the .J.S. Government
has responsibility for monitoring pesticide levels in the oceans.

Many ad hoc studies of pesticides in the environment are being made
by various research agencies, and many of these are being reported
in the literature, but there is a need for evaluation of the entire bio-
sphere, the inputs of pesticides to the biosphere, their degradation,
translocation, and storage and their rate of accumulation in the vari-
ous elements of the biosphere. This would help identify elements in
the environment that should be monitored, and help indicate priorities
for the control of pesticide use.

Amongst the more obvious needs in a monitoring program are the
following:

(1) An agency with initiative for instituting monitoring programs
where they are necessary. Such an agency would have responsibility
for overall assessment of pesticide use.

(2) Studies of pesticide levels in the oceans, groundwaters, lakes,
rain, water supplies, waste waters, and in the air.

(3) Studies of pesticides use and levels in the environment outside
the United States. The use of pesticides in agriculture in developing
countries is only in its infancy. Indiscriminate and excessive use of
pesticides, which can be expected because of the technological and
educational level in these countries, will virtually assure that consid-
erable fractions of these pesticides will find their way outside the
countries of application and into the United States amongst other
countries, just as their use in the United States and other industrial-
ized countries has resulted in pesticide accumulations elsewhere in the
world.

(4) Assessments of pesticides levels in biota, with special attention
to levels in fatty tissues of all species of life. For example, bacteria
concentrate pesticides and the accumulation of pesticides in bacteria
in '1 phases of the environment may involve bacteria as a significant
sto...tge reservoir.
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In addition, there heeds to be a large investment in improvement in
analytical methods for monitoring pesticides in all environmental
media, with emphasis on automated monitoring so that data can be
readily stored and amenable to analysis by computer. The continuous
analysis of data gathered in a comprehensive monitoring system would
reveal points of potential danger and permit regulatory control meas-
ures to be instituted before permanent damage is done.

Pesticides in food and feed.. The Federal program for monitoring
pesticide residues in food and feed is comprised of: (1) Surveillance
programs operated by the Food and Drug Administration, U.S.
Department of Health, Education, and Welfare, and (2) pesticide
residues studies of meat samples provided by the Livestock Slaughter
Inspection Division, Consumer and Marketing Service, U.S. Depart-
ment of Agriculture. The objective of this program is to determine pes-
ticide levels in unprocessed and commercially processed consumer food
commodities, animal feeds and composites of food items prepared
for human consumption. Studies include: (1) A continuing market
basket study to determine pesticide levels in the basic 2-week diet of
a 19-year-old male, statistically the Nation's largest eater, and {2)
the nationwide surveillance of unprocessed food and feed.

The Department of Agriculture in 1964 initiated a program spe-
cifically designed to establish pesticide residue profiles in limited
areas. Pilot studies are being conducted in five areas in the Mississippi
River Delta and in Yuma, Ariz., and Grand Forks, N. Dak. Repre-
sentative farms are selected where records of the kinds and amounts
of pesticides used have been kept for 10 to 15 years. The program is
designed to determine existing pesticide levels in soils, sediment, water,
crops, livestock, and certain species of aquatic and land animals
inhabiting the study areas. In addition, soil samples have been ana-
lyzed from 17 locations having high pesticide use histories; 13 loca-
tions where pesticides were used occasionally such as forests and
range lands; and 13 locations on Forest Service hinds and national
wildlife areas where no pesticides were reported to have been used.

In the surveillance of domestic and imported meat more than
5,000 samples were obtained in 1965 and 1966 from animals slaugh-
tered in federally inspected establishments.

The Food and Drug Administration surveillance program was ex-
panded substantially in 1963. For several years thereafter, FDA col-
lected and examined about 25,000 samples annually, subjecting them
to multiresidue methods of analysis using gas-liquid chromatography.
Presently, about 9,000 samples are examined annually. Most of these
samples are "objective"; that is, not related to any specific suspicion of
excessive residue and therefore expected to be representative of the
food supply as a whole.
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Peeicidls in fish and toildlife.Efforts to determine pesticide levels
in fish and wildlife are being carried out by the Bureau of Sport Fish-
eries and Wildlife, U.S. Department of the Interior. The monitor-
ing of pesticide levels in clams, cysters, and estuarine sediments is a
ment of the Interior and the Food and Drug Administration of the
Consumer Protection and Environmental Health Service, Department
of Health, Education, and Welfare.

The objective of these programs is to determine ut a national scale
the levels and trends of pesticides in the bodies of selected forms of
animals and in estuarine sediments. Fish and wildlife at or near the
top of the, food chain are being sampled at each sampling location.
The species selected are not extremely sensitive to chemicals, are geo-
graphically well distributed, reasonably numerous, and easy to collect.
Residues in these organisms reflect residues in organisms at lower
levels of the food chain. The species chosen for monitoring of pesti-
cides in wildlife include the mallard or black duck, starling, and the
bald and golden eagles. The monitoring of pesticide levels in estu-
aries is done by the determination of pesticide levels in oysters and
clams. The upper estuarine sediment is also being sampled.

Pesticides in surf ice waters.Toe program for the monitoring of
pesticides in surface waters is being carried out by the FWPCA and
Geological Survey of the U.S. Department of the Interior. The purpose
of this program is to provide information on the extent of pesticide
contamination of the Nation's water resources. Monitoring is cur-
rently confined to the surface waters in the major drainage rivers
of the United States. Sampling sites have been chosen according to
the following criteria: (1) Locations have been selected at or near
the mouths of major river drainages throughout the country; (2)
other sampling sites on river systems have been chosen when it is
believed that a reasonable measure of pesticide contamination cannot
be obtained by sampling at the mouth; (3) sites have been selected
at or near stream-gaging sites; (4) sites have been located where the
quality of river water is now being affected by the use of pesticides;
(5) if possible, the locations have been chosen where other kinds of
water quality data have been or are being collected; and (6) statiens
have been located, if possible, at points from which historical data in
the form of carbon filter extracts are available. Fifty-three sampling
locations have been selected. In general, lakes and ground waters,
as well as ocean waters, which constitute the largest reservoir of
pesticides, are not being monitored.

Pesticides in soilMost of the soil monitoring program has been
carried out by the U.S. Department of Agriculture. Other aspects are
being conducted by the U.S. Department of Agriculture in cooperation
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with State and other Federal agencies. The objective of this program is
to determine levels of pesticide residues in soils of selected areas in the
United States and to detect any significant changes in these levels.
Soil monitoring sites were chosen where possible to coincide with
sampling sites of other agencies in the Federal pesticide monitoring
network so that soil data may be correlated with pesticide levels in
other environmental media. Soils in areas of high pesticide usage as
well as areas of low usage are being monitored.

Pesticides in air.--An air monitoring network, eventually to include
pesticides, is being established by the National Mr Pollution Control
Administration. Because of the considerable variability of pesticides
in air, their fallout and washout and the uncertan patterns of air
in air, their fallout and washout and the uncertain patterns of air
movement over the earth, the results of such monitoring will require
sophisticated interpretation.

Pestkides in people.The monitoring of pesticides in people is
being carried out by the Division of Community Studies of the Food
and Drug Administration, OPENS, HE1V, at the Communicable Di-
sease Center in Atlanta. The purpose of this program is to determine
on a national scale the levels and trends of some of the commonly
used pesticides, both in the general population and in population seg-
ments where increased exposure levels are known or suspected. The
present monitoring program hopes to provide statistically and epi-
demiologically sound information for use in the evaluation of the sig-
nificance of man's total exposure to pesticides. Such items as geo-
graphic area, conditions of exposure, type of pesticide, sex, and body
tissue samples are taken into account and evaluated. Two types of mon-
:thring studies are being conducteda limited national survey of the
general population and an indepth study of selected communities in
high-use areas. Three population groups are being sfunpled : (1) Oc-
cupationally exposed workers (agricultural' applicators, workers in
pesticide formulating plants, pest control operators, greenhouse work-
ers and aerial spray pilots) ; (2) individuals not occupationally ex-
posed but known to be repeatedly exposed (people living in agricul-
tural areas) ; and (3) the general urban population (people whose
exposures are largely limited to pesticide traces in food, water and air).
With long-term epidemiological data, it may be possible to distinguish
the effects of continuous low levels of exposure to pesticides on human
populations.

Analytical methods. The accurate measurement of environmental
pesticide levels requires the continuing development of analytical meth-
ods sensitive enough to measure the low concentrations present. The
instrumentation, its correct operation and analysis of the results ob-
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tained by these techniques require highly trained and experienced per-
sonnel. Therefore, the proper monitoring of the pesticide levels in
such major environinntal components as food, air, and water is a
highly sophisticated operation.

Less complicated techniques are available but suffer from a lower
sensitivity. If insensitive procedures are adopted to save costs for
some monitoring operations, the use of a highly toxic compound could
be approved because of the poor method of analysis used, while the
use of another, less toxic compound is denied because a sensitive
method of analysis is available that indicates the presence of an in-
finitesmal amount. Clearly, in order to measure environmental pesti-
cide levels and evaluate their effects meaningfully, the most modern
and sensitive techniques available must be employed regardless of the
cost and complexity involved.

The measurement of pesticide residues in food is perhaps the most
advanced of all such techniques. The time required per analysis is rela-
tively low, the differentiation of the many different pesticide chemicals
may be reliably carried out, and the sensitivity is high, allowing the
accurate measurement of concentrations well below established toler-
ance limits. These techniques are also capable of determining ac-
curately a number of significant metabolic or alteration products.
Equipment of relatively high initial cost is required, however, and
highly qualified personnel must perform the analyses and interpret
the results.

The technique of measuring pesticide levels in air is not as highly
developed as those for food and water. The measurements are most
generally accomplished by passing a known volume of air through an
organic solvent contained in a gas scrubbing deviee. Ethylene glycol
is used most generally as the solvent. Care must be taken to obtain a
reagent blank free of compounds which would interfere with either
the electron capture or flame ionization gas liquid chromatography
systA..ns. The presence in the atmosphere of so many compounds in
small concentrations requires that the analyst be certain that all the
peaks produced originated from the scrubbed air.

These compounds also present problems in identification and differ-
entiation amongst pesticides and other organic compounds, both syn-
thetic and naturally produced, that are found in the environment.
Competent analytical chemists capable of interpreting environmental
polution data must be employed.

Continuously operating monitoring systems are desirable because of
the large amount of air which may be sampled, but such systems re-
quire an inline calibration in order to obtain accurate measurements.
These are expensive to acquire and operate.
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The sensitivity of commonly used procedures is as low as 0.1 p.p.b.
and is limited by the volume of air sampled and the cleanup efficiency.
In general, the sensitivity of the methods now in use is not adequate
for the proper evaluation of pesticide levels in urban areas.

The two most commonly used procedures for extracting pesticide
residues from water are the batch method and the continuous extrac-
tion method. In the batch procedure, a definite volume of water,
usually 1 liter, is extracted with an organic solvent such as chloro-
form, hexane, etc. The continuous extraction method involves the
passage of a large volume of water through an extraction apparatus.
The carbon absorption method of extraction whereby pesticides are
absorbed onto activated carbon and then extracted has not proven to
be of sufficient sensitivity so is not used to any great extent at the
present time.

Using the parameters described in the Food and Drug Aeministra-
tion Pesticide Analytical Manual, as little as 1 p.p.b. heptachlor
epoxide, for example, can be measured by the batch technique. The
sensitivity of this method may be improved at the expense of system
stability. The sensitivity of the continuous extraction procedure is
limited by the volume of water extracted. Once again, trained analy-
tical chemists are required to interpret the data.

Analytical Needs.---In addition to refining existing methods and de-
veloping new methods where no suitable procedures are now available,
research leading to the development of automated instrumentation is
urgently needed. This report identifies the many sectors of the en-
vironment that are not now being adequately monitored, and pro-
poses extensive new investigations to identify epidemiological and
other hazards in the environment. The implementation of the recom-
mendations will require a considerably greater investment in pesti-
cide analysis. In the long run, the most economical approach to these
massive operations will have to be through automation.

SYSTEMS ANALYSIS OF PESTICIDES IN THE ENVIRONMENT

Guides to policy decisions for institutional management of pesti-
cides in the environment require the continuous assessment of (1) the
rates of input of the various pesticides into the environment; (2) their
various rates of degradation and formation of toxic degradation prod-
ucts and in turn the rates of degradation of these products; (3) the
mechanisms and rates of translocation of pesticides among the sev-
eral media of the enviromnent ; (4) and the storage and rates of accu-
mulation of pesticides in the various elements of the biosphere. The
concurrent. examination of these changing rates and amounts consti-
tutes a "systems analysis".
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Such systems analysis research would have several objectives: It
would identify the data that need to Le obtained to permit the analysis
to be made; it would permit an evaluation of the trend of accumula-
tion of pesticides in the environment and it would enable a cost-benefit
analysis to be made that could serve as a guide to pesticide utilization.

The first step would be to establish a conceptual systems analytic
framework for the evaluation of interregional and intraregional
movements of persistent pesticides as they are dispersed into the envi-
ronment, while the second step would be to develop au operational
regional model within the United States for the movement of persist-
ent pesticides, including the import and export of residues into and
out of the region. While the construction of a global model would be a
desirable goal, operationally the task is not a feasible one tinder rea-
sonable limitations of time, effort, money, and data availability. Em-
pirically derived inferences can be drawn from a regional model that
perhaps could limit the added value of a global model.

An essential part of the research, and possibly one of its most valu-
able contributions, would be an assessment of the adequacy of current
research and data collection activities upon which such models will be
built and upon which policy decisions must be made. The value of such
data and research can be measured only in terms of uses to which they
can be put.

The attached schematic diagram depicts a regional system for pesti-
cides movement among the air, biological, water and soil storage and
transport media. Also represented are additions of pesticides through
imports from other regions and direct application within the system
while losses are represented by export and decay. By constructing a
mathematical model of the regional system using established relation-
ships among its components and calibrating the model with the best
available estimates for model parameters, it is possible to assess the
impact on system response of alternative policies relating to rates and
methods of application. System response, measured by the amounts of
pesticides in any component at any time, can be translated into eco-
nomic, health, and ecological consequences, some of which have previ-
ously been established.

Because pesticides include a wide variety of chemicals which are
applied and dispersed by a number of processes and because persistent
pesticides are of primary concern in protecting environmental quality,
the research might initially be directed toward the behavior of. the
persistent pesticides, the chlorinated hydrocarbons, with the other
pesticides being introduced after the model has been designed and
verified.
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EFFECTS ON NONTARGET ORGANISMS OTHER
THAN MAN

SUMBIARY AND CONCLUSIONS

Man is an integral part of the living system, which includes about
200,000 specks in the United States. Most of these are considered to
he essential to the well-being of man. Pesticides are now affecting indi-
viduals, populations, and communities of natural organisms. Some,
especially the persistent insecticidal chemicals such as DDT, have re-
duced the reproduction and survival of nontarget species.

Pesticides are dispersed via air, water, and the movement; of organ-
isms. The most significant concentrations are found in and near the
areas of intensive use, but traces have been found in the Antarctic and
other areas far from application. Pesticides have reduced the popula-
tions of several wild species. Both extensive field data and the results
of excellent controlled experiments demonstrate that certain birds,
fishes, and insects arc especially vulnerable. There are suggestion:; that
pesticides in the environment may adversely affect processes as funda-
mental to the biosphere as photosynthesis in the oceans.

However, the scarcity of information concerning the influences of
pesticides on natural populations prevents adequate assessment of
their total effects. Less than 1 percent of the species in the United
States have been studied in this connection, and very few of these
have been subjected to adequate observation. Present methods and pro-
grams for determining the influences of pesticides on nontarget organ-
isms are inadequate. Little data exists on the distribution, location, and
impact of various pest control chemicals in the natural living systems
of the world.

The general nature of the effects of pesticides on nontarget species
populations and communities can now be suggested. Althobgh there
is usually greater similarity of reaction between closely related species,
each species reacts differently to specific pesticides. DDT, for example,
causes egg shell thinning in ducks and falcons, but not in pheasants
and quail. Pesticides from the air, water, and soil may be concentrated
in the bodies of organisms. The concentrating effect is frequently en-
hanced as one species feeds on another and passes the pesticide from
one link to another in the food chain. Hence, predators like some birds
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and fish may be exposed to levels several thousand times concen-
tration in the physical environment. Some nontarget organisL, can,
under highly selective pressure from pesticides, evolve resistance to
them. The surviving resistant individuals may pass extremely high
concentrat ions to their predators. In communit ies exposed to pesticides,
the. tot al number of species is usually reduced and the stability of popu-
lations within the community is upset. Often, beneficial species are
unintentionally eliminated. Such a reduction in the number of species
is frequently followed by outbreaks or population explosions in some
of the surviving species, usually those in the lower parts of the food
chain. When a vital link low in the food chain is eliminated, many
predators and parasites higher in the food chain are often also
destroyed.

The Committee has reached the following conclusions:
1. Adequate methods should be developed and utilized for evalu-

ation of the hidden costs of the uses of pesticides.
Such evaluation is essent ird as part of the development of use-

ful estimates of all of the benefits and costs to society. Some
partial estimates of the direct benefits are available and useful.
Adequate data are not. available on such indirect costs as lasses
of useful fish and wildlife, damage to other species, and any
esthetic effects. These are required to guide rational decisions
on the proper uses and control of pesticides so that the net gains
will be as great as possible while the net losses are minimal.

2. Persistent chlorinated hydrocarbons which have a broad s:ee-
trum of biological effects, including DDT, 1)1)1), aldrin, chlordane,
dieldrin, endrin, heptachlor, and toxaphene, should br progressively
removed from general use over the next 2 years.

These pesticides are causing serious damage to certain birds,
fish, and other nontarget species among world populations.
Some of these species are useful to man for food or recreation,
some are essential to the biological systems of which he is a part,
and some merit special protection because any are already
endangered.

These pesticides have value in specific circumstawes, and
we suggest that they 1* used only under license and with spe-
cial permits. The system for assuring this careful use should
be established as the unrestricted use of these materials is
phased out over the 2-year period.

3. The release of biocidal materials into the environment should
Ire drastically reduced.

In addition to restriction of the use of hazardous pesticides,
many techniques can be applied which will minimize the re.
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lease of pest control chemicals. In industry, improved chem-
ical and engineering processes could reduce the quantity of
contaminated wash water; more effective methods can be
developed for disposal of unused stocks and residues of pesti-
cides; and improved surveillance of effluents would be de-
sirable. For home use, improved materials and methods of
application can be created and employed with greater discre-
tion on the part of the individuls involved. For large-scale
applications, conversion to integrated methods of pest control,
care in the selection and application of specific chemicals, and
preference for short-lived pesticides would reduce release to
the environment.

These efforts, combined with increased research and educa-
tion, would slowly but effectively reduce the damage to non-
target species.

4. The U. S. Department of Health, Education, and Welfare
or another Federal agency should negotiate a contract with a suitable
national professional organization to develop a system, complete
with standards of training, testing, and enforcement, for the effective
restriction of use of selected pesticides known to be especially haz-
ardous to MN or to elements of the environment.

To achieve an adequate and prompt farther reduction in
the use of certain pesticides and still permit their use where
no adequate substitute is acceptable, there must be a system
of regulation based upon State or local authority but using
uniform national standards. This system should provide for
use of the selected pesticides only by or under the immediate
supervision of a licensed operator meeting certain standard:
of training, competence, and ethics.

5. Educational efforts relating to the proper and improper usages
of pesticides should be improved and expanded.

The most important element in the wise use of pesticides
is the individual person who selects the chemical to be used and
decides upon the methods of application. Suggestions have
been provided elsewhere for the pmper training of all large-
scale applicators. It is equally important that homeowners,
gardeners, students, legislators, civic officials, and other s receive
adequate and correct information and develop proper Mti-
tildes Such education could contribute greatly to wise we of
pesticides, and alm to rational response to governmental efforts
to protect public health and welfare while gaining as mach
advantage as possible from pest con, ml methods.



G. All pertinent Federal and State agencies should review and
improve policies and practices of pesticide use.

The beneficial uses of pesticides have been accompanied by
a wide variety of policies and practices which have sometimes
been wasteful, unnecessarily destructive, or ineffective. We
offer the following suggestions to be included among the guide-
lines for wise use of pesticides:

a. Pesticides should be applied only when there is evidence
that pest densities will reach a significant damage threshold.

b. Effective pest control does not usually require eradication
of the pest species, and should be directed toward optimal
management of pest densities.

c. Support. for research and demonstrations should be pro-
vided to projects based on the systems approach to pest manage-
ment and control.

d. Diversity of species is biologically desirable since it con-
tributes to the stability and efficiency of life systems.

e. No species should be eradicated except_ as a carefully se-
lected pest and when compensating human gains are ecologically
sound and clearly established.

f. Special care must be taken to prevent any damage to the
species and mechanisms which are of fundamental importance
to biological systems. For example, oceanic photoplankton pro-
duces most of the oxygen necessary for the mill's biological
system.

g. Requirements for foal quality should not be so high as to
require. excessive use of pesticides. Customer preference, and
regulatory requirements, for unblemished fruit and vegetables
and the complete absence of insect parts have encouraged heavy
use of pesticides.

h. New pesticides should be given interim approval which
permits contained use in limited lint typical circumstances
prior to general approval. The pattern of careful progressive
risks would encourage new developments without endangering
the public interest.

i. Effective incentives should be established to encourage the
development of improved pest control techniques. The cost of
entering a new product or testing a different control technique-is
high. Since effects on the national welfare are involved, proper
governmental encouragement of private industrial efforts may
lie appro:ulate.
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7. Registration requirements should be strengthened and rede-
signed to permit- initial provisional approval, then general use ap-
proval, and to require periodic review and re-registration of materials.

Registration of pesticides offers the most important oppor-
tunity for estimating potential benefits and costs in advance
of wide usage. In addition to present, registration application
information, useful estimates should be provided of the per-
sistence of the pesticide, on the breadth of its biological impact,
and on its fate. These will disclose the nature and possible, mag-
nitude of the nontarget effects. If approval is appropriate, we
suggest that it be for a shortterm period and for use under
defined circumstances where risks are confined, and that general
use be considered after such field experience. Since some of the
significant. etTects in nontarget species are subtle, sublethal, and
difficult, to detect, we recommend that all pesticides be subject .
to periodic review and approval.

S. All commercial applications and other largescale applications
of pesticides should be performed limier the supervision of competent
trained persons.

The complex responsibilities of pesticide application involve
both achievement of the greatest possible benefit and maximum
prevention of damage. These require considerable knowledge of
the management of crops, the biology of desirable and unde-
sirable species, the effects of weather, and the effects of biocide
in the ecosystems. They also require application of professional
judgment and use of professional standards of conduct and
responsibility. We suggest that all such applicators should be
properly trained, required to demonstrate their competence, and
awarded evidence of their ability, Incentives in the forms of
salary and recognition will be needed to encourage such pro-
feional training.

Training programs for lest management specialists of all
types, including applicators, should include the concepts of sys
terns approaches to pest control and emphasize the relationships
between pest management activities and the total biological
community affected.

Since new information is emerging rapidly in pest manage-
ment, refresher courses for comity agricultural agents, appli-
cators and others involved in the uses of pesticides and other
control techniques would 1,e of special value.

D. The production of additional infoi-mat ion and comprehension
should he encouraged and supixmied on many aspects of pesticide use
And effects.
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Experience with pesticides has revealed many serious gaps in
available knowledge. Research is urgently needed on many gen-
eral and specific problems. The following problems are all re-
lated to nontarget effects of pesticides, and many of them are
also pertinent to other areas of pesticide use, to successful man-
agement of animals and plants, and to fundamental science.

a. What are the acute effects of the common pesticides when
used on the many species of wildlife and other organisms which
may be exposed to them?

b. What are the effects of indirect and chronic exposure?
c. What is the nature and magnitude of the effects of insecti

tides on beneficial insects and other species?
d. What are the normal patterns and variations in natural

biotic communities, as baselines for understanding future pesti-
cide pollution effects?

e. What mechanisms exert natural control on various pest
populations?

f. How can we best estimate pest populations and predict
their trends?

g. What are the full potentials and realistic limitations of the
pest control methods which are suggested as alternatives to
chemical pesticides, including predators, parasites, pathogens,
cultural control, sterilization, attractants, repellants, genetic
manipulation, and integrated approaches?

h. What improvements are possible for pesticide packaging
and disposal (including degradable containers) to minimize
threats to nontarget species?

10. A vigorous specific program should be created to bring the 100
most serious insect pest species of the United States under optimal
control.

These require about 80 percent of the insecticides now in use.
Dramatic focusing of attention on the "1()0 worst" could lead to
rapid improvement in the speciesspecific insecticideks, bin-
logical control methods, or integrated control programs.

11. The responsibilities of the several Federal agencies involved
in pesticide regut Pion and control nmst be more clearly defined and
certain specific activities should be improved or initiated by appro-
priate agencies.

Procedures and patterns for the regulation and control of
pesticide use have emerged during the last 30 years in response
to changes in law, evolving practices in agriculture, production
of new chemical materials, changing public concern with health
effects and nontarget damage, emerging scientific comprehen.
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sion of benefits and costs, and other unstructured events. Both
benefits and costs are now so large as to merit the national allo-
cation of responsibilities. We suggest careful review and
reassignment, by law if necessary, of the proper role of

a. The Department of Interior, charged with protection and
enhancement of nonagricultural resources and with water
quality control.

b. The Department of Agriculture, charged with assisting in
the maximum production of food, fibers, and other culturable
crops in (ways which are not detrimental to other interests.

c. The Department of Health, Education, and Welfare,
charged with protection and improvement of human health and
wel fare.

d. The National Science Foundation, responsible for im-
proved comprehension of fundamental processes and assisting
in their application for human benefit.

e. The Environmental Quality Council, Federal Committee.
on Pest Cont rot, and other coordin at ing agencies.

Other agencies are, of course, involved as users of pesticides
and in other functions Those listed above, however, appear
to comprise the areas of primary attention. In addition to pres-
ent programs and activities related to pesticides, we suggest
the following services for new or additional emphasis:

a. A taxonomic and identification service should be estab-
lished to provide increased knowledge and reference standards
for biological investigations related to all fields of pest control.

b. limader monitoring should be undertaken of the types
and quantities of pesticide I ransmittNI by various means and
reaching nontarget species. Bioaccumulators like oysters and
other molluscs can be unusually useful as indicators, and the
levels of concentrations in predatory species are of special
limp ort n nee.

c. Early indications of undesirable effects must be detected
effectively and followed by appropriate action. When the early
warning system miggests a potential pollution hazard in the
environment, the acquisition of additional pertinent informa-
tion by the scientific community should be supported.

d. Multidisciplinary investigations of alternative control
techniques should 1* carried out whenever present control meth-
ods are shown to contain potential hazards.

e. A single Agency should a_csurne the responsibility for
tiimilating information on the t fleck of pesticides on nontar-
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get species and transmitting it to appropriate regulatory and
educational centers.

f. Measurable predictors of potential hazards from pesti-
cide use should be agreed upon and might be made the basis
of a handicap tax to be applied to each pesticide in proportion
to its pollution hazard.

INTRODUCTION

The earth supports a complex system of living organisms of which
man is an integral part. The system also involves the chemical and
physical environments of the earth's crust, the oceans, the atmos-
phere, and the interfaces between them. In these environments, mil-
lions of kinds of organisms have evolved, each species with a specific
set of requirements.

Certain basic ecological principles are well established. Only the
plants can synthesize organic compounds, through photosynthesis.
Some animals feed on plants, some on other animals, and some on
both. Bacteria and a few other organisms participate in the break-
down processe which return the chemical elements to simple forms
which can be reused and recycled. This master cycling is accompa-
nied by lesser cycling of specific elements and compounds in ways
which are only partially understood. Events on land, in the sea, and
in the air can affect the processes and rates over a very wide area
of the earth, since this is a single global life system.

Only in recent centuries has the human species had more than
trivial impact on biological events in the world. In the century since
the indistrial revolution, man has brought. large areas under con-
trol, changed populations and, eventually, collected and used such
large quantities of some materials as to modify parts of the bio-
sphere. Improved agricultural yields and grave pollution problems
are both aspects of these accomplishments.

TIIr. rIX4) NETwoaK

For the present discmion, the significant questions are whether
or not man's uses of chemicals to kill or control pest. species at spe-
cific sites has calved serious damage to nontarget species, popula
firms-, and pmcessts in the world life system.

Solar energy captured by photosyntlusis is available for biological
use by herbivores, then (in quantities which rapidly decline) to omni-
vores, carnivores, snpercarnivores, and organisms of decay. This
sequence is easily stated, but rarely occurs in nature. There, the energy
transfer process is more accurately described as a network, since
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different stages of each species play differing roles and since an
enormous number of species are involved,

When a persisting chemical compound is made available to this
biological network, its movements and biological effects may involve
many species, locations, and degrees of effect. So it is with some of
the persistent pesticides. Among the benefits the world has received
from the use of DDT, high value should be placed on the increased
knowledge and appreciation which has been gained of the global
unity of the biological network and, therefore, of the global effects
of local chemical usages.

Such chemicals are directed toward a pest species. Release places
the chemical on or in the target, and, invariably, on or in other species
and parts of the environment. The chemical begins its movement
through the ecosystem. We cannot. quantitatively describe the trans-
port of DDT or other chemicals, except for a short period in a river
or pond, but evidence is sufficient to prove the constant movement of
part of the material into and through living organisms. There, the
chain effect of feeding patterns may create increasing concentrations
in subsequent food levels. In general terms, only about 10 percent of
the energy in one trophic level will be transferred to the next level,
and the rest will be used for respiration or released as wastes. Chemi-
cals which are preferentially absorbed into living organisms and
stored for extended period, as are DDT and its derivatives, may, there-
fore, be concentrated greatly up the food chain. At. any point, the
chemical may reach a species which is susceptible to it and damage
will result. The nature of the food web and the distribution of a pesti-
cide are partially illustrated in .figure 1, from the article in The &len-
qv A tnerican by A . M. Woodwell.

If release of such a chemical is terminated, the quantity in the eco-
system will gradually decline in accordance with the rate of natural
conversion of the substances to compounds or elements which do not
have the same effects. This decline in biological organisms will occur
over a long period, related to the length of life of various involved
species and many other factors. Eventually, the amount_ of chemical
compound will be insignificant in the ecosyAem.

SPECITA SPECIFICITY

Since the appearance of the first organism on earth some 4,000 mil-
lion years 11g0, about 00 percent of all species have become extinct.
(lradually, species after species has keen replaced by those better
adapted to the new environmental conditions which also !MT been
continually changing. The evolutionary process and the development
of new species ta'ie thousands of years: a slow pmce; and especially
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slow relative to man's life span. Today an estimated 2 million plant
and animal species exist on earth. Mod. of these species are found in
the favorable tropical regions with fewer species existing in the tem-
perate regions and only a few able to endure the harsh polar climates.

No one knows how many of the estimated 2 million species are
necemiry in man's environment, for his survival and welfare. ('er-
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tainly he cannot survive with only his crop plants and domesticated
animals. Most natural species interact in maintaining a functional
life system. Understanding the biology of the life system is most diffi-
cult because of vast numbers of species and the complexity of their
interactions. Current knowledge suggests great. caution in evaluating
the worth of a particular species.

There is a pattern of basic characteristics common to all organisms,
including a genetic code, a reproductive system and a structure pri-
marily dependent upon carbon, oxygen, hydrogen, and nitrogen. These
characteristics plus the basic requirements of life (energy, matter, and
a suitable environment) form a set, of similarities which are applicable
to all formed life.

The study of plant and animal classification has revealed both simi-
larities and specificity in organisms. Each species is a unique biochem-
ical entity; therefore, species react to each pesticide in a different
manner.

The ancestral system of life and the various lineages provide a
recognized organization and pattern for life in general and species
groups in particular. The more similar the species group, the more
likely its members will respond to environmental factors in a like
manner.

PESTICIDES AND TOXICITY

Approximately 900 chemicals are registered with the USDAPRD
as pesticides for use against. about 2,000 pest. species. The estimated
200,000 nontarget species in the United States respond in diverse ways
to the toxicity of these chemicals. in acme cases, little or no permanent
harm is done as with many of the chemical repellents and attractants.
With other pesticides, however, the effect. upon nontarget organisms
may be as severe (in some cases with DDT) as against, the target, or-
ganisms. Of vital mnsiderat ion is the tact that the vulnerable non
target organisms are often of value to this particular ecosystem.

In general, each poison has ntore than one mode of action; how-
ever, in most cases the tncxles of actions of the pckst icide against, target
organisms Are only partially known. Even less is known about the
actions in nontarget organisms. Even if the target pathophysiology
of a chemical were known, its effect, on nontarget organisms may be
quite different due to the differences between species. For example,
Dire, 1)1)E, and DIA) Are thought to act as a nerve poison on most
insects, but in some birds 11)1)1.; especially influences their physiology
of egg production, and CA nses t hi n eggshells.

Until the mode of pesticide action is completely known and the
differing responses of species and individuals are understood, it will
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continue to be impossible to generalize on either the pathophysiology
or population effects of pesticides oil other target and non t arget species.
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HoUTEs OF ExroSUUE

This section of the report will deal with various aspects of manu-
facturing, transportation, nd distribution of pesticides wherein leaks,
spills, and waste disposal are potential, and sometimes documented,
sources of environmental pollution; hence, exposure of nontarget
organisms.

.Manufacturing of tlw active 'ingredient.

Any leakage which occurs may or may not be intercepted by "fail-
safe" effective traps. This "leakage" is usually slow and the contribu-
tion of pollution to air or water may be of an inconsequential
magnitude; but with today's technology, detection systems can be de-
signed to monitor such losses. Materials %vhich are toxic, or less degrad-
able materials which tend to accumulate in food chains, require and
generally receive more rigorous surveilL,lice and control so that leak-
age, if not eliminated, is trapped or impounded for subsequent waste
treatment procedures.

There is a greater pollution hazard when ttlantattddring requires
direct contact between processing water and the pollutant because
much of this processing water returns to the stream. If the intervening
steps (extraction, neutralization, decomposition, biodegradation, ad-
sorption, etc.) for removal of contaminants from the water are int,de-
quate to lower the pollutant to an acceptable level, then this waste
water is troublesome and expensive to deal with (see waste disposal
paragraph below). Improved processes and engineering systems which
require the use of less water for washing extraction and cooling are
being developed for modern-day plants.

Accidental spills or sudden releases of contamination to the water
or air contrast with leakage which is slow, continuous and less obvious.
Methods of interception are important to contain and confine hazard-
ous materials in the event of an accidental release or spill. Intercep-
t ion systems may be simple and obvious, such as dikes around storage
tanks or separate sewerlines leading to special impoundments. In
some cases elaborate systems may be installed to prevent escape of
contaminated liquid, dust, or vapor from enclosed buildings. The rela-
tive hazard presented by the materials must be a prime consideration
in the design and operation of any manufacturing plant.

Formulating plants are confined largely to !nixing, blending, and
packaging operations and are generally less complex than manufac-
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turing plants; because of this, less demanding of skill and sophistica-
tion. Leaks and spills are as likely, and perhaps more likely, than from
manufacturing plants but the total quantity which potentially could
be released to the environment, at one time would be less than a similar
accidental release from a primary manufacturing plant. There are
more formulating plants, less specialized and handling smaller vol-
umes compared to manufacturing plants where "economy of scale"
permits large and specialized operations. Chemical and biological
waste disposal techniques have proven successful for a large variety
of compounds; others are more resistant to degradation. Incineration
of solid and heavy liquid wastes is a procedure now being used more
extensively. Effluent stack gases are further scrubbed to remove
troublesome vapors. Deep well disposal of waste is a method gaining
in popularity, but this method is not without substantial risks. A
thorough knowledge of the geological structure and the nature of
material to be pumped into the well is essential to avoid escape of
these wastes from the intended strata.

Transportation of the Pesticide or Formulations Thereof

Environmental pollution Nrhich occurs during transportation re-
sults from defective packages or from rupture and consequent spills.
Design of the package adequate to survive rough handling during
transport is an important way to minimize this type of accidental
pollution. Corrosion also leads to failure of the container, particularly
when long periods of storage are involved. This can be prevented by
selection of a suitable container but the costs are higher. Serious in-
stances of spills and leaks during transportation have been reported.

Market Distribution

Leaks and rupture of packages while in the stocks of distributors
and dealers are directly related to package design and care in han-
dling. Generally the incidents that happen while in the hands of dis-
tributors or dealers contribute little to the overall contamination of
the environment. Obsolete stocks can range from small packages sold
in hardware stores and garden centers to drum quantities sold by
distributors and dealers.

Disposal of old stocks and disposal of used but dreg-laden containers
does present a practical problem which requires better practices.
Stocks or containers indiscriminately discarded constitute an acute
toxicity hazard to the people nearby and also serve as a source of
pollution as rain washes any liberated pesticides into the drainage
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water, Few, if any, communities have adequate means of destroying
large quantities of toxic materials in municipal waste disposal sys-
tems. For the small quantities of pesticides involved in wastes from
urban homeowner use inchuling those adhering to empty containers,
burial in an approved sanitary landfill appears to offer reasonable
protection to nonturget organisms. If wrapped, to discourage animals
or children from removing them, and then placed in trash cans for
collection by municipal authorities, they should find their way into
incinerators or suitable landfills. Pesticides should not be flushed down
sanitary or storm sewers.

Under rural conditions, burial away from water supplies is the best
available method to dispose of such waste and small used containers.
Larger containers can be handled by professional drum reconditioners
Improved methods of Nvaste and container disposal are deserving of in-
creased emphasis and support.

Classes of Applicators
1. Homeowners and amateur gardeners purchase small packages

and are largely instructed through labels, leaflets, books and articles,
mid assistance from the denier who sells the product. The extension
service as well as State agencies conduct programs to instruct the
homeowner but it is difficult to instruct this class of user in a meaning-
ful way. The large majority of homeowners are not discriminating
hi the selection and use of pesticides. It is difficult and expensive for
both the manufacturers and dealers to educate the homeowner beyond
the most rudimentary aspects of proper use and disposal of unused
materials. Convenience in application requires special packaging and
application devices, and these, coupled with formulation techniques,
can lead to more sparing use. of pesticides. The homeowner needs ma-
terials which cannot pose a threat to his safety nor introduce harmful
pollutants into the environment.

The typical urban housing development is not a natural environ-
ment for any major part of the biota and thus any damage done by
the use of pesticides is local hi nature. The same may not be true in
larger estates or even suburban residential areas of relatively low
housing density. In such situations, the total effect of pest control
activities by many homeowners may have a significant effect on birds
and soil organisms. Use of weedkillers can cause significant damage
to neighboring sensitive plants.

2. Ornamental trees deserve special mention. It is difficult for the
homeowner to do an effective job of spraying a large tree. Usually a
commercial spray service will be employed. Whether ammud the
home, or around inuncipal parks and streets, trees are prized, and
especially when they are threatened. Budgets for preventive measures
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are usually restricted, hence low cost pest control is stressed. The
combined pressures of citizen concern, costs, and urgency to save the
trees often promotes overuse of less costly and more persistent ma-
terials, particularly DDT. Golf courses receive intensive application
of pesticides, on greens particularly,

3, Pest control as it applies to structures (termites, ants, etc.), fumi-
gation and sanitation in manufacturing plants, and specific pest control
problemsgenerally in urban environmentsis practiced by a trade
generally known as pest control operators. The successful ones are
usually knowledgeable and in many cases licensed under municipal
or State laws. This class of applicator is in a good position to under-
stand the economics, limitations and hazards sufficient to select and
use pesticides properly and minimize environmental pollution. Struc-
tural pest control, if done by well-trained and careful operators, is not
apt to expose the natural biota because pesticides are directed to areas
in and adjacent to buildings where little natural wildlife is found. As
always, the disposal of used containers and waste mixes presents a
problem, Leaching or erosion of soil treated for termite control may
present a hazard to surface and ground water. Recognized and ac-
cepted practices to minimize this hazard have been developed,

4. In 1964, 42 percent of all pesticides produced in the United States
that year were used in agriculture. The remainder went for export
and for domestic nonagricultural purposes. Of the agricultural use,
93 percent of the volume was used in treating crops, 3 percent for
livestock, and 4 percent for other agricultural use. Many large agri-
cultural operators employ contract applicators and aerial sprayers.
Others purchase specialized equipment for more effective and eco-
nomical application. Smaller glowers vary widely in their practices.

Use on farms, including orchards, is commonly considered to be
the most important source of pollution of the soil. Much farm use
involves soil treatment or application by coarse sprays, but there is also
a large amount by aerial application, mist spray, or dust. Determi-
nations of spray patterns have indicated that only about half of the
pesticides applied by air or by mist sprays reach the soil directly
under the application. Some of the remainder is retained on plants
for variable periods of time before it readies the soil as residues on
foliage. There is evidence of drift of herbicides for several miles
and there is no satisfying data on how much becomes relatively
permanently airborne. Neither is there any information on how much
reaches the air through vaporization, "codistillation," or wind ero-
sion of soil, though it has been speculated that all three methods
may be important. The relative importance of farm uses as sources
of contamination of air and water remains largely speculative based
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upon volume of use and some meager evidence of the relative con-
tribution of pollutioa to streams flowing through farmland and
urban areas.

Livestock and poultry raisers use a variety of pesticides. Pollu-
tion of the environment from this source contributes little pollution
burden with one possible exception, that of dipping vats or spray
tanks. When these vats or tanks are emptied and cleaned they have
been known to contribute harmful concentrations of pesticides into
streams.

Many of the forest areas of the United States are managed under
Federal supervision. Large tracts, however, are privately owned. In
either case, the management of forest pests has involved widespread
applications of pesticides and docutrymted cases of environmental
pollution. Control of pests of shade and ornamental trees as well as
those of forests is a rather direct hazard to birds and related forest
biota. Direct hazards to the aquatic environment usually are minimized
by avoiding lakes and larger streams. It is impractical to avoid small
streams and there is always the possibility of drift and surface
erosion. Ordinarily such applications are not necessary on an annual
basis so there is some opportunity of recovery of natural biota between
applications, depending, of course, on the persistence of the pesticide
and the frequency of application. Economic constraints are severe and
aerial application is required for widespread insect control

5. State, Federal, and other governmental pest programs conducted
for control or quarantine purposes are directed at destructive agri-
cultural and forest pests. In addition, pesticide applications are made
to control disease-carrying insect vectors, partictilaly mosquitoes (as
for yellow fever, encephalitis, and malaria). If these are applied only
as residual treatment of interior surfaces, little environmental con-
tamination results, Insect abatement districts are commonly estab-
lished on a county or regional basis in order to reduce the nuisance of
mosquitoes. Noxious weeds are also the object of governmental con-
trol programs. Economic constraints are a major factor in the choice
of methods and materials, Larvicidal treatments for mosquito control
require direct treatment_ of water with the pesticides. If the materials
used are persistent (which favors effective mosquito control and less
cost), there is a high probability of pollution of the environment and
exposure of nontarget aquatic organisms.

Organized mosquito control involves two very distinctive ap-
proaches: larval control and adult control. With the exception of
domestic mosquitoes such as Aedes aegypti, larval control presents
hazards to certain nontarget organisms in the aquatic environment
whether it is done by the application of insecticides, the control of
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weeds by herbicides, or even by water management by drainage or
level control. With each of these techniques, the safeguards lie in the
careful selection of chemicals, control of dosage, and timing of oper-
ations. Evening or nighttime operations minimize exposure to polli-
nating insects and to birds. Fogging or mist sprays for adults depend
upon sintll particle size which may increase the contamination of air.

Governmentally sponsored control operations to prevent the spread
of pests or to eradicate infestations under certain conditions often
result in heavy rates of application of pesticides in an effort to achieve
100 percent control. Ideally, such applications are pinpointed to
specific areas of infestation and are restricted to one or a very few
applications, both of which tend to localize the exposure of natural
biota. Large-scale agricultural or community health programs, on
the other hand, tend to involve larger areas at a specific time than
do private control operations.

6. A growing volume of pesticide is being applied by commercial
applicators who are hired to make applications for home owners,
growers, governmental units, road commissions, etc. Aerial applica-
tion of insecticides, brush control along utility rights of way, weed
control along roads and railroads, mosquito control and forest insect
control are examples of spray applications commonly made. In urban
areas commercial sprayers perform this service for homeowners in-
cluding mosquito control, ornamental pest control, weed control hi
lawns, and a variety of other procedures around the premises.

7. The final class of applicator mentioned here is associated with a
manufacturing or treatment plant wherein the pesticide is deliberately
applied to the processed article in order to prevent subsequent attack
by insects, rodents, molds, bacteria, marine organisms, etc. This may
involve fabric treatment (moth, or mold proofing), wood treatment,
(insects, fungus, marine bore's), preservatives and antifoulants for
paints and coatings (marine paints included). As with manufacturing
and formulating of pesticides, leaks, spills, and waste disposal asso-
ciated with treatment plants present a hazard to nontarget organisms.
The escape of the pesticides from the treated articles or coating is not
known to have contributed significantly to environmental pollution
with the possible exception of antifoulant paints where sand blasting
prior to repainting has transferred particulate matter to water and
muds.

Methods of application whereby pesticides enter the environment

1. Fumigation of enclosed space (chambers, vaults, sealed struc-
tures, and space enclosed by impervious tarps) involves the use of toxi-
cants which are volatile, penetrate rapidly, escape rapidly when re-
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leased and do not leave objectionable or toxic residue. The quantities
used are small compared with other common pesticides, The released
gases escape to the atmosphere but quantital ively contribute little to air
pollution at today's usage levels. Nontatget organisms are not harmed
unless accidentally confined within the enclosed space.

2. Applications of pesticides to soil range from mass treatment at
one extreme wherein large volumes of soil are exposed to the pesti-
cide, to seed furrow treatment where the pesticide is confined to a small
fraction of the total soil mass. Between these, extremes is a wide
variety of application methods designed to match the pesticide proper-
ties with the vulnerability of the target organism and to do so without
damaging the desired plants.

a. Volatile liquids and gases are employed for the control of
pests in soil, particularly nematocies. Soil used for seedbeds may be
treated for weed, fungus, and insect control. The volatility of methyl
bromide requires that a tarp be used to prevent escape of the gas. Less
volatile liquid fumigants such as 1,3-dichloropropene-1,3 dichloro-
propane mixtures or ethylene dibromide are applied by preplant
application using chisel or plow applicators after which the toxicant
slowly diffuses through the top 12-24 inches of soil depth (if the plow
soil is broken up, it is possible to achieve greater depths of penetration)
to reach the nematodes. Volatile liquids (1,2-dibromo-3-chloropro-
pane for example) which are less phytotoxic to growing plants can be
applied by side dressing using chisel applicators or by irrigation with
water containing accurately metered concentrations of the pesticide.
Nontarget organisms are also affected throughout the exposed soil
mass.

In time, ranging from a few hours to a week or more, the volatile
fumigants will disappear from the soil. Effects on soil organisms do
not last beyond 1-3 years. Fumigants containing bromine such as
methyl bromide or ethylene dibromide leave a bromide residue in soil
which can be absorbed by certain plants and become incorporated in
feed or food. Growing peanut plants, for example, are unusual in their
ability to transfer bromide ion from the soil to the foliage. Only a
small fraction of the total enters the nuts. rows fed peanut hay trans-
fer bromide to the milk. For this reason, bromine containing fumigants
are not registered for use in soil where peanuts are to be grown, A more
detailed discussion concerning soil fumigants will he presented in a
later section on nematocides.

b. The use of water as a transport vehicle to permeate the soil
mass and reach subsurface target zones was mentioned above relative
to the volatile nematocide 1,2-dibromo-3-chloropropane. Other water-
soluble materials can be applied in this way but the practice is very

198



limited. Careful metering and timing is reqldred to prevent over-
dosage or underdosage. Moreover, soils with high sorptive capacity
(organic and clay soils) restrict uniform penetration of the active in-
gredient throughout the soil mass. Sandy soils with low sorptive
capacity are most adaptable because a comparatively even penetration
of the dissolved pesticide advances throughout the sand with the
carrier water.

c. Mechanical mixing of pesticides into the soil mass to achieve
uniform distribution is a specialized method but not widely practiced.
Vigorous mixing or rotary tilling is required. Both solubility and vola-
tility are physical properties which aid penetration beyond the original
zone of deposition and this results in greater exposure of the soil mass.
Insoluble materials move very slowly beyond the point where they
are mechanically deposited.

d. Seed furrow treatment is more commonly practiced with insect-
icides and fungicides. Sprays, dusts, or granules can be incorporated
during the planting operation. Proximity of the, pesticide to the
planted seed can be regulated by positioning the pesticide entry rela-
tive to the planter shoe, regulation of rates of addition, and turbulence
of the returning treated soil as the seed is deposited and the furrow
closed. (Furrow treatment may also be combined with pre-emergent
surface treatment to be described below.) Fnrrow treatment results in
high local concentrations limited to a very small fraction of the soil
mass. The zone treated is selected to control destructive organisms
during germination and early growth stages of the seedling.

e. In highly specialized situations it may be desirable to establish
barriers to pesticides to prevent movement of organisms into and
through uncontaminated areas. Barriers have been applied to prevent,
the spread of nematodes to adjoining citrus groves and to prevent the
invasion of structures by termites. The applied concentrations are high
to afford lasting protection.

3. Granules and pellets afford a means of controlled mechanical
application of pesticides without excessive airborne drift beyond
the desired area treated. Granules can be applied from ground or
aerial equipment. Bates of release of pesticide from the granule can
be regulated. In some cases, as with granular application of insecti-
cides, it is desirable to bind the pesticide more tightly to the carrier
substance thereby limiting the exposure to direct contact by the insect.
In other cases, the granular or pellet composition is designed for release
and transference of the contained pesticide to the soil, Subsequent
movement depends upon the solubility and sorption of the ingredients.
Granules are quite commonly used for the application of insecticides
to soil and turf. There is growing use of granular and pellet applica-
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tion of herbicides fur selective control of deep rooted perennials and
woody plants. Granules are used for general vegetation control around
industrial sites, tank farms, railroad yards, highways and areas where
complete avoidance of vegetation is desired. The use of granules by
homeowners for lawn care involves a variety of formulations and
combinations of pesticides with plant nutrients. Dense granules and
pellets are used as carriers for aquatic herbicides where bottom treat-
ment is desired. In aquatic application, nontarget organisms are ex-
posed to high concentrations in the direct vicinity of the granule.
Beyond that, trace amounts of the liberated pesticide would be
encountered unless the material is rapidly hydrolyzed and degraded.
Granular and pellet, application offer the advantages of localizing the
toxicant and minimizing direct contact of nontarget organisms.

Granules can be applied where they are directed but subsequent
washing rains can cause surface movement of the granules (partic-
ularly on light weight carriers) but such incidents are not commonly
encountered unless applications have been made to embankments and
slopes. Once the pesticide is released from the granule the potential
influence on nontarget organisms follows the same principle of move-
ment, degradation and fate regardless of the method of application.

4. The treatment of seed for the control of insects and soil-born
pathogens is commonly practiced. The hazard to nontarget organisms
is of minor significance once the seeds have been planted. The chief
hazard of seed treatment results from accidental consumption by farm
animals or poultry. The disposal of surplus treated seed poses a possi-
ble hazard if a grower should take the irresponsible measure of selling'
treated seed in regular channels of trade.

Analytical procedures are sensitive enough to detect this kind of
violation even where treated seed grain is blended with untreated
grain. The greatest hazard is to livestock and poultry and no environ-
mental hazard from the disposal of such seed is created unless treated
grain is dumped where wildlife eat it.

In England, the death in 1960 and 1961 of large numbers of birds
such as wood pigeons, pheasants, rooks, and chaffinches and a few
mammals including foxes and hares was attributed to cereal seed
dressings containing aldrin, dieldrin, and heptachlor. Voluntary re-
ductions in the use )f these materials as seed treatment were followed
by a considerable reduction in the number of reported bird deaths.

Reforestation is difficult without taking measures to protect seeds
and seedlings. Repellants and toxicants have been employed to dis-
courage or kill mice in particular. Seed treatments have not met with
uniform success. This practice, however, does not produce significant
hazards to wildlife.
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5. Dispersion of pesticides via sprays and dusts is the most common
method of application. The purpose is to achieve an effective control
of the pest with the minimum cost.

a. High volume spi ays with larger droplets (or granules as de-
scribed above) can be better and more accurately directed to the target.

b. Low volume applications involve a small droplet size or ex-
tremely small particles which cover well but drift easily in air currents
and wind.

c. Invert emulsions and particulate gels have been employed to
a limited extent to control particle size and reduce the fine droplets
and thereby prevent spray drift of highly potent herbicides.

A wide variety of ground alai aerial equipment is available but
additional research on effective formulation distribution and place-
ment would substantially help to optimize integrated control pro-
cedure. In addition, more effective placement would reduce the quanti-
ties of pesticides needed to control the pest.

6. Aerosols, even more than sprays and dusts, are easily carried far
beyond the intended target by wind and convection currents. In finely
divided form, the pesticide can more easily vaporize and contaminate
the atmosphere.

Household aerosols likewise introduce fin droplets into the room
air. This requires materials which are safe if inhaled by man. The
quantities that escape are comparatively small, however, and have
little, if ally, effect outside of the immediate area sprayed.

7. The terminal operation associated with application involves
clearing of tanks and equipment, disposal of empty containers and
occasional disposal of packages which are no longer useful. Washing
these materials into streams and sewers can contribute damaging levels
of pollution and serious local effects on aquatic organisms. As stated
earlier, this is a recognized problem but one not yet solved in a totally
satisfactory manner.

In general, the major significance to the environment of pesticides
used in and around hones is associated with the disposal of wastes.
Used containers, surplus mix, and unwanted concentrates are apt
to be rinsed down the drain, dropped in the garbage, or left on the
soil or gutter to be washed down the storm sewer. There is no good
way to dispose of such wastes. The most practical method today is
to place them in the garbage if municipal wastes will be disposed of
in a properly operated and located sanitary landfill or an effective
incinerator. The pesticide that goes through the sewage treatment
plant will end up either in the sludge or in the effluent to some
stream, as does that that goes down the storm sewer. In either case,
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it becomes a part of the pollutants in he aquatic environment. Any
surplus diluted mix dumped on the ground has the possibility of being
decomposed by soil biota, retained, absorbed in the soil, or washed
by surface erosion into storm sewers and thus into the aquatic
environment.

11'asteful application of pesticides and the inadequate disposal of
wastes continue to be the two most important sources of pollution
regardless of the nature of the pest control program.

In each of the steps (manufacturing, formulation, packaging, trans-
portation, distribotion), the attitudes of management and operating
personnel have varied widely. Some 11.: e been diligent in the control
of pollution, others have not. When th perator or owner is under
heavy economic pressure, 11121'e a tenl, cation to cut corners in order
to reduce costs. More effective. monit.1 f ,vaste effluents will help
to identify the offenders.

The applicator is a key factor it ,1 al series of events which
governs the magnitude and nature of environmental pollution,. by
pesticides. The occasional user has 1 r ,1"ledge, whereas the com-
mercial applicator or contract spray, 1- considerable knowledge
to stay in business. Between those r is almost every variation
of individual interest, capability, slid :s1s. Any regulatory proe-
es must take into account the imp: ,f this human element in
fostering good choices And pi act ice,.

Tut; Ervrrrs IDES

The principal classes of pesticide ;se in the United States
are listed in this section. For e.1 statement is presented
dealing with tha general extent of nature of the effects of
iwsticides on target organisms, it %flown, and illustrative
examples of the impact on nontar;._ and groups. It is not
iraible to summarize all of the a 1.terature in this report.
but an overview of the nontarget effects is presented.

Many hingieHrs involve heavy metals such as copper, zinc, or
mercury, often in an organic molecule, though inorganic salts of
copper and zinc are still used in significant quantities (as plant nutri-
ents as well as fungicides). Elemental sulfur accounts for by far the
greatest volume of fungicides; combined forms of sulfur are also
used. Dithinearbaniates, phthalimides, and quinones are commonly
used as fungicides. Wood preservatives, which are at least partly
fungicidal in action, inchle creosote, coal tar, pentachlorophenol, and
some chromium componds.

The wood preservatives are the only fungicides that are widely con-
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sidered as potentially hazardous to nontarget organisms other than
man, but because of the nature of their use, there seem to be few, if any,
documented casesof damage. Similarly, the heavy metals must be con-
sidered potentially, serious environmental pollutants, but their use is
rather restricted and so the are apparently adequately diluted with-
out documented hazards, except to the host crop if misused.

Antibiotics are used in the control of certain bacterial diseases of
plants. There is always some concern that human exposure may result
in sensitization and conceivably beneficial bacteria could be destroyed.
No other hazard to nontarget organisms is apparent.

herbicides, ns presently used, do not present serious and widespread
hazards to nontarget organisms. With few exceptions, most herbicides
have a low order of toxicity to aquatic and terrestrial animals. One of
these exceptions is sodium arsenite which is sufficiently toxic and per-
sistent to warrant special precautions and possibly added regulatory
conside. ation. Dinoseb is rapidly degraded but s,:idental contamina-
tion of lakes or streams is hazardous to aquatic organisms.

The most frequently observed nontarget effect caused by herbicides
results from spray drift. where sensitive plants are damaged. To a
smaller extent. volatility, movement via soil run-off and carry-over
from one crop season to another have caused damage to plants, shrubs
or trees. This type of damage. can be minimized and controlled by
proper formulition and application. Secondary effects from massive
kills of aquatic plants can be serious.

2,4-1) is known to be readily decomposed by soil microorganisms
and this fact has been well established by many investigators. In addi-
tion a mechanism for degradation of some related compounds such as
4(2,4-dichlorophenoxy)butyric acid to 2,4-D seems definite.

Several organisms hAve been isolated from various soils that can
utilize 2,4-D as an energy source.

The persistence of 2,4-1) in the soil varies with environmental con-
ditions such as the soil type, temperature, and moisture. Field appli-
cations for weed control at usual rates have been reported to last from
2 to 14 weeks.

2,4-D breaks down quite rapidly in the soil under normal condi-
tions mid is considered to be a transitory herbicide.

Martin's review points out that 2,4-D, MC1'A, and 2,4,5-T
disappear in the soil and that this is caused chiefly by the activity of
soil microorganisms. Iloweher, while 2,4,15-T breaks down in soil this
occurs at a much slower rate than 2,4-D. There is considerable varia-
tion reported in the time for disappearance of 2,4,5-T in soil. Alex-
ander and Aleem found 2,4, -T present after 205 days as shown by
ultraviolet absorption. Whiteside and Alexander found no evidence
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of a microbial attack on 2,4,5-T as measured by soil respiration. They
also point, out in this work that there is no microbial effect of 2,4-D or
2,4,5-T when applied at. dosages used for weed control. Burger et al.
reported complete disappearance of 2,4,5-T after 103 days as shown by
a bioassay test.. Audi's found complete detoxification after 270 days.
Warren using 8 lbs. of 2,4,5-T in both an amine and ester formulation
found that both forms of 2,4,5-T disappeared after 2 weeks in a
farmed muck soil. However, in a mineral soil while the amine salt of
2,4,5-T disappeared between 4 and 8 weeks there was evidence of
2,4,5-T activity from the ester formulation after 8 weeks. Woodford
and &Tar point out that 2,4,5-T decomposes slower in soil than 2,4-D
taking 47.5 days for 80 percent detoxification compared to 16 days for
2,4-D.

There were only a few references found that referred to the isola-
tion of specific. soil organisms capable of utilizing 2,4,5-T as an
energy source.. Reid, however, also states this was done in his work
although no specific organism was named.

2,4,5-T is not usually considered to be a very long lasting herbicide
in the soil although it is generally considered to last 2 to 3 times as
long as 2,4-D.

There has been a great deal of work done on the effect of the
chlenophenoxy acids upon the soil microflora and fauna.

Kratochvil (203) pointed out applications as high as 16 lbs. 2,4,5-T
per acre had no significant effect on soil microorganisms as measured
by the carbon dioxide production of treated soils. Perhaps this can
best. be summarized by quoting ,lulus "on the whole the great
majority of olkervations show that with normal practical rates of
application there are no adverse effects of the phenoxy herbicides on
the total number of microorganisms in the soil." While originally
published in MI, it still seems to be correct. It is of course dangerous
to sly there can be no harmful effects on all soil org- aims but so far
there seems to be little practical hazard.

There was little work found on the effect of tl.ese herbicides on
higher soil organisms. Fox repotted that 2,4.1) did not affect the nnm-
hers of wireworms, springtails, and mites in a grassland soil. Satchel'
reported that 2,4-1) and MCPA had no effect on earthworm popula-
tions when used at normal rates.

The rates of movement and decomposition of herbicides in soils is
highly dependent upon soil type, temperature and moisture levels.
Organic matter and clay retard the rate of leaching and organic mat-
ter helps to accelerate the rate of microbial decomposition of herbi-
cides in soil. Some herbicides are persistent enough to early over from
one season to another and adversely affect sensitive crops planted in
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the second season. Although an economic loss to the grower, this per-
sistence has not resulted hi serious ecological disturbance. Trio Moro-
benzoic acid and piclorain are slow to degrade in soils and tend to
leach to deeper soil horizons. Specialists in wildlife management have
used selective herbicides as a method of habitat improvement. How-
ever, the extensive use of herbicides can damage the habitat of wildlife
by removing cover species.

The use of herbicides is growing rapidly because of rising costs of
mechanical methods of weed and brush control. Continued research
on nontarget effects. coupled with close observation of results in the
field, will reveal early indications of unexpected ecological change.
In this connection, close observation of effects on aim and phyto-
plankton are particularly important.

Plant growth regulatori are closely related to herbicides, and in fact
are sometimes the same chemicals used to kill weeds. On the basis of
total pounds used annually, plant growth regulators are small in vol-
ume compared to herbicides.. Brush killers and agents for control of
woody plants ale considered under the lieibieide section. Of the ma-
terials presently used, few piesent a meaningful hazard to nontarget
organisms. Of these, sodium arsenite, used to a limited extent as a
potato vine killer, and arsenic. acid, used as a preharvest desiceant on
cotton, have levels of toxicity and persistence sufficient to be of con-
cern. Dinoseb, although readily degraded, is ..ery toxic to fish and care
must be exercised to avoid the direct contamination of water.

Parnquat (n ix*temergence herbicide and desiccant) and diqhat
(an aquatic herbicide) have not been considered harmful to fish and
wildlife; however, it would be prndent to maintain close surveillance
of these compounds in view of their toxicity through skin contact
or inhalation.

Alemolocide8 and poll lumigant.The current national Image of
nematocides and soil fumigants, when compared with insecticides or
herbicides, is small both in total imnds applied And area treated.
The observed effects on nontarget organisms are largely restricted to
the direct action on other forms of plant and animal life within the
treated soil.

When a nernatocide is applied to the soil in sufficient concentration
to kill pistil-mot parasites, other soil micmorizanisms are either killed
or reduced in population. Similarly the invertebrates inhabiting the
soil are killed. The mind degree of population reduction depends
upon many factors such as soil type, moisture content, temperature,
chemical agent and method of application.

After the initial kill or reduction in numbers., certain organisms
repopulate the soil quickly (some teach timbers far in excess of
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those in untreated soils) while others repopulate slowly. With time,
which may be a year or longer, the populations tend to re-establish
and approach the conditions observed in the untreated soil.

The organisms which oxidize ammonium ion to nitrate and nitrite.
ions arc relatively sensitive to soil fumigants. Their activity may be
reduced from several weeks to several months. During this time,
ammonium on accumulates from the decomposing organic fraction
of the soil and any added ammonia or ammonium fertilizer will remain
as ammoninni. If concentrations of ammonium ion are too high, sensi-
tive crops may be injitred.

Although transient population imbalances have occurred in treated
soils, there is no present indication that soil fumigants and nemato-
eides present a meaningful threat to nontarget organisms which would
require, special attention beyond continued observation and research
in their proper use.

1 nfreeneirleA nerd mitiehles.Ther.-, are appmximately 400 chemi-
cals registered as insecticides and miticides with USDA-P1M. These
toxicants kill inserts and mites by interference. with essential

mechanisms but in most cases the exact. mode of action is unknown.
This applies as well to the arsenic compounds used since the 1800's. The
best guess is that arsenic poisoning is due to tissue breakdown and pro-
tein precipitation.

DDT affects the nervous system in such a way as to cause death in
insects. Mites, however, are relatively tolerant to DDT. Parathion
and other organo-phosphorus insecticides nee thought to generally
inhibit cholinesterase enx)mes of the nenmninscular system. A similar
mode of action apparently occurs with collimate insecticides.

There are numerous other insecticides and initicides but generally
less is known concerning their twxle of action than those menti med.

Illindreds of reports and summaries now exist describing the effects
of insecticides on nontnrget species. Monistic incidents of lo&Qes of
fish, bIrds, and other species created concern which has resnited in
a large nut her of descriptions of observed natural field mortalities.
A limited number of experimental field observations, mid n variety
of laboratory experiments. Since insecticides are used in large quan-
tities a vl have a wide spectrum of biologi, al effects, they have been
the center of attention.

Research has not yet completed the urgent task of providing predic-
tion of the significant effects of the AVA of these pesticides, brit enough
is now known to provide reliable. examples and suggest some general
patterns. Principal attention here is given In the persistent insecticides
and miticides, since nontarget effects are more probable bemuse of
persistence. Certain vivid cases of effects from short-lived materials
Are alto cited. The following examples sire intended to be illustrative,
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not definitive. Not enough knowledge yet exists to rermit quantitative
summary of any oft he milt arget effects.

a. Phytoplankton
Drifting plant cells in natural waters carry in a large portion

of the photosynthesis on the earth's surface. They synthesize most.
of the earth's organic material, produce most of the oxygen of the
atmosphere, and participate in other essential ways in the chemi-
cal cycles of the biosphere. Evidence that pesticides may significantly
reduce such processes is unusually important. Controlled 4hour ex-
posure to 1.0 p.p.m. of aldrin, chlordane, DDT, diddrin, heptachlor,
meth° :ychlor, or toxaphene reduced productivity by 70-94 percent
and endrin, findane or mires reduced it 28-46 percent. Concentrations
of a few parts per billion of DDT have been shown to reduce photo-
synthesis in laboratory cultures of four varied species of coastal and
oceanic phyloplankton, and 100 p.p.b. lowered production 50-90 per-
cent. Swedish research showed that the alga Morella undergoes great
morphological change and decreased photosynthetic tcs after 3 days
of exposure to 0.3 p.p.b.

These and other observations do not measure total photosynthetic
damage, but. suggest that such effects may be important and that there
is urgent need for further investigation of the effects of pesticides on
phytoplankton.

b. Beneficial InAtelx

Natnrally occurring parasitic and predaceous insects control many
insect pests There, is no evidence that parasite or predators as a
clams are more susceptible to insecticides and miticides than are
pest species. However, when the plant feeding species are severely
reduced, their parasites and predators are more severely minced
and may be eliminated from the community because they depend
upon the plant feeders fort heir survival. For example, when parathion
was applied to a cote crop the mmilyer of predaceous and parasitic
species were reduced by 95 percent whereas the number of plant-
ferAing species were rednced by only 8 percent. Following this type
of disrupt ion, popnlat ion outbreaks of the plant feeders occur. llecause
the parasitic and predaceous species are absent, the plant feeding
species increase explosively.

Some parasitic and predaceous species are eliminated in crops be-
cause Some parasitic. and preclamons species are more susceptible
to certain pesticides than are plant feeders. In orchards, for example,
when DDT was applied for control of apple pests, populations of
certain predaceous lady bird beetles which were highly sus^eptible to
DDT were eliminated. Since these beetle were the principal control-
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ling agents for the pest red mite, the mite population subsequently
reached outbreak levels and caused severe damage to the apple trees.
This particular mite. species is not susceptible to DDT and, therefore,
was hardly influenced by the chemical which killed the beetle.

Differential susceptibility is also found in the bee pollinators. The
honey bee and wild bee pollinators are more susceptible to the insecti-
cide carbaryl than are m ny other species of insects. Therefore,
the continued widespread use of this chemical may have severe effects
Limn bee pollinators and, in turn, may reduce, the pollination of both
cultivated and wild plants.

c. MaInc invertebratot

In the coastal environment, several kinds of organisms are unusually
susceptible to chemicals contained in waters flowing from land. Sessile.
animals, including shellfish and many other benthic species, must
tolerate whatever reaches them since they cannot escape. Arthropods
such as shrimp, crabs, and most zooids nkton are biologically similar to
i tweets a nd mites and highly sensitive to some of the arthropod poisons
Data are quite inadequate for assessment of all effects, but some CAS'S
have been documented.

Worms form an important part of the did of ninny aquatic species,
hut only a single observation on pesticide effects has been seen. Many
worms we found dead after treatment of a tidal marsh by 0.2 pumas
of DDT per acre.

Molluscs have received considerably more attention, because they
are unusually valuable and because the:: are exceptionally useful as
indicator organisms. Oysters and muRsels are used in a broad monitor
ins program for estuaries, and data on pesticide content are available
from 175 sites These softodied auimals have notable capacities for
biological concentration of pesticides (as well as of heavy metals and
virus), and oysters have ken noted to noemmilate DDT to 70,000 times
the concentration in ambient water. DOT, dieldrin, and endrin and
other insecticides have been observed in many coastal populations.

Organochloi me insecticides are deleterious to some r tolinSea at, an
ambient concentration of 0.1 p.p.b. and they are as a group con
sidered to be about 100 times as toxic as herbicides. A series of tests
of the effects of 52 pesticides on the sensitive larval stages of oysters
and clams was especially revealing. survival and growth rates were
sometimes reduced, and many of the tested compounds interfered
with embryonic development, ro that only a portion of the larvae
succeeded in metamorphosing to the posiarval stage. This wide-
spectrum series showed vividly that each compound must be tested
thoronghly, that each species differs in tolerance, and that each
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stage in the life history may be physiologically different in its re-
sponse to a chemical.

Crustneen ha e been observed to receive both direct and indirect
damage. Twenty -fon hour exposure of blue crabs to 0.5 p.p.m. of
DDT killed !0 percent of the crabs, and 0.3-0.4 p.p.b. of heptachlor,
endrin or lindane destroyed 50 percent of exposed shrimp in 48 hours.
Application of 0.2-0.3 pounds per acre of DDT nearly extirpated
populations of small amphipods and isopods in a marshland ex-
periment, and the numbers were reduced for many months. Blue
rnbs were reduced 10 to 40 percent when exposed to 0.3 pound per
acre of DDT, and by 05 to 97 percent when that level was applied
several times each year. As with many other sepcies. larval stages
are efpecially sensitive. A study which is now in press demonstrates
that 5 p.p.h. of DDT, exposed to crab larvae for 72 hours, caused
100 percent mortality. llaylex and endrin killed 100 percent at 10
p.p.b.: script and toxapliene wiped out all larvae at 50 to 100 p.p.b.,
with lesser toxicity occurring from malaihion, phosdrin, and aldrin.
Some indications were obtained of the effects of prolonged exposure
to sublethal loads, since growth was significantly reduced at 0.75
p.p.h. and 0.50 p.p.b., although Lot at 0.25 p.p.b.

Indirect toxicity has been seen in heavy mortality among crabs
feeding on fish killed by diehlrin, and fiddler crabs feeding on DDT
laden detritus became so iincoordinated as to lose usual defense
mechanisms

Vo a rasp array of invert ihrate nontarget species, ro data or under.
standing of pesticides are now available.

Fl.ilt

Lake 7'nIt.-111 1055 when the fish hatchery on Lake (feorge lost
percilit of nearly 350,001Ieggs removed from lake In nil, 1)1)1' was

suspected. Until recently, about 10,000 lbs. of DDT had been dis-
t-United for control of gypsy moth mid biting flies yearly in the water-
shed tr-srlci at ed w ills !Ake fleorge.

Careful study revealed that DDT completely inhibited reproduc-
tion of lake trout in hake George and several other heavily contain
hutted lakes in the adjacent Adirondack region. Although Ih. front
eggs efmtnined relatively small amounts of DDT. the fry were killed
at the time of final ab9nro ion of the yolk we when they were ready
to feed. At 3 p.p.m. of DDT in eggs, few fry survire(I and at 5 p.p.m.,
DDT, the mortality was 100 percent.

Again the specific effects of each toxicant upon each species should
be emphasiyed. ln the case of lake trout, DDT was the chemical which
hindered reproduction. The fish. however, contained larger amounts
of 11111.' a metal olite of DDT, lntt this had no detectable influence en
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the survival of the adult fish. In some birds such as mallard ducks,
DDE is the toxicant which had deleterious effects upon reproduction
and mYr showed little effect.

Marine.There are now enough records of kills of fish in
open waters and of the result of experimental studies to permit
degree of summarization for fish. Losses of natural populations in
which pesticides have been implicnted include death of over 1 million
fish of 30 species in n Florida marsh during sandfly control efforts
with dieldrin, the loss of over 6 million fish in the lower Mississippi
River, and ninny lesser mortalities.

The literature on pesticides and fishes was thoroughly reviewed in
A paper in the Tramaction4 of the American. FiRherie4 Society in 1 068
by D. W. Johnson, and many aspects of the associated problems and
research needs were summnrized. The acute effects usually involve the
central nervous system and result in instability, respiratory difficulty,
sluggishness, and, sometimes, death. Chronic. exposure may produce
massive residue accumulation in fats, damage to liver and kidneys,
injured gills, reduced reproduction, slowed response to external stim-
uli, loss of appetite, restricted growth, lowered resistance to disease
and other stress, changed blood composition, the seeking of abnormally
warm waters, modified salt metabolism, cholinesterase inactivation, in-
creased oxygen consumpt ion, and other effects.

Any of these may be lethal to the individual and some Are obviously
threatening to the affected population.

Increased resistance to specific pesticides has been noted in a few
fish, but the response of the scientific community to those observations
has been mixed. The species of fish are more likely to survive con
tinning exposure, but the resistant fish apparently contain higher
concentrations of the pesticideand pose an increased threat to con-
sumers, including man.

The availability of the persistent insecticides to nontarget fish is
suggested by the report that all IC commercial fish foods tested for
use in n Canadian trout hatchery contained DDT and its metabolites,
and some caused 30 to PO percent mortality among fry and fingerlings.
It is now extremely difficult to avoid DDT and its effects.

Binh
Much of the significant evidence on the worldwide effects of in

seeds i des have been provided by birds.
Public and scientific concern were alerted by early reperts of heavy

mortalities among robins which had fed upon earthworms contami-
nated during insect control programs. This concern was heightened by
later evidence on eagles and falcons and their failure in produce young.
There are now many important records of field observations linking
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insecticides to bird injury, and several definilive reports from ex-
perimental similes. Only the principal conclusions are summarized
here.

There is a syndrome typical of bird poisoning from DDT. llircls
can fly poorly or flutter along the ground, then become totally dis.
abled, undergo convulsions nod die in :I very stiit position with legs
extended. rush deaths have been observed at many locations; and the
evidence links losses to 1)1)1', Ilieldrio, and other insecticides. Dutch
elm disease control reduced robin populations from 1S5 pair$ to zero
over a 4-year period in one area. In another area, total bird popula-
tions in succeeding years were 31, (W, and 00 pereeni below previous
levels (robins were GIN TO, and 118 percent reduced). Toxiipliene has
been seen in cause unusual modalities of lisheating water birds, in-
cluding while pelicans, egrets, grebes, great blue herons, and gulls.
Georgia quail populatioi s declined after treatment of land with
held achlor, and had lint wormed after 3 years.

The ellecls of sublethal exposure of birds In insecticide residues are
only part billy known. Experimental evidence has shown a wide variety
of changes in response to stress, behavior, liver functioning., lestivalar
development, delay in ovulation, metabolism of si eroids, and, es-
pecially, failure in the deposition of calcium in shells of egge. The latter
is failure of one of the most basic physiological characterislics of birds

It has been IlittiCtill to relate such evidence to occurrences in wild
mobile populations, however, and the possible relationships between
1)(0 'cities and several great pot 'Oat ion chae.ges has requited to ilizat ion
of several kinds of evidence. The best known cas...s of population
crashes or drastic declines since I he mid-fort ies are allIOng the n11101141
hawks (l1141 eagles which ate carnivores at the ends of food chains.
Serious declines have been noted in various regions for the Eumpeatt
sparmw hawk, Scottish golden eagle, English kestrel, sharp-shinned
hawk, Coopers hawk, osprey and bald eagle. In each (-me, there is indi-
01110n that reproductive success has deeIiued, And That the faiicte is
similar to that caused by persistent chlorinated hydrocarbons, For the
osprey, Scottish golden eagle and Etimpean sparrow hawk a eOrrehl
tion has been observed among frequency of egg breakage, derreaSe in
eggshell weight, suktquent status of breeding populations and ex-
posure to these pesticides. Not all hawks, owls, eagles, and other ear.
nivorous bids show !hese etiecfs.

The most widely observed sttecics, however, is the peregrine falcon.
TI:e i)opitlation levels in Europe and North .1nterica ,sere critically
reviewed in 190, in A conference at the University of Wisconsin. and
the proceedings, supplemented by more recent observations were pub-
lished in 1(19 with 11r..losepli J. ]]pokey lift editor. Many observations
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on falcons were provided, including notes on eyries which have been
known for centuries but which became vacant in the sudden popula-
tion losses of the last 20 years. Drastic declines in Finland, Germany,
France, Britain, Switzerland, Ireland, Belgium, Sweden, Latvia, and
the total loss of nesting peregrines in Eastern United States are de-
scribed and considered. Several factors may be involved, and they vary
from place to place. Reproductive failure is the most probable cause,
in the opinion of the conferees, and has involved a failure to lay eggs,
decreased number of eggs, egg breakage and eggeating, inability to
renest, and decreased viability of the young. In the words of the con-
ference summary, "The ecological case against the chlorinated hydro-
carbon insecticides as the pervasive factor in these phenomena is es-
sentially complete." This pattern of evidence is convincing if the por-
tions drawn from different sources point in complementary ways to
the same conclusions.

Rigorous experiments to exatnine the effects of some of the suspected
insecticides have recently been established, and results of exceptional
interest, and significance are now available. The American sparrow
hawk, in the same genus as the peregrine falcon, has been bred in cap-
tivity and experimentally exposed to a mixture of dieldrin and nun
One group received low dosage, equal to the residues often found in
raptor foal Rona in the field (0.28 dieldrin and 1.4 p.p.m.
DDT, net weight) ; a second high dosage group received a level calcu-
lated to be just short of lethal; controls were inaintained ; observations
were continued through the second generation; and partial replica-
tion of the entire experiments was achieved. Treated birds showed
reduced reproductive success, involving disappearance of eggs, thinner
shells, and possible egg eating by parents. The authors, Porter and
Wiemeyer of the U.S. Bureau of Sport Fisheries and Wildlife, con-
clude "The remarkable similarity in pattern of reproductive failure
between our exyri mental hawks and wild raptor populations strongly
supports the hypothesis that recent repnxbictive failure in several
raptor populations in the rnited States and Western Europe were due
to common physiological and behavioral responses to intakes of sub-
lethal amounts of persistent chlorinated hydrocarbons." Experimental
evidence has also been obtained on mallard ducks, and 1)1)E severely
impaired reproductive suoie&a, reducing shell thickness and the hatch-
ability of eggs with uncracked shells, DM) was less severe, but also
reduced sucem

These experiments appear to forge the last link in the chain of evi-
dence that DDT and its derivatives have been the direct and principal
(11119P of widespread and significant reductions in bird populations.
The full extent of the damage cannot yet be determined.
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.1Iafilmals

Insecticide damage to mammals has apparently not been as frequent
nor as serious as in birds and fish, although the available data are
scarce. Occasional mase, mortalities have been reported after use of
aldrin,endrin and dieldrin.

Field sampling has shown that um and its derivatives are present
in the fat of many specks of wild mammals, including tic)se in areas
Which are not known to have received pesticidal exposure. A young
crabeater seal in the Antarctic contained a small quantity.

The pathways, pharmacology and effects of insecticides in mammals
are not well known for wild species, although considerable work 1,as
been done on the speeies useful in laboratory studies (which are treated
in more detail in relation to the effects of pesticides on humans). In
deer, dieldrin at the rate of '2 p.p.m. reduced reproductive success,
with lowered survival and birth weight of fawns. The effects of isomers
apparently vary, since o,p'..DDT, which usually makes up 15 to 20%
of commercial DDT, acts likft estrogen in rats and some birds whereas
lie more common p,p'-DDT noes not.

Only a few wild mammals have been sampled, but it is probable that
many or all have now been exposed to the persistent pesticides, that
many have accumulated measurable quantities, and that some have
:,eon adversely affected.

Pixefridoe.In the establishment and maintma nee of sport fisheries
and management of waterfowl in fresh water impoundments, it is
frequently desirable to remove the trash fish. Rotenone is still one
of the most important pesticides for this purpme and its dosage can
be so controlled that it creates no particular haxard to nontarget
organisms except for temporary effects on xooplankton, insects, and
other loenlhos. Antimycin A, an antibiotic synthesized by certain
fungi, is a new piscieide which is not toxic to invertebrates or higher
forms of life at the low concentrations used, and selectively controls
many speiees of fish. Since it degrades rapidly, especially in alkaline
water, it can be used quite safely in many ways and in types of water
where other piscieides may Om water uses.

Toxaphene has been used as a pis icicle and is very effective. espe
daily in controlling lest populations of cal p and cat nsh. The
manufRet liter has disrintrageti this miregisiere6 Toxaphene. IS de-
structive to intieh of the aquatic fauna and is so persistent that residues
can prevent a normal fauna for many yen ts. its ott ions amt K`USiqeilV
is somewhat unpredictable Icpending in l.grl upon temperatures
lint also on linknoWn CIO nrs. One hike in Oregon was rehderval onino-
tinctive of fish for at k ) VAS'S as a result t,f ovveilosave of tom,-
iliene. This use in State lishety management pt.ignot long been
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discouraged by USDI insistence that Federal aid for fish restoration
funds cannot be approved or allocated for this unregistered and
hazardous use.

Avieides.A considerable amount of research has been devoted to
the search for avicides that are effective in controlling pest species
of birds without damaging desirable species. The development of
avicides is carried out by personnel who also have a very real respon-
sibility for the protection of desirable species of birds, and their
screening tests rule out many candidate chemicals that have unwanted
characteristics.

Only a part of the problem is associated with disagreement as to
whether or not a particular species, such as pigeons, should be con-
sidered a pest. The more important problem is developing the necessary
specificity. Much of this problem is solved by formulation and place-
ment of the poison. Thus, there are now chemical=. available that can
be so placed in feedlots that they are reasonably effective in killing
the pest starlings without contaminating the cattle feed. Undoubtedly,
some desirable species of birds are also killed, but few of them frevent
the feedlots during the wintertitne when most treatments are made,
so the problem is not acut.

Unforeseen hazards usually come to light during the research and
developmental stages of a new compound. For example, one experi-
mental chemical was used on bait placed around a corn field. The
following year, wheat was grown on the area, and it was noted that
the chemical residue in the soil was phytotoxic to the growing grain.

It must be said that avicides pose a very great hazard to desirable
species of birds, but they are not generally used where such problems
are serious.

Rodenticide4 and other mammal biocides.Certain rodenticides
still in use are among the most hazardous pestit les both to man and
domestic animals. Sodium arsenite, strychnine, sodium fluoracetate
(1080), phosphorous paste, and zinc phosphide are all in this category.
Restrictions on labeling and marketing have reduced actual danger
to a minimum. In fact, none of these compounds is now generally avail-
able and, currently, reports of poisonings of dogs, cats, or children
from these materials are very rare.

When these materials are used in the control of predators for rabies
control or for plague control, one would expect considerable secondary
killing of grazing animals or of scavengers. It is a tribute to the care
with which these materials are handled that there seem to have been
no massive kills of nontarget animals.

Anticoagulants, red squill, and other rodenticides available for
household use perhaps have killed some cats but even this is rare
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because they are generally of low toxicity to cuts. In the case of the
anticoagulants, the necessity of repeated exposure has been a signifi-
cant safety factor.

llepellent8.--Several kinds of chemicals are used for repelling
insects, birds, and mammals. Insect repellents are applied directly to
man and his animals to prevent pests such as mosquitoes and other
biting flies from biting and feeding. Repellents may also be applied
to the bird roosts to force the birds to move and roost. elsewhere. Most
of the insect and bird repellents are nontoxic, highly volatile, and
degrade rapidly. How these repellents function to repel' these pests
is not known. Other than causing discomfort to the target organism
or nontarget organism which conies within range of the repellent, there
is no documented evidence of danger to nontarget organisms.

Various Hammitt] repellents, such as mountain lion dung used
against deer, are employed to prevent mammals from entering crop
areas. Repellents serve to alter or modi fy the behavior of mammals as
well as other animals without harming the particular species of
animal.

ALTERNATIVE PEST CONTROL PRACTICES AND THEIR POTENTIAL
DA Nora To NON'TA1ZOET OROANISMS

Whenever pesticide pollution is discussed, the use of alternative pest
control practices are suggested as a means of reducing pollution and
hazards to nontarget organisms. Most of these alternate controls have
been employed against a wide variety of pests during the past 100
years or more. Although research on these alternate pest control prac-
tices has increased daring the past 10 years, relatively few successes
have been achieved and the list of alternate controls remain small. The
prime reason for the slow development, of these alternate methods is
that generally this research requires a great expenditure of time and
money. This aspect of pest control deserves greater attention and the
research effort sliould be both encouraged and supported.

Just as there has been some pollution hazard associated with the
use of pesticides, there are also dangers associated with some of these
alternative controls. Below is a listing of several alternative pest con-
trol practices, with comments on their potential danger to nontarget
organisms.

Para8ites and predators. In nature, parasites and predators play
important roles in the control of many animal species. Although they
usually do not provide full control of pest species, parasites and pred-
ators are valuable assets in providing partial control of many pests.

Parasites and predators have also provided effective control of in-
dividual pest insect and weed species. For example, vedalia beetle im-
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ported in 1888 from Australia WaS highly effective in controlling the
Cottony cushion scale insect which caused serious damage to the Cali-
fornia citrus crop.

Shortly after 1952 the imported Klamath weed was controlled by
an imported weevil (Ohrysolina gemellata) which originally came
from England. This resulted in a restoration of large acreages of pas-
ture in California. A recent instance (1964) of successful biological
control involves the use of small wasp parasites (Aphyti8 maculicarnis
and Cocophagoides Wills) against the (Parlatoria deaf) olive scale
in California. Annual crops such as vegetables and cereals are generally
unsuited for control by parasites and predators.

The crop environment which is relatively stable and includes peren-
nial plant types is effective in maintaining pt.rasite and predator pop-
ulations. Partial control by parasites or predators used in combination
with insecticides (integrated control) can be of great value and result
in a decrease in the amount of pesticide used for control. This would
have obvious benefit to nontarget organisms.

Biological control with parasites and predators is, however, not
without danger to nontarget species. Probably the best example of
biological control resulting in environmental deterioration is illus-
trated by the Indian mongoose. The mongoose was introduced into
Jamaica in 1870 and subsequently the U.S. island of Puerto Rico for
rat control in sugar cane. Within 15 years the presence of mongoose
had caused a change in rat species. The ground nesting Norway rat
population was reduced by the introduced Indian mongoose. With the
removal of its competitor, the tree nesting rat population increased
and caused damage to the cane. The mongoose also became a pest itself
by preying on poultry and ground nesting bird species and became
a reservoir for rabies on the island.

Imported insect parasites and predators may also attack beneficial
insect parasites or predators and thus destroy an established pest con-
trol program.

In general parasites and predators offer several opportunities for
achieving pest control with reduced pollution hazard. If new importa-
tions are selected and established with great care there should be
few dangers to nontarget organisms.

Pathogen. The use of pathogens which cause disease in pest insect,
and weed populations is the subject of continuing investigation. Under
natural conditions viruses, bacteria, fungi, protozoa, and nematodes
can be effective control agents. In the United States the introduced
Japanese beetle is being controlled to a considerable degree by a bac-
terium which caused a milky disease in the insect population. Spores
of the milky disease bacterium may remain viable in the soil for 20
years, so once an area is infected it remains this way for a long period.
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Another bacterium, bacillus tburingicnxift, can be applied like an
insecticide against pest caterpillars which feed on some crops. Using
this bacterium, however, is like employing an insecticide because the
active agent is a crystalline chemical which is toxic to the caterpillars
and other insects. This bacterium does not cause disease epidemics in
the pest population like the milky disease.

Several viruses, like the polyhedral virus of the cabbage looper, can
give excellent control of pest insects. Although today there is no
evidence of danger to humans, they are not being utilized because
there arcs no exact criteria for determining safety to humans and other
nontarget species.

Based on the available information about bacteria, viruses, and
the other pathogens, there appears to be little danger to nonttaget
species because of the specificity of most pathogens. Exceptions in-
clude Bacillus tlotringien.sis and other pathogens in which elaborated
toxins may be involved.

Host re818tance to pests.In nature host resistance is one of the
dominant forces limiting the numbers of animal populations. It follows
then that host resistance. in plants and animals is potentially one of
the most effective and safest alternative methods of control.

Host resistance has been used with relative success against several
species of plant pathogens. Although plant resistance to insects is
known to be common in nature, the method has not been widely ex-
ploited. Use of host resistance. discourages some economic biologists
because of the long period of the needed for selecting and breeding
commercial varieties of crops.

Cabbage yellows, for example, has been effectively controlled by
breeding resistant cabbages. hessian fly, a serious pest of wheat, is
primarily controlled by host resistance.

Host resistance has several advantages. There is no hazard to either
man or nontarget species. The method can be employed jointly with
other alternate methods and pesticides without interfering with the
effectiveness of the combined control technique.

lenrironmental manipulations (cultural control).Many pest pop-
ulations can be reduced or controlled by modifying crop and live-
stock cultural practices. Some of these techniques are listed below,
and it should be noted that generally these cut ural controls offer little
hazard to nontarget species. At present, some these have practical
limitations which might be overcome through research and additional
experience.

1. Plant spacing. --Pest damage to crops can sometimes be re-
duced by altering the spacing of the crop plants. With new crop man-
agement techniques which include better control of water and ferti-
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lizer needs, crop pinnts can be grown in more dense stands. In this
way the productivity of the plant population per unit time and area
may be increased with the net result of it reduction in pest damage per
unit plant area.

O. Species diversity.Monoculture in modern agriculture is a
necessity, but with some crops species diversity cnn be increased by
strip cropping or interplanting. Increasing species diversity could
result in reducing pest population numbers by increasing the num-
ber of enemy species present and improving their efficiency. For ex-
ample, the white pine weevil causes less damage to white pine grown in
mixed stands of trees than when the white pine is in a pure stand.

3. Timing. Planting time of a crop may be altered such that
planting is done after a pest species emerges from its winter resting
stage. In this way the pests die before they find suitable crop pinnts.
Hessian fly infestations are partially controlled by planting wheat
following the spring emergence of this pest.

4. Crop rotation.Crop rotation is useful in pest control because
it prevents the build-up of pests which live on n crop grown contin-
ually in the same area. By following a crop (corn) with a new and
nnrelated crop (legume), for example, it is possible to avoid large
populations of the corn rootworm.

b. Water management.Draining flooding, and water level con-
trol can be used effectively in pest control, but may have drastic eco-
logical effects. With increased control of water use in crop produc-
tion, additional means are available for pest control. For example,
flooding of the soil cnn drown certain soil pests such as nematodes and
soil fungi. Both flooding and draining cnn destroy some nontarget
species in the soil.

6. Fertilizers.Host plant uutrition affects the longevity and
fecundity of a substantial number of pests. By altering the applica-
tion of nitrogen, potassium, and phosphorus used in crop culture, it is
possible to reduce the number of scam pests. The longevity and fecun-
dity, for example, of spider mites are adversely affected when their
host plants are cultured in soils which are deficient in nitrogen, phos-
phorus, or potassium.

7. Soil preparation.Pests, primarily insects, which overwinter or
live in the soil during part of their life may be killed by either plow-
ing and/or disking the soil. It has been shown that 98 percent of the
pupae of the corn earworm overwintering in the soil is killed by a
thorough disking and breaking of the soil.

8. Sanitation.Various pests can be controlled either by eliminat-
ing their alternate hosts or by eliminating the source of infection before
it spreads. For example, 90 percent control of the Dutch elm disease is
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possible in a town or community if a sound sanitation program is
carried out. Spraying the elms with on insecticide improves control
of the disease from 2 to 5 percent.

1'17f/tired 4erili.:(ftiOn.-0»ltrOl of the screw-worm fly in Florida and
other areas by the mass release of radiation sterilized male flies has
been well demonstrated. This sterile male method has many advantages
but unfortunately its application for control of many species of pests
is somewhat limited. Various chemical sterilants are under investi-
gation for pest control, but these chemicals can be extreniely danger-
ow; to nontarget. as well is target species. Distribution methods might
he found to place the poisons inside protected feeding stations, where-
by these clteinosterilants would reach only pest species.

Physical methods.Light can attract various insect moth pests to
traps. Light reflections from aluminum foil have been employed to
keep aphids from attacking some host plants. Sound may be em-
ployed in a similar manner to draw mosquitoes into a trap. Other pos-
sibilities of pest control using physical factors need investigation.
These appear to have little or no effect on nontarget species.

Genetic, 1114nipulation of pest populations.In the laboratory it
has been demonstrated that lethal genes may be released in a pest popu-
lation to reduce the viability or the numbers of a particular pest pop-
ulation without. affecting any other species present in the habitat.
Because the. method is specific there is no danger to nontarget
organisms.

Pheromones and liorm (MO.Naturally occurring chemicals which
are produced by the pest or its host may be employed for pest. control.

1. Sex pheromones.Some insect species may be attracted to traps
from up to a mile away by chemical secretions produced by either
males or females. Generally these chemicals are quite specific for the
insects they attract and, therefore, are not hazardous to other species.

2. Developmental pheromones. Various chemical messengers
which control specific phases of development and growth occur in or-
ganisms. These included the juvenile hormone of arthropods which
inhibits moulting and development into adult. stages. This pheromone
has general activity to most arthropods and, therefore, is of potential
danger to a wide variety of species. Before these hormones are declared
safe for widespread use, information on their spectrum of activity
on nontarget organisms should be established, otherwise they may per-
form as broad spectrum chemical pesticides. The danger to nontarget,
beneficial insects and other beneficial arthropod species such as shrimp,
crabs, and lobsters could be great.

3. Plant hormones.Various hormones, which influence growth
and development in plants may also influence the susceptibility of
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these plants to pest attack by insects or plant pathogens. It might be
possible to control some of these pests by judicious use of these plant
hormones.

COSTS A ND `TAUT. TO Soarry.

The economic value of pesticides as they relate to crop protection is
difficult to quantify, but an assessment of the hidden costs of nontprget
effects is even more difficult. A few observations may be gleaned, how-
ever, which may be useful approaches to the intangible associated
values.

There is indirect evidence of the value that the taiblic places on fish-
ing and hunting. Out of a population of 130 million over 12 years of
age in the United States, there were about 50 million hunters and
fishermen who spent 650 million recreation-days and approximately
3.9 billion associated recreation dollars in 1960. The Department of
Commerce has estimated 33 million hunters and fishermen (23 percent .
of the population over 12 years of age) in 1965.

The extent of national land resources and the time spent by our
people also gi.9 indirect evidence of value attached to recreational
environment.

Acres visits

National parks (1967) 28, 000, 000 140, 000, 000
National forests (1967) 228, 000, 000 150, 000, 000
State parks (1967) 440, 000, 000
State parks and recreation areas (1965) 40, 000, 000

Estuaries and the continental shelf represent an area receiving the
outflow of water from all land sources and th)s marine environment,
supplies 60 percent of the seafood products of The United States with
an annual estimated value of $225 million at ithckside. Nearly 4 million
people hunt and fish in estuarine environments of the country.

Public concern over environmental pollution and threats to certain
wildlife species is additional indirect evidence of value although will-
ingness of many to dump beer cans, litter and trash gives evidence
that pollution is the "other guy's" problem !

Well-planned changes may have a favorable effect on an ecosystem
but if not well conceived may induce a series of complex changes which
are subtle and hard to correct. The direct costs of environmental con-
tamination are indicated by the loss of food in which residues exceed
established tolerance levels (as in the case of Coho salmon), injury to
crops and resulting damage claims, water purification costs and
damager resulting from known contamination and spills. These are
hard to estimate with any degree of accuracy.
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Sonic relationships of pesticide costs to our economy might be use-
ful as a background for judgments as to whether the added costs
of improved materials or practices would be an excessive burden to
produvers or consuineis of food and fiber.

In 1968 total farm production expense in the United States was
$33$36 billions and the cost of all pesticides at the consumer level
totaled $1.7 billion of which $1 billion was spent for direct use
in growing food and fiber. Approximately 3 percent of farm operating
costs resulted from pesticide materials. (This varies greatly crop
by crop.) The cash receipts received by growers for food and fiber
were $14 billion; therefore, the pesticide cost of $1 billion represented
2.3 percent of total farm product. value and 3 percent of farm operat-
ing costs. It, is estimated therefore that the cost. burden of pesticides
necessary for the production of food and fiber would range between
1.0 and 1.3 percent of the retail purchases of food and clothing by
11.1e consumer. This leads to the conclusion that the economy is able
to afford better methods and improved pesticides.

The agricultural productivity of this country can easily be taken
for granted in times of plenty. This productivity is a source of great
international economic strength for the United States. Incentives are
needed to encourage improvement of present. pesticide practices and
develop new ones which optimize the relation between man and
environment.

TRAINING API) LICENSING or PESTICIDE USERS

There has been a reduction of about 50 percent in the use of DDT
in the United States since the peak year of 1958-59. If dramatic addi-
tional reductions in the use of this and other pesticides are to be
obtained, some system of regulatory restrictions on use will doubtless
be necessary. Existing Federal regulations affect use other than by
aerial applicators only indirectly (through labeling and through
restrictions on residues permissible on produce at marketing).

Two methods of regulating use of potentially harmful substances
without completely prohibiting them have been used extensively.
One is restricting use to licensed applicators who are expected to
use good judgment in their applications; the other is to permit their
purchase only on prescription from professionally qualified experts
who are expected to use good judgment in inst meting the user.

The licensing method has been used by many States in regulating
certain types of pest. control operators such as structural pest control
operators, aerial applicators, or contract agricultural sprayers, etc.
This technique has seldom, if ever, been used to restrict use by a
farmer or other individual who is making his own application.
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The second method is well-established in the restriction of use of
dangerous drugs in the treatment of humans and domestic animals.
A related method has been used in California for some pesticides
where a permit to purchase must be obtained from a County Com-
missioner of Agriculture.

If either method is to be effective nationally, some method must be
found to set nationwide standards for its operations. Since there
are already many States employing the licensing mechanism for one
or more of several types of appli:ators, this has the advantage of a
core of laws and regulations from which to start. However, the vari-
ability of these laws and regulations may make achievement of a
national standard more difficult than to start fresh with the second
method. Moreover, the licensing of each individual user may be more
restrictive of the rights of individual citizens than is necessary.

Either method will require a system of training and testing the
licensed user or prescriber and of assuring his compliance with the
criteria of use. The basic standards of training, testing, and criteria
for use should be set by a national board operating under the aegis of
a suitable national professional society such as the American Institute
of Biological Sciences, and financed initially by a contract from the
Department of Health, Education, and Welfare or other appropriate
Federal agency. State or local counterpart boards should be established
to carry out the details in their own jurisdictions.
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EFFECTS OF PESTICIDES ON MAN

SUMMARY AND CONCLUSIONS

The scope of this report is i. &tended to encompass the present state
of knowledge concerning the nature, extent and consequences of hu-
man exposure to pesticides. Data relating to exposure of experimental
animals have been reviewed only insofar as they contribute to our
understanding of phenomena encountered in man or provide knowl-
edge in areas where human data are meager or totally lacking.

No human activity is entirely without risk and this maxim holds
for pesticide usage in the human environment just as it does for all
other exposure to chemicals. There are formidable inherent difficulties
in fully evaluating the risks to human health consequent upon the use
of pesticides. In part, these difficulties stem from the complex nature
of the problems involved, the fact that many facets of these problems
have been recognized only recently, and the general backwardness in
this area of research in man, as distinct from work in laboratory ani-
mals. Above all, one must not lose sight of the large number of human
variablessuch as age, sex, race, socio-economic status, diet, state of
healthall of which can conceivably, or actually do, profoundly af-
fect human response to pesticides. As yet, little is known about the
effects of these variables in practice. Finally, one must realize that the
components of the total environment of man interact in various subtle
ways, so that the long-term effects of low-level exposure to one pesti-
cide are greatly influenced by universal concomitant exposure to other
pesticides as well as to chemicals such as those in air, water, food and
drugs. While all scientists engaged in this field desire simple clear -
cut enterers to the questions posed by human exposure to pesticides,
the complexity of the human environmental situation seldom allows

, such answers to be obtained. Attempts to extrapolate from the results
of animal experiments to man are also beset with pitfalls. Hence, the
greatest care needs to be exercised in drawing conclusions regarding
cause - and - effect relationships in human pesticide exposure.

The available evidence concerning such human exposure to pesti-
cides derives from three main sources: planned and controlled admin-
istration of pesticides to human subjects; car reports of episodes of
accidental or other acute poisoning; and epidemiological studies,
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which in turn comprise surveys of occupationally-exposed groups (in
nceordance with a variety of retrospective and prospective ap-
proaches), and studies of the general popidat ion.

Indices of exposure of human beings to pe.st icides constitute a vital
link in the chain of evidence that must be forged in order to reveal,
interpret, and maintain effective surveillance of, pesticide exposures.
Hitherto, the view that exposure of the general population was pre-
dominantly associated with the presence of pesticide residues in food
has been reflected in the efficient monitoring of total diet samples and
individual foods, but only sporadic. attention to other sources of ex-
posure-. It is now evident that much can be learned by monitoring the
end-product, of human exposure in the form of pesticide levels in body
fluids and tissues of people. The information thus obtained is quite
distinct from, and at least as valuable es, the data on residues in food;
the two types of data complement each other admirably. Provision
of information on human levels, in ndeqnstely detailed coverage of
various groups within the general population is seen ns the single
most immediate step towards n better understanding and surveillance
of total exposure from nil sources of pesticides.

Sophistication achieved through the use of modern techniques has
made possible the. study of absorption, disposition, metabolism and
excretion of some pesticides in man. Experience derived from animal
studies has provided guidance in directing the appropriate procedures
to the investigation of the behavior of pesticides in the human body.
To date, the most significant information of this sort relates mainly to
two organochlorine pesticide groups, namely DDT nml allied com-
pounds ns well as the aldrin-diehlrin group. Knowledge of the dv-
namie aspects of the behavior of these two pesticide groups in the
human body is far from complete, but already some important facts
have been established. In general, for any given level of pesticide in
take., an equilibrium level of pesticide is attained in blood and body
fat, despite continuing exposure. The precise concentration at which
the plateau is established is directly related to the level of exposure
but also to other determining factors. In the case of sldrin-dieldrin,
the blood level appears to be n reliable measure of exposure. It appears
further, that DDT in Mood is dimity related to recent exposure, while
in contrast 1)I)E in blood is n reflection of long term exposure.

detailed survey of env reports of incidents invoking accidental
poisoning by organochlorine pesticides reveals that their general ac-
tion is to inetvn5,e the excitability of the nervous system. :10111(.04:these
compounds also damage the liver. Their capacity to penetrate, intact
human skin varies from one enniloomul to another: in the case of en-
drin, for example. percutaneous pellet rati441 plays Ali important part
in clinks! intoxication. Within the orgatiodilotine aronp of corn-
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pounds there is a wide range of potential for acute toxicity: DDT is
relatively safe hi terms of acute intoxication, while dieldrin and endrin
have produced many cases of serious poisoning. Lindane presents a
special problem, inasmuch as it has been implicated, largely on the
basis of circumstantial evidence, in the causation of hematological
disorders. A characteristic of organochlorine poisoning is the dif-
ficulty of establishing the correct diagnosis. This is especially true in
cases of mild poisoning that result in nonspecific symptoms aid signs,
since except in the case of dieldrin there are no established criteria for
diagnosis on the basis of blood levels. Specific therapeutic measures
do not exist.

Inhibitioi, of cholinesterase enzymes by the organophosphate pesti-
cides appears to be the only important manifestation of acute or
chronic toxicity produced by this class of compounds. Great variation
in acute toxicity from one compound to another characterizes this
group, which includes some of the most toxic materials nsecl by man.
Cholinesterase inhibition results in a well-defined clinical pattein of
intoxication which can be readily diagnosed. Specific therapeutic
measures are available and, provided they are pressed with sufficient
speed and vigor, are highly effective. Skin penetration by organophos-
pliates may be substantial. In view of the toxic potential of these com-
pounds, protection of workers exposed to them assumes utmost impor-
tance.. Protective mmsores should inclede education, training, proper
equipment design, suitable personal protection devices, careful medical
surveillance and wellorganized facilities ready to treat. cases of poison-
ing with a minimum of delay.

Carbamate pesticides are also cholinesterase inhibitors but because
of rapid in vitro reactivation of the enzyme, measurement of cholines-
terase activity is not a reliable guide to exposure. As with organ°
phosphates, the toxic potential of some members of the crirbamate
group is very great.

Controlled exposure of human volunteers to pesticides timler dose
medical supervision constitutes the most reliable approach to the
unequivocal evaluation of long -term effects of low levels of pesticide
exposure. The difficulties involved in maintaining such ftudies hive
inevitably resulted in very small groups of subjects being exposed for
any appreciable length of time. The longest studies on record have
lasted Is than four years and the results can only reflect the period
of study. Consequently, the findings, especially when they are negative,
are open to gum-lion when taken by themselves. It appears, however,
that present levels of exposure to !MT among the general population
have not produced any °teen-able adverse effect in controlled studies
on volunteers. The same is true of aldrinieldrin. The findings se-
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quire greater force when combined with observations on other groups,
such as occupationally-exposed persons.

With orgnnophosphnte pesticides, the problem of human residues
does not arise because these compounds are not stored in body fat.
Here the risk is one of acute poisoning. Much accidental poisoning is
attributable to public ignorance of the toxicity of these chemicals and
neglect of appropriate precautions in their use and storage. In de-
veloping countries serious accidents result front storage of pesticides
in unlabeled bottles and of food in used pesticide containers. Epi-
demics of acute poisoning follow spillage of concentrated organophos-
'Andes into bulk food or water sources. The hazard to human life is
shared by fish and wildlife. Regional pesticide protection teams are
suggested as a means of investigating, recording and ultimately pre-
venting accidents of this sort.

Industry has made much progress towards safe handling of pesti-
cides. Nonetheless, a very real occupational hazard exists, and exten-
sion of preventive measures should include regular blood testing for
evidence of organophosplutte exposure. A limit for DDT and other
organochlorine pesticides in blood should be established to prevent
overexpc,sure.

Pesticide exposure experienced by the population at large is in part
the legacy of earlier excessive or injudicious use of persistent pesticides.
Residues of these compounds have been, and are still being acquired
from all articles of diet and a variety of other environmental sources.
This is the major source of public concern. Although a number of per-
sistent, pesticides can be identified, attention is centered on DDT,
and closely-related compounds. the most ubiquitous and predominant
of all pesticide residues in men. The consequences of these prolonged
exposures on hunum health cannot he fully elucidated at present. Evi-
dence from workers who are subject to vastly greater exposure than the
public is reassuring but far from complete. Animal experiments clarify
certain issues butt the results cannot be extrapolated directly to man.
On the basis of present knowledge, the only unequivocal consequeee of
longtenn expesure to persistent pesticides, at the levels encountered
by the general population, is the acquisition of residues in tissues and
body An ids No reliable study has revealed a causal association between
the presence of these residues and human disease.

Despite such tvassurnnce, realization of the paucity of our knowl-
edge in this area flows from increasingly sophisticated studies on /In-
man residues of DDT and related compounds. There appears to be
marked geographical stratification of D DT residues in our population,
the average levels in the cooler isotherms being one-half of those in
the warmer climates. None of these observations apply to residues of
dieldrin. Such findings CAM M110115 doubt on aceetell beliefs that
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food is the predominant source of DDT residues and that the entire
general population has reached equilibrium as regards acquisition of
such residues.

Reop-ning these questions emphasizes the inadequacy of present'
monitoring of exposure by relying mainly on analysis of food. This as-
pect was stressed above. It also renders more urgent the need to con-
tain and eventually greatly reduce the extent of human and animal
contamination by pesticide residues. Existing knowledge confirms the
feasibility of inducing active withdrawal of pesticide residues from the
human body but further research to achieve a practical means of at-
taining this goal is needed.

A survey of the reported effects of pesticides on laboratory animals
has furnished informatior, on factors and experimental conditions
that could not easily be reproduced in human studies. For example,
the influence of diet on pesticide toxicity. and particularly lack of
dietary protein, has revealed substantial increases in acute toxicity
of some pesticides. In this, as in some other sections of our report ref-
erence is made to the capacity of organochlorine pesticides to bring
about a great increase in the activity of liver enzymes responsible for
the metabolism of foreign compounds This phenomenon of enzyme in-
duction has been extensively studied in animals and is discussed in de-
tail in the report of the Panel on Interactions. Comparable enzyme in-
duction in the human liver is brought about by many drugs and also by
DDT. It is a sad comment on the dearth of knowledge c f human physi -
oloicv to point out that the threshold dose of DDT for induction of
metabolizing enzymes in human liver is unknown.

Special sections of the report deal with the possible effects of pesti-
cides in bringing about heritable alterations in the genetic material
(mutagenesis), effects on reproduction, including malformations in the.
fetus or newborn infant (teratogenesis) and increasing the incidence
of various form of cancer (carcinogenesis). The data available relate
only to experimental animals or to lower forms of life. At the present
time we do not know whether or not such results are applicable to
man. While there is no evidence to indicate that pesticides presently
in use actually cause carcinogenic or terstogenic effects in man, never-
theless, the fact that some prksticidee cause these effects in experimental
mammals indicates MAP for concern and careful evaluation. It is pru-
dent to minimize human exposure to substances producing these ad-
verse effects in mammals while additional investigations are under-
taken to assess the potential of such suspect pesticides for causing ad
verse effects in man. There is a need to develop standard protocols
for safety evaluation that are sufficiently flexible to permit an indirid-
nal approach to the particular and often unique problems presented

233



by each pest icide. Assurance of safety to man demands special tech-
niques, not only for extrapolation of animal data to man, but also for
evaluation of controlled human expsure. Much effort will be required
to attain these objectives. Research in these areas should be expanded
and imbued with a greater sense of urgency than that manifested
before.

The Panel on Interactions has provided a valuable analysis of the
manlier in which pesticides can interact with one another, and with
drugs and other environmental agents, in exercising effects or, Mall
and animals. Once again one is struck by 1he complexity and impor-
tance of these interrelationships and by the extent of our ignorance of
effects on man.

To sum np, the field of pesticide toxicology exemplifies the absurdity
of a situation in which 200 million Americans are undergoing life-
long exposure, yet our knowledge of what is happening to them is at
best fragmentary and for the most part indirect and inferential.
While there is little ground for forebodings of disaster, there is even
less for complacency. The proper study of mankind is man. It is
to this study that we should address ourselves without delay.

Nrtns

Improvement in the present situation requires:
I. Organization of resources for effective continuing action.
II. Improved registration and review practices.
III. Clarification and strengthening of laws and rep/a t ions
IV. Action to improve the health of the piddle.
V. Initiate programs to evaluate and provide a system of graded

actions for existing contamination or contamination which can-
not be cont rolled at the source.

VI. Research and investigations.
VII. Industrial cooperation.

1. Organizanon of rrkanrre,
In view of the current organization of the Departments involved

in the control of pesticides, and inter-Departmental relationships,
there is a need for a single organizational unit that might be called
a pesticide board at the level of the Department of IIEW to make
the final risk benefit judgments for the guidance of the Secretary.
The board through a central staff and peripheral operational units is
intended to fulfill the following functions:

1. Organization and lrg;olatian.----Supervi Se the regulatory, registra-
tive and review activities either directly or through other operating
units; serve as the principal planning and budgetary organization for
the Secretary in the pesticide field; coordinate and promote an overall
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Federal pesticide control program with the other Departments having
a major interest in pesticides, i.e., the Department of Agriculture,
Department of the Interior, and the Other, of Science and Technology.

The board should consider the most effective way or organizing
existing resources currently designated as pesticide activities, spe-
cifically the activities of the Bureaus of Science and Medicine of the
Food and Drug Administration. It should also consider pesticide
resources currently related to the National Institutes of Health, the
Health Services and Mental Health Administration, other Admin-
istrations of Consumer Protection and Environmental Health Service,
and the regulatory, review, laboratory and investigative resources in
the Food and Drug Administration.

O. Serioe.Establish investigative teams and monitoring systems;
collect. data on pesticide contamination of man and his environment;
set up educational and preventive programs throughout the opera-
tional units.

The board should initiate plans for a coordinated surveillance sys-
tem based upon giving first priority to measurements of litunan ex-
posure or measurements which can be quantitatively related to human
exposure. This involves supplementation of programs which monitor
food for regulatory purposes. Preferably, human tissues and body
fluids should be the basic indices. The system should provide informa-
tion for the board on its risk-benefit judgments, and data to give
perspective to tha regulatory programs related to specific media (food,
air, water) or formulations (pesticide registration). All information
from Federal, State and foreign sources regarding any aspect of
pesticide usage, pesticide relater' human morbidity and mortality ex-
perience, ecological impact, etc., should be put into retrievable form.
This information should be made available to governmental agencies,
the news media, industry and the publicat-large. A principal use of
this data bank would be the identification of areas of ignorance. It
could also inform the public of progress being made toward safe use
of pesticides.

The board could develop a plan to focus existing training and educa-
tion activities and to determine deficiencies and develop rmurces to
fill the most significant gaps.

Education of the public should begin at the earliest, possible age
and continue throughout the school and college career. How to lire
with toxic chemicals should be as ingrained into the public mind as
the precautions necemry to cross a highway. Parents, teachers, chem
fists and everyone else in any way involved should be encouraged to
participate in the development of general awareness and understand-
ing of the principles of safe use of pesticides and other toxic chemicals
in and out of the home.
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3. Information. -- Obtain, analyze and publish relevant information
on the effects of pesticides on human health and envimmnentnl duality.
Expert interpretation of the significance of the findings is an essential
part of this function.

The board could also immediately consider methods of improving
and consolidating the existing periodicals related to pesticides, the
Pesticide Monitoring Journal of the Federal Committee on Pesticide
Control and the Health Aspects of Pesticides into a periodical
providing information on all the health aspects of pesticides. Expert
critical interpretation of the significance of this information has
hitherto been lacking, and should be provided.

4. ReArorrh.Establish priorities for research related to exposure
and effects, meth° ls of sampling and analysis, and epidemiology:
establish investigative teams, monitoring systems, and evaluative
organizat ions.

//. RrOtration and rerierr in order to miner preRcnt and futnre
expotu ries

The registration of nos pesticide, persistent or otherwise, should
be subject to periodic review and reapproval by the Ivara and in no
event should a pesticide registration he effective for a period longer
than Iwo years.

A, The present residue tolerances and registration of persistent
pesticides should be reviewed immediately to restrict the various
uses presently authorized by current registrations only to those that
are essential for protection of public health or essential for high
priority production of food and fiber where no effective non-persistent
pesticide or alternative control methods arc available. The use experi-
ence of each registered pesticide should be reviewed evety 2 years.
Provision should be made to withdraw registration wherever use
experience is unfavorable for health reasons or ecological reasons.
Input from health agencies, agricultural agencies, universities, con-
servation groups, etc. should be sought.

II. Registrations granted for new pesticides should initially be
granted only on a provisional basis with restricted usage while eco-
logical and biomedical data on persisfence, biomagnification, and
adverse side effects on man's health or his environment are being
developed.

C. New pesticides characterized as persistent (as defined in report
of rontomination in Chapter 2), or likely to undergo significant io-
magnification, or potentially threatening man's health or the quality
of his environment should not be granted a provisional registration
unlesa deemed necessary for protection of public health and/or
essential prodO I ion of food and fiber,
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ill. Legislative and interdepartmental agreements
The Federal Insecticide, Fungicide and Rodenticide Act should be

modified so that any use of a pesticide can only be registered: 1. with
the approval of the. Sferetary of the Department of Health, Education,
and Welfare; 2. after consideration of possible consequences and
environment al con to in nut ion.

As an interim step, the interdepartmental agreement (Federal
Register, May 1, 1904) should be clarified so that procedure of label
review for USDA. by HEW and ITSDI shifts the burden of proof
from the Federal agencies to industry (the applicant for registration).
Specifically, section 2(d) of the Agreement should be revised to delete
the requirement that a Federal agency which objects to a label regis-
tration must support its objection by "appropriate scientific evidence."
Both industry and government should be expected to supply sufficient
evidence to enable the proposed HEW pc. ticide board to reach a
decision.

IV. Action to improve protection of the health of the public
A. Strict /imitation of permitted lises of DDT to those that. are

essential for public health purposes.
B. No extension in present. limited uses of aldrin, diehliin, hepta-

chlor and heptachlor epox ide, MR` and lindai ie.
C. Discourage home use of persistent pesticides.
D. Prohibit, introduction of pesticides of intermediate or high toxi-

city into the home.
E. Exercise more ingenuity in the design and development, of how

baits to reduce the hazard of human and animal intoxication.
F. Monitor effluent. from pesticide manufacturing, formulating and

distribution plants.
G-. More efficient application of pesticides by means of improved

equipment and better-trained personnel (see other sub-group recom-
mendations).

V. Provide for a system of evaluation and graded action.1 for con-
tamination unsuseeptible to control at the source

Many persistent pesticides in the envirom
taminate foods and other media even tluri,
in a given part of the nation or world. 'I
will continue to build up for many years at
tion processes will focus on some specific f
This type of contamination is not suscepi
Further, it is 'lot caused by the food produc
fore, rather than exerting control throng),
level at which the. food is removed from t

4371-074 0.--169--11

ill continue to con-
e is discontinued
ies in the oceans

hi logical magnifica-
ains that reach man.
cont rot at the source.

food processor. There-
, ounierical tolerance

I is recommended
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that a series of graded levels and actions be established for pesticides,
leading to the decisive action of removal from the market. These might
include:

Grade 1Levels of concentration requiring only general surveil-
lance.

Grade 2Levels of concentration requiring measurements relat-
able to exposure in humans.

Grade 3Levels of concentration requiring assessment of human
intake and exposure and initiation of actions to reduce
concentration through variations in harvesting, proc-
essing, and distribution techniques.

Grade 4Levels of concentration requiring removal from the
market.

Such a series of graded actions would probably be unique for each
group of pesticides and perhaps for each active substance, and in some
cases for specific combinations as they exist as contaminants. Consid-
erations for evaluations, while related generally to concentration levels,
must basically relate to exposure of a susceptible group of the popula-
tion. The consumption of a food and its replaceability in the diet
must be given adequate consideration as the several gradings are estab-
lished. Likewise, the state of the evaluatory art and science, and the
capability of the sampling and analysis systems must be weighted in
the grading of the pesticide with regard to both the concentration in
a given food product and the health implications of human exposure
to the pesticide.

V/. Research and investigations
A. Urgent research needs:

i. To achieve more detailed understanding of the mechanisms
of absorption, distribution, metabolism, storage and elimination
of pesticides in man.

ii. To -define the impact of other environmental chemicals on
the pharmacokinetics of pesticides on man.

iii. To elucidate the effects, if any, of pesticide exposure on
human exposure to drugs and other environmental chemicals.

iv. To delineate the influence of age, sex, various nutritional
and disease states and climatic conditions on these aspects of man's
response to pesticides.

v. Areas of special concern: these relate to studies on human
volunteers aimed at investigating under conditions of controlled
exposure such aspects as sensitization; behavioral effects; signifi-
cance of lowering of blood cholinesterase; reduction of body
burden of pesticides by dietary and therapeutic measures.
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vi. Development of improved methods for detection of hepatic,
renal and CNS effects of pesticides in man.

vii. Investigations in animals. It is imperative that work in
animals he directed more closely to a practical objective: the
need to maximize our understanding and control of the effects of
pesticides in man. Accordingly, attention should be given to more
detailed study of the following aspects of pesticides:

a. Effects of exposure on heznopoiesis, heme synthesis and
other biosynthetic processes.

b. Careinogenesis, mutagenesis and teratogenesis brought
about by pesticides, including the development, evaluation
and interpretation of testing procedures.

e. Interaction among pesticide effects and between pesti-
cides and other chemicals found in the environment.

B. Investigative needspesticide protection teams: The pesticide
protection team is envisaged as being a area-wide three-man multi-
disciplinary team with investigationary, recording, and health and
safety promotional responsibilities. The investigationary role will
call for the exploration, investigation and documentation of
episodes of pesticide poisoning and environmental contamination.
Prevalence levels of pesticide residues obtained by collecting mean-
ingful samples from man and wildlife will be monitored and sur-
veillance of cholinesterase and other biological indices of exposure in
the exposed worker promoted. In addition, the uses of pesticides will
be documented and reviewed. By example and education a more in-
formed and safer community atmosphere will be engendered. It is
proposed that a sanitarian, a representative from the county agricul-
tural agency, and a representative of fish and wildlife form this three-
man team, reflecting the participation of health, agriculture and
wildlife ecology. Their functions can be described under the following
categories: investigation and reporting of episodes, surveillance,
monitoring and education.

a. Investigation and reporting of episodes.The team would:
i. Set up a reporting system of human pesticide poisonings and

significant fish or wildlife perils due to accidental misuse of
pesticides.

ii. With the assistance of appropriate local agencies, carry out
a field or site visit at the scene of the incident, documenting the
circumstances and causes of the poisoning, collecting the appropri-
ate samples for chemical analysis, and taking the necessary steps
for the prevention of similar incidents.

iii. Compile and submit all episodic data to the environmental
toxicology organization at the regional level.
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b. Surveillance:
i. The regular clinical surveillance of the occupationally ex-

posed worker should be promoted. Clinical intoxication should be
prevented by routine cholinesterase testing. Workers should be
withdrawn from further exposure when blood studies are indica-
tive of hazardous absorption. The program should be extended
to cover agricultural laborers, part-time emplovees, migrants, crop
dusters and swampers, formulators and manufacturers.

ii. Pesticide practice both in urban and rural communities
would be reviewed. From time to time appropriate soil and water
samples would be collected to ascertain that .chemicals are not
being misused or inappropriately used. Obvious environmental
sources of pesticides such as smoke and waste effluents from manu-
facturing and formulating plants would be monitored on a regular
basis.

VII. Industrial cooperation
A. Higher standards should be set in respect to :

i. Design of containers: lips, closures, proof against mishan-
dling, corrosion.

ii. Labeling of containers including simplification of names on
domestic pesticide containers.

iii. Disposal of containers: Systems should be considered which
will insure the return and/or proper disposal of containers. These
should include a plan for disposal in the application for registra-
tion, and notification to public health authorities of the nature of
the pesticide, and the precautions that must be taken to avoid
hazards to the public health during the disposal processes.

iv. Limitation of "blunderbuss" pesticide or pesticide-fertilizer
products.

PREFACE

The sections of this report were developed in several ways, varying
from individual authorship and review by the Subcommittee to sec-
tions developed by the Subcommittee as a whole. The sections on Inter-
pretative Pitfalls were written by the Subcommittee.

Pharmacokinetias of Organochlorine Insecticides was written by
Dr. J. Robinson, Tunstall Laboratory of Shell Research Limited,
London. Dr. Wayland J. Hayes was the principal author of Controlled
Human Exposures. Epidemiology of Pesticides was largely the work
of Dr. John E. Davies and Dr. Thomas H. Milby. Clinical Case Re-
ports was authored jointly by Drs. Dudley P. Miller, Griffith E.
Quinby, and Thomas H. Milby. Dr. George B. Hutchison was the
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author of An Appraisal of Hazards to Alan from Long-Teem Expo8-
nee to Pesticides.

Cutaneous Aspects was prepared by Dr. II. I, Maibach. Behavioral
Effects of Pesticides was developed by 1)r. Griffith E. Quinby. Dr. Wil-
liam F. Durham wrote the section on Eaperimental Anima/4.1)1...TM".
Wills prepared the document on Peerenti re and Therapeutic Measures
from which the final version was developed.

The other sections were initially drhfted by one member of the
Subcommittee but generally reflect the thinking of all the members. It
should be noted that Dr. John E. Davies, while officially listed as a
special assistant, served as a full member of the subcommittee.

The Commission recognized that some aspects of the biological
effects of pesticides required special study. Carcinogenesis, Nutagene-
si8, Teratogenesis, and Interaction were designated as Panels by the
Commision in order to reflect the special interest attached to these
subjects and to facilitate in-depth evaluations of the available scien-
tific evidence by additional experts in biomedical sciences. The subcom-
mittee on Human Effects had liaison association with the Panels, but
their organization, evaluations, summaries, and conclusions were
determined by the Panel membership, not the Subcommittee on Human
Effects.

INTRODUCTION

Wb accept that today, as throughout man's history, safety is a rela-
tive term. In any of his activities, whether awake or asleep, man cannot
achieve absolute safety. While the risks to health that abound in the
home, in the street and at work are accepted as inevitable and are
limited as far as possible, the hazards to health that stem from environ.-
mental exposure to chemical agents are usually beyond the capacity of
the individual to control. By their very naturesuch as chronicity or
subtlety of effects producedthe risks deriving from this source
constitute an altogether different dimension from all others (except
for radiation) in their threat to human safety. Pesticide exposure is
but one sector of environmental chemical hazard, yet its problems
typify the complexities of the chemical sophistication of our society.

Our concern here is with the impact of pesticide exposure in all its
facets on the broad perspectives of environmental health in man. In
this context our definition of health necesarily encompasses more than
the absence of disease. Included in our view of health is the feeling of
well-being and capacity for happiness that derives from a suitable
environment : suitable in the sense that it makes possible the enjoyment
of nature and her bountiful provision of flora and fauna. From this
standpoint therefore any factor or activity that detracts from the
variety of the environment, that reduces its capacity to contribute to
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health, is fundamentally undesirable. This broad generalization must,
however, be tempered by the practical realities and priorities of human
existence on the earth.

The need to provide food and other crops and to prevent or eradi-
cate' insect-borne disease constitute problems which many countries
must necessarily regard as outweighing in importance the potential
or even actual hazards to health involved in the use of pesticides.
Ifence we must recognize at the outset that protection of human health
involves a system of priorities which are necessarily different from
place to place. A good example from another field, that of food addi-
tives, is provided by the use of hydrogen peroxide to preserve milk.
This practice would not be tolerated in countries where the customary
methods of milk distribution are available. Yet the Joint FAO/WII0
Expert Committee on Food Additives recognized that in some areas
of the world safe milk would not be available at all unless a preserva-
tive could be added, and hydrogen peroxide appears to be effective for
this purpose.

Much of this section of the report is taken up with discussion of
toxicological complexities, epidemiological uncertainties and a frank
acknowledgement of the vast areas of ignorance in our understanding
of the effects of pesticides on man. Some of the reasons for this state
of affairs will be discussed below. It is Itppropriate here to consider
two aspects: What degree of proof is necessary or desirable for a
decision to be reached that a health hazard exists; and who has the
burden of proof in this regard?

On the question of degree of proof, a course must be steered be-
tween the two extremes usually encountered, namely the tendency
to jump to hasty conclusions not warranted by the available data
and the insistence on complete and irrefutable evidence before action
can he taken. The problems have to be considered from the standpoint
of a reasonable man, fully cognizant of the present state of the art
in the sciences that constitute the basis of safety evaluation and
apprised of all the facts at present available on the pesticide problem.
Actions based on conclusions that go beyond the available information
are only warranted if there are reasonable grounds for the belief that
the risks of present practices outweigh the benefits. The risk verus
benefit equation thus enters into this, as into all other judgments on
safety-in-use of chemicals.

The burden of proof that the benefit, derived from the use of a pesti-
cide exceeds the risk is usually considered to lie with the manufacturer.
Regulatory authorities, both national and international, already insist
on substantial evidence of safety and efficacy which takes into con-
side-ration the nature and amounts of residues on various commodities.
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In recent gents the manufacturers have also had to duty increasing
attention to ecological implications of the use of their products. As
Hines goes n, however, and the realization.grows of the, wide dimen-
sions of the problems presented by pesticide usage, it is becoming.
abundantly clear that no manufacturer nor group of manufacturers
can be expected to investigate and deal with the repercussions of
pesticides in our society. They may be rightfully expected to contribute
to the cost of surveillance and research in the broad areas of epidemi-
ology, but the organization and execution of this all-important task
is the responsibility of the community. It is the province of govern-
ments and international authorities to concern themselves with inves-
tigations and subsequent decisions regarding proof of safety to Inunan
health.

The judgment arrived at by reasonable and informed opinion
involves an intelligent appraisal of possibilities, an ass?ssment of uh-
certainties with a measured degree, of confidence, Iii weighing potential
health risks against potential benefits it must never be forgotten ..,hat,
even the most far-seeing view may be proved erroneous by unexpected
new scientific developments or by an altered attribution of those risks
considered to be of utmost importance. An instance may be cited in
the area of nonnutritive sweeteners. Earlier safety evaluations took
into account softening of stools as the likely risk presented by high
intake of cyclamates. Now one source of concern is the possibility of
carcinogenesis brought about by these products or materials derived
from them. Thus safety evaluation is an edifice whose construction
is never completed; nor does it remain functional without periodic.
reconstruction. Strangely enough, both regulatory agencies and the
public view as loss of face the frank recognition that many earlier
decisions on safety must inevitably be proved wrong as scientific
knowledge grows. There is nothing absolute about such decisions. All
that we have a right to expect at the time they are made is that they
should be the products of scientific competence, and experience, mature
judgment and full possession of all existing data.

The decisions that now confront us with regard to DDT exemplify
the issues at stake in the judgments to be made concerning pesticides.
Firstly, there are the quantitative aspects of the amounts accumulated
in man's environment and their very slow rate of diminution, even
when all further cumulation ceases. What is t rue outside man is equally
representative of internal storage of DDT and DDE in his tissues.
In attempting to relate this situation to any possible health hazard
to man we must not fail to take into account the implications of chemi-
cals that may be used as alternatives to DDT. Such substitutes, and
the problems associated with them, have been referred to in earlier
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sections of this report. We must also recognize that not every "effect"
brought about by DDT in man is necessarily detriment al. For example,
the capacity of DDT to stinr.date liver processing enzymes, a phenom-
enon discussed in detail below, has been put to therapeutic use in a
case of familial unconjugated non-hemolytic jaundice. The patient
was rendered anicteric and remained so 7 months after cessation of
treatment with DDT. The possibility, always exista that the pesticide
of today may find application as the drug of tomorrow. Such active
agents also offer opportunities for "depesticidation," that is the safe
withdrawal of pesticide residues from the body.

Naturally, these lines of thought invite the objection that a treat-
ment beneficial in the context. of a clinical situation is not necessarily
a boon to healthy individuals and even less so to patients with other
illnesses, to the very young, to pregnant mothers and their unborn
infants, and to the aged and infirm. Exposures that exercise a negligi-
ble, hence acceptable, effect in normal healthy individuals have to be
assessed quite separately in their impact on these special groups of the
population. For control of hazard one needs to take into account the
most susceptible members of the community and to delineate selec-
tively the possible toxic effects which each human condition may
involve.

INTERPRETATIVE PITFA

This section seeks to explain some of the reasons why simple answers
are not readily forthcoming to most of the questions concerning human
exposure to pesticides. By having in mind the complexities and diffi-
culties of the situation we ar3 better able to attain the objective of
reasonable assessment set out e bove.

Toxicological comploxities.
a. General.Toxicology is directed towards the evaluation of safety,

basing its conclusions on studies of chemical composition and reactivity,
physical properties, degradative or metabolic transformations under-
gone by the materials involved and biological effects of potentially
injurious agents. Such biological effects are assessed by means of ob-
servations of alteration of structure, function and response in living
systems.

Just as a physician relics on a grounding in basic sciences to achieve
clinical understanding, soto an even greater extentdoes the toxi-
cologist for the variety of systems and organisms with which he has to
deal. Effective consideration and elucidation of the complex relation.
ships that exist between dose of pesticide, route and duration of ex-
posure, time of observation and target organs affected necessitates a
multifaceted approach. In DDT we have a striking instance of acute
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effects directed towards the central nervous system, while long-term
exposures involve the liver as a primary organ of attack. For each
compound; in each experimental or epidemiological situation, only a
comprehensive review of the problems is likely to provide the correct
perspective. Anything less than an all-embracing approach can lead
to serious distortions of fact and errors of interpretation. A wide range
of scientific disciplines needs to be brought to bear on each problem so
that their contributions may be integrated into a well-rounded overall
assessment of hazard, from which flows the necessary balanced judg-
ment on safety-in-use.

While it is desirable that those involved in safety evaluation have
as broad a scientific background as possible, so many types of expertise
are involved that toxicology inevitably becomes the effort of a multi-
disciplinary team. Even with the participation of several individuals,
each skilled in his own specialty, the pace of scientific advance is such
that an increasing timelag has developed in the application to toxi-
cology of new knowledge generated in the basic sciences.

Other factors also militate against progress in toxicology com-
mensurate with that occurring in other branches of science: the small
win ber of adequately-trained toxicologists, the limited facilities avail-
able for training such experts, the lack of understanding and hence
of interest of the academic, community in the problems of toxicology.
Most serious of all is the handicap to progress presented by toxicology's
heritage from its past. The procedures for evaluation of safety devel-
oped by the early pioneers represented attempts to grapple with press-
ing problems, using mainly intuition based upon the body of knowl-
edge available at that period. The effiuxion of time has hardened these
approaches into concret 3 routes for achieving acceptance of a product,
by the regulatory authorities. Departures from established routines
involve risk and expense. Accordingly there exists a built-in incentive
encouraging repetive performance of old procedures and discouraging
innovation, particularly the exploration of radically-new routes to
safety evaluation.

Just bow serious the consequences of such attitudes are will become
clear from consideration of the many areas of ignorance to which this
report will call attention. Realization that such gaps in `knowledge
exist is the first step towards remedying the situation; but further
steps will necessarily be slow in coming as long as the application of
new knowledge is dependent on workers in the basic sciences. Here
toxicology must fend for itself. Hence there must be provided within
toxicological laboratories multidisciplinary teams of critical size that
will have as their primary task the development of new approaches to
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the many unsolved problems in the area of pesticide effects on the
human body.

b. Special features of pesticides.The large heterogeneous group
of compounds covered by this report comprises distinct and well-
defined classes whose propertiesphysical, chemical and biological
belr little relationship to one another. Their pattern of use is a com-
plex and changing one, with the result that human exposure assumes
highly intricate and often unpredictable characteristics, depending on
place, time and other circumstances to be discussed below.

Although pesticides lend themselves to consideration in groups, it
is essential to realize that each product, even more than each compound,
is an individual problem peculiar to itself. The ideal of selectivity, that
is specificity of action limited to one type of insect or plant, is the
theoretical objective to be aimed at in developing the "perfect" pesti-
cide. We must recognize frankly that this goal is unattainable. Just
RS no drug can be expected to restrict its effect to the desired receptor,
so with any biologically-active compound one must anticipate a wide
range of actions on a broad variety of living systems. We have learned
to live with this inescapable fact in the case of drugs. We must accept
it as fundamental in our consideration of pesticides. Thus from the
standpoint of human health, selection of one pesticide rather than
another involves a balance of risks which are not qualitatively com-
parable; in other words, there are as many differences as similarities
in metabolic pathways, pharmacodynamics and biological effects be-
tween groups of pesticides and within each group. It is this diversity
that militates against sweeping generalizations and dogmatic
conclusions.

Of all the particular features of pesticides that make their con-
sideration a special problem in toxicology, the quality of persistence
has special significance for man and animals, as it has for all other
parts of the environment. Prolonged retention in the body is by no
means an exclusive feature of pesticides. Components derived from
food or other sources are also stored in tissues, by virtue of their
lipophilic character coupled with resistance to metabolic degradation,
or their tendency to be taken up by the reticuloendothelial system.
Storage may serve the purpose of conservation, for instance of iron,
or of segregation, as with heavy metals or lipofuscin pigments, render-
ing materials potentially dangerous to the cell as innocuous as possible
while they remain in storage. While pesticides are not unique in being
stored, nevertheless they probably represent in many instances the
highest levels of foreign material present in adipose tissue and perhaps
in liver. The very fact that certain pesticides have been studied fairly
intensively from this point of view makes possible a consideration of

248



the phenomenon of persistence, whereas little useful of the sort could
be said about other classes of exogenous compounds finding their way
into storage sites in the body.

c. Agent and environmental rariables.--Some of the complexities
of the pesticide problem arise from the fact. that these are technical-
grade materials often containing by-products and other impurities
whose nature and proportions may vary from one source to another,
may vary (in countries where adequate control is not exercised) from
one batch to another from the same manufacturer and may change
under conditions of storage. The accompanying impurities may them-
selves play an important. part in the biological effects of a pesticide,
for instance in human sensitization to a product.. Moreover, the
impurities may interact with one another and with other compounds
present in a pesticide formulation. This raises the question of the
many formulating agents that are used and the effects of storage on
the toxicity of the vehicles.

Changes in the compounds involved in the application of a pesticide
also occur under the influence of environmental factors such as tem-
perature, sunlight, plant metabolism and degradation in the soil,
depending on terrain, pH, humidity and intensity of ultraviolet irra-
dation. Trans location through the environment occurs by a variety of
mechanisms discussed earlier in this report. Together with food-chain
magnification, the changes undergone by the pesticide in the course
of translocation tend to complicate the picture further.

d. Limitations of studies under experimental conditions. No ac-
count of toxicological complexities would be complete without refer-
ring, however briefly, to the animals in which biological effects are
studied. While some progress has been made in recent years in the
provision of healthier and more uniform stocks of laboratory animals,
variations in the response to a chemical will always continue to be
manifest as a result of species, strain, sex, age and individual differ-
ences in susceptibility.

One objective of toxicological investigation is to delineate at least
some of these differences and to ascertain in the most sensitive animal
species the maximum level of exposure that elicits no adverse effect.
Using this level as a basis for extrapolation, an "acceptable daily
intake" for man is arrived at by applying an arbitrary "safety factor."

Some of the weaknesses of this approach are readily apparent.. Prac-
tical considerations must always limit the number of species, strains,
etc. otaniinals investigated. The criteria used and tcsts applied to ascer-
tain that no adverse effect. has occurred are often the best available.,
but methodology has not. yet been developed specifically for this pur-
pose, to a degree permitting measured confidence that adverse effects
have not been overlooked. Much more work is needed in this area, both
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in the direction of sensitive and specific methods of detecting changes
and in an attempt to distinguish more clearly between those effects that
represent physiological adaptation and those which constitute patho-
logical change.

The study of pharmacodynamics and metabolic disposition of a
pesticide in one or more animal species is an important part of the
investigation of that compound. In conjunction with the other animal
studies just, referred to, delineation of metabolic pathways helps to
validate the exposure of hutnan volunteers to the compound. For how-
ever extensive and thorough the animal experiments may have been,
extrapolation of the results to man is still fraught with uncertainty,
which may be reduced substantially by investigating the compound
in man.

The considerations, limitations and safeguards that enter into the
use of human volunteers for research of this sort are now well recog-
nized and widely accepted. Limited though such studies must neces-
sarily be, both in duration and level of exposure, they do yield in-
valuable information, obtained under controlled conditions, that no
other approach can provide.

Epidemiological complexitie8
Man, the definitive host in the epidemiological interreaction with

his environment, has been found to possess many variables over and
above his overt pesticide exposure potential, each of which donates
subtle additions to the magnitude of his body burden. Thus, beside
his occupation, the amount of physical protection that he uses through
wearing of clothing and masks, his age, his diet, his race, his socio-
economic state, his home, the drugs he is taking; all are factors which
make a significant contribution to the amount of pesticide he absorbs.

Human experience represents a continuum, both of intensity and
duration of exposure. The greater part of the American public frill at
one end of this continuum, ingesting and absorbing very small amounts
of pesticides as residues in foods. In addition, an appreciable number
of this general population group receive further exposure to
pesticides applied in their homes and gardens for pest control pur-
poses. The relative contribution of these two sources, diet and casual
home use, to overall general population exposure has not been fully
studied. It is probably safe to say, however, that both sources con-
tribute significantly and each must be considered in any detailed assess-
ment of pesticide-health effect relationships.

Workers who manufacture, formulate, apply, or otherwise come
into contact with pesticides in the course of their occupation may be
generally considered as moderately exposed to these poisons and
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thought of as occupying the mid-rah: F pesticide exposure.
continuum.

On the. extreme exposure end of the e t hose unfortunate
individuals who, through accident or tart and assimilate
huge quantities of poison and case a rt lute, over

and sometimes fatal intoxication.
As the term cola immin implies, there is no ionareation between

these expose re groups. However, experience has shown that each can
he identified with sufficient precision to allow investigators to make
menningfni observations of pesticide assimilation, accumulation and
elimination: study morbiditymortality patterns as they relate to
pesticide exposure: and to a limited extent, determine dose-response
relationships in human subiects.

The epidemiological approach. Since all persons have some degree
of pesticide exy)sure, the epidemiological comparison of exposed and
nonexposed is impossible. Comparison of health experiences have to
be made between persons or populations with relative degrees of pesti-
cide exposure. Insofar as acute poisoning is concerned, this is a rea-
sonably simple. procedure. The effect is an acute toxicological phe-
nomenon and the contributions of person, place, and time to this,
together with information provided from toxicological data, make it
possible for causal factors to be identified and methods of prevention
readily determined.

Acute or overwhelming exposure to one or more pesticides followed
by ovei t illness has in many instances ken documented in the medical
literature. Knowledge obtained from reports of homicides, suicides,
and accidental ingestion= of pesticides has provided most of the scanty
information available from which dose-response estimations can be
developed. These events, along with overwhelming occupational expo-
sures, have provided clinicians with opportunities to describe the acute
effects of many of the pesticides. Sonic indication of age, sex, and race
difference in susceptibility have been observed and reported. In addi-
tion, acute poisoning events have provided sound evidence that some
pesticides may produce permanent damage to health.

More complex, however, is the investigation of the consequences of
the less intense but more sustained exposure. Here man is exposed
either by occupation or by incidental exposure such as is experi-
enced by the population at large. The contribution of dose and the
duration of exposure is very important. In these two situations two
populations, the occupationally exposed and the general population
Imo been studied and the epidemiological strategy has been somewhat
difTerent with respect to those t wo di &rent poplin! ion groups.

Studit) of fhr off opritionidly r .rpookrd.Invest igai ion of the mows
t ionally exposed has two goods.
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I. To assess the health consequences of occupational exposure and
to explore. the hazards of the industry, to identify areas where the
skills of industrial hygiene and occupational health can be applied to
protect the. health of workers.

2. To investigate the health experiences of the exposed worker with
the purpose of using information of a disease occurrence for the pur-
pose of extrapolation to the health effects in the general population.
This utilizes the dose effect principle of toxicology and presumes that,
if any health hazard which is the result of pesticide exposure is ob-
served. then it will be most frequently and intensively found in the
pesticide worker whose exposure is more intensive and prolonged.

Work-related exposure to pesticides among manufacturers, formu-
lators, applicators, field workers and others in related occupations can
best be described as infinitely varied. Not only is there great variation
in intensity and duration of exposure but in type and combination of
pesticides involved.

Scientific studies of pesticide exposed workers have generally been
of two types. The first, and most common. of these has been the study
of acute pesticide induced illnesses related to single large or multiple
small exposures. This kind of event and the information to be gained
from its understanding will be discussed in the following section. A
second type of study to which occupationally exposed groups lend
themselves is the comparative epidemiological investigation.

This form of study may be used to compare virtually any number or
combination of health related observations made among pesticide ex-
posed workers to like observations made among workers not so ex-
posed. If properly designed and controlled, the comparative enidemi
()logical investigation is potent inlly the most sensitive measure of varia-
tions in morbidity and mortality experienced by groups exposed io
any agent suspected of affecting lnunan health. Once variations are
identified, hypotheses regarding causation can be formulated and
tested. fortunately. there has been a disappointing paucity of com-
parative epidemiological studies among pesticide exposed workers.
'Moreover, several studies which have been reported are of limited value
because of faulty design..ls a result, although a very large manlier of
workers have been significantly exposed to n multitmle of different
pesticides during the last decade and a hit f, surprisingly little is under.
stood of the long -term health eonsequences involved. An additional,
perhaps more significant loss may have accrued from our failure to
adequately document the presence or Absence of adverse health effects
related to long-term occupational exposure to pesticides ft has been
suggested that illnesses related to long-term exposure to pest. irides A re
likely to Inc detectable first in workers who are heavily expected in
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comparison to the general population. It so, our lack of information
in this area may. in effect, deny us the knowledge necessary to predict
or anticipate specific pesticide related health effects destined to become
apparent in the general population only after ninny years of low level
exposure.

Theoretically, four permutations of cause and effect variables exist
in studies such as these. Thus, all pesticides and all diseases can be in-
vestigated, or single pesticide and all diseases, or all pesticides and a
single. disease, or a single pesticide and a single disease can be studied.
Methodologic and interpretative pitfalls exist in all four of these
designs.

pe.ttioW(4all diacofrot.--The mill hypothesis here is that occu-
pational exposure to pesticide has no adverse effect on health experi-
ence. Retrospective or prospective studies have reviewed mortality or
morbidity experience in the pesticide worker, comparing them with
these experiences in a population not so exposed. If the null hypothesis
is accepted, no greater incidence of mortality or morbidity patterns
world be observed than was found in the general population controls
stratified by age, race and sex. The pitfalls herein are essentially con-
cerned with the type of population comparisons. It is easy to obtain
age, race and sex sped 1k mortality data from National or State general
lopulation groups. In almost all studies where mortality experience of
a single occupational group is compared with a general population
group, rites tend to be lower in the specific occupational group than
the population at large. This is to lx' expected since the availability
of being employed or occupied is a priori, a characteristic of health.
Comparisons then would be more meaningful with another occupa-
tional group using as close a match for physical and social character -
istics of the two occupktions as possible, Thus, it is preferable to
compare pesticide exposed workers with another occupational group
rather than the general population. Samples of such comparison groups
are policemen, postal workers, and the like.

Singh, /nslir41(4--an (My' OA (R. Se ve ra1 studies have reviewed
morbidity data from manufacturing or formulating plants wherein
exposure has been predominately to one insecticide. Studies such as
these have two interpretative pitfalls which tend to limit the potential
information which call be extrapolated to the general population.
These are: ( I) the number of perms studied is inevitably small and
even if expanded by person-years computations the numbers are
n,..-ually still small, (2) they provide information on survivors only,
since mortality and morbidity experiences of Iroixmls is usually iin
available. Recently in the United States, An attempt has been made to
o% errome the problem of small numbers of occupationally exposed
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workers by supporting community pesticide studies in 16 States and
combining the clinical data of occupationally exposed persons in all
these areas. In addition to recording incidences of established diseases,
by subjecting the group to a uniform battery of mull iphasic screening
tests, information on pre-clinical disease is also being accrued. Thus, a
sizeable cohort of workers heavily exposed to pesticides has been made
available, for an in-depth evaluation. The inclusion of multiphasie
screening techniques has highlighted the problem of interlaboratory
variability, making interpretation of results difficult. Differences may
be observed. which are still within the range of the accepted norms.
Even if sem pt lous care is used to define the criteria of exposure,clearly
differentiating them from the control population not only by occupa-
tional history but by their biologic. indicies of exposure as well, the
Wood chemistry differences may be adaptive or compensatory rather
than injurious. In addition, an exhaustive. search for dropouts is es-
sent i al, and any significant failure to do this would seriously jeopardize
the interpretation of results. No better example of the consequences of
this omission can be given than was the case with workers occupa-
tionally exposed to asbestos. NIesothelioma, a well known complication
of pulmonary asbestosis was not recognized for several years, because
dropouts from this industry were not traced.

All pesticides tingle disease.--As with other studies of the occupa-
tionally exposed, the relative risk due to pesticide exposure must be
very high and the incidence of the disease very high for an effect to
be recognized in studies where the number of participants is small.

Single pesticidesingle disease.Investigation in this situation
II:Wally follows earlier epidemiologic or toxicologic leads. The implica-
tion of pesticides in a causal role, is established following either toxico-
logic or hypersensitivity principles or with planned human or animal
exposure.

Prospective versus retrospective, studies.The problems of these
types of studies are chiefly methodological and logistic. The limita-
tions of prospective studies are their cost, the need for a large num-
ber of participants in the cohorts, and the time or period of obsem-
I ion. The turnover of personnel in the pesticide industry- is high, which
in itself presents a serious logistic problem. Retrospective studies are
easier since they are less costly, and the required information is pro-
vided in a shorter period of time. However. by and large, only mortal-
ity data R -e available and difficulties due to a small relative risk might
necur, inakt,ig it possible that the disease effect might be missed. Mean.
ingfn) interpretation can only be deduced from such studies if there is
tvssonahle evidence that a large proportion of the dropouts have been
accounted for. Retrospective studies ususly precede the more costly
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prospective studies, And if a specific disease entity is identified in the
former an associaticil only (with no causal connotation) is identified.
The evidence for ,.ausality is usually obtained from a prospective
study and is strengthened by the. demonstration of dose and temporal
associations. Lastly, studies such as these, even if showing illnesses
which appear to be causally associated w:th the occupational exposure
to pesticides, provide little. information as to which is the specific
offending pesticide.

Gcnerat pt puhifion xtudirs4.--The conventional approach of assess-
ing the health effects of pesticides in the general population has been
to find the dose relationship in the occupational exposed and to
extrapolate from this to the general population. This WAS one of the
approaches in radiation studies but was found to be of questionable
validity since the diseases were different with different dose ex-
osnres. Thus with the continuum of radiation exposure, NM rrow

oplasin. thyroid malignancy, and leukemia was observed. An alterna-
tive approach that was used was to do studies of the background
radiation level itself. The same appiviah is possible with pesticides
using the Imman pesticide residue as the marker; but here, as with
radiation, work must first be done. on the pesticide.level itself. Fat and
hlotx1 have been the tissues of greatest interest ; DDT and its meta-
bolic derivatives the principal pesticide studied. The reasons for
these choices are clear. flood and fat are refati-ely easy to obtain
by venepunture or biopsy at surgery or past mortem examination.
Chemical analysis of these tissues has proved to be informative both
on an individual and general popnlation basis. DDT has received a
major share of interest because of its widespread use, the ease by
which it can be identified, and its almost invariable presence in de-
tectable nmonnts in human adipose tissue (fat).

As discussed elsewere in this report, a few other pesticides of the
organochlorine family can often I* found in adipose tissue samples
obtained from the general population sources., but these pesticides have
received much less interest and attention than DDT. Pesticides of the
organophosphate type Are not found in the adipose tissue or blood of
the general population.

It is surprising and somewhat disturbing to Dote that despite the
tens and perhaps hundreds of thousands of adipose tissue analyses done
in this country and elsewhere, there are still important gaps in our
knowledge of the storage, metabolism, and significance of IMT in
human I issues. For example, there appears to be no convincing evidence
Available at the present time to dearly indicate whether tissue storage
of I)1)T and its metabolites is increasing. decreasing, or remaining
constant.
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In the face of this mosaic of host agent environment interreaction,
it is not surprising that the question as to whether long-term exposure
to pesticides is harmful or not remains unanswered. It will require the
combined contribution of physiology, toxicology, pathology, chemistry,
and epidemiology to answer the question with any degree of totality.

Cave reportR.In the past 25 years, thousands of clinical case reports
of human illness apparently caused by pesticides have appeared in the
medical literature of dozens of countries. An effort has been made here
to organize representative examples of this vast body of information
in a coherent way. Findings have been critically assessed, and those
which appear scientifically tenable have been arranged according to
the human organ system which seemed most affected, or according to
disease entity or syndrome when that was more appropriate.

Case reports in which pesticides are implicated typically describe
clinical observations of an individual patient (occasionally more than
one), pathological findings, etiology or causal relationships, and a
regimen of treatment and its outcome.

Whenever information permits, a consideration of dose-response
relationships is included here. However, in the very nature of the phe-
nomenological approach, there is often little or no opportunity for
clear documentation of extent of exposure. The patient does not seek
medical attention until his illness is overtly manifested; by then, it
is often impossible to recall or reconstruct how much of a given pesti-
cide was ingested, inhaled, or absorbed. There is a danger of post hoc.
(Igo propfrr hoe reasoning in this approach.

Errors of omission, however, may be even more serious than errors
of commission. The reporting physician, for example, may have failed
to study sonic physiologic system, such as the central or peripheral
nervous system, when in fact there was an effect. Onto errors of either
commission or omission find their way into print, they are often
exceedingly difficult to correct.

A./adios of group" oreopolionolly r.rpotrd.At least two basic aims
should he borne in mind, when designing studies of individuals ex
posed to pesticides in the course of their employment. Ideally, such
-Indies should generate information on exposureeffect relationships
which can be extrapolated from the more heavily exposed ocenpa
tional group to the less heavily exposed general population. lint in
addition to this pure research purpose, au applied research purpose is
do apt implicit : Such studies should provide the basis for drvelop
mem of preventive medical programs to preserve the health of the
exposed workers. All reasonable efforts must lie made to protect
workers front harmful exposmrs at all limes, lloweter, should low
level exposures be unavoidable, or should massive accidental expo-
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sures occur, opportunities to make meaningful observations of health
consequences should not be overlooked.

Extrapolations from occupationally exposed populations to the.
general population always require qualification. The most significant
difference between the two groups is that the general population in-
cludes large numbers of very young, very old, ill and disabled, while
such persons are found rarely or not at all among the occupationally
exposed. These individuals are often least resistant to the effects of
toxic agents; it is therefore apparent. that dose-response relationships
based on studies of formulators or other occupational groups may be
extrapolated to the general population only with great caution.

nalyticol coutpleritieR
An appreciation of some of the more important analytic and in-

terpretive problems peculiar to the organochlorines is essential for
perspective in this area.

A recently-discovered source of error in analysis of DDT and re-
lated materials by gas chromatography is the presence of poly-
chlorinated hi phenyls (P('11). Since 1929, polychlorinated biphenyl
liquids, resins., or solids have !een spread widely in our environment
in oils, hydraulic fluids, adhesives, plastics, building materials, fuels,
ti re retarda.ds, heat transfer agents, electrical equipment, paper, and
many other industries. The presence of PCB has caused serious
analytical errors in the nonspecific gas chromatographic analysis of
the chlorinated hydrocarbons (Jensen, 1966; Richardson, 1069;
Reynolds, 1969). It is clearly necessary to confirm qualitatively the
determination of Din residues and not to be confused by gas chroma-
tographic peaks that overlap DDT but represent totally different.
materials (Schechter, 1968). Such false peaks have been reported in
gas chromatograms from some wildlife samples, along with organ-
°chlorine pesticides (ilann', 1065). rod liver oil from Norway gave
rise to gas chromatographic peaks in the region expected for DDT,

and TDE, but paper chromatography indicated the presence
of halogenated compounds which were not known pesticides at all
(Eide 'man, 1963). In samples for the Nature Conservancy in 1WW1),
compounds were detected interfering with detection of p,p'DDT and
p.p'TI)E (Harrison, 1966). Since 1966, the presence of PC11 has also
lien noted in the British (1101mes el al. 1967; Holden and Marsden.
067; Robinson, undated reference cited in Richan 'son. 1969), Dutch
(Korman, rl of. 1969), and North American ( Risehrough, rt al. 196.4)
environments.

Polychlorohiphenyls have been identified in fish, wildlife, and the
environment as cited above, but no attempt appears to have been msde
to look for them in human tissues. or excreta. Pooled samples of
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human milk from Colorado Springs and eight individual samples
from Berkeley, Calif., were positive for PCB (Risebrough, 1969;
personal communication). Pa't reports of levels of chlorinated hydro-
carbon pesticides might thus have been too high as a result of the
presence of PCB. A further source of error might be introduced by
storage. of specimens in plastic containers (Quinby, 1960).

Analyses of enviromnental samples inns( be supported by qualita-
tive and quantitative confirmation of the results. Too many papers
have been published that incorporate no such quality controls; nor
have potential sources of error been considered. Especially when the
results are reported as positive near the lower limits of detection of
the gas chromatographic method (which is often the case), the results
may be absolutely misleading. The mass of material in question is
then also insufficient for qualitative and quantitative corrolxwat ion of
the results by other techniques of analysis.
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f 'on/ ple.rif to of Terminology
A large body of information has been published regarding the healt:i

conaNuences of human exposure to pesticides. Review of these publi-
cations reveals that the scientific terminology is often imprecise and
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nonuniform from one publication to another. Pm ticularly troublesome
and confusing are adjectives commonly used to qualify the terms
"exposure" and "effect". Terms frequently used to describe exposure
are acute and chronic, high level and low level, and short term and
long tem. Among the terms that have been used to describe effect are
acute and chronic, transient and permanent, and immediate and
delayed. While it is not within the scope of this report to propose a
standardized exposureeffect nomenclature, the absence of uniformity
among authors in this respect must be emphasized.

The terms "acute toxicity" and "chronic toxicity" also deserve com-
ment. Acute toxicity usually implies overwhelming intoxication with
overt illness or death. Often only one pesticide is involved and the
diagnosis is relatively clear-cut. The term chronic toxicity is, as a rule,
more difficult to interpret. The author usually refers to illness resulting
from long term, relatively low-level exposure to pesticides. The data
concerning intensity and duration of exposure are often unclear or
incomplete.

Contributing to these interpretative pitfalls is the concept of the
acute IA), This term refers to the quantity of pesticide which, when
administered in a single dose, is lethal to Mt percent of a group of test
animals. The is usually expressed as milligrams of pesticide per
kilogram of animal body weight (mg./kg.). The species, strain, age,
and sex of the experimental animal, route of administration, concen-
tration of test material, and vehicle in which active agent is adminis-
tered must be specified. Even the most carefully established data
cannot be extrapolated to man except in a general fashion. Thus, while
it is true that pesticides which are highly toxic to the experimental
animal are esually quite poisonous to man, dose-response relationships
are usually very different.

This is only one of the uncertainties involved in extrapolating ani-
mal data to man, In recent years, a great deal of attention has been
devoted to this question. The conclusion that emerges is that only
studies in man can provide definitive answers to the questions posed
by human exposure to pesticides and other chemicals. Results of exper-
imental studies in animals are at best a guide, providing what are often
valuable clues to the nature of the effects that should be looked for in
human studies. The fact that every man, woman, and child in this
Nation is exposed to pesticides in one form or another demands that
answers be forthcoming that are known to be valid for man.

The available information on the effects of pesticides in Mall usu-
ally relates to episodes of acute and often single massive exposure in
individuals not previously- conditioned or adapted to such exposure.
goat uncertainty attends any effort to use this type of information as
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a basis for conclusions regarding exposures that are long term, low
level, and continuous or oft-repeated. These are the types of exposure
experienced by the general population. Nor does information relating
to healthy adult volunteers or to occupationally-exposed workers nec-
essarily apply without serious modification to the large number of
other categories of the general population: the very young, the old.
the debilitated, inipregnancy, and in disease states.

It is in this context that one must consider the interpretation of
"IV) effect.- In animal studies whose results are used for regulatory pur-
poses, the term "no effect" refers to absence of adverse effects. The
line of demarcation is often not clear!y drawn between physiological
adaptation, which is pi-estimably a beneficial response to exposure,
and pathological change, which constitutes n breakdown of the body's
defense mechanisms. As increasingly sensitive tests are applied hi
animal studies, so more and more effects are observed that cannot,
in the present state of knowledge, be assigned with any certainty to
either the physiological or pathological category. For a variety of
reasons, such tests have not yet been applied in inan. and hence the
absence of effect as judged by conventional criteria is not an adequate
expression of what might be found by application of methods com-
bining greater specificity and sensitivity for detection of pesticide
effects.

In the course of considering manifestations of pesticide exposure.
a clear distinction should be drawn between measures of exposure and
measures of effect. For example, pesticide levels in blood and tissues
are indicators of exposure. In themselves, they do not constitute evt-
deuce of an effect, however, striking the level may be. In the case of
plasma or erythrocyate cholinesterase level, moderate or extreme
loweringthough not invariably correlated closely with the clinical
state of the subjectis a sufficient danger signal to be regarded with
due concern and appropriate remedial action taken. A variety of
changes in clinical biochemical parameters have been reported in
individuals expose(' to pesticides. While some of these may idliniately
he shown to he useful measures of exposure, or reflect physiological
changes within the body, we have no evidence that any one of them is a n
indicator of toxic effect.

Qnestions of terminology enter into rue dig uis ort of many issues
( oneei fling pesticides. It must lye made clear that the Icnn "persistent"
hAR no application in physiological terms. The fact that a compound
remains in the environment for a sufficient length of time to be ell tried
over from mason to season or from one crop to the next, bears no
direct relationship to its capacity to be s1* red in. and mobilized from,
human ad i pOOP t kctie.
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The context in which the term "health" is used is important. As
mentioned in the introduction, health encompasses, in addition to hu-
man health and well-being, the healthy existence of beneficial flora and
fauna in man's environment. Public health refers to questions con-
nected with specific human diseases. Environmental health is that
aspect of human health dependent upon, or conditioned by, man's
environment. Finally, the expression "environmental quality" (as dis-
cussed in various sections of the Commission's report), is distinctly
different from health, despite the dependence of health on environ-
mental quality. Environmental quality has significance in a scientific
sense, an administrative sense, and both nationally and internationally.
There is no simple direct relationship between human health and envi-
ronmental quality, and caution must be exercised in order to avoid
drawing conclusions based on the assumption that such n relationship
exists.

Need for perspeetiee
Some general explanatory comments are needed on the subject of

irreversible long-term effects of pesticides. From the standpoint of
the toxicologist all such effects are equally undesirable, whatever their
nature, or whatever the organ system involved. In other words, to
the expert in the. field, the hazard of development of peripheral
neuropathy or aplastic anemia mast be taken just as seriously as
risks of carcinogenesis, teratogenesis, or mutagenesis. There is a
tendency on the part of the lay public, the news media, and even
among some scientists who specialize in the areas of came, or birth
defects, or genetics, to regard these particular hazards as transcend-
ing all others and, therefore, claiming most immediate and urgent
emphasis.

Whatever one's point of view, there is an inescapable factor in this
situation that is often overlooked. This is the difficulty of establishing
with any certainty carcinogenic, teratogenic, or mutagenic potential
for most compounds that are only weakly active in one or other or all
these directions. A powerful carcinogen such as diethylnii rosamine or
aflatoxin (or unequivocal mutagens such as some alkylating agents),
presents no difficulty in clearcut characterization of effects in animals
and in assessment of the carcinogenic hazard presented to man. Hut
pesticides do not pose. such straightforward problems. Methods for
detesting weak carcinogenic potency are still inadequate to provide
unequivocal results and hence leave room for differences in interpret ft-
t ion. Methods for evaluating weak mutagenic potential in mammalian
systems are even more primitive, and the results even more difficult
to apply for practical purposes. FA-en in the area of teratogenesis
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it can be said that extrapolation of animal results to man is fraught
with great uncertainty.

Snch being the present parlous state of the art, one need hardly be
surprised that differences of opinion should exist among scientists
knowledgeable in the field of toxicology. Even more diverse are the
views expressed regarding regulatory action to be taken on the basis
of experimental findings. It may be argued that any well-founded
suspicion against n compound should suffice to have its use restricted
or totally prohibited. Prudence, it would seem, demands no less. At
the risk of appearing to be imprudent, one must point to the inesenp
able fact that there is no chemical present anywhere in our environ-
ment, and especially any natural component of our diet, that is
incapable of yielding alarming results in sonic biological system nt
high enough levels of exposure. Consequently, the circumstances of
intended use of the material, and particularly the likely levels of
exposure, are of fundamental importance in assessing safety.

Viewed in this light, the attitude that it is impossible to define
a safe level for man of a weak carcinogen, or a weak mutagen, is a
retrogressive appmaeh to n problem that will not be solved by pro-
hibiting from use every c-ompound nosscssing an index of suspicion.
however low. The argument is indisputable that, despite our state of
ignorance, or even because of it, we ought not to add to the existing
burden of carcinogens, or unitive:is, in our environment. But n gen-
eralization of this sort must be tempered by quantitative considera-
tions. If the additional hazard represented by a compound is in all
orolialility trivial, then we have n responsibility to weigh those
benefits conferred by use of the compound against the hazard that
its presence in the environment represents.

The key issue posed by this line of reasoning is the determination of
what constitutes a trivial addition to the existing luirden in the envi-
ronment. The sad fact we have to face is the almost total absence of
information on the existing burden of careinogens, mutagens and
teratogens naturally present in food, drink, water. air. etc. Not the
smallest effort has ken made to assess this background, using the
available tests, so as to achieve some perspective in judging the results
of these same tests with new compounds. Man's exposnre over countless
generations to a wide variety of naturally occuring toxicant R., and the
known effects of such exposure (in terms of morbidity and mortality)
should be used as a firm baseline from which to judge additional haz-
ards. For example, we know that man and animals constantly ingest
in food and drink a variety of agents that are liver toxins and carcino-
gens, One might therefore anticipate that liver cancer would be a
major problem throughout the world. In fact it is so raro that those
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localized areas of high incidence are almost certainly attributable to
special circumstances peculiar to the regions involved. In the United
States the incidence of liver cancer is low and there is no evidence
that it is rising. Thus, despite lifelong exposure of the entire popula-
tion to numerous weakand even potentnatural carcinogens in food
and drink, the actual hazard in practice is, as far as we can tell, very
small. It is background information of this sort that is urgently needed
before assessment of hazard to man from new compounds can be based
on realistic judgment.

NIA It MACOK I N el ICS

Routes of Entry
Pesticides may gain entrance to tho body through the intestine subse-

quent to ingestion; through the lungs as a result of inhalation of air-
borne pesticide-laden dusts, vapors and aerosols; by penetration
through the intact, skin; and (rarely) by absorption directly into the
bloodstream through the broken skin.

The relative importance of these pathways varies, to a large extent,
according to the population group under consideration. In the general
population, ingestion of residues remaining on foods is probably the
major route by which pesticides enter the body. Inhalation may be a
factor, particularly in lower-income households, where "bug-bombs"
are used in the effort to control cockroaches and other pests. It is
unlikely that percutaneous absorption is an important route of entry
among members of the general population, at least insofar as acute
intoxication is concerned. A possible exception may exist when unre-
stricted sales of highly toxic pesticides, such as parathion, are permit-
ted for household and garden use. Home poisoning cases are usually
accidental, usually involve children, and ingestion is overwhelmingly
the most common route of entry.

0c,ciipationally exposed persons, on the other hand, are at risk of
hazardous absorption of pesticides primari:y through inhalation of
dust, or droplets generated during pesticide manufacture, mixing, or
application. Under some conditions of workmost notably agricul-
tural employmentskin contamination followed by percutaneous
absorption may constitute a significant pathway.

The pharmacokinetics of organoehlorine insecticides
The dynamics of an organochlorine insecticide in vertebrates may

be discussed phenomenologically, that is, the experimental results
per se may be considered without any preconceptions. Such a treat-
ment of the results may take various forms but it is convenient to dis-
cuss them with respect to four different relationships, relationships
which are relevant to various aspects of the interpretation of the epi-
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demiological data. These relationships between the experimental vari-
ables are: Those between the concentrations of an insecticide in the
body tissues and the intensity of the exposure: those between the dura-
tion of exposure and the concentrations in the tissues: those. between
the concentration in the blood and the concentrations in other tissues:
and, those between the concentrations in tissues and the time since ex-
posure ceased. Subsequently, we may consider the implications of these
relationships, the theories or models that may he proposed as explana-
tions for these empirical wintionships and. finally, the inferences that
may he made in relation to the epidemiology of these compomuls in
man.

I. Review of experimental Rind IeR of the elynamle.e of organoehlorine
in.sertirges.(i) Relationship between the intensity of exposure and
the concentrations in tissues: The entry of an organochlorine insecti-
cide into the body may occur either by ingestion, inhalation, or
perentaneous absorption. Ingestion is the only route of entry which
has been systematically studied in relation to the. residues arising in
body tissues. Fortunately, this also appears to be time major route of
entry of the insecticides into the bodies of most members of the general
population.

DDT: Lang and Fitzhugh in one of the earliest studies of the store
of DDT in tissues concluded that the concentration of DDT in fatty
tissue of rats was correlated with the level of DDT in the diet in the
range. 100-800 p.p.m. (1) Hayes (2) reviewed the evidence up to about
1058 and concluded that "when other factors are kept constant, the
peak storage of DDT in each tissue varies directly with the daily
dose." That this conclusion was warranted by the data he reviewed is
shown by figures 1 and 2 which are reproduced, for convenience, front
Hayes' review. The results obtained by Durham et al. (3) in a study
of the storage of DDT in the body fat of Rhesus monkeys also show
that there is an obvious correlation between the concentration of DDT
in body fat and that in the diet of the monkeys (see fig. 3). In a study
in which DDT was given to lnunan volunteers Hayes et al. (4) con-
cluded that the storage of DDT in man was proportional to the dosage.
I Tsing the results of this trial, and those of n second trial (6), Durham
et al. (6) derived a graphical relationship bet Veen dc3age and storage
of DDT in man. The ,:esults used by Durham have been used to con-
struct figure 4. The relationship between the mean (arithmetic) con-
centration of DDT in subcutaneous fat and the daily close of DDT has
been calculated:

logo (1.= 0.0142+ 0.6539 tog (1101Xclai1y dose of DDT, mg.)
(±0.10,1)

264



where (' is the concentration of DDT in fat, p.p.m.; where the value
±0.105 in parentheses is the standard error of the slope of the regres-
sion line. The relationship is not exact as arithmetic means have been
used in deriving an equation involving the logarithms of the variables;
strictly the geometric means should be used but the published results
do not allow these to be calculated.

Die 'drill: It has been shown that the concentrations of ITEOI) in
the tissues of rats mid dogs (7) are related to the daily intake (see fig.
5). Gannon et ed. (8) concluded that in steers, hogs, lambs, cows, and
sheep the amount of dieldrin stored in the body fat appeared to be
proportional to the rate of intake. An examination of their results (see
fig. 0) indicates that they have been rather cautious in drawing such a
tentative conclusion. In man, it has been shown that the concentrations
of I II:01) in whole blood and adipose tissue were correlated with the
daily intake of that compound (9,10), and explicit relationships have
been derived (10) ; these are :

(concentration of 11E01) in blood)

Amount of 11E01) ingested per day (pg)= 0.000086
(concentration of 11E01) in 110/

0.0185

Conclusion: All the available experimental evidence indicates that
the concentrations of I)I)T and IIKOD in the tissues of experimental
animals and of man are related to the dietary intake.

(ii) Relationship between the duration of the exposure and the
concentrations in tissues DDT: Hayes 2) concluded that the degree
of storage of DDT in the adipose tissue of rats varied directly with
the number of doses until a peak or plateau was reached, but that the
true-dosage relationships were much less well-understood for other
organs. Results consistent with this concept of an approach to an upper
limit, of storage, characteristic of the particular daily intake, have
been obtained by Ortega at al. (11) in the caw. of the rat (see fig. 7),
and by Durham at al. (.3) in the Rhesus monkey (see fig. 8). Hayes
at al. (4) concluded that human males achieve storage equilibrium for
DDT in about a year (see fig. 9), but that further observation was
necessary to establish this conclusion firmly. Hayes (2) commented
that after the plateau concentration had been achieved there was a
tendency for the concentration of I)I)T in the body fat of rats to
decline. There is an apparent tendency for a similar decline in the
concentration of DDT in the body fat of the Rhesus monkey (see lig.
8), but Durham et al. (3) suggested that this may be an artifact caused
by random variation and the loss of some animals from their respec-
tive groups.
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Die ldrin: The concentrations of IMOD in the tissues of its and
dogs approach on upper limit of storage characteristic of the daily
intake (7), and this phenomenon is illustrated in figure 10, based npon
the results obtained by Deiebinnbil et Itt. (12) in a trial in which a diet
containing 50 p.p.m. dieldrin was fed to female rats. Richardson et al.
(14) determined the concentration of IIEOD in the blood of dogs
given daily doses of 0.1 mg. dieldrin/kg. for 128 days. These workers
reported a highly signlicant relationship bet %Teen the logarithm of the
concentration of 11E01) in the blood and the logarithm of the con-
centration of HEM) in the diet (i.e., a power-function relationship).
The implications of such a relationship are discussed below, but it was
considered desirable to fit the data to on asymptotic relationship of
the form fitted to the human data (see below) :

C =C, e"")

where (' is the concentration nt time t, (' m is the concentration at t= CO,
and k is a constant. A comparison of the goodness of fit of the two
relationships is given in table 1.

TABLE 1. Comparison of the goodness of fit of the concentration tiate relationship
for HEOD in the blood of dogs

Residual variance

Dog No, Cm k about about
asymptotic power-
relationship function

2 429 ( ± 167) 0. 0045 (f 0. 0020) 0. 004574 0. 004598
4 126 ( ± 13) 0. 0171 (f 0. 0028) O. 004494 0. 00568
6 89 (f 25) 0. 0119 ( ± 0. 0047) 0. 01664 0. 0206

It will be noted that the residual variance about the asymptotic rela-
tionship is smaller than that about the power function. For the reasons
discussed below it is considered that the asymptotic function is the
more appropriate relat Lush p.

Keane and Zavon(14) studied the concentration of 11E0) in the
Hood of clogs which had been given 1 mg./IIEOD/kg. body weight/
day for 5 days, followed by 0.2 mg. IIKOD/kg./drty for a further 54
days. They concluded that the concentration of dieldrio in the blood of
all the animals remained very constant daring the gas. 53 days of the
trial, that the ratio of the concentrations of dieldrin in the fat to that
in the blood remained relatively constant for each dog during the ex-
periment, and that a storage equilibrium existed during the hitter part
of the trial. The validity of some of the conclusions of these authors is

266



doubtful,' but these doubts do not affect the general conclusion given
Le low.

The experiment in which HEOD was given daily to volunteers for
2 years gave (9,10) results which have been analyzed in detail (10) and
shown to be consistent with an asymptotic relationship.

The concentration of HEOD in the blood of dogs tends to decline
after reaching a maximum (unpublished results, Tunstall Laboratory).

Conclusion: The concentrations of DDT and HEOD in the tissues
of rats, dogs, and man do not increase in a rectilinear manner as the
time of ingestion increases; the concentrations approach an upper
limit, or asymptote, characteristic of the daily dose. If the exposure is
continued for a sufficient period of time there are indications that the
concentrations in tissues tend to decline.

(iii) Relationships between the concentrations in various tissues
DDT: It appears from figure 10 of Hayes' review (2) that the con-
centrations of DDT in the various tissues are correlated.

Dieldrin: Significant correlations were found between the concen-
trations of HEOD in the blood and other tissues of rats (7, 10) (see
fig. 10), dogs (7) and man (9,10). Keane and Zavon (15) determined
the concentrations of dieldrin in the blood and body fat of dogs given
daily doses of dieldtin and found a significant correlation between
them. The results of Deichmann et al. (la) also show that the concen-
trations of dieldrin in body fat and liver are correlated with that in
the blood (see fig. 11). These correlations are implicit in the relation-
ships of type I and H discussed above and their explicit demonstration
is, in that sense, an example of redundant information. Heuristically,
however, it is convenient to discuss these correlations explicitly. The
quantitative relationships between the concentrations in the various
tissues are also of direct practical interest.

Conclusion: The concentrations of HEOD in the blood are signifi-
cantly correlated with those in the other tissues and it is probable
that corresponding correlations exist in the case of DDT.

(iv) Relationship between concentrations in tissues and time since
exposure ceasedDDT: The concentration of DDT in the adipose
tissue of monkeys (3), and rats (11), and cows (16) has been found
to decline when exposure ceased. The change in concentration is not
related to time in either a linear or exponential manner (see figs. 12,

IL For example, Keane and Zavon CIO state that "the concentration of dieldrin in the
blood of all the animals remained very constant from day 7 to day N. An examination
of the results given In table 2 of their paper shoat; that there was a significant Increase
in the concentration of dieldrin In the blood during this period:

cSlood 0.078f+9.70
(+0.010)

The slope of the line deviates ti !gni flea ntly from zero, and hence the concentration was
increasing during the period of the experiment.
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13, and 14) and 'McCully (16), for example, suggested that the power
function could be fitted to their results. That their results could be
fitted to such a relationship is quite probable., but a more plausible
relationship is one involving two exponential terms; this type of rela-
tionship is shown in figure 14. The decline in the concentration of DDT
in the tissues when exposure, is terminated implies that DDT is being
lost from the body, either as unchanged DDT or as metabolites. Studies
of the concentration of DDT or its metabolites in excreta are therefore
relevant to this topic.

From the results obtained by Durham et al. (3) in their study of
DDT storage in Rhesus monkeys it may be shown (see fig. 15) that
the concentration of DDT and DDA in the excreta are related to the
intake of DDT. As the concentration of DDT in the body fat is also
related to the daily dose (see sec. (i) above) the concentrations of
DDT and DDA in excreta are also related to the concentration of
DDT in the fat. The results of Hayes el al. (4) and Durham et al. (17)
indicate that the concentration of DDA in the urine of man is also a
function of exposure (see figs. 16 and 17).

Dieldrin : The concentrations of HEOD in the tissues of rats decline
during the postexposure period (18). There are differences in the
rates of change of the concentrations in the various tissues (see figs.
18 and 19), and the following empirical relationships, for example,
have been derived from the experimental observations:

Cr., =13.5 exp( 0.067 t)
Ot.Rer= 0.71 exp( 0.54 t) +0.233 exp ( 0.068 t)

The concentration of IMOD in the blood of workmen has been
found to decline when their industrial exposure to aldrin and dieldrin
was terminated (19) (see fig. 20), and the mean concentration of
HEOT) in the blood of volunteers who had been given known daily
doses of HEOD was also found to have decreased significantly during
the 8-month postexposu re period (10).

The results obtained by Korte and his coworkers in studies of the
metabolic fate of 'IC-labeled cyclodiene insecticides (20) showed that
metabolites of these compounds occurred in the excreta of rats and
rabbits. In one experiment rats were given "r-nldrin daily for 12
weeks, and it was found that after about 8 weeks the total amount
of "C-nctivity in the excreta was equal to the daily administered
dose (01). It was also found that the majority of the activity was in
the form of hydrophilic metabolites. These results, in which the activ-
ity eliminated per day eventually balanced the amount administered
per day, are the obverse of the approach of the concentrations of
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HEOD in the tissues to upper limits, and are analogous to the results
obtained in relation to the excretion of DDA by subjects treated with
DDT.

Conclusion: The concentrations of DDT and IIEOD in body tis-
sues decline when exposure ceases; the relationship between the con-
centrations in tissues and time during the postexposure period depends
upon the compound and the tissue: the declines in the residues of DDT
in the body fat of rats, monkeys, and steers appear to deviate signifi-
cantly from a simple exponential decline, whereas HEOD residues in
the body fat of rats do so decline. The residues in HEOD in the liver
and blood of rats can be fitted to a relationship involving two exponen-
tial terms.

(v) Dynamics of other organochlorine insecticides or related
compounds: In surveys of the occurrence of organochlorine compounds
in human adipose tissue it has been found that, apart from pp'-DDT
and HEOD, residues of pp'-DDD, pp'-DDE, isomers of benzene hexa-
chloride (mainly p and y), and heptachlor epoxide are also present.

The dynamics of the behavior of these comnounds in man are there-
fore of interest. Unfortunately, the evidence available is slight, but
such studies as have been made indicate that their dynamics are of a
similar form to those of DDT and HEOD. The most, important of
these other compounds (as regards the dimension of the residues
found) are pp'-DDE and and further information on the
kinetics of these two compounds in experimental animals and man is
desirable.

(vi) Excretion of organochlorine insecticides in milk and eggs:
A number of experimental studies, particularly of DDT and HEOD,
have been made of concentrations of organochlorine insecticides in
Cows milk, and of the eggs of chickens and other birds, in relation to
the intensity and duration of exposure. Most of the studies have been
concerned with determining empirical relationships and the analysis
of the results in relation to the dynamics of these compounds has not
usually been carried out. However, the results appear to be generally
consistent with the four conclusions drawn above from studies of the
concentrations in the body tissues of rats, dogs, steers, and man.

II. Interetice8 from the empirical rehttion8hip.9.In part I of this
review particular stress has been placed upon the relationships be-
tween the different variables. A number of inferences may be drawn
from the relationships between these. variables. In addition to these
inferences it is desirable to establish, if possible, a theory or model
which will provide a rational basis for the relationships and the deduc-
tions based on them. Such a model is required if the results of animal
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trials are to be used in the interpretation of the epidemiological sig-
nificance of residues in the general population.

(i) Inferences drawn from the empirical relationships between
variables: In the case of IIEOI) it has been shown that the concentra-
tions of this compound in various body tissues are related to the con-
centration in the blood in both the exposure and postexposure periods,
ie., there is a concerted change of the concentration of HEOI) in the
blood and other tissues. Such an inter-relationship may be explained
in several ways but the most plausible is that there is n reversible inter-
change of 111.4'0D between the circulating blood and the other body
tissues. Such a reversible process is not unexpected in view of the
physico-chemical properties of HEOD, and is analogous to the parti-
tioning of IIEOI) between different liquid phases. The other organo-
chlorine insecticides will also partition themselves between different
',Lases, differences between them being reflected in the partition coef-
ficients characteristic of the different compounds.

A second inference may be drawn from the observed decline in the
concentrations of organoehlorine insectides in the body tissues when
exposure is terminated. Some of this decline may arise from elimka-
tion of the compounds froil the body without chemical change (e.g.
small amounts of pp' -DDT and 11E0D are found in the faeces).
However metabolities of DDT and IIEOD, for example, have also
been found in excreta. This indicates that they undergo bioheinical
conversion in the body. The rate of conversion at a site (s) of reaction
may be expressed in general terms:

Where n is the order of the reaction with regard to the substrate
molecule. The concentration of the substrates, in relation to whole tis-
sue, are very low (about 10-9M or lower), it is probable that the
concentrations at the site (s) of action are also very low. In these cir-
cumstances it zero-order reaction (i.e., /1=0. in which ease the rate of
metabolism is independent of the concentration) is unlikely. The
simplest rate equation is that corresponding to a first order reaction
(zi =1), and tlie,rate of react io:t in this case is given by :

dt

It is easily shown that this corresponds to an exponential relation-
ship between the concentration at the nite(8) of reaction and the time
since entry of HOD to the site of reaction was terminated :

01=0. exp(

where 0' is the concentration at time t and Co is the initial concentra-
tion at the site (s) of reaction.
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The concentration of substrate at the site of reaction when there is
a continuing steady rate (a) of injection of the substrate may be
derived by integration of the relationship :

del-ke=adt

whence: 67=(-2- (1r")

(it has been assumed, for simplicity, that the concentration of the
substrate at the site of reaction was zero before the ingestion of the
substrate at a known rate).

With continuing injection of substrate, i.e. as t-- co , the concentra-
tion at the site(s) of reaction approaches a finite upper limit of asymp-

totic ( =k). This treatment may be generalised to the case:

de = a
dt+k" c

and in all cases for n>o, it can be shown that the concentration at the
site(s) of reaction approaches a finite upper limit 7fre
as time increases.

Unfortunately we are unable to measure the concentrations of sub-
strates at the site(s) of reaction; only the concentrations in tissues or
subcellular fractions can be measured. Consequently these inferences
regarding the concentrations at the site(s) of reaction are of academic
interest unless we make some other assumptions.

(ii) The compartmental model and its application to the pharma-
cokinetics of organochlorine insecticides: The compartmental model
has been used, with great success in the study of the dynamics of drugs,
lipids, metallic ions, etc. and there appear to be no a: priori reasons for
not applying such a model to the organochlorine insecticides (p2,
23, 24).

The basic concepts of the model are as follows. The animal body
is considered to consist of an infinite number of infinitesimal elements
of volume. Collections of elements form sets, the defining property of
each set being that within a set any change in the chemical. potential
of a substrate in any element of that set results in an instantaneous
and equal change of chemical potential of the substrate in all other ele-
ments (note that chemical equipotential does not entail equal concen-
trations of the substrate in n11 the elements of a set). Such a set is
called a compartment. The volumes of the compartments are assumed
to be constant, and the boundary between contiguous sets or compart-
ments is regarded as an interface. Some interfaces allow a reversible
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movement of substrate inoleoiles between compartments, such move-
ments continuing (and therefore taking a finite time) until the chem-
ical potential in all the compartments has approached the same value.
In at least one of the compartments biochemical conversion of the sub-
strate may occur, and the rate of conversion is assumed to be of the
first-order. Substrates may be eliminated from the organism via one
or more compartments. The simplest model is one in which there is
only one compartment, and the equations for the behavior of a sub-
strate in such a system are similar to those given above for the con-
centration of an insecticide at the site (s) of conversion. With models
containing two or more compartments, the compartments may be ar-
ranged in series, prraliel, or combinations of series/parallel,

The compartmental model has been presented above in general
terms, and a more specific model, representative of the betia\-ior of
organochlorine insecticides, is as follows.

It was argued above that the experimental results indicate a rever-
sible transfer between the circulating blood and other tissues. This
corresponds to the so-called luminary model consisting of a central
compartment with one or more peripheral compartments in parallel
with it. Direct transfer of the substrate between peripheral compart-
ments cannot be excluded on a priori grounds, but the simplest multi-
compartmental models are those in which such interchange does not
occur. A two-compartmental model has ben suggested for HEOD
in the rat and the experimental results are in good agreement with
the predicitions of this model (18). The results of studies of ;the
decline of the concentration of DDT in the bcdy fat of rats, monkeys
and steers differ from those obtained with HEOD in that a simple
exponential relationship does not appear to represent adequately the
results (see Figures 12,13 and 14). More detailed studiess of this point
are required, but if there is a real departure from a simple exponential
decline it is tempting to speculate that this may arise from DDT in
the fat cell behaving as if the latter contained two compartments.
Results of studies of the metabolism of lipids in the fat cell have been
interpreted on such a basis (05).

The compartmental model, in the form proposed above for organo-
chlorine insecticides, is very flexible, even with the contraints used in
that model. One or more of the contraints, e.g. constancy of the volumes
of compartments or of the partition ratio between peripheral compart-
ments and the central (blood) compartment, may be unrealistic in
some circumstances, Thus, in a rapidly growing animal the compart-
mental volumes are obviously not corstant. The phenomenon of enzyme
induction may require a change in the assumption concerning the rate
of metabolism of a substrate, etc. The mathematical models become
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very complex in these cases and there is insufficient quantitative data
at present to justify further development of the model.

(iii) Pharmacokinetics of organochlorine insecticides in relation to
the results of epidemiological surveys: The results of studies of the
dynamics of DDT and IMOD in experimental animals (including
man) have certain implications in regard to the occurrence of residues
of organochlorine insecticides in the general population :

1. The concentrations of these, compounds in blood or adipose tissue
may be used as indices of total body burden, and of exposure to these
compounds.

2. continuing exposure to these compounds will not result in a con-
tinuous arithmetic increase of their concentration in body tissues. The
upper limit of storage in each tissue for a particular exposure, and
the time required to approach this upper limit, are characteristic of
each compound*,

3. changes in the absolute or relative sizes of the vnm pa rt ment s in
the human body will result in changes in ae oncent' Itions in these
compartments,

4. when the level of continuing exposure is mdliced the concentra-
tions in the body tissues decline; the rates of der.lini, n t) gain charac-
teristic of each compound.
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HUMAN EFFECTS

In this section, published reports on the relationship between pesti-
cide exposure and human health are grouped according to three major
classes of evidence: (1) Controlled human exposures; (2) epidemio-
logical evidence, involving retrospective or planned prospective obser-
vations of defined human populations exposed to pesticides, and
preferably involving also an unexposed "control" group and (3)
clinical case reports, in which one or several human subjects have
apparently been made ill as a result of exposure to a single pesticide
or a combination of pesticides.

Conclusions reached from these forms of evidence vary in validity
and reliability. Evidence based on controlled human exposure is the
most reliable of all but obviously relates only to the dosage employed
and other conditions of the study. Also, the subjects selected can never
adequately represent the wide variety of exposed population groups
to which reference was made above.

Clinical evidence is vital to the physician in his efforts to under-
stand the symptomatology of human intoxication, and discover effec-
tive courses of therapy. However, this kind of evidence is sometimes
the source of unprovable conjectures and allegations about cruse and
effect relationships.

The epidemiological approach may provide statistically significant
evidence of differences in morbidity and mortality patterns between
exposed and control groups. This allows investigators to focus upon
specific disease entities or syndromes which are particularly prevalent,
to identify the "weak link" in the chain of causation, and to plan
programs of prevention. Unfortunately, the complexities and cost of
study design and execution tend to discourage widespread application
of this valuable technique.

Controlled human exposures
Because of the complexities of extrapolation of animal data to

humans, the literature cites many examples of human volunteer
studies where pesticides have been given or applied to human volun-
teers. Such persons have received a prescribed dose of pesticide, single
or in combination for a prescribed duration of time. The main purpose
toxicological doses, or to evaluate the route of absorption or the effect
of such variables as protective clothing, temperature, etc. or the
characteristics of the pesticide vehicle (dust versus emulsifiable
concentrate). In addition, considerable information on the pharmaco-
dynamics of and storage of pesticide has been obtained from several
well-conducted studies. Insofar as oral doses of organophosphates are
concerned, the works of Rider, J. A. and Moeller, M. C. and their estab-
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lishment of incipient oral toxicity levels of the more commonly used
organophosphates should be especially cited. Utilizing as indicative of
minimal toxicity that amount which when ingested over a period of
several weeks will produce a symptomless average decrease in choline-
sterase activity of 20-25 percent below control values. Doses for para-
thion, systox, octamethyl pyrophosphoramide (OMPA) and methyl
parathion in man were 7.5 mg, 6.75 mg., 1.5 mg., and between 11 and
19 mg.'s per day respectively. (Rider, et al, 1967). Hartwell, et al
(1964) conducted a controlled respiratory exposure study on human
volunteers using parathion. Their results indiNxted that the respiratory
route was the more toxic and that ambient temperature was a signifi-
cant factor in toxicity. Dermal exposures of human volunteers were
conducted of Hayes, G. R., et al, 1966. Parathion dust and emulsion
produced no cholinesterase inhibition when applied to the arms, but
when the subjects evolving, excluding the head was exposed a 56 per-
cent decline in plasma values was observed with dust.

Studies in volunteers.DDT, DDD, methoxychlor, and dieldrin
have been studied in volunteers. One of them, DDT, has been tested
to learn how much would be dangerous under very adverse conditions
of use. All have been explored to learn the safety of repeated doses
much larger than those ever contacted by ordinary people and at least
somewhat larger than those usually encountered by men who make or
mix the compounds.

When it became apparent during World War II that DDT was
effective for controlling the vectors of malaria, typhus, plague, and
certain other diseases of tremendous military importance, the toxicity
of the compound was studied by teams of investigators in several
countries. Since the results of animal tests were encouraging, the
studies were carried to volunteers to explore the safety of military use
and even the effects of ace: iental ingestion. Following the war, volun-
teers were studied to learn the effects of daily ingestion of large doses.

Experimental respiratory exposure to DDT.In order to determine
the consequence of frequent and indiscriminate use of DDT, Fennah
(1945) inhaled 100 mg./day for a total of 11.5 months. No ill effects
were observed. Neal et al. (1944) reported almost continuous daily
exposure to aerosols sufficient to leave a white deposit of DDT on the
nasal vibrissae of the volunteers. This exposure produced moderate
irritation of the nose, throat, and eyes. Except for this irritation dur-
ing exposure, there were no symptoms, and laboratory tests and phys-
ical examination, including neurological evaluation, failed to reveal
any significant changes.

Experimental dermal exposure to DDT.In three subjects, experi-
mental dermal exposure to DDT was followed by fatigue, aching of
the limbs, anxiety or irritability, and other subjective complaints.
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Recovery was delayed a month or more (Wigglesworth, 1945; Case,
1945). In neither instance was there an independent control. Although
the dosage was unmeasured, the amounts of DDT absorbed must, have
been much smaller than those involved in subacute oral tests and very
much smaller than minimal single oral doses (6 to 10 mg./kg.) that
have led to mild illness. One of the studies involved selfexperimen-
tation by one man. A similar but somewhat more severe test on six
volunteers produced no toxic or irritant effect at all (Danger& Id,
1946). In view of all other experiments and extensive practical expe-
rience, it must be concluded that the illnesses reported by Wiggles-
worth and by Case were unrelated to DDT.

With the exceptions just mentioned, dermal exposure to DDT has
been associated with no illness and usually no irritation (Domenjoz,
1944; Cameron and Burgess, 1915; Dangerfield, 1946; Chin and T'Ant,
1946; Wasicky and Until 1044; Draize et al., 1944; Haag et al., 1948;
Fermi], 1945). In fact, Hoffman and Lendle (1948) reported that
even subcutaneous injection of colloidal suspensions of DDT in saline
in concentrations up to 30 p.p.m. caused no irritation. Zeinel-Dine
(1943) reported that DDT-impregnated clothing caused a slight,
transient dermatitis, but the method of impregnation was not stated
and the absence of solvent was not guaranteed. Other more thorough
studies of DDTimgregnated clothing have found it not irritating
(Domenjoz, 1944; Cameron and Burgess, 1945).

Chin and T'Ant (1946) applied small pads impregnated with dif-
ferent formulations of DDT to the inner surface of the forearm of
32 volunteers whose cutaneous sensation had previously been measured
for a period of 4 a-Pas. Pads impregnated with All the elements of
the formulation except DDT were applied to the corresponding posi-
tion of the other ann a, a control. Powdered DDT And b percent
solutions of DM' showed little effect. Ten percent and 20 percent
solutions in olic oil and petmlaturn shorted no remarkable effect on
sensation of pain, cold or heat, but reduced tactile sensation hr most
cases so that the minimal pressure whila could arouse the tactile
tensat ion was 1 to 2.5 g./cm' higher than in the control.

erperinvental oral e,rpoevre to DDIP.Careful study of volunteers
who ingested one or a few large doses of DDT hare established that
10 mg./kg. is the threshold dosage that leads to significant discomfort
in some people but no detectable effect in °theta That the observed
difference is dire to individual variation of the subjects k indicted
by the results of accidents in which dosage of 10 mg./kg. (or in a single
instance, 6 mg./kg.) led to mild poisoning in some persons but no
effect in others (Hsieh, 1054). However, it is also possible that in-
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vestigators have differed in their evaluation of completely subjective
changes attributed by some to dosages of about 3.5 mg./kg.

Velbinger (1947n, 1947b) reported that doses of 250 or 500 mg.
of DDT in the form of a suspension or a solution in oil produced no

effect except a variable, slight disturbance of the sensitivity of the
mouth. Doses of 750 or 1000 ng. in oil solution led to disturbance of
the sensitivity of the lower part of the face, uncertainty of gait,
malaise, hypersensitivity to contact, cool moist skin, but no change in
reflexes. Discomfort reached a peak about 6 hours after ingestion. A
dove of 1600 mg. in oil solution produced prickling of the tongue
and around the mouth and nose beginning about 2.5 hours after the
dose, Disturbance of equilibrium, dizziness, confusion, and tremor of
the extremities gradually increased. A peak reaction characterized by
malaise, headache, fatigue and delayed vomiting was reached about
10 hours after ingestion. Recovery was almost complete in N hours.

Other investigators (Domenjoz, 1944; MacCormack, 1945; Neal
et al., 1946) found this same range of doses (250 to 1500 ng.) were
without clinical effect. The difference was not associated with failure
of absorption, for excretion of the metabolite DDA was measured in
connection with one study (Neal et a/.. 1946) and it was noted that
lice were killed when fed on R inan 6 and 12 hours after he had
ingested 1500 mg. of DDT dissolved in butter (MacCormack, 1945).

It has been noted in the course of tests with volunteers that dilute
colloidal aqueous suspensions of DDT are odorless and tasteless
(Domenjoz, 1944; Hoffman and Lend le, 1948). Saturated alcoholic
solutions of 131)1 have a weak aromatic taste or rather odor. Some
people find these solutions slightly anaesthetic to the tongue (Hoffman
and Lend le, 1948). The taste of DDT in vegetable oil is so slight that
many persons can not identify capsules containing 0, 3.5 and 35 mg.
of DDT when they ere presented separately but can arrange them in
proper order when one of each is available for comparison.

The possible clinical effects of many repeated doses of DDT were
first explored by Fermah (1945). Because of his interest in predicting
the results of indiscriminate use, he expressed the exposures in terms
of environmental levels rather than as dosage units. The exposures
were dearly higher than those ordinarily encountered. In one test,
lasting a total of 11.5 months, Fennah daily inhaled 100 mg. of pure
DIYT and drank water dusted at the ride of 3,240 mg./m.'. Much
of the inhaled dust mud have been deposited in the upper respiratory
tract and swallowed. !Ater, for 1 month, Fennah ate food all of which
had been sprayed at the rate of 2,160 mg./m.' after it had been served.
Noll! effect of any kind was observed.



Later, studies of DDT in volunteers were designed to explore the
details of storage and excretion of the compounds in man and to search
for possible effects of doses considered to be safe. In the first of the
studies, men were given 0, 3.5 and 35 mm./man/day. These doses,
plus DDT measured in the men's food, resulted in dosage levels of
0.0021-0.0034, 0.038-0.063, and 0.36-0.61 mg./kg./day, respectively,
the exact value depending on the weight of each individual. Six
volunteers received the highest dose of technical DDT for 12 months,
and three received it for 18 months. A smaller number of men ingested
the lower dose of technical DDT or one of the doses of recrystallized
DDT for 12 or 18 months. No volunteer complained of any symptom
or showed by the tests used any sign of illness that did not have an
easily recognizable cause clearly unrelated to the exposure to DDT. At
intervals, the men were given a systems review, p!iysical examination,
and a variety of laboratory tests. Particular attention was given to
the neurological examination and liver function tests, because the
major effects of DDT in animals involve the nervous system and the
liver (Hayes et al., 1956). The same result was obtained in a second
study in which the same doses were given for 21.5 months and the
volunteers were observed for a minimum of 25.5 additional months
(Hayes et al., 1961).

In both studies, storage of DDT was proportional to dosage. Men
who received p,p'-DDT at the average rate of 0.5 mg./kgs/day stored
concentrations ranging from 129 to 659 p.p.m. in their fat, with an
average of 825±62.2 p.p.m. Those receiving technical DDT at the
same rate stored 105 to 619 p.p.m. with an average of 281±79.5 p.p.m.
The results were statistically indistinguishable in the two studies.
When dosing was started, the urinary excretion of DDA increased
rapidly at first and then more gradually until a steady state was
reached in 6 to 8 months in different groups of men. A longer period
(18.8 to 21.5 months) was required to approach a steady state of stor-
age in fat. The greater storege of pep' -DDT was matched by leaser
excretion; dr ring the steady stale the average urinary concentration
of DDA derived from p,p'-DDT was 1.88 p.p.m., while that from
technical DDT was 2.98 p.p.m. Duising the latter part of the dosing
period, it was pcesible in the t WO groups receiving recrystallized and
technical DM at the rate of 35 mg./men/day to account for an
average of 13 percent and 16 percent, respectively, of the daily dose
in terms of urines.) DDA. The excretion of DDA was relatively con-
stant in each individual, but marked difference was ol-aerved between
men receiving the nine dose. For example, or et a period of 48 %Pelts
the highest rate measured for one man was 0.11 mg./hr. while the
lowest tete for another in the tame group was 0.15 mg./hr. Their

214



mean rates during this period were 0.081 and 0.270 mg./hr., respec-
tively. The difference was highly significant (P<0.001).

DDT was lost from storage in fat slowly after dosing was stopped.
The concentration remaining following 25.5 months of recovery was
from :32 percent to 36 percent of the maximum stored for those who
had received 35 mg. /man /day but was 66 percent for those who re-
ceived only 3.5 mg. /man /day, indicating slower loss at lower storage
levels.

Recently, DDT has been used on an experimental basis at dosage
rates varying from 0.3 to 3 mg./kg./day for periods up to 7 months in
an attempt to decrease serum bilirubin levels in selected jaundiced pa-
tients. No side effects were observed. No improvement was noted in
patients with jaundice based on cirrhosis who had no demonstrated
liver enzymes deficiency. However, in a patient with familial, non-
hemolytic, unconjugated jaundice based on a deficiency of glucuronyl-
transferase, treatment with DDT rapidly reduced the plasma bilirubin
level to the normal range and relieved the patient of nausea and
malaise from which he had suffered intermittently. The liver function
tests as well as other laboratory findings remained normal. The im-
provement was maintained during the 6 months when DDT was ad-
ministered, and had persisted for 7 additional months at the time the
report was written. In this case, a dosage of 1.5 mg./kg./day produced
a steady rise in plasma levels of p,ps-DDT from an initial level of
0.005 p.p.m. to a maximum of 1.3.3 p.p.m. at the end of treatment. At
this time, the concentration in body fat was 203 p.p.m. Plasma levels
fell slowly after dosing was stopped (Thompson et al.. 1969). The
highest daily intake in this series was six times greater than the high-
est level administered in earlier studies and about 7,600 times greater
than the DDT intake of the general population. The highest value for
p,p'-DDT in serum observed in the entire series was 1.330 p.p.m.
compared to 0.996 p.p.m., the highest value reported by Laws et al.
(1967) for formulating plant workers.

erperbneiltal oral ezposurr to 11111).-1)1)1) is an insecticide in
its own right and a metabolite of 1)1)T. An attempt has been made
to use the compound as a drug to control different forms of adrenal
overproduction of corticoids in man. The attempt was originally based
on the demonstration that 1)1)1) (Nelson and Woodard, 1918; 1949),
especially o,p'-1)1)I) (Cueto and Brown, 1962) causes gross atrophy
of the adrenals and degeneration of the cells of its inner cortex in dogs.
T14Js essentially experimental use has met with limited summit. The
dosage given has varied from 7 to 285 mg./kg./day, but a dotage of
approximately 100 mg./11./day for many weeks has been necessary
to produce any benefit it man (13'rgenstal et al., 1960; Illeds3e et al..
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1964; Gallagher et al., 1962; Southern et al., 1966a, 1966b; Vt rdon et
al., 1962; and Wallace et al., 1961). In contrast, a rate of only 4 mg./
kg./day is required to produce marked atrophy of the adrenal in the
dog. Kupfer (1967) reviewed the extensive literature indicating that
the effect in man and other species except the dog is caused by stimu-
lation of corticoid metabolism by massive doses of o,p'-DDD and not
to any direct effect on the adrenal. Southern et al. (1966a, 1966b)
agreed that the effect was predominantly extraadrenal in man when
the drug was first given but offered evidence that adrenal secretion of
cortisol was eventually reduced.

Even large doses of o,p' -DDD cause no histological alteration of the
adrenals in man (Wallace et al., 1961) Doses in the therapeutic range,
(specifically those between 110 and 140 mg./kg./day) produced no
detectable injury to the liver, kidney, or bone marrow. All patients
treated in this way experienced significant anorexia and nausea, and
some showed central nervous system depression varying from
lethargy to somnolence. These toxic effects cleared when dosing was
discontinued (Bergentstal et al.,1900).

Experimental oral ezpature to tnethozychlor.Men were fed
methoxychlor at dosage levels of 0, 0.5, 1.0, and 2.0 mg./kg./day for
8 weeks. Careful clinical observations were made, and repeated samples
were taken for hematology, biochemistry, and urinalysis. At the end
of the study, biopsies of fat, testis, bone marrow, liver, and Email inta
tine were obtained for multiple basic studies including biochemistry,
electron microscopy, and gasliquid chromatic lipid analyses. The
studies indicated the safety of methoxychlor at 200 times the maximum
permissible limit which is far greater than the actual intake of me-
thoxychlor by people in the general population (Stein et al., 1905).

erperimental oral arpoture to dieldrin.In order to determine
the relationships between absorption and accumulation of dieldrin in
man, a pharmacodynamic study was carried out with four groups of
volunteers (8 to 4 people per group) who were given daily dosages
of the active ingredient in gelatin capsules for 2 years (Hunter and
Robinson, 1967; Hunter et al., 1969). The dosage levels were 0, 0.01,
0.05, and 0.211 mg./man/day. These intentional doses were in addition
to an estimated daily intake of 0.014 mg. from food. In view of the
weight of the men involved, the highest total intake was in the range
of 0.0028 to 0.0036 mg./'kg./day. Dieldrin concentrations in the blood
and adipose tissues, urinalysis, EEO studies, polygraphic recording
of cardiortepiratory function, eleeirmyographic studies, blood chem-
istry, estimation of blood plasma protein and urea, activity of plasma
alkaline phosphatate, SOP?, SOOT, and the activity of erythrocyte
and plasma cholinesterase were determined on the volunteers. Full

301



clinical examinctions were made during the 3d, 9th, 15th, 18th, and
24th months of exposure.

The subjects selected were 13 healthy men without a history of
recent occupational exposure to pesticides and whose ages ranged from
21 to 52 years.

The results of all ancillary observations showed no differences be-
tween the exposed and control subject&

The only changes found in the exposed subjects were increases in
the concentration of dieldrin in the samples of adipose tissue and
blood. A relationship was established between concentrations of the
compound in whole blood or adipose tissue, and the daily dose and
duration of exposure. This relationship is of a curvilinear type with a
finite upper limit (asymptote).

The upper limits of storage were 0.0202 p.p.m. in blood and 2.86
p.pm. in adipose tissue of the men given 0.211 mg./man/day.

The concentration of dieldrin in adipose tissue was related to that
in whole blood, the ratio of the concentrations being 138 (confidence
limits, 1)=0.95,109-170).

An estimate of the half-life of dieldrin in the Eood of man, based
on the decrease in tissue levels during the first 9 months post-exposure
period was 869 days.

In summary, this study demonstrated three major facts:
First, the lack of any effect of the ingestion of amounts of dieldrin

up to 0.225 mg./man/day over a period of 2 years on the health of
male volunteers and on the results of a very extensive battery of lab-
oratory tests, including the measurements of hepatic and nervous
system function.

Second, the development of a steady state of storage ak-lociated
with the continued intake of specified quantities of dieldrin.

Third, the existence of a dependable relation between the level of
intake and of storage in blood and adipose tissue. This relation allows
the calculation of levels of intake or Absorption by the simple deter-
mination of dieldrin levels in blood, or in fat of people at the steady
state of storage.

The dynamics of storage in man has been explored more thoroughly
from a mathematical standpoint for dieldrin than for DM'. lIowever,
it is dear that the general pattern is the some for both. It is a pattern
well established in pharmacology and it full explains the steady
state of storage corresponding to each level of intake. The experi-
mental results, in combination with all understanding of the principle.;
involved, otters skmirance there will 1* nn increage in storage in
different population groups in the alvence of increased exposure.
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lipidemiology ol prstieidr4
Man, today, is in a dilemma as to how to further proceed with his

chemical control of pests. On the one hand, the very obvious benefits
that his society has attained by pat pest control practices have vastly
improved his comfort and standard of living. Now in many areas of
the world he is no longer bothered by vector trine infectious diseai;
in many countries his improved food and fiber technology resulting
from pesticide usage lists somewhat simplified his problems of hunger
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("Ind starvation. On the other hand, the visible costs of this environ-
mental manipulation are more obvious. The ecological signals from
fish and birds are of concern. Evan the health implications of his own
residues for himself and his progeny are still not satisfactorily an-
swered. Reassurances based upon the reports of the health and well
being of pesticide workers or information on animal experimentations
have not been snfficient to totally remove these doubts. Animal studies
on carcinogenesis, mutagenesis, and the demonstration of enzyme in-
duction are all events which have caused him to reappraise his future
policies. Naturally, therefore, the continued use of certain persistent
pesticides conies under review. Herein lies the crux of his dilemma.
If specific restrictions are introduced, what will be the consequences
of shifting to shorter acting pesticides! Will there be greater incidence
of acute pesticide poisonings since for the most part, toxicity, espe-
cially dernial is greater! What effects will this produce on the price
of food and the cosz of living! What will k the repercussions of
changes on the developing countries, where the need for increased food
production and malaria control is paramount! Although such ques-
tions can only be totally answered by synthesizing the recommends-
tion of many disciplines, epidemiology is one which can provide a
significant contribution. This section of the report, reviewing the evi-
dence from the more recent and pertinent literature assesses the health
hazards from an epidemiologic point of view, measuring the health
effects consequent upon both acute and chronic pesticide exposure.

The rphioniology of (mote pesticide poisonings. Before reviewing
the agent host attributes of acute pesticide poisonings, some infonna-
on on the incidence data is important. Poisonings by pesticides is

not in most areas a notifiable disease, so that the acquisition of true
incidence is deficient in the more developed countries and practically
impossible in developing countries.

In the United States, the mortality rate has been given as 1 per 1
million and the ratio of fatal and nonfatal poisonings expressed as
1 to 13 in one study and 1 to 7 in another study depending upon the
criteria of severity (Hayes, W. J., 1961). The death rates associated
with accidental poisoning by solids and liquids have remained rela-
tively stable since 1939. Between 191: and 1959 there was a decrease
in the death rate associated with accidental poisoning by gases and
s-apors. Since 1939 the death rates associated with solids and liquids,
AA gases and vapors have been shout Null totaling per 100,000
population for all types. Pesticides contribute a substantial proportion
of cases caused by all solids and liqnids, a proportion which has
ranged from 12.8 percent and 6 percent in different years (McCarthy,
M. A., 1967). A physician anti a medical examiner reviewed in 1961
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assessed that 90 percent of poisons due to pesticides were correctly
diagnosed (Hayes, W. J.; Pirkie, C. L, 1969. In spite of this how-
ever, it has been found that many deaths ultimately shown to be due
to pesticides were not correctly diagnosed until they came to autopsy.
Thus, of eight cases of organophosphate insecticide poisonings occur-
ing in Dade County in 1963, six were totally unsuspected until coming
to autopsy and chemical analysis (Davis, J. IL, 1063). In a review of
1,000 deaths subjected to medico-legal death investigation over a 10-
year period 9.7 percent were due to pesticides and in the under 5-year-
age group pesticides were the leading cause of death (49 percent) far
exceeded deaths due to all medications including aspirin (24 percent)
(Davis, J. IL, 1967). Parathion was the leading cause in this series
mid the indiscriminate use of this chemical in the home and the ready
availability of the discarded pesticide containers were significant
contributory factors (Plates A and I1).

Another variable that has to be considered is reflected in the avail-
ability of medical facilities for death investigation. Between one-half
and two-thirds of the approximate 3,000 counties of the United States
have little or no professional facilities for death investigations (Davis,
J. II. et al., 1969). In Puerto Rico, pesticides are the leading cause of
fatal poisonings (Kaye, S., 1967). Tile limitation of present incidence
data based upon nationwide mortality data has been described (]!ayes,
W. J., 1964 ; lives, W. J.; Pirkle, ('. I., 1966; Reich, 0. A. et al., 1968).
A special survey of death due to solids and liquids was conducted in
1964 (Reich, G. A. et al', 1968). Eighteen hundred and seventeen
deaths were so categorized. Two hundred and eighty-three of these
were assigned to category E888 (3V.11.0., Geneva, 1957). Ninety of
these were due to pesticides and more than one-third of the deaths
occurred in preschool children. In Dade County, both fatal and non-
fatal poisonings by pesticides fell into one of three distinct groups:
(a) Young children who accidently ingested pesticides, (b) young to
middle age adult males who are occupationally exposed, and (c) mid-
dle age to older adults who suicidally ingest pesticides (Reich, O. A.
et al', 1968; Davies, J. K it al., 1967). The case fatality rates in these
three groups was 22 percent, 4 percent. and 70 percent; and the per-
centage due to organophc6pha(es was 72 percent, 96 percent, and 60
percent. Parathion was by far the most significant organophosphate
insecticide.

This century has seen marked improvement in the safe handling of
these chemicals even though the extent of such use has increased
greatly. Testimony to this is the reducer! case fatality rate in the
occupationally exposed group mentioned in the previous page.
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In the countries where there are less government controls and the
inherent problems of toxicity are iH understood, incident data is
usually provided by reports of epidemics of pesticide poisonings.
Some of these are listed in Table I (Anderson, I,. S. et al., 1965; Cam,
C., Nigogosynn, 1963, Coble, Y. et al., 1067; Davies, O. M., Lewis, I.,
1956; Gomez M. el al., 1067-68; IIaq, 1 U., 1063; Jalili, M. A.,
Abbasi, A. II., 1961; Kanagaratna, K. et al., 1060; Kartmakaran,
C. 0., 1958, Lange, P. F., Terveer, J., 1054; Lemmon, A. 13., 1956;
Marquez Mayandon, K et al., 1068; McGee, L. C. et al., 1966; Quinby,
0. E., Lemmon, A. 1 ;.,1958; Milby, T. II. et al., 1964; 01 Achrafl, T.,
1963; Ordomez, J. V. et al., 1066, Przyborowski, 1'. ct al., 1962 ; Schmid,
11.. 1960. Warren, M. C. et al., 1963; Weeks, D. K, 1907; Wisluthi, A.
et al., 195S: West, I., 1965; Armstrong, It. W. et al., 1969; Hatcher
Wiseman, 1969),

Nlorliidity data can best be extrapolated from areas where reporting
occupational iisoning by pesticides is mandatory. In California such
reports are required if work injury involves the approximately 80
percent of employed persons in that State covered by the. California's
Workmen's Compensation Law (West, I., Milby, T. II., 1965). Be-
tween 1960 and 1063, the number of reports of work injury from
pesticides has ranged from 827 to 1,013 annually. The number of per-
sons ni risk is estimated to be approximately 250,4XX1 (California De-
partment of Public health, 1960,1961. 1962. 1963). About one half of
these reports deal with skin disease and about one third with systemic
illness. During this same period pesticides caused 21 deaths in Cali-
fornia. Of the total, five were associated with occupational exposure
while 16 other deaths, largely of children, were not occupational in
origin (West, I., NI ilby, T. IL, 1965).

Agent factomTable II lists the pesticide production 1960-66 in
the United Slates. Seventy-nine different types of pesticides have beei
reported as causing human poisonings. Of these there were 19 different
organophosphate compounds, 20 organoddorine compounds, five car-
',mates, eight herbicides, and miscellany of other materials. Figures
1 and 11 from A.1'.11.A.'s manual "Safe Use of Pesticides, 1967)
show the relative dermal and oral toxicities of the more commonly
used organohosphates and organochlorines. Understandably agent
contribution to the epidemiology of acute pesticide intoxication is
largely a reflection of toxicity and availability. It has been shown that
insofar as occupational ex pcsure is comerned, the dermal LD,, is more
indicative of what can be expected frrm poisoning in people: thins
parathion causes more lioisoning than methylvraihion, a feature
which might be explained on the basis of the greater dermal toxicity
in the former (11*yes W. J.,1961).
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In the United States, parathion and phosdrin, are the organophos-
phates which have caused the most number of pesticide poisonings.
In Dade County, Florida, 46 percent of 72 pesticide fatalities between
1959 and 1965 were due to parathion (Davies, J. E. et al., 1967). In
south Texas, in a study of 129 pesticide poisonings, 70 of which oc-
curred in 1964, 98 percent were caused by ethyl or methyl parathion
and the route of exposure was dermal in 98 percent of these (Reich.
G. A. et al.,1968

The host.In the United States, epidemiologically two population
groups are recoguited in pesticide poisoningschildren and adults.
The essential demographic characteristics are figuratively shown in the
attached description of 145 organophosphate poisonings occurring
in south Florida (See Figure 3) (Davies, J.E., et al., 1969). In this
area, the child problem can almost entirely be equated with the ac-
cidental ingestion of parathion by a 21/2 year old Negro male infant.
Recently with legislation prohibiting the use of this insecticide, in an
urban city, the position has improved considerably. The problem of
accidental poisoning by a child with insecticidt--s is really a totally
prevental he problem. With education anil legislation this problem
could end (and is) being improved. An extensive nationwide program
is currently operational advising parents of the dangers of these
economic poisonings and advocating storing them out of reach of chi].
dren and instructing them on the careful and safe disposal of con-
tainers with added warnings of the }laurels of putting pesticides in
other bottles or containers, such as pop bottles or nursing bottles.

Insofar as adult poisonings are concerned, if suicide or homicide are
excluded, the problem is being met by an extensive agricultural educa-
tional program. Education, surveillance, improved safety technology
in the production levels of pesticides and in the removal and destruc-
tion of air and water effluent are also contributing factors together
with the use and changing of protective clothing and the favoring of
pesticides of an intermediate human toxicity.

In the developing countries the problem seems to be due to gaps ;n
storage and transportation and ease which used containers are subse-
quently- acquired and used domestically for storage of food. Legislation
toward the separate handling of pesticides and food in transportation
(sea as well as on land) would lessen the occurrence of epidemics of
potsonings. The domestic use of the used container is a common source
of food contamination in these situations. A universal policy on con-
tainer manufacture, storage, and disposal is urgently needed and would
benefit the so called "developed" and developing countries alike. In
the former areas, warning not ices of toxicity and use should be spelled
out in the language of the put kulat country.
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In the United States, a special area of concern has stemmed from the
availability of chemicals for roach control. Tha limn was an example of
a highly toxic material which was far too dangerous to be used in the
home and it is only within the last 2 years and after several hundred
poisonings that this material has been removed from the market
(Reed, 1), et al., 1963). The some situation existed with white phos-
phorous paste, Ivhich hits been responsible for la deaths in Dade Comity
between 1956 and 1068, and only recently has this material been with-
drawn from local stores; the use of materials such as these for roach
and rodent control are surely examples of over kill.

Nationwide, statistics on fatal and nonfatal poisonings are hard to
coma by, so that those agencies who Carry the burden of responsibility
of pesticide approval and labeling are not able to obtain a true picture
of the acute toxicity effects in the nation. Only by means of a compre-
hensive pesticide monitoring network can the total health effects of
acute intoxication be truly assessed.
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Pim= 3.Eptdemfology of peutleide poluonIng caeca (n Dade County, Fla., 1963-
1968.

ADULTS (85)
Mean Age .35, Range 16-82

NONVIUTE WHITE

MALE FEMALE

RACE

SEX

OCCUPATIONAL ACCIDENTAL SOMME.
HOMICIDE

PARATHION OTHERS

POISON

SOURCE: Davies, J. E. et al., 1969 (Reference No. 0)

314

CHILDREN

Mean Age =3, Range 3/12-12

NONWHITE WHITE

717.7171777717-1

22

MALE FEMALE

100

ACCIDENTAL

39

PARATHION OTHERS
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Epidemiologic studies of the effects of pesticides on the general
population.Apart from the occurrence of acute poisoning, the only
long term effect which can be unequivocally attributed to sustained
exposure to organochlorine pesticides is the acquisition of a tissue
residue. No casual association of these levels with disease has as yet
been demonstrated, their magnitude being used largely as an epidemio-
logic tool reflective of national, geographic or secular doses of
pesticides.

In the past epidemiological studies of the effects of pesticides on the
general population using these tissue residues as biological indices of
exposure, have either sought to demonstrate their association with
health or disease, or they have compared differences in health experi-
ence associated with those variables of person, place and time which
were uniquely reflective of the differentials of human pesticide ex-
posure (e.g. occupational exposure, rural versus urban exposures or
exposure in the pre and post DDT eras).

Human pesticide residues. A changing profile, introduction.Al-
though qualitative and quantitative pitfalls in pesticide analytical
chemistry still persist in certain areas, the improvements of metho-
dology and instrumentation have reached a degree that permits mean-
ingful epidemiological interpretation of the human pesticide preva-
lance (Robinson, J., 1969). The last decade has seen a substantial
growth of information on both the qualitative and quantitative nature
of the pesticide spectrum in man. Thus, qualitatively, different surveys
have demonstrated traces of the isomers of DDT and its metabolites
(Hayes, 1958; Laug et al., 1958; Hayes et al., 1956; Hayes et al., 1958;
Quinby et al., 1965; Dale and Quinby, 1963; Hoffman et al., 1964;
Zavon et al., 1956; Hayes et al., 1965; Schafer, M. I,. and Campbell,
J. E., 1966; Radomski et al., 1968; Davies et al., 1968; Fiserova-Ber-
gerova, V. et al., 1967; Davies et al., 1965; Hoffman et al., 1967; Cas-
arett, L. J. et al., 1968; Read and McKinley, 1961; Maier-Bode, 1960;
Hunter et al., 1963; Egan et al., 1965; Robinson et al., 1965; Hayes et
al., 1963; Denes, 1962; Dale et al., 1965; Wasserman et al., 1965;
Brown, J. R., 1967; Engst, R. et al., 1967; Robinson, J. and Hunter,
C. G. 1966; Cassidy, W. et al., 1967; Abbott, D. C. et al., 1968; Kanitz
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S. and Castello, 0., 1906; Del Vecchio, V. and Leoni, V., 1967; Pac,,,ag-
nella, B. et al., 1967; Rick, M., 1967; Wasserman, M. et al., 1968; Macs,
R. and Ileyndrickx, A., 1066; Ilalvka, K. et al., 1965; Weilte, M., 1966;
do Vlieger, M. ct al., 1968; Wasserman, M. et al., 1967; Brewerton, H.
V. and McGrath, 11. J. W., 1967; Ilronisz, II. ct al., 1967; Llinares,
V. M. and Wasserman, M,, 1968), IMO and itn lnomers,
heptachlor epoxide in earious population nurrer (Dale and Quinby,
1963; llotrman ct al., 1964; Zavon et al., 1965; Hayes et al.,
1965; Hunter et al., 1963; Egan et al., 1965; Robinson et al., 1965;
Hayes et al., 1963; Dale et al., 1965; Schafer, M. L. and Campbell, J.
E., 1960; Fiserova-Bergerova, V. et al., 1967; Hoffman, W. S. et al.,
1968; Ed mundson, W. F. et al., 1968; Radomski, J. L. et al., 1968;
Casarett, L. J. et al., 1968; Robinson, J. and Hunter, C. (T., 1966;
Abbott, I). C. et al., 1968; ('assidy, W. et al., 1967; Rick, M., 1967;
Wasserman, M. et al., 1968; Kanitz, S. and Castello, 0., 1966; Del
Vecchio, V. and Leoni, V., 1967; Paccagnella, B. et al., 1967; Brown,
J. R. 1967; de Vlieger, M. et al., 1968; Mates, R. and I feyndrickx, A.,
1966; penes, A., 1966; Rrewerton,11. V. and McGrath, II. J. W., 1067;
Engst, IL et al., 1967). At this time, residues of polychlorinated bi-
phenyl's have not complicated pesticide residue interpretation in hu-
man adipose surveys. In addition to adipose surveys concentration of
pesticide levels in blood have recently been studied (Dade, W. E. et al.,
1966; Robinson, J., 1963; Schmit, J. A. et al., 1964; Kadis, V. W. and
Jonasson, 0. J., 1965; Schaefer, M. L. and Campbell, J. E., 1966;
Brown V. K. H. et al., 1964; Robinson, J. and Hunter, C. a, 1966;
Davies, J. E. et al. 1969a; Nachman, G. A. et al., 1969).

Quantitatively, greatest emphasis has been placed on the prevalence
of DDT and its metabolites, dieldrin and 1311C; considerable infer-
ences have been placed on secular and geographical interpretation
of these levels; thus data were used to express the magnitudes of hu-
man contamination in different countries and were quoted as indices
of pesticide intake of the country. In addition, comparisons be-
tween countries were made, and when collected at different periods
of time were used as indices of secular change (Hoffman et al., 1964;
Quinby et al., 1965; Hoffman et al., 1967; Brown, J. R., 1967; Hoffman,
W. S., 1968). Several authorities claimed the United States exposure to
certain persistent pesticides were going down based on data front
samples collected from different years. Smaller residue studies by
comparing levels in meat abstainers and meat eaters sought to iden-
tify the special contributions of certain special food items such as
meat (I Inye$, W. J. 3 r., 1958).

More recently a new interpretative function of pesticide residue
levels can be seen in the literature. Levels have been described in
specific diseases; some have demonstrated an association of patio)].
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ogies with high residue value of DDT and its metabolites (Radomski,
J. L. et al., 1968; Cassarett, L. J. et al., 1968), whereas others have
found no association with a wide variety of pathologies (Robinson,
J. et al., 1965; Hoffman, W. S. et al., 1967). This new and strictly
epidemiological use of pesticide residue highlights the urgent need
for an understanding of the significance of pesticide tissue residues
in the normal individual before interpretations can be made of levels
in the sick.

7'he epidemiology of adipose and Mood rc.sidue4 of DDT and DDE
in huntamtInterpretation of the "lerel".In the more recent pop
illation surveys of pesticide residues, two methodological improve.
...cents have contributed much to the better understanding of human
pesticide residues. The first of these was the presentation of adipose
data of DDT and its metabolites and dieldrin from larger and more
stratifiedified samples of populations (Wasserman, M., et al., 1967; Davies,
J. E., et al., 1968; Edimindson, W. F., et al., 1968; Davies, .1. E., et al.,
1069'; Yobs, A., 1969). All over the world meaningful understanding
of human pesticide reriblites has been severely restricted by the small-
ness of sample size and by the absence of stratification. Thus, the larg-
est survey from nu area of the United States was provided by data
front 044 adipose FA ni I, 1 es collected by Hoffman, from Chicago. In
response to a ropiest from the Secretary's Commission on Environ-
mental Health Aspects of Pesticides, most useful, valuable, and un-
published material has been provided by the human monitoring
program of the Division of Community Studies, OPS, FDA, AttAnta.
(hi. ( Dr. Ann Yobs). A more meaningful description of the qualitative
character of the 1..S. human pesticide residue profile is provided in
table Iii for the fiscal year 1907. These are data from 731 ...movies
($8 of whom were Negro) collected from 10 States of the Union.
Table IV, presenting ciiimilatite data from the United States of
America for 1968. stratified by age and TAM, providing information
on die prevalanee of 1)1)T and its metabolites and dieldrin from
1,690 adipose residues obtained from the human monitoring prograi tl.

The second event has been the development of methods for measure-
ment of organochlorine pesticides in blood; blood levels for DDT-
derived materials And dieldrin were found to correlate significantly
with slip ose levels (Robinson, .1., 1969; Davies, J. E., et rd., 1969';
Schaefer, M. li., and Campbell, J. E., 1968). Thus, A far more accept-
able and readily obtainable tissue WAS made Available, permitting
larger mmpling And greater stratification of various study grow.
Review of these data, provided by blood And *dip % surveys, sug-
gest that whereas dieldrin levels are eKsentially extremely homoge-
nous, them are significant contributions of person, place, and time to
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the epidemiology of DDT resides in man. These are discussed
hereinafter.

1'ersomr1 rariableA.liesides the obvious contribution of occnpalion,
significant ilitTerences of 1)1)1' and DDE, but not for dieldrin have
been associated in fat and blixid with sex, race, age, and socioeconomic
variables.

Sex dilreff )1(minsofar as DDT and its metabolites are concerned
whereas some investigators have found a significant ns.social inn of
reSidlIVA with sex, Others have failed to find any differences, and others
again have found in the Negro race only. Thus, positive association
of 1)1)1' wsithies with males was demonstrated in adipose surveys by
Wasserman, M., et al., 1905; Dale, 1V. E., et al., 19115; Robinson, J.,
et al., 19115; Lang, K P. el al., 1951; Hayes, W. J., Jr., et al., 1958;
Davies, J. E., et al., 1909.. IIEOD or dieldrin resid.ies showed no sex
differences in the United Stales (I:Amundson W. F., et al.. 1908;
llotrutin, W. S., et al., 19071, but four surveys hi the United Ring-
than higher levels of dieldrin were observed in males than females
(Robinson, J., et al., 105; C. (1., et al., 1964; Egan, H., et
al., 1905; Abbott, D. ('. et al., 1908). The reason why some surveys
have shown this association and others have m,t may be reflective
of small sample size. In the largest survey from the United States
of .America provided by data from the human monitoring iirograni,
no di fferviices due to sex were observed for dieldrin or DDT residues.

ethnic diferenreA.-111 Israel no ethnic differences were observed
in the comparison of levels of 1)1)T- derived materials from adipose
specimens obtained from ,tsliekenazini, Sephardim. native Israelis.
Yemen, and Indian (Wimsermaii, M., et al., 1967). In contrast, in the
I 'tilted Stales, levels of DDTderived materials were signficantly high-
er in nonwhites than in whites. This has been wen both in blood and
fat from community pesticide studies in California and Plod( la. and
front studies in Chicago (Hoffman, W. S., et O., 1907): in the (lain
from the monitoring program both for the fiscal years of 1967 and
191N, residues of DDT were significantly higher in the Negro than hi
Ilan white. hi the !Irma iian comimmity pesticide studies. residues of
DDT were no higher in trsidents of Caucasian decent than in native-
born Hasidism' or persons of Jaiilese decent. in contrast to DDT,
no 1-11(1' Iittcrpraces %ere olserved for dieldrin from 110 autopsies (11
Negro) from persons accidentally killed in Dade Comity in 1905-1907

1:41nimidson, W. F., et RI, 19(.4) 010111E11 in Chicago, Negri) miles (23)
had levels of HIIC significantly higher than in whites (3 PI) (Hoff-
man, W. S., et al., 1967)..1t the present time, the race.associated dif-
ferences olserved for DDT appears to lie imequil oval and is confirmed
by data from the Imman monitoring program for 190 and FIGS: Mee
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associated differences for the other persistent pesticides was not sug-
gested by these data.

Age differenceg.Mast adipose. surveys have not included n sizable
number of pesticide residues from the younger groups so that informa-
tion on the effect of age has been limited. 'Where surveys have been
published presenting data from a significant number of younger per-
sons, levels of 1)1)1' residues appeared to be lower in children under
10 years than in the older age groups. This is shown in table V from
data from Israel (Wasserman, M., et rd., 1967) and from south Flori-
da (Davies, J. K, et al., 1968). In Israel the mean total 1)1)1' in fat
front 71 children was 10.2 p.p.m. compared to 18.1 Nun for 13.3 per-
sons hi older ago groups. lit Florida the mean was 5.5 p.p.m. from
white children under 5 years old as compared to 8.4 p.p.m. in the older
age group, and 7.8 and 16.7 p.p.m. respectively for the Negro popula-
tion. The same observation was noted from studies in Chicago (Hoff-
'roan) and by the community pesticide studies reports from Hawaii
(Klemmer, U., Hawaiian community pesticide studies progress re-
ports). This age effect was not seen for dieldrin (.:Amundson, et al.,
1968). The positive age association for DDT or DDI.: is very obvious
for the United States of America from the nonwhite population in the
data from 4,969 analyses shown in figure 3. Whelt these data were
bmken down into Northern and Southern States the age effect for
1)1)T residues was still striking for the Southern States but less ob-
vious from the Northern States. Dieldrin data suggests no age asso-
ciation (fig. 4).

Sodoeeonomk differentee.Apart from the effects of occupation,
information on the contribution of socioecononrio factors to human
pesticide residues is not available. The aKsociation of greater fat and
blood levels of DDTderived materials with the Negro race in the
United States is striking and begs for interpretation. The most plaus-
ible explanation would attribute this to socioe.vnomie factors and
would incriminate such mechanisms as poor housing, inadequate gar-
bage collection, deficient window screening, a11 furthering the multi-
plication of pests and the need for greater domestic use of insecticides.
reasonable though this hypothesis may in this point in time it
is still conjectural and it is probably too premature to conclude with
any certainty, whether such differences are race rostazocisted or race
dependent.

Tile effect of dnige.Recently it has been shown that residues of
DDT and its metabolites can be significantly lowered in persons taking
phenobarbital and/or phenytoin (Davies, J. K, et al., 1969h). It is
very pro'. Able that the future will see a growing body of knowledge
on the potentiating and inhibiting effects of drugs on pesticide resi-
dues, and it is mential that the pow=ible contribution of these drugs
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be assessed in all epidemiological studies wherein pesticide residue
levels in disease Statesare being compared.

Plare arThbfc..--Since persons occupationally exposed to pesticides
have higaer values of DDT residues, it is not surprising that general
population comparisons also show differences due to those atiribntes
of place which are reflect: .e of greater pesticide usage. In warmer
climates, pests are more of a problem, and greater levels in tropical
and subtropical climates would be anticipated. In Europe, residue dal a
of DDTderived materials were shown to be higher in the south and
east (Robinson, .1., 1969) and in the .Nliddle East and Asia highest
levels of 1)1)T residues were seen in Israel (Wasserman, M., et al.,
1965; Wasserman, M., et at, 1907) and in India (Dale, W. E., et al.,
1965). Figures 5 and 0, depicting preliminary data of the prevalance
of DIderived residues and dieldrin from 22 Slates in the eon.
tinenial United States, are presented on a race specific basis (Human
Monitoring Data, fiscal year MR). It will be seen that if Stales are
grouped according in their mean monthly temperature, very (nions
differences of DDT distributions associated with the mean monthly
temperature become apparent. An arbitrary mean monthly tempera-
ture of A6° F, Was taken for subdividing the Slates into low or cool
temperatures and States with high or warm temperatures. In the
data from the human monitoring program of adipose residues from
4,165 while persons, the mean total DDT for the cooler or low tempera-
tun, Staines was Ls5 rpm,. and for the warmer or higher Stales the
',leen was R.211 plum: in contrast the dieldrin was 0.13 1,0111

areas of the continent. Tim same place ditterenves were noted for the
Negroes. From adipose residues in Sol Negroes the total DDT was
7.S6 the cooler or lower temperature Stales and 11.37
in the warmer or high temperature States, whereas the diehlrin was
1114 pp.m. in the low or cooler Stales and 0.13 p.p.m. in the high or
warmer Slates.

7;,,, ror;ohte.On an individual basic Hayes deonsti..ed that
volunteers in various groups ingesting daily doses of 1)1)'1' ranging
from 0.1021 to 0.61 mg. fkg./day reached a steady state of storage in
fat in ISA to 21.5 intuit hs. Increased storage was only observed with
increased exposnee (Mayes. 11'. .1., el nl., 1950). Extrapolating from
this study of individuals therefore to populations, we world expel
pesticide residue levels to retrain mislaid with age if the exposure
did not change. Thus, age data on pesticide residues can provide
information on societal equilibrinen. If there is no increased exposure
to DDT, then Ike various age groups should have the 511ilif. mean DDT
residues. If mean levels in the individual fluiroprenninms exhibit a
stepladder effect then the concept of national egnilihriurn with regard
to pesticide exposure must be questioned. As has been mentioned, age

324



dependency of DDT residues has been observed in Israel, Chicago,
Florida, and from the human monitoring data shown in figures 3 and 4.
In the latter figure, increments of mean DDT residue values with each
ago group can be seen for both white and nonwhite up to the 2140.25-
year age group in the Southern States. Since DDT only became com-
mercially available in 1948, the 1)DT age of our society today is
approximately 21 years, we would expect that older age groups would
all have the same average 1)I)T residues. This is seen in the Chicago
and Florida data and is suggested from the human monitoring data
for the United States of America 1068. Why there is no leveling off
in the nonwhite age group is not clear at this time, but since the
numbers sampled in the older age group are very much larger than
those in the younger age group this apparent steady increase may
be an artifact due to the small numbers in the younger age groups.
Whatever the explanation it is obvious that increased monitoring data
in the future would clarify the secular changes of DDT time resi
dues in our society.

Discussion. In the light of the more recent data concerning the
epidemiology of certain persistent pesticides, the data should be used
to try to reappraise existing concepts and beliefs related to national
levels, sources of pesticides time trends, and reported associations of
certain diseases such as cancer, hypertension, and liver disease with
high residues of 1)DT. It should be stated at the outset that the epi-
demiology of DDT and dieldrin appear to be very different, with
striking associations of person, place, and time king noted insofar
as human DDT residues are concerned but not seen with dieldrin
residues. Tnis finding sugests that for dieldrin it is relatively simple
to speak of national levels and national time trends since large and
stratified samples do not appear to be necessary, and furthermore the
homogeneity of residues suport the concept that food is the main source
of residues of this insecticide in man. The same cannot be said for
1)I)T. and four epidemiological uses of DDT residue data can be
reviewed and questioned in the light of these data on the distribution
of DDT residues in our society.

I. National prevalence and international comparisons: 1Vithout
demographic f,tratification and an appropriate adjustment for tie
contribution of location (including temperature) it does not seem
correct, even today, to speak with any degree of confidence of the
magnitude of national prevalence of DI)T residues in man in the
rnited States. Similarly international comparisons are really not very
meaningful. Only when sufficient data becomes available from various
national monitoring ',forams collecting tissues from meaningful
strata of healthy populations, selected from areas which are reflective
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of climatic and other environmental variables of this country. we will
be able to describe the levels of 1)1)1' in man in the United States.

2. The role of dietary sources of persistent pesticides to the ill1311111
brxly burden tissue load: Several investigator have conoluded that
food residues of DDT are of major importance as sources of human
residues of this insecticide. Foal is stated as contributing S9 percent
of the total intake of DDT (Campbell. .1. E. et al., 1905). Evidence
supporting the major contribution of food is based upon feeding ex-
periments. The marked heterogeneity of 1)1Y1' residues of the various
strata of our society together with the very obvious climatic differences
observed in hot and cold areas of the -world are strongly supportat ire
of the significant contribution of nondietary sources of I his pesticide
to the human body burden. Consider the Unman Monitoring Data.
Mean values of DDT residues in fat were twice as high in the warmer
Southern States than in the north. Negro levels, which were twice
as high as whites, demonstrated the same gt.ographical delineation.
Theoretically, therefore, three possibilities come to :

(1) Southern persons eat ditTerent foOil than Northerners. This
explanation would have to hold good for white and blacks alike and
would have to explain areas outside of the United States.

(2) Food residues are higher in the smith than in the north. This is
unlikely leause of the widespread interstate commerce and because of
the existing food monitoring program.

(3) Food may be only partially contributive to the human hotly
burden of DDT and nondietary sources of DDT mar make up as much
as 50 percent of the total body burden in wanner climates. Now what
are the prmsible sources of this nontlietary eont Abigail f The amounts
of DDT detected in air and water are present in very small conornt ra-
ions. Air sampling techniques of pest icide residues are however still

not ent irely satisfactory and the available informal ion on air and water
sources of pesticide is very much less than what is known in the case
of food.

Supportive of the nondietary contribution to body burden of DDT
is the data from Alaska. Adipose residues film, Alaskan eskimos for
total 1)1 Er and !ME was 3.I1 p.p.m. and 2.2 1* .1) rt sped ively (Dur
ham, W. et at, 1961). The cskiin ate a pixdominately native diet
shown to contain little or no DDT: the came type of information was
observed in a study of nonambulatory institutionalized patients on
a prolonged tube feeding gaslroslomy diets whose diet was shown to
be virtnally free of DDT residues: adipose residues of total DDT-
detived material and I)IPK were i.4 p.p.m. and 1.2s p.p.m. resive-
tively ( Davies, J. E. et al., 1969").
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In a comparison of DDE residues in blood in patients taking and
not taking anticonvulsant drugs, nondrug taking controls, both white
and Negro, more than 10 years old, fully ambulant and on normal
diets and having similar values of IMF. in blood to those observed
in the normal populat ion, exhibited the same race associated differences
in spite of being institutionalized for many years. The persistence of
this race associated difference under identical environmental conditions
suggested acquisition of DDE levels prior to institutionalization.
Clustering of DDE levels shown in table VI has been observed in
families in Dade County and suggested that it was the home condition
which contributed to the level. Thus, the role of the place variable
reflected environmental exposure acquired early in life and from the
home environment. To explore the nondietary source of DDT of the
home environment, the authors carried out a small experiment using
sentinel cats which were placed in homes of two families, representa-
tive of high and low blood residues. The sentinel cats were fed the
same commercial pet food. The cat placed in the home characterized
by high IMF, levels, acquired a DDT blood level 10 times that observed
of its litter mate placed in a family with low DDE levels The ex plarm-
io% afforded was that the cats picked up soil and dust in the home

on their fur, which they subsequently consumed in the process of clean-
ing themselves. The data from this study suggested that dust was a
significant cotributant of nondietary sources of DDT in the home
(Edmundson, W. F. et al., 1969).

Supportive of the dust concept were data provided by Aldrich,
F. D. et al., 1967-68, in the Community Studies on Pesticides Project
in Colorado (Progress Reports No. 11 and No. 15, 11)67 -68 respec-
tively), Senna concentrations of DDT and DDE were studied in 70
families in 1966 and 1967 and were compared with values of this
insecticide in soil and household dust collected from vacuum cleaner
bags. Their data suggested that 1)1)T and DDE concentrations in
the home environment in random household samples were reflective of
the serum values of the resident families. Household dust WAS used
as a single index reflective of the pesticide input lo the home, exclusive
of dietary Mares, Again in 1968, using 20 families, 12 of whom were
high exposed (one member of the family being occupationally exposed
to pestic'.des), the study was rep-.ated and once again a strong aszsoci-
at ion between levels of DDT and DDE in blood in the house dust was
demonstrated. In addition, a strong a&cocial ion of blood levels of DDT
and DDE in husband and wife of exposed families was demonstrated
and concentrations were higher in the Colorado winkr than summer.
Collectively, therefore, these new data call for a reappraisal of the
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Er-

dominant role assumed to food as the major eontribut ant of body
burden residues of DM% Data such as these make a strong case for the
h»portance of pesticide research in the soil and dust as one of the
sonrces of man's contamination of DDT. Whether such dust is con-
taminated by translocat ion of particulate DDT from remote son es,
or from the overenthusiastic use of this insecticine in the how needs
to be investigated.

3. Secular changes: Opinions have differed as to whether various
national residue levels were on the increase, stationary or declining.
In Cnnada, Iwo surveys in 1.9i9-50 81at 1966 (Head, S. I., -mad

McKinley, W. P., [NI : Brown, .1. IL, 1907) suggested levels were
stationary and the same conclusion was reached in the United King-
dom 1963-61 (Abbott, D. ('., et al., 1905) and 1905-66 in Israel
(Wasserman, M. et al., 1905). In Great Britain levels of did-
drin and DDT were thought to have dropped and 11E01) levels were
lower in 1965 than in an earlier sully of the southeast of England:
Quinhy concludes that there was no change in levels in the United
States between 196t) and 1961-62 O. K et al., 1905) and
lioffnum slated Ihnt levels of DDTderived materials and were
lower in 1904-66 in Chicago than in 1962-63 (Hoffman, W. S. et nl.,
1907). Although significant race and sex differences were described
no adjustment for these 'arinbles were made in reaching This eon-
elusion. Qaife, Jf. b. e1 nl., 1907, were the first to question the validity
of these inferences and at the present it would appear that the (pies.
lion still remains not pmven because of strnlificntion weaknesses.

4. Pesticide levels and disease: Maier-liode, II. (1901) was the first
to explore the association of residues of DDT and DDE with diseases.
lie found m essential differences of DDT and DDE in 21 persons
dying of (lower and 39 persons who died of other diseases. Inn statis-
tical survey, using the stnndnrd normal vnrintion, and comparing the
normal and abnormal tissues from 6.k4 autopsies, Hoffman em-hided
that there was no significant correlnt ion of levels of DDE. DDT, and
of hemtcychlorocycloheNnue residues in fat with the presence or nebsenee
of abnormalities in the tissues Hoffman. W. S. el al., 1907). However.
nit bough significant differences of 1/1/T levels due to sex (al,prox
mutely half of the samples were females) and race were observed. the
authors tun& no provision for these variables in determining the
significance of differences bet Mem] pesticide residues in time normal mid
abnormal tissues. Others, such ns ensarelt, I,. .1. el al., 120$, and
iladomski, L. et al., 1968 hale found associntion of high levels of
DDTderived materials with several Imtholog'es. In a study of II
aulolsies.('asir et I et al., 1964 noted that subjects with the highest
total residues in tissues were those with evidence of emaciation. a
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variety of cancers, and extensive focal or generalized pathologic
conditions of the liver.

Their data suggest that these changes might be the consequence
rather than the cause of the disease. Radoniski, .1. L. et al.. 1968, in
comparison of adipose and liver residues of DDT and its metabolites

healthy controls (persons accidentally or violently killed) and
persons dying from diseases of the liver, the central nervous system
and miscellaneous pathologies including several types of malignancies
demonstrated: (1) A strong association of DDT residues with some
central nervous system pathologies, carcinoma in different tissues,
portal cirrhosis awl hypertension and (2) an equally strong associa-
tion of these pesticide residues in the sick with histories of the. domestic
use of insecticides. In discussing these results they were careful not to
conchide that the disease association was causal but it was not clear
ivliether the domestic use of insecticides were significantly higher in
persons with terminal diseases than it was ill healthy controls. In
addition, they failed to stratify their data by nice and since 69 percent
of the control population were white, the differences observed could
have been due to nice associated differences if the disease population
WAS largely Negro.

It is very probable that the future will see a steady increase of
epidemiological stinlies investigating the. prevalence of human pesti.
cide residues in disease. Problems will arise as to whether evaluations
are the miiseqiience of the ditAase itself, or the drugs being used to
treat the disease or whether they are the result of weight loss or the
consequences of the body's inability to detoxify chemicals generally.
All such possibilities will have to k discounted before causal roles can
be inferred. DDT has recently been used to treat unconjugated bill-
rubinernia being more effective than phenobarbitone in promoting and
sustaining enzyme induction. Enzyme induction and lowering of
plasma hilinibin was first observed when plasma concer.trations of
DDT increased and WAS obvious!, active at concentrations of 200
1).10.: with continued /MT medication levels reached 1,-300 p.p.m.
(Thompson, H. P. 11. et id., 1969). Plasma levels in eXCCSA of 200 p.p.b.
are frequently olkservNI under conditions of occupational exposure to
1/1/T, so if one can ext capolate from the case, there may be significant
liver microsonial enzyme induction under these circumstances. While
this hepatic response is reflective of detoxifying mechanism, and is
therefore, in one sense, an adaptive phenomena, the consequences may
not always be beneficial. Becalm of enzyme induction the pharma.
cologic responses fo a wide variety of drugs (and possibly steroids)
may be significantly altered and much research in man is needed in
this area as well as organochlorine surveillance in blood under condi
' ions of extreme occupational exposure.
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Besides being useful as an epidemiologic tool in studies of disease,
the tissue residue is the single most useful expression of our total intake
of persistent pesticides. Since food residue levels are reflective of only
part of our pesticide intake, it is more necessary than ever to monitor
our environmental health by studies of persistent pesticides from
living tissues from man and from other biological sentinels in his
environment. Only in this way can we measure the prevalence and
secular changes of these persistent pesticides in our society.
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'LADLE V.Ejects of age on total DDT residues in adipose tissue

Collin try Age (years) No. Race DDE 7(m.)
total Dp.p.DT

DleldrIn

Israel (Wasserman,
M. et al., 1967).

0-9 71 No differ-
enee.

5. 6 10. 2

10-89 133 _do 9. 9 18. 1
Florida (U.S.A.) 0-5 17 White 2. 8 5. 5

(Davies, J. E. et al., 6+ 90 _do 5. 5 8. 4
1968.

0-5 17 Negro 4. 1 7. 8
6+ 35 .do 10.8 16.7

Florida (U.S.A.) 0-5 14 White 0. 23
(Edmundson, W. F. 6+ 88 do . 23
et al., 1968). 0-5 15 Negro . 21

6+ 29 .20

335
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TABLE VI.-DDT and DDE, in ppb, in whole blood of children and by
family unit, in a general population group, Dade county, 1968

Age Race and DDT
sea

1)1)E Family
X DDT

Range DDT X DDE Range DDE

1- - - nw/f- - - & 75
2_ _ n /m__ 19. 48

4. 33
16. 63

4_ nw/f_ _ _ 16. 27 23. 52 17. 34 8. 75-23. 75 20. 71 4. 33-39. 46
5_ _ _ nw/f.... 18. 28 20. 61
6_ _ _ nw/m__ 23. 75 39. 46
Area: South Miami.
2_ nw/f__- 10.96 8. 35
3_ _ nw/m_ 21.36
4_ ___ nw/m__ 9. 83

11.37
7. 23

12.83 9. 17 -21.36 9.93 7.23 -11. 67
5_ ___ nw/m__ 9. 17 11. 67
Arca: Richmond Heights.
1_ _ nw/m__ 52.97 45.81
2_ _ _ nw/f_ _ _ 4& 55
3.... nw/f _ 21. 58

43. 32
14. 62

36. 17 21. 58-52. 97 31. 63 14. 62-45. 81
5_ _ _ _ nw/f__ - 21. 58 22. 78
Area: Homestead.
2_ _ nw/ra__ 70. 04 69. 42
2_ _ _ _ nw/m__ 70. 55 57. 15 63.9 51. 11-70. 55 54. 76 37. 71-69. 42
5_ _ nw/m. _ 51. 11 37. 75
Area: Gould.:.
2_ _ _ _ nw/f_ - 5.83 4. 73
4_ _ nw/m__ 4. 58 6. 22 6. 45 4..58- 9. 07 7.5 4. 1-11. 67
5_ _ nw/f _ 9.07 11. 67
Arca: Richmond Heights.
4_ - - - w/m__ - 7. 34 9. 55 3. 67 <4. 02- 7. 34 7. 81 6. 07- 9. 555_ ___ w/m__ _ <4. 02 6.07
Area: Homestead.
2._ nw/m_ - <5. 85 3. 97 l 7. 49 <5. 85- 9. 13 6. 75 3. 97- 9. 53
4.. _ nw/m._ 9.13 9.53
Area: Richmond Heights.
5. - w/f..___ 4. 02 11. 74 4. 74 4. 02- 5. 47 12. 79 11. 74-13. 85
6.. _ _ w/f_ _- 5.47 13. 85
Area: Miami.
3 w/m-_ <2.26 2.48
4._ w/f___- 2. 68 4. 03 2. 57 2. 18- 2. 68 4.36 2. 48- 6. 58
6._ _ w/f_ _ 2. 18 6. 58
Area: Goulds.
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FIGURE 4.Comparison of human adipose residues (ppm) of total DDT and
dieldrin, by age and race in northern and southern states, U.S.A., 1968.
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FIGURE 4.Comparlson of human adipose residues (ppm) of total DDT and
dieldrtn, by agc and race In northern and southern states, U.S.A.. MS. (eont'd)
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Clinical Cate Reports
Mort4lity and morbidity atodive.Other studies have sougnt to ex-

plore the long term effects of pesticides on 1111111 by comparison of mor-
tality and morbidity in population grumps whose differential pesticide
exposure is measured, not by residue level, but by reason of exposure
variations associated with person (occupational studies), place (ur-
ban, rural differences, proximity to ngrkulture), and time (incidence
rates per and post 1)1)T eras, summer, winter variations).

.Vortality studies.One of the only comprehensive reviews of mor-
tality data on persons occupationally exposed to pesticides is the retro-
spective mortality study of Florida registered structural pest control
workers, who by law had to register with the Florida State Board of
Health beginning 1948 (Monte & 1)ownes, 190). This presents mor-
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tality data for the years 1948-65 made up of more than 20,000 person-
years of observation comparing their mortality rate trends with the
into of the Florida white male population 20 years old and over. The
age-adjusted mortality rates of this single occupational group showed
a rising death rate for structural pest control workers against a fairly
stable age- adjusted rate for the entire population (Figure 7). It should
be pohited out that even during the last few years of this study, the
age-adjusted rate for the Florida while male population were still
somewhat above rates for pest control workers. This could be inter-
preted as an improvement in the quality of study data rather than n
rising death rate among the study group.

(Figure 7 is on p. 340.)
On the other hand, a review of age specific rates for pest control

workers 35-1-1, the group with the most years of observation, shows
they have a death rate in excess of that for the, same Florida white
male age group. Among another pivotal age group, 5541, age specific
death rates for the study group are practically on the some level as
the Florida white males and it would be expected that the general
population mortality rates would significantly exceed rates for any
supposedly healthy occupational group. These data were derived from
a mailed questionnaire survey which had a nonresponse rate of 32 per-
cent. An intensive followup effort ht one county suggests the mortality
experience of the nonresixmdents was approximately the same ns the
respondents. If this assumption is made the survey suggests that long
term exposure to pesticides may have an adverse chronic effect on
human health and supports the need for continued view of possible
health hazards. Comparisons of MIS' s of death for 180 structural pest
control workers against n matched emit ml group showed no significant
differences in cause distribution. If pesticides are a health hazard and
no single disease entity can be demonstrated as king casually asso-
dated we cony be dealing with a phenomenon through which an in-
creased risk of modality exists for a whole spectrum of diseases. Such
a situation would greatly complicate epidemiological research on this
subject. From nay point of view additional prmpect ice, morbidity and
mortality studies are required to prove or disprove cause and effect
relationship between specific pesticides and disease classifications.

Morbidity cffect4 occupational exivinur.Nlinierous morbidity
surveys have be n conducted in workers exposed to a single or group
of pesticides. Thus, for the organophosphate compoimds, the health
effects of occupational exposure for the following pesticides have been
described: atinphos-methyl (Simpson, 1065), demeton (Kagan et al.,
1058), dichlorvos (Witter, 1060; Watt it al., 1063; Fawkes et al.,
19631 Stein et al., 1966; 'Avon & Kindel, 11)66), fenitrothion
kar, 106,5), fenihion (Taylor, 1063), malathion 1065) methyl
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demeton (Asribekova, 1003), parathion (Brown & Bush, 1950, Ingram,
1951; Kay et al., 1952; Lieben et al,, 1953; Simpson & Beck, 1065;
Davies et al., 1065), thiometon (Rosiral & Rajnolm, 1961). For the
carbamate compounds: carbaryl (Best & Murray, 1062; Vaudekar,
1085), 3-isopropylphenyl N-methylcarbamate (Vandekar, 1065). For
the chlorinated hydrocarbons: DDT (Krasnyuk, 1058; Ortelee, 1058;
Krasnyuk, 1064; Quinby et al., 1065; Laws et al., 1067; Edmmtdson
et al., 1069'; Edmundson et al., 1069b; Edmondson R. Davies, to be
published); BH0 (Bogusheskii & Burkatskaya, 1051; Brzozwski
et al., 1954; Burkatskaya et al., 1959), ch/orodane (Alvarez & Hyman,
1053; Fishbein et al., 1064), dieldrin and related compounds (Fletcher
et al., 1959; Roogendam et al., 1062, 1065; Van Partite et al., 1070).
p-dichlorobenzene (Pagnot to & Walkley, 1065), diehloroetliane
(Brzozowski et al., 1054), trichloroethane (lona & Westendorp,
1050). For combination of compounds: Barnes & Davies, 1051, Princi
& Spurbeck, 1051; Fowler, 1053; Sumerford et al., 1053; Culver 2t al.,
1050; Brumtx, 1057; Hayes et al., 1057; Paulus et al., 1057; Quinby
et al., 1058; Vengerskaya et al., 1059; Wasserman et al., 1060; Kilmf
koa & Pospisil, 1001; Lynbetskii & Vengerskaya, 1061; Envie'',
1061; Stein & Mayes, 1064; Davignon et al., 1065; Hartwell &
1056). The results of these health surveys can be discussed under the
categories of organophosphates, carbanintes, organochlorine insecti-
cides and herbicides.

OrganophosphatesThe orgath)phosphates particularly parathion,
phosdrin, and TEPI' are health hazards because of their high toxicity
and ease of absorption by ingestion and the dermal or respiratory
tonics. The disease they produce in workers arc chiefly acute poison
ings, but may in addition leave sequelae of acute intoxication which
are probably anoxic sequelne. However, there is an additional !bazar('
to workers which may not be recognized; this is beCillISQ. 1111(111e ex
osure resulting in cholinesterase inhibition from chronic exposure

may predispose the worker to Ioisoiting when he is exposed subse-
quently (to all exposure not expected to be noxious) with the result of
clinical signs of poisoning. Somewhat similar hazards occur when
pesticides iu plants e.g. orchards 1)1111(1.11p slowly from repeated spray-
ing with tesidir s of organiphosphates to (lie point that orchard work-
ers are affected gradually by dermal or respiratory contact with the
plant material ( Milby, 1064).

Continued long term exposure to orgatmphosphates appear to have
other subtle effects. Evidence has la-cn presented to alter renal tubular
functions 'n a small percentage of workers when measured by phos
phorous reabsorption tests (Mann, .1. II. et al., 1966). These findings
were attributed to renal tubular damage from the metabolite parani-
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trophenol. A change in protien metabolism as indicated by a modest,
increase in amino acid levels as measured in blood serum may be
reflective of liver damage or more probably represent an adaptive
response on behalf of the liver, in response to enzyme indnction
changes necessary for the general detoxification of pesticides
(Davies, J. et al., 1060; Tocci, 1'. M. et al., 1000). In other studies,
chronic exposure to orpumplutsphates were considered to produce slow
reaction times, memory defects and to cause workers to become in-
creasingly irritable; motor or sensory defects were not observed but
elect roencephalographic studies revealed more than usual incidence of
abnormalities (Metes lf,1969).

Carbamate ExposureCases of obvious carbamate poisoning are
uncommon, and nee not usually associated with occupational exposure.
Undoubtedly many intoxications occur but these are usually mild and
are unreported since they involve workers in the initial stages of
exposure to these chemicals (inception illness); as adaptation M-
OWS, symptoms usually subside. Carbaryl (Sevin) is the MOO COM-
monly used of the carbatuate insecticides and causes few problems in
the course of application. Ilaygotto", longer acting carbamate can
produce mild toxicity symptoms especially in prsons spraying the
solution under conditions which predispose to excessive exposure
(Vandekar, 1965; Davies, 1068 (personal communication)). In mos-
quito control programs small domestic. animals and children may
become affected by the concentration of the chemic .1 in the house
and become ill in it sandhi r manner, but again symptoms are mild and
temporary and recovery is the rule. The carbamates have a reversible
inhibition of cholinesterase so that laboratory determinations must be
done rapidly and interpreted with caution. The clinical picture of
poisoning by carbamates is similar to that produced by the organo-
phosphates but in contrast may be made worse with 2-PAM (Hayes,
1963).

Inn` Stndie..0 ln recent study of X) men with experience from
1-10 years in n plant producing DDT exclusively (average 0 million

lbs./month). no ill effects attributed to 1)1A l' were observed among
the workers (Laws et al., 1067). The fat storage levels of total DDT-
derived materials ranged from 38-6I7 p.p.m. as compared to 8 1).1).111.
for the general pc)pulat ion. Serum values of total 1)111' were also high
and correlated with kt values ((r)=0.64). A review of phut rec-
ords of 63 men with more than t) years exposure likewise was not fruit-
ful in revealing diseases or unusual frequency of poisoning due to
D1)T.

No evidence of adverse effects was seen in a study of 40 workers
in DDT formulating plants (average work duration was 34 years
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and exposure was to other chemicals as well) (Ortelee, 1958), nor
was disease identified in a study of volunteers who were fed up to
35 moms. of DDT per day for 21 months (about. 200 times the normal
dietary intake of 0.0026 mg./kg./day). The storage of DDT (but not
DDE) was proportions' to dosnge and attained a constant level, de-
spite dosage, after 1 year or nuRe (Hayes et al., 1950.

Elsewhere in a study of 400 persons exposed to organochlorine pesti-
cides it was suggested that the workers experienced a higher fre-
quency of cardiovascular diseases of various types than was expected;
the conclusion was reached based on electrocardiographic changes in
persons working with organochlorine insecticides (Krasynuk, 1964).

The Diem Groupaldrin, dieldrin, endrin.
Studies have been reported in plants manufacturing these insecti-

cides. Seventeen patients (5 percent of the work force) developed
epileptiform convulsions ( Ifoogendam et al., 1965). Efforts were made
o pinpoint the hazard; these were nottinformative. Potential dermal
oxposure by estimation of dose with dermal absorbent pads were not
considered worthwhile. Abnormalities of the encephalogram were
demonstrated in the cases; these were always temporary and were
associated with specific incidents of overexposure. No cases of perms-
vent, partial or complete incapacity were recorded and no claims for
compensation were filed. Rates of sickness, observation, skin sensitiza-
tion reactions, abnormalities of liver function tests were no different
in 300 workers studied than in the nonpesticide workers, and the occur-
rence of epilep;iforna convulsions in the 17 eases was the only abnor-
mality demonstrated. A biologic index of intoxication (concentrations
of dieldrin in the blood of 15 ilg/100 g.) appeared to be the threshold
level denoting the appearance of symptoms of intoxication and the
procedure was recommended both As a diagnostic test and a surveil-
lance tool (13rown et al., 1984).

One of the same investigations carried out on human volunteer ex-
periment using doses representative of normal adventitious exposure
(estimated 0.025 mg.m./day and occupntional exposure 0,21 mg.m.
day) for 18 months. No signs of ill health were demonstrated and lab-
oratory investigation which included alkaline phosphstase, RHO and
plasma cholinesterase, EEO, ECU and electromyographie studies were
all within norms! limits. Dieldr41 concentrations in Mood And fit
were proportional to daily dosage and were up to 10 times greater than
general population levels. There was no significant effects on tIte total
DDT in fat nor were there changes in the DDE levels in blood. It was
concluded that dieldrin in doses of 200 pg. /day were without effects on
humans (lhater And Robinson, 1967).

In another study of 71 men of which 49 were production workers
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(in a plant manufacturing dieldrin, aldrin, endrin and organophos-
phates) no meaningful correlation of sick leave with dieldrin levels
in fat, bloal and urine was demonstrated. Concentrations of dieldrin
in fat reached levels more than 19 times the level of the general popu-
lation and blood levels were more than nine times greater than general
population blood levels. A correlation of levels in blood with total
duration of exposure was demonstrated and blood samples were rec-
ommended for monitoring workers (Hayes and Curley, 1968).

Other Chlorinated HydrocarbonsOther chemicals of this class
have been suspected of causing adverse health reactions. Lindane has
been incriminated directly or indirectly with 18 cases of blood dysera-
sias, and the California Board of Health, and more recently the U.S.
Department of Agriculture have passed resolutions recommending
against the use of lindane vaporizers. There is an admitted lack of
technical data on which to base sound regulations but the suspicion
that linden° is a hazardous chemical (West, 1067). A recent unreported
study of 70 persons highly exposed to 'inane demonstrated slight
changes hi blood when compared to matched controls (elevated poly-
morphonuclear, and total white count, and slightly reduced creati t.:ne)
(Nifty, 1060).

Ina factory manufacturing plithozy chemicals (the herbicides-
2-11), 2,4, 5 T) a number of workers were found to have hyperpignien-
tation and fragility of (he skin, eruptions on exposed areas and acne
lesions. Porphyria was observed in 37 percent of the 29 workers tested.
It, was postiNte41 that the disturbed metabolism was due to a toxic
action on the liver by one or more different chemicals being used in the
factory although no direct relationship between clinical signs as the
degree of chemical exposure was demonstrated; the diseases were con-
sidered to be the milt of individual susceptibility (Illeiberg et al.,
1961). Porphyria has also been described following ingestion of
hexachlorobenzene (Schmid, 1960). In a group of 260 agricultural
workers and 4h workers engaged in crop spraying for 3 yearn using

exce&sive fatigue was reported. In addition, they complained of
headaches, epigast ric pains, anorexia and occasional limier respiratory
tract symptoms and several demonstrated impaired taste sensitivity
(Fetisov, 1066).

Apart from occurrence of overt disease as expression of etIect, the
Community Pesticide Studies Program of the IT.S.P.H.S. is currently
imolved in a HI State collaboration mearch, wherein pmspmive mor-
bidity data is being collected from groups of occupationally exposed
workers. The incidence of disease as well AS biocemical differences is
being studied. Although as yet, no correlation of data is mailable,
an imptkgsion is being gained of the occurrence of certain biochemical
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changes in occupationally exposed groups when compared with
controls.

Thus, from Hawaii, in studies of 59 persons occupationally exposed
to a wide variety of pesticides, significant differences in hematocrit,
white blood count, serum a !bun; in, alkaline phospha tase, potassium and
Pill (protein bound iodine) were observed. Gastrointestinal disturb-
ances, obesity, diabetes, thyroid and neurologic dysfunctions were the
principal findings.

In Iowa (Long et al.), demonstrated significant correlation of hems-
tocrit, hemoglobin and prothrombin values with high pesticide usage.
Significant correlations were found between total pesticides employed
and the blood uric acid And bilirubin 1- minute values (Long et nl.,
1969).

In Florida, levels of certain biochemiEtries, reflective of kidney or
liver function changes were observed in 67 persons heavily exposed
to pesticides when compared with healthy normal controls. The ex-
posed group showed unusually high levels of several amino Acids,
SOOT, alkaline phosphatnse, serum osmolality and crestinine (Tocci
et al., 1069).

Thus by interstate collaborative research, changes of certain bio-
chemical parameters are beginning to observe in large groups of per-
sons occupationally exposed to pesticide. Several notes of caution
should be respected with these types of findings. Firstly, differences are
mostly within the normal range of the biochemical parameters, and
thereby arc not considered pathological, secondly, associations only has
been demonstrated and no causal inference conchtded, thirdly, criteria
of pesticide exposure varies from State to Slate and uniform meetods
of degrees of pesticide exposure between States is difficult if not im-
possible And lastly, some of the biochemical changes observed may be
adaptive or compensatory rather than reflective of nn adverse health
effect so thnt changes rather than disease ratites are being reported.

In concluding the section of review of studies of the occupational
exposed group, an illustration of the epldemlologic worth of such
studies can be seen from the findings of a tnedicAl survey of persons
working with ;Nth; and dieldrin (anger, 1069).

In this excellent, study of 820 plant employees, detailed morbidity
data are presented on 2.33 persons representing 1,728 years of exposure
to aldrin and dieldrin including significant data on exposure; diseases
included glomendonephritis (1) peptic ulcers (3) nephrolithitu4s (4)
;schaemic heart disease (2) reticulosarcoma (1) carcinoma of the
stomach (1) and glioma (1). In addition, an intensive medical survey
of highly exposed workers revealed no significant incidence of any
disease occurring in the plant when compared with findings from
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employees less exposed in the plant. Thus, the data supported the con-
cept that hazards of working with pesticides were slight. However,
interpretation of the incidence rates of the above mentioned diseases
which were seen to occur, is difficult and calls for comparison with in-
cidence rates of the general population. If our interest is the investi-
gation of diseases with long incubation periods, such ns cancer, then
this approach will have to followed in future studies. The probltin
of tracing dropouts is also exemplified and demonstrates the ease of
using occupational studies as measures of occupational risk, but the
complexity of such studies when used to extrapolate ns to health effects
of the pesticide exposure of the general population.

Miscellancou8 general population xtudies.--The literature contains
examples of several studies which have explored place and time vari-
ables as possible indications of greater pesticide exposures. Thus, in-
creases in tipper respiratory diseases, including asthma, sinusitis and
bronchitis have been associated with the greater domestic usage of
pesticides in Hawaii (Weiner and Worth, 1069). Because of the lindnne
findings due to neoplasia by lymphatic and hetuntopoietic tissues and
aplastic anemia in Kern County were compared m ith the total Cali-
fornia experience (Mengle et al., 196I). No significant differences
were observed in these two areaq, Onnelin has explored the effects of
incidental exposure to parathion on the general population and asth-
matics (Ganelin et al., 1964). Their data suggested that the effects of
such incidental exposit! :% was negligible.
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Conclusion and recommendations. An epidemiologic appraisal of
the total health effects of pesticides occurring under the categories of
acute, general population and occupationally exposed recognizes the
adverse health effects or areas of uncertainties in all three exposure
situations. Recommendations are suggested with the intent of pre-
venting these adverse effects or in the hope of obtaining greater infor-
mation in those areas where gaps in our knowledge seem to exist.

The summation of the findings resulting from acute pesticide ex-
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posure indicate that in the United States, the main offenders are the
more toxic of the organophosphates. More poisonings can be expected
with greater usage of this group. Children and adults are the two
different population groups involved. The former reflect the readily
reachable chemicals in the home. Their prevention is dependent upon
such factors as the better public awareness of their hazards, improved
legislation prohibiting the more toxic members from home use, indus-
trial improvements in packaging and labeling, and in the case of
roach baits, substitution of the more toxic baits by less toxic but equally
effective substitutes.

Disregarding the suicide component of pesticide intoxications, adults
are most frequently poisoned accidently in the home or while at work.
At home the problem is often the result of storage in improper con-
tainers and the answer again is a better awareness. Occupationally,
the pesticide industry demonstrates a steady improvement with re-
gard to acute poisoning. The virtue of protective clothing and other
protective devices have been well disseminatedthe dangers often
resulting from the employment of transient laborers, such as high
school students on their summer vacation, or workers who cannot read
or do not- understand the nature of the toxicity of the chemicals with
which they are working. There is great need for field investigation of
the more serious cases and facilities are suggested for better investi-
gation, documentation, and reporting of such events. An areawide
pesticide protection team is suggested to this end, whose members
would be drawn from representatives of the local health departments,
the country agricultural agent and a representative of Fish and Wild-
life. Episodes of human and wildlife poisoning would be investigated.
In addition, advice and recommendation toward the design and dis-
posal of containers, occupational aspects of safe handling of pesticides
would be promoted.

In the area of occupational exposure two conclusions can be reached.
The first relates to surveillance. With improved technology the
occupational hazard to the worker is decreasing. Cholinesterease test-
ing is known to prevent overt and detect incipient toxicity. In man-
ufacturing situations, formulation and antimalarial spraying, clin-
ical surveillance against organochlorine toxicity or excessive exposure
is now practicable and probably worthwhile; particularly is this so
with dieldrin and could be extended to DDT surveillance. In view of
the possible consequences of enzyme induction in situations of extreme
exposure to DDT, a ceiling for DDT blood levels might be determined
if significant enzyme induction is demonstrable and proved harmful.
The second conclusion relates to future research in this area and is
based upon the findings of the increasing age-adjusted mortality rates
observed in structural pest control operators. These findings together
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with the information of abnormal chemistries from several of the
Community Studies Programs warrant continued intensive clinical
and biochemical surveillance of selected groups of high-exposed ivsti-
cide operators. The main function of such investigations would serve
to determine whether a chronic occupational hazard exists from ex-
posure to cet rain selected pesticides.

Insofar as the general population is concerned three recent events
have occurred which have prompted a resurgence of public concern of
the health effects of the persistent pesticides on mankind and his en-
vironment. The first of these was the occurrence of obvious adverse
ecological effects of pesticides on certain predator birds and the high
levels in certain fish (Cohn salmon). The second stems from the dem-
onstration of enzyme, induction by DDT and the uncertainty of the
human consequences of the adaptive mechanism. The third is the re-
cent findings of the Bionetics report (Innes, a. R. M. et al, 1069)
wherein carcinogenic potential of DDT and several other insecticides
has been demonstrated in mice.

This review of the literature on the effects of incidental exposure
to persistent pesticides, and to DDT in particular, indicate that the
only certain demonstrable effect of this exposure in man is the tissue
residue. What the data also suggests is that we do not fully understand
the epidemiology of these levels and perhaps that some of the several
assumptions that have been made need to be reappraised. Thus, the
significantly higher levels of DDT - derived residues in the Negro in
the United States necessitates a deevaluation of conclusions which
did not adjust for this difference; without straification we cannot de-
scribe the average residue level in the country. The age association of
levels of DDE in all age groups certainly requires further investiga-
tion and explanation. The geographical stratification conflicts with the
concept of the dominant role of dietary sources of DDT. If non dietary
sources are of significant consecoenve, then monitoring of human eesi-
dues will assume as great an import cue as food monitoring for these
biological residues are the most important expressions of the magni-
tude of the environmental contamination. Finally, there appears to
be so many areas which require further investigation and exploration,
and since in the United States we have no need to use as much DDT
and as indiscriminately as we have done so in the past, few will ques-
tion the merit of striving to reduce or at least contain the amount of
human and animal contamination that results from this insecticide.
Research endeavors in all areas which strive to further the reduction of
this environmental contamination seem warranted and timely, and it
should not be necesary to have to wait for proof that the exposure is
harmful before some action is taken.
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Clinical ease reports

In the past 25 years, thousands of reports of human illness ap-
parently caused by pesticides have appeared in the medical literature
of dozens of countries. An effort has been made here to organize
representative examples of this vast body of information in a coherent
way. Where possible, findings have been critically assessed, and those
which appear scientifically tenable have been arranged according to
the human organ system which seemed most affected, or according
to a disease entity or syndrome when that was more appropriate.

Case reports in which pesticides are implicated typically describe
clinical observations of an individual patient (occasionally more than
one), pathological findings, etiology or causal relationships, and a
regime'. of treatment and its outcome.

Whenever information permits, a consideration of dose-response
relationships is included here. However, &Ilion' case reports, by their
very nature rarely provide an opportunity for clear documentation
of exposure factors. Characteristically, the patient does not seek medi-
cal attention until his illness is overtly manifested and he often is
unable to relate how much toxin was ingested, inhaled, or absorbed
or to accurately reconstruct the events leading to the poisoning.

The clinical picture of acute pesticide intoxication may vary in
severity from quite mild to critical or even fatal. Depending upon the
agent involved, the diagnosis may be clear-cut or may be exceedingly
difficult to firmly establish. The diagnosis is often most difficult in the
case of mild to moderate acute poisoning by the organochlorine group
of insecticides. This is particularly true when exposure factors are
not well documented. The criteria upon which a diagnosis of organo-
chlorine intoxication may be convincingly based are not clearly estab-
lished. Marked elevation- in serum organochlorine levels with or
without alterations in eiectroencephalographic patterns, if present,
may provide the only objective clinical evidence of chronic poisoning.
Subjective evidence such as irritability, insomnia, anorexia, head-
ache, nausea, malaise may be extremely difficult to evaluate in instances
of low level orgauochlorine exposure.

Because of these diagnostic complexities, unprov or specious 1)081
hoc, ergo propter hoc associations attributing human illness to pesti-
cide exposure are not uncommonly encountered in both the lay press
and the scientific literature. Errors of omission 'nay be equally as
serious as errors of commission. The reporting physician, for example,
may have failed to study some organ system, such as the central or
peripheral nervous system, thereby failing to observe and report a
response which did, in fact, occur. Once errors of either commission
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or omission find their way into print, they are often exceedingly
difficult to correct.

Effects on the nervous system. It is evident from the acute effects
of chlorinated insecticides, organophosphate and carbamate insecti-
cides on mammals that these compounds exert their characteristic
toxicity by affecting the nervous system. There is evidence of both
peripheral and antral effects.

The nervous system effects of acute DDT poisoning have been
reviewed by Hayes (1959) in an extensive treatise on that compound
and von Oettingeu (1955) has reviewed these effects for most of the
chlorinated insecticides in his book on the halogenated hydrocarbons
Koello (1963) has edited an extensive volume on the effects of anti-
cholinesterase on the nervous system and both Heath (1961) and
O'Brien (1960, 1967) has each published a book on this subject. How-
ever, there is no review on the nervous system effects of low-level
prolonged exposure to insecticides. This is primarily due to the fact
that there are very few publications to be reviewed in this area.

Chlorinated hydrocarbons: There is extensive evidence that the
acute action of chlorinated insecticides, particularly DDT, can be
detected under certain conditions in the cerebrum, cerebellum, brain-
stem, spinal cord, and peripheral nerves (Bromiley and Bard, 1949;
Shank land, 1964). Thus the acute poisoning effects of these com-
pounds appear to be a diffused nervous system effect thought to be
caused by interference with nerve impulse conduction and/or trans-
mission. Acute DDT poisoning is characterized at the onset by marked
paresthesias of the tongue, lips, and face, along with malaise and
headache. In more severe poisoning, paresthesia may extend to the
extremities. Ingestion of large doses is followed by vomiting with or
without diarrhea. Disturbances of equilibrium, dizziness, confusion
and tremor soon follow. In very severe poisoning, convulsions may
appear. Blood pressure and temperature remain essentially normal.
Except in the most severe cases, recovery is near complete within 24
hours. However, residual weakness has persisted for 5 or more weeks
after severe intoxication. A number of deaths have followed ingestion
of DDT in solvent solutions, but there appears to be no well-described
fatal case of DDT poisoning uncomplicated by other pesticides or
solvents.

Epidemiologic searches for chronic DDT effects have been carried
out with negative results in the Northwest (Sumerford, 1953; Hayes,
1957; Hayes, 1958; Durham, 1964; Durham, 1965), the Southwest
(Hartwell, 1965; Rappolt, 1968), the Southeast (Fowler, 1953 ; Hayes,
1955; Quinby, 1958; Ortelee, 1958; Witter, 1959; Hayes, 1965; Davies,
1966; Fiserova-Bergerova, 1967; Davies, 1968) in Hawaii (Casarett,
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1968), in Alaska (Durham, 1961), and in the United States (Hayes,
1963; Hayes, 1958; Dale, 1963; Durham, 1965a ; Durham, 1965b ; Foter,
1966). These studies have been summarized recently (Hayes, 1967;
Hayes, 1969). Human volunteer studies involving DDT are described
elsewhere in this report as are epidemiological studies of -workers ex-
posed to DDT in the course of their occupation.

Endrin, chlordane, heptachlor, heptachlor epoxide and toxaphene
also bring about increased excitability of the nervous system, as seen
with DDT. The rapidity of onset of symptoms and signs, and the
duration and severity of effects varies from one compound to another.

Organophosphates: The effects of the organophosphorus com-
pounds are principally attributable to their ability to inactivate certain
enzymes, the most important of which are the cholinesterases (See
section on Enzymes).

Systemic effects.In dosages sufficient to produce systemic manifes-
tations, the clinical picture of organophosphorus intoxication is de-
pendent upon the route of exposure and rate of absorption as well as
upon the chemical nature of the organophosphorus compound involved.
Both topical and systemic effects may occur, but frequently only the
systemic effects can be observed.

Initial signs and symptoms of intoxication are headache, nausea,
abdominal pain, vomiting, diarrhea, sweating, and weakness. In mod-
erate to severe cases of poisoning, there may also be salivation, lacrima-
tion, dyspnea, cyanosis, mus.4e fasciculation, convulsions, cardiac
arrhythmias, shock, coma, and death. Death, when it occurs is usually
due to respiratory failure.

At least one organophosphate pesticide, Isopestox (Mipafox) (bis-
isopropylamido fluorophosphate) has been shown to be capable of
causing demyelination of peripheral nerve fibers with resutlant neuro-
pathy (Bidstrup, 1953). This compound has not been used in the
United States. Scattered reports are available which suggest that two
of the more commonly used organophosphate compounds, parathion
(Petry, 1951) and malathion (Petty, 1958) may also be capable of
causing peripheral europathy. The evidence cited in these reports is
not convincing. Furthermore, if these two widely used compounds
were, in fact, neurotoxic, it would be reasonable to expect that over the
years, a multiude of cases of inuropathy would have been reported
and attributed to them. That this has not been the case strongly sug-
gests that the original allegations were incorrect.

Topical elfects.SkinContamination of the skin by organophos-
phorus pesticides may produce localized sweating, erection of hair, and
fibrillation of the muscles underlying the exposed area (Hayes, 1964).
For additional information on the effects of organophosphorus com-
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ponods on the skin, the reader is referred to the special report on Cu-
taneous Sensitization.

EyeContamination of the eye by organophosphorus pesticides
produces miosis, loss of accommodation, headache, eye pain, dimness
of vision, nausea and vomiting, conjunctival edema and hyperemia,
rhinorrea and nasal congestion (Grob, 1953). When the miosis is uni-
lateral, there is also a loss of kinetic but, not static depth perception
(Upholt, 1056). More detailed considerations of the effects of organo.
phosphorus compounds on the eye are presented in section on the
eye.

Pulmonary A discussion of the local effects of organophosphorus
compounds on the tracheo-bronchial tree and lungs will be found in
the Section of this report on the respiratory system.

Gastro-intestinalThe local effects of organophosphorus com-
pounds on the gastrointestinal tract have not been dearly described,
probably because these effects are obscured by systemic manifestations
resulting from gastroenteric absorption of the toxicant. In cases of
inzestion of massive amounts of direct cholinesterase inhibitors, death
or recovery with reactivation antidotes occur so quickly that clinical
evidence of local effects on the gastro-intestinal tract are difficult to
recognize. However, after ingestion of organophosphorus compounds
which are slower enzyme inactivators such as diazinon or malathion, it
may be possible to distinguish the explosive and uncoltrollable diar-
rhea that persists during chloinesterase reactivation therapy. Such un-
controlled diarrhea often persists for some time after the other
systemic signs and symptoms have been controlled by treatment.
Sloughing of the intestinal mucosa has also been observed, however,
this may be due to the effect of the solvent in which the pesticide is
formulated rather than to direct chemical damage from organophos-
phorus compound (Quinby, unpublished data).

Carbamates and carbamoyl oximes: Many of the carbamates arc
rapid but reversible inactivators of cholinesterase and, as such, may
produce serious human intoxication. These compounds may also affect
the eyes and the mucous membranes of the mouth and throat topically
in a manner similar to organophosphate compounds. (Babione, 1966;
Quinby, unpublished data).

Field tests with Baygon (2-isopropoxyphenyl N-methylcarbamate),
carried out in Nigeria and Iran resulted in overt poisoning among
applicators and residents alike and indicated that clinical manifesta-
tions of intoxication correlate poorly with both red blood cell and
plasma cholinesterase levels in the stricken individual (Vandekar,
1965; Vandekar, 1968). Carbaryl (1-Naphthyl N-methylcarbamate)
has also caused poisoning among workers (Hayes, 1963 Clinical

361



Handbook). Temik (2-Methyl-2-(methylthio) propionaldhyde 0-
Onethylcarbamoyfloxime) caused a near fatal case of fulminating
intoxication in a woman who ate the tip and several leaves of a mint
plant which had grown adjacent to rose plants whose roots had been
treated with Temik (QuinhyompublisheAl data).

Chlorinated phenoxy-acid compounds: Several authors have
attributed peripheral neuropathy to exposure to 2, 4-Dichlorophenoxy-
acetic acid (2,4 1)) (Goldstein, 1959; Fullerton, 1968). In all cases,
signs and symptoms followed gross overdose resulting from exposure
of the skin to the liquid compound for many hours.

Organic mercurial compounds : Organic mercurial compounds are
commonly used as fungicides. Poisoning by organic mercurials is char-
acterized by signs and symptoms of nervous system involvement such
as headache; paresthesins of the tongue, lips, fingers, and toes; fine
tremors of the fingers and hands; and general incoordination. Irri-
tability and bad temper are often early manifestations of over
exposure. Sever intoxication may produce total incapacitation or death.

Acute human poisoning by organic mercurial compounds has been
reported infrequently but there have been many cases of chronic
poisoning, most of which were associated with the manufacture of
organic mercurial compounds, their use for treating seed, or the eating
of treated Red (Hayes, 1963).

Effects on the .lifITOUR v8tem.Inorganie arsenicals: Acute
inorganic arsenical poisoning produces a clinical picture involving
multiple organ systems. Following ingestion of trivalent arsenic,
there is a characteristic delay of from one-half to several hours. Early
symptoms include a feeling of throat constriction with difficulty in
swallowing. Violent abdominal pain accompanied by vomiting and
profuse, watery diarrhea follow. Other manifestations of systemic
involvement include muscular cramping, headache and, in severe
poisoning, convulsions, coma and death, Buchanan, 1962)

Studies carried out on several hundred wine growers who were
exposed for long periods to arsenical insecticides revealed electro-
cardiographic evidence of cardiac damage (Butzengeiger, 1949: Cited
by Buchanan, 1962). In California, during the period 1951 to 1963,
there were 42 fatal arsenic poisoning cases involving children. The
compound most often respopsible was a sodium arsenite-containing
herbacide. The removal in California of this dangerous product from
the home market. in 1961 was accompanied by a reduction in fatal
childhodd arsenical poisoning. (West, Milby, 1965)

Chronic arsenical poisoning may he divided into three phases. In
the first louse, the victim complains of weakness and loss of appetite.
There may also be nausea and vomiting. The second phase of intoxica-
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tion is characterized by symptoms of coryza, hoarseness and mild
bronchitis. Perforation of the nasal septum is a common finding. Skin
manifestations are common at this stage of poisoning. The third phase
of chronic arsenical intoxication is marked by peripheral neuritis,
which is often mild, at first, but which may progress to motor paralysis
in more severe cases (Buchanan, 1962) .

Thallium: Thallium sulfate is used as an insecticide and roden-
ticide. Human poisoning is usualy the result of ingestion by a child
of thallium containing bait. Between 1054 and 1959, over 130 children
in southern Texas, alone, were poisoned by thallium in this manner.
(Reed, 1963)

Thallotoxicosis is characterized by polyneuronitis, epilation, gastro-
intestinal symptoms, encephalopathy and retrobulbar neuritis. A
bluish line may appear in the gums. Tito gastrointestinal and neurolog-
ical manifestations appear 12-14 hours after ingestion of the toxin
(Grunfeld, 1964). Epilation beginns in 10 to 14 days. Persistent
neurological damage was found in M percent of children who had
recovered from thallium poisoning. (Reed, 1963)

Effects on the skin.It has been suggested that, although pesticides
are used extensively, they do not appear to produce skin disease as
frequently as certain other groups of chemical agents such as house-
hold chemicals and cosmetics (Fregert, Hjorth, 1968). Since little or
no relevant data are available from other states, reports published by
the California Department of Public. Health indicate that this may
not actually be the case. These reports suggest that pesticide-induced
skin conditions are more likely unrecognized or unreported than
uncommon. The table summarizes reports of occupationally-related
skin conditions attributed to pesticides and other agricultural chem-
icals which were received by the State of California during the years
1964-1968. Since equivalent data are not available from other states,
the national picture can only be surmised.

For additional information, the reader is referred to the report, on
the effects of pesticides on the skin which may bo found elsewhere in
this section.

Chlorinated hydrocarbons: The chlorinated hydrocarbons do not
appear to be an important producer of dermatoses among the general
population. DDT has been applied directly to the skin and clothing of
countless thousands of individuals as a disease vector control agent
with few or no problems referable to the skin. Workers engaged in
the production of lindane have been reported to suffer dermatitis as
a result of exposure to an impurity, delta-heptachlorocyclohexane.
(Hegyi and Stota, 1965; cited by Hjorth, 1968). Purified lindane has
been used for several decades in the United States as a treatment for
scabies and lice with little problem (Hjorth, 1968) .
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In Tnrkey, hexachlorobenzene-contaminated grain was ingested by
several thousand people in 1956. As a result a number of cases of
acquired porphyria cutanea tarda symptomatica occurred (Cam, 1959;
Schmid, 1960). Severe skin manifestations including photosensitivity,
bullae formation, deep scarring, permanent alopecia, and skin atrophy
characterized this condition.

Organophosphorns compounds: The direct cholinesterase inhibitors
(such as TEPP and Phosdrin) and the rapidly activated inhibitors
(parathion, demeton, disulfoton, etc.) may cause topical effects at
heavily exposed sites. These include excess sweating, erection of hair,
and twitching of the muscles just beneath the site of application
(Hayes, GR, 1964).

Previously existing dermatitis speeds absorption of organic phos-
phorus compounds and of other substances. A few of these compounds
or their formulations have been established as a cause of either contact
dermatitis or allergic dermatitis, TEPP (Quinby, unpublished data),
malathion (Milby, 1964), and DDVP (Cronce, 1968). In each .)f these
reports, patch tests were positive for the pesticide compound in the
purest form available. In the case of malathion, however, at least the
etiologic agent was not malathion itself but a reactant, diethyl fuma-
rate (Kligman, 1667).

Parathion, like malathion, has been shown to be a strong sensitizer
in man (Palmienteri, 1964). However, occupational dermatitis from
parathion has not yet, been recorded.

Naled caused dermatitis in 12 female chrysanthemum workers in
Florida. Exposure of the workers began only two hours after spraying.
Patch tests were positive in 3 out of 4 tested (Ednumdson, 1967).

Dithiocarbamates: Practically all of the dithiocarbamates cause at
least mild dermatitis due to primary irritation (Hayes, 1963). Zi ram is
extensively used and it has often been reported as the causative agent
(Quinby, unpublished data).

Chlorinated carbamates: Tsforestan causes erythematons to bullous
dermatitis in spraymen photosensitized to this insecticide because of its
quinoxaline ring structure, which is common to a number of other
chemicals that likewise do so (Quinby, unpublished data).

Rosaniline dyes: Gentian Violet, a mixture of Rosaniline dyes has
been reported to irritate skin at low levels of exposure and to cause
hemorrhages in the skin and mucous membrane in persons accidentally
or occupationally exposed to high concentrations of the chemical,
either as a dust or in solution (Quinby, 1968).

Chlorinated phenols: Acneiform or eczematous dermatitis has been
observed widely in industries using pentachlorophenol (Hayes, 1963).
Acute erythematous dermatitis was produced from contact with a
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mixture of a paint cleaner and pentachlorophenol. The patient excreted
pentachloroplienol in his urine for over 50 days (Benvenue, 1967).

Phenolic derivatives: Sodium orthoplienylphenates and other salts
of that compound have caused contact and allergic dermatitis in almost
100 percent of workers sorting fruits and vegetables treated with this
fungistatic chemical (Scott, 1949). Even with every reasonable pre-
caution, a significant percentage of contact dermatitis still occurs
(Quinby, unpublished data).

Nitrogen compounds: Nine cases of skin irritation by herbicides
have been reported in England and Africa (Smith, 1966). Exposure
of the hands to Paraquat and Diquat has caused discoloration, soften-
ing and even shedding of fingernails from the topical destruction of
cells in the nail matrix (Samman and Johnston, 1969). One case of
nail damage from field use, three cases from manufacturing, and four
cases from formulation were reported from all over the world (Smith,
1966). Random application m as followed in three workers by contact
dermatitis with erythema, violaceous erythema, encrustations, bullae,
edema, and exudative intertrigo (Spencer, 1966).

Captan fungicide was recently reported as a cause of occupational
dermatitis from apple-spraying (Fregert, 1967).

Difolatan, a carboximide fungicide, caused 261 cases of dermatitis
in orchard workers in tangerine groves of Japan in 1966 (Takama-
tsu, 1968). The lesions and course suggested that photosensitization
played a role. Barrier creams failed to control the disease.

Chlorinated acid derivatives: Twenty-nine workers engaged hi the
manufacture of 2,4-D and 2,4,5-T developed either chloracne, or
parphyria cutenea tardy (Bleiberg, et al., 1964). Hyperpigmentation
of sun-exposed areas was limited to the head, neck, and hands. Acnei-
form rash and scarring had a similar pattern. Excess growth of hair
involved the lateral half of the eyebrow and the temporal half of the
scalp. The 29 workers were exposed to a wide range of chemicals in this
process as well as hexachlorobenzene. The authors, however, were un-
able to find either of these two skin diseases in patients exposed to
finished formulations of 2,4-D, or 2,4,5-T.

Simple chemical compounds: Reports of dermatitis from sulphur,
polysulphide, and lime sulphur mixtures are so old that it is hard to
find recent citations (Shepard, 1939). Safety manuals usually refer
to the transient irritation of the skin, eyes, and respiratory tract
(Plunkett, 1966).

Metallic derivatives: Exfoliative dermatitis occasionally follows ex-
cessive exposure to arsenic compounds and milder dermatitis follows
occupational exposure (Neal, 1941; Patty, 1962). Complete loss of
hair following chronic poisoning with thallium sulfate has been re-
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Reports of Occupationally Related Skin Conditions Attributed to Pesticides and
Other Agricultural Chemicals, California, 1964-68

Agricultural chemical Total 1964 1965 1966 1967 1968

Total 2, 186 470 468 452 430 336
Organic phosphate pesticides (all) 91 17 17 26 15 16

Parathion 20 2 6 6 3 3
Systox 4 1 1 1

TEPP_ 2 1 1

Phosdrin 1 1 ---
Midst hion 19 3 4 7 2 3

Trithion 3 2 1 . - - -
Thimet 5 3 2
Guthion 7 1 1 2 1 2
Bidrin 1 1 .- -
Other and unspecified 29 4 5 10 3 7

Chlorinated hydrocarbon pesticides (all) 93 21 12 22 17 21
DDT, chlordane, lindane, kelthane 57 15 8 14 7 13
Endrin, aldrin, dieldrin, toxaphene 3 2 1 - -

Other and unspecified 33 6 2 8 9 8
Lead and/or arsenic compounds 21 4 5 4 3 5
Herbicides 256 52 56 43 62 43
Fertilizers 143 35 35 22 29 22
Organic-mercury corapounds 17 2 2 2 7 4
Fungicides, n.e.c.' 62 11 10 11 15 15

Phenolic compounds 101 20 16 36 15 14
Carbamates 5 1 1 1 1 1

Sulfur ' 77 a a 33 21 23
Other specified agricultural chemicals 147 57 64 12 11 3
Unspecified 1, 144 242 246 235 224 197

I Not elsewhere classified.
'Sulfur included with other specified agricultural chemicals prior to 1966.
SOURCE.State f California, Division of Labor Statbacs and Research, Doctori Firti Repot! of Work

Injurr. Statistics cow mpiled by State of California Department of Public Health, Berkeley, Calif.

ported (Mathews, 1968). The organic mercurials cause a wide variety
of dermatoses including allergic reactions according to degree and
type of exposure (Patty, 1962).

Effects on Me eye. The eye inay be affected by pesticides from both
direct topical contamination and indirectly as a consequence of systemic
poisoning. Reports from California for 1966 indicated that the eyes
were involved in 27 percent of all reported occupational accidents or
poisonings attributed to pesticides (California State Department of
Public Health, 1966). Most of these injuries were conjunctivitis due
to the irritative effects of these compounds.

Chlorinated hydrocarbons: Thermal decomposition of chlorinated
hydrocarbon produces various chlorine containing compounds which
are highly irritating to the eyes. Other than nonspecific irritation, there
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appears to be no important effect of chlorinated hydrocarbons on the
eye.

Organophosphorus compounds: When eye contamination is bilateral,
direct cholinesterase inhibitors cause signs and symptoms clinically
identical to the optic disturbances seen in systemic poisoning. Contami-
nation of one eye with TEPP, Phosdrim Schradan (OMPA), Bidrin,
and other direct inhibitors causes excess tearing. miosis, increased near
and far accommodatio, decreased light perception, and defective
kinetic, but not static, depth perception. Either unilateral or bilateral
miosis caused by contamination produces symptoms of mild headache,
sensations of pressure in the orbit, burning of the eyelids, rhinorrhea,
and improved aistant vision (through camera effect).

One hundred and fourteen men poisoned in 1060 with organophos-
phorus compounds in California were questioned 3 years later to
identify sequelae of acute poisoning (Tabershaw, 1066). Eight of
these complained of continued disturbances of vision. Six of these
were attributed by the patients to the acute episode. In all six cases, an
etiology other than pesticides had beeu named by the attending
physician.

In 76 necropsies on patients dying from diazinon poisoning in India,
vascnittr pathology in the eyes, heart, brain, spinal cord, and genito-
urinary systems was attributed to diazinon (Limaye, 1066). However,
no consideration was given to other toxicants in the formulations
involved.

Bidrin was accidentally splashed into one eye of a worker when a
hose ruptured. Within 24 hours, the eye constricted and did not react
to light as did the other eye. The following day, both eyes were miotie
suggesting systemic absorption of the toxicant. There were no se-
quelne reported (Gallaher, 1067).

Carbamates and carbamoyl oximes: Topical ophthalmic effects of
the carbamate Baygon, appear to bo clinically identical to the pro-
duced by organophosphorus conmpouiu except that the duration of
signs and symptoms is shorter (Vandekar, 1068). The rapid and
spoutanems reversibility of the cholinesterase inactivation probably
explains this difference.

Chlorinated aliphatics: There have been a number of individual
cases and neighborhood outbreaks of moderately severe eye irritation
produced by the chlorinated aliphatic fumigants in connection with
their agricultural use as nematocides (Qninby, unpublished data). The
three compounds known to have produced they episodes are dichloro-
propane, dichloropropene, and chloropicrin.

Chlorinated phenols: Three cases of monocular retrobulbar neuritis
were attributed to ft mixture of chemicals used for treating furniture.
These mixtures contained pentachlorophenol, ortho- and paradi-
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chlorobenzene, and DDT (Campbell, 1952). The only chemical in com-
mon was pentachlorophenol which is not known to produce neuritis
(Hayes, 1963). One case of bilateral retrobillbar neuritis followed ex-
posure to a mixture of pentachlorophenol, dieldrin, and other unstated
ingredients in a mixture used for treating furniture (Jindal, 1968).

Chloro-2 phenylphenol and sodium orthophenyl phenate have
caused mild conjunctivitis as well as dermatitis in apple sorters (Scott,
1949; Quinby, unpublished data). Conjunctivitis also occurs after ex-
posure to Gentian Violet dust is in the air, but the predominant symp-
tom *a nosebleeds.

Nitrophenols: Dinitrophenolic pesticides have not been shown spe-
oifically to cause optic disease under either approved use or accidental
ingestion (Mayes, 1963). However, in 1933, 2,4-dinitrophenol was
advocated as an oral agent for treatment of obesity. The consequences
were disastrous when cataracts appeared as delayed effects throughout
much of the U.S. (Horner, 1035).

Nitrogen compounds: Although Paraquat characteristically causes
injury to the lung, it. also is very erosive to the eyes (Howe, 1965). As
part of the local irritant action of Paraquat, the concentrated material
is capable of causing eye damage. The full extent of the injury is not
apparent immediately but requires 24 hours to develop. The damage is
superficial, witl: extensive stripping of conjunctival and corneal
epithelium. Provided secondary infection is avoided and adequate
ophthalmologic care available, complete healing is possible within R

month. A farmer lost bulbar and tarsal conjunctiva a week after
accidental contamination of the eye with fluid concentrate of a Para-
quat/Diquat mixture. There WRS also partial loss of the cornea and
reactive anterior uveitis. All tissues healed between the 11th and 18th
days after exposure with conjunctival adhesions complicating recovery
(Cant and LANVIN 19680. The same authors (Cant and Lewis, 1968b)
reported other cases of ocular burns with permanent corneal scarring.
Six milder eases of eye inflammation were reported from manufactur-
ing and formulating Paraquat (Smith, 1966).

Sulfur, polysulphide,s and related compounds: Sulfur, polssulphicles
and related compounds used as Rearicides, insecticides, and fungicides
(Shepherd, 1939), have produced moderately fevere conjunctivitis in
formulators and spraymen (Quinby, unpublished data).

Metallic derivatives: Organic mercurial pesticides irritate the
mucous membranes of theeyes. Chronic exposures of workers handling
treated seeds have also produced optic neuritis with loss of irregular
portions of peripheral fields of vision (Bidstrup, 1964) and atrophic
changes of the fundus (Kattunuma, 1963).

Elemental pesticides: The crude lime-sulphur cooked or uncooked
mixtures used as fungicides on fruits since the latter part of the 19th
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century (Torgeson, 1967) have caused mild to moderate dermatitis
and conjunctivitis apparently from the primary irritating character-
istics of either oxides of sulfur or polysulphides formed in the heating
process (Quinby, unpublished data).

Vehicles: Reversible corneal injury from chemical keratitis caused
by accidental contamination of the eyes with propellants in aerosol-
type dispensers of pesticides has been reported (MacLean, 1967a).

Effects on the Respiratory System
Chlorinated hydrocarbons: Chlorinated hydrocarbons are not known

to affect the respiratory system directly but may be absorbed through
this route like most other chemicals (Hayes, 1963). Thermal decom-
position products of lindane (Hayes, 1963) and of Perthane (Quinby,
unpublished data) irritate the respiratory tract,

Organophosphorus compounds: Organophospliate compounds exert
profound effect upon the respiratory tract. Systemic poisoning by

these toxins is accompanied by broncho-constriction and hypersecre-
tion of bronchial fluids and in severe cases, pulmonary edema. These
manifestations are a result of intense parasympathetic stimulation
which characterizes the action of organophosphorus pesticides. Of
even greater consequence to the act of respiration is the effect of or-
ganophosphates on the voluntary muscles of respiration, which is to
interfere with transmission of nerve impulses across the neuromus-
cular junction. During the early phase of poisoning this interference
gives rise to muscle fasciculation and weakness. In the severe case,
muscle paralysis and death from respiratory insufficiency follow.

Ikonchoconstriction resulting from topical application of TEN'
(Tetraethyl pyrophosphate) has been reported (Quinby and I)oor-
nink, 1065).

The organophosphortis compounds have been reported by some ob-
servers to cause or exacerbate bronchial asthma (Weiner, 1961). How-
ever, other investigators have been unable to substantiate these find-
ings (Sumerford, 195:3; Hayes and Dixon, 1957a; (lanelin, 196-1a;
Jegier, 1905; Jegier, 1964b; Gardner, 1968; Fowler, 1953; Davignon,
1965).

Carbamates and dithiocarbamates: ft 11t spraymen and inhabitants
who breathed dust swept from dirt floors in houses treated with Ray-
gon complained of bitter taste in mouth, and irritation of the lips, and
nose and coughing for a short time after exposure (Quint y, unpub-
lished data).

Similar but more severe signs of respiratory tract irritation is fre-
quently seen in workers exposed to dithioearbarnate dusts such as
ziram (Hayes, 1963).

Chlorinated aliphstics: The respiratory irritation caused by
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chloropicrin has been well-known since World War I, but its use as a
nematocide in California has also caused instances of respiratory irri-
tation so severe, that local residents had to leave their homes until the
gas cleared. Dichloropropene is another nematocide which may pro-
duce the same effect (Quinby, unpublished data).

Chlorinated phenols: Pentachlorophenol causes irritation of the res-
piratory tract even at dosages that do not produce systemic diseases
(Hayes, 1963). Dusts containing 2-chlorophenylphenate and sodium
orthopheny!phenate also cause nasal and bronchial irritation as well
as nosebleeds (Scott., 1949; Quinby, 1968).

Nitrophenols: The nitrophenolic pesticides cause remarkably little
respiratory irritation even when quite large amounts are being inhaled
and the skin deeply stained. Skin staining with dinitrocresols or dini-
trophenols does not mean that the worker has been poisoned. However,
fatal cases have also shown staining of the lungs with edema and
hemorrhages (Hayes, 1963).

Nitrogen containing pesticides: Paraquat causes fatal poisoning if
swallowed in sufficieltly large amounts. All deaths have been a result
of proliferation of cellular elements in the lung with attendant im-
pairment of ventilation. No systemic poisoning has resulted from its
use in agriculture where only local irritant manifestations on skin,
eye, or nasal mucosa have been observed.

Paraquat is absorbed poorly from the intestine and the fraction
absorbed is excreted rapidly in the urine; the bulk of it is excreted
unchanged within 48 hours. Because of the progressive nature of the
pulmonary fibrosis, death was often 3 or more weeks after ingestion
(Barnes, 1968). Individual case reports are available for more de-
tailed description of the clinical picture of Paraquat poisoning (Howe,
1965; Clark, 1966; BicKean, 1968; Anonymous, 1967; Almog, 1967;
Manktelow, 1967; Afaii hew, 1968; Campbell, 1968).

Among the many caste that have recovered from Paraquat poison-
ing have been some manifesting severe hepatic and renal involve-
ment, where steroid therapy was instituted early (Weidenbsch, 1969).

Miscellaneous: Weiner and Worth (1969) reported a positive cor-
relation between history of asthma, chronic bronchitis, and sinusitis,
and exposure to household insecticides. No specific causal association
hay yet been established.

Ofecte on the eardiormenlor syetemChlorinated hydrocarbons:
Animals killed with large doses of chlorinated hydrocarbon insecti-
rides show dilation of blood vmels and small hemorrhages secondary
to convulsions (Hayes, 1963). Health surveys of workers with intense
occupational exposure to chlorinated hydrocarbons have not detected
cardiovascular changes (Laws, 1967). The ponibility that elevated
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DDT derived materials in body fat and the existence of hypertension
may be associated has been raised (Radomski, 1968) but no definitive
case for such a relationship has been established. A discussion of this
observation may be found elsewhere in this report.

Organophosphorus compounds: 1Vhile there is no known direct ac-
tion of organophosphorus compounds on the cardiovascular system,
the following changes have teen observed by various investigators:

1. Hypertension or hypotension
2. Hyperglycemia or hypoglycemia
3. 13radycardi a or tachycardia
4. A-V block and dissociation, exaggeration, and inversion of

T-wave
5. Disappearance of P-wave
0. Cardiac arrest
7. Sabepicardial hemorrhage
8. Acute toxic myocarditis

(Hayes, 1963 Limaye, 1966; Orlando, 1967; Comstock, 1967).
Nitrogen containing pesticides: Paraquat ingestion has been fol-

lowed by inyocarditis (Bullivant, 1966) and cardiac arrest (Oreopoti-
las,1968).

Miscellaneous pesticides: Ingestion of elemental yellow phosphorus
used as rat poison causes the usual signs of phosphorus intoxication.
Symptoms of severe gastrointestinal irritation occur as soon as one-
hal f hour after ingestion. This early stage may be followed by a latent
period lasting from a few hours to a few days depending on the
amount ingested. Utter manifestations include abdominal pain, nau-
sea, vomiting, hematemesis, and other hemorrhagic manifestations,
jaundice, hepatomegaly, oliguria, toxic isychosis, convulsions, coma,
and shock. Severe damage to heart, liver, and kidney may occur with
death at any time. Cirrhosis of the liver has been reported following
recovery from acute poisoning (Hayes, 1963). Electrocardiographic
pattern simulates acute infarction of the anteriolateral wall of the
left ventricle. X-ray confirms cardiac enlargement (Nelms, 1968).

Sodium fluoroacetate (1080) may cause death from ventricular
fibrillation or cardiac arrest. (1)eichman and Oerarde, 1964).

lirmatologioal effect* of prAt;eido.Few systematic studies of the
effects of pesticides on the blood- forming organs have been conducted.
Most published information consists of case reports which describe
one or more patients who suffer some form of hematologic disorder
and who have had recent or, in some cases, remote exposure to pesti-
cides. While in most cases the hematological diagnosis is supported by
convincing evidence, pesticide exposure factors Are often poarly dom.
mented. Since hematologic disorders Are not uncommon And the 11Pe
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of pesticides is w:despread, opportunities for a chance, rather than
a causal relationship must be carefully considered.

Lindane is the pesticide which has been most often implicated as a
cause of hematologic disorders (West, 1967; Sanchez-Medal, 1963;
Stieglitz, 1967) but other pesticides have also received attention in
this regard: DDT (Sanchez-Medal, 1963); chlordane (Huguley,
1966); and parathion (AMA, 1965). However, it has been pointed
out that national trends in death rates from aplastic anemia, purpura,
and agranulocytosis have not changed from 1949 to 1958, a period of
increasing pesticide usage (Hayes, 1961). A study in California re-
viewed death certificates for the period 1954 through 1963 filed in a
county in which pesticides are used extensively. Comparative data
were acquired from statewide statistics. No significant differences
were noted between death rates from aplastic anemia, and neoplasms
of the lymphatic or hemopoietic system when these two populations
werecompared (Rappolt 1968).

Several authors have called attention to weaknesses inherent in
allegations relating pesticide exposure and hematologic disorders
(Sfastromatteo, 1904; Christophers, 1969; Mi lby, 1968). There does
not, appear to be sufficient e Hence available at the time of this writ-
ing to categorically accept or deny this relationship.

effect. on the gastrointestinal tract. Chlorinated hydrocarbons:
It became apparent early through toxicological studies involving
animals that DDT and most other chlorinated hydrocarbons could,
and would, cause liver damage and dysfunction if dosage was suffi-
ciently high and exposure sufficiently prolonged (Hayes, 1963). Actual
experience, however, has not indicated that liver involvement is an
important consideration in connection with human exposure to most
of the chlorinated hydrocarbon pesticide& For example, Chlordane
has not been found to cause detectable liver damage in cases of Red-
dental ingestion (Curley, 1969) or in manufacturers with extensive
prolonged exposure (Fishbein, 1964).

In the course of a very unusual incident, hexachlorobenzene-con-
taminated grain was ingested by several thousand residents of Turkey.
As a result, a large outbreak of acquired porphyria cutanea tardy
symptomatica occurred (Cam, 1959). The characteristic disturbances
of porphyrin metabolism iuvoled the liver (Schmid, 1950).

Over a period of 13 years, 826 workers engaged in the manufacture
of chlorinated hydrocarbons were olkerved. No evidence of liver
damage was found even in clinically poisoned men (Jager, 1968).

Organephosphorus compounds: The topical effects of organophos-
phorus compounds on the gastrointestinal tract have been presented
elsewhere in this report.

One group of authors believed that organophosphorus compounds
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have a specific toxic effect upon the liver (Gitelson, 1965). They sug-
gested that this was due to prolonged anoxia accompanying severe
intoxication and not to the pesticide itself. Liver damage has not been
demonstrated in recovered patients who did not suffer prolonged
anoxia.

Nitrogen compounds: Esophageal casts have been vomited by
patients who have ingested Paraquat formulations (O'Dwyer, 1968).
Ulcers of the tongue, pharyngitis esophagitis and gastric ulcers
resulted from an attempted suicide (Fennelly, 1968). Hemorrhagic
esophagitis wits found in another case (Duffy, 1968). In a review of
fatal cases of Paraquat poisoning by ingestion, liver damage varying
from cellular swelling with fatty change to necrosis was noted (Kerr,
1968).

Pleas on the genito-urinary systemChlorinated hydrocarbon:
While there is no recognized damage to the kidneys of man in uncom-
plicated poisoning with chlorinated hydrocarbon pesticides, there is
growing evidence in experimental and wild animals that high dosage
rates produce alterations in steroid mechnisms and in the reproductive
cycles of certain birds. A more detailed discussion of this phenomenon
is found elsewhere in this report.

Organophosphorus compounds: The effects of organophosphorus
compounds on the genito-urinary system differ with dose and with the
nature of the metabolic products of degradation.

Patients who have experienced profuse diaphoresis during acute
poisoning may follow with a period of oliguria.

Moderate albuminuria, acetonuria, and glycosuria may be present
during the late acute and early convalescent stages of poisoning
(Hayes, 1063; Quinby, 1963). Paranitrophenol excreted in the urine
of individuals exposed to parathion may cause mild dyst.ria (Hayes,
1963).

One group of workers noted generalized aminoaciduria in five of
nine organophosphorus poisoning cases (Davies, 1967). In a later
publication, these authors concluded that the aminoncidemia and
aminoaciduria which they observed did not represent a pathological
proem. Present knowledge indicates that these disturbances of amino-
acid excretion may be individual biochemical differences (Toed, 1969).

Chlorophenols: Sodium chlorophenylphenate has been reported to
cause mild noctnria and dysuria among workers exposed for prolonged
periods. This effect was observed in apple sorters. One patient (level-
oped dysuria and nocturia after using a new mouth wash containing
the same chemical used as R germicide. Complaints cleared when the
mouth wash was stopped (Quinby, unpublished data).

Peetir' le conical ol Amon milk. --1n 1951, results of analysis of
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32 samples of breast milk for DDT were reported in the United States
(Lang, et al., 1951). Values ranged from 0.00 p.p.m. to 0.77 p.p.m.*
with a mean concentration of 0.13 p.p.m. In none of the cases could the
high values be correlated with unusual exposure of I)DT. The authors
concluded that "as yet clinical data are not available to assess whatever
danger may be associated with the DDT stored in the fat or excreted
in human milk in the quantities reported."

Additional reports have followed from the United States and a num-
ber of other countries which describe levels of DDT-derived materials,
dieldrin, and hexachlorocyclohexane in human milk (West, 1964;
Egan, et RI, 1965; Quinby, et al, 1965; I.Afroth, 1968; Curley, et al,
1969).

While the findings reported in these studies vary rather widely, it
appears that presently in the United States the content of DDT-
derived materials in human milk ranges from 0.05 to 0.37 p.p.m., prob-
ably averaging about 0.1-0.2 p.p.m. Because so few observations are
available and because of differences in analytical techniques used by
various investigators, these data Are not suitable for the formulation
of comparisons either by time or place. Thus, with regard to humat
milk, we do not know whether the level of DDT-derived materials
has changed dui4ng the last. 15 years or whether differences between
various geographic areas exist. Precisely the same can be said for
dieldrin and hexachlorocyclohexane, although both appear to be pres-
ent in human milk in somewhat smaller quantities than DDT-derived
materials.

Of even greater importance than our lack of knowledge regarding
temporal and geographical variations in the content of organochlorines
in human milk is our ignorance of the health implications of their
presence. It has been estimated that the average breast-fed child
ingests daily about 0.02 mg. DDT-derived materials per kilogram of
body weight (I.5 coth, 1969). This amounts to twice the acceptable
daily intake (Aft) of DDT-derived materials recommended by the
IVorld Health Organization. The difficulty of interpreting this AIM in
terms of risk to the nursing infant is reflected in the fact that neither
the scientific community in the United States or elsewhere in the
world has recommended that breast feeding be abandoned in favor of
other methods of infant nutrition. Quite the contrary has been the case
in that specific recommendations against abandonment of breast feed-
ing have been made (L6froth, 1969).
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An appraisal of hazards to man from. long - term. exposure to pesticides

A large variety of chemical substances has been applied on a world
wide basis in recent years for control of pests. The pests against which
this defense is developed include insects and arachimids, fungi, nema-

todes, rodents, and herbs. The substances are used by agricultural
workers to combat crop pests, by health workers to combat infectious
disease vectors, and by individual householders to combat home and
garden pests. Some 14 compounds or chemically allied groups of com-
pounds constituted about half the total volume of pesticide produc-
tion in 1966 while a large number of individually uncommon substances
constituted the remainder. (Table 1.) Many of these materials have
been developed during World War II and more recently. During
the decade of the 1960's production of the 14 most common compounds,
considered as a group, has been generally constant, with about half
the compounds falling off moderately in volume and half increasing.
The total volume of the numerous less common substances has approii-
mately doubled as a consequence of introduction of new compounds
and increased production of a number of the previously little used
substances.
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TABLE 1.-U.S. Pesticide Production, 1000

[Thousand pounds]

Calcium arsenate 2,890
Lead arsenate 7, 328
Copper sulfate 103, 410
Aldrin-toxspliene group 130, 470
Benzene hexachlorlde 0, 778
DDT 141,349
Methyl bromide 10, 345
Methyl parathion 3.5,802
Parathion 19, 444
Ferbam 1,379
Nabam 2, 053
Zineb 4, 721
2,4Dacid 08, 182
2,4,5-Tacid 15, 489
Other organic pesticides 577, 816

'1063 production.

Among the more common group the best known and most common
is DDT, and this compound has fallen off moderately in production.
Another well known group consists of several related compounds, the
most common of which are aldrin and dieldrin, and this group has
increased moderately, approaching DDT in volume in recent years.
The sharpest increase has been in parathion and methyl parathion,
which have approximately tripled but are still produced in only about
one-third the volume of DDT.

Acute toxicity associated with gross overexposure to most of the
common compounds has been observed, and it may be assumed that all
are capable of toxicity and death in sufficient dose. Susceptibilities of
various species expressed as LD,,, values, have been assembled by
Hayes (23) for many pesticides and have been compared with human
clinical susceptibility where this information is available.

It is clear that vastly extensive use of such toxic compounds might
have effects on human health not recognizable as acute toxicity syn-
dromes. Recognition of the true nature of such effects might be ob-
scured either by the mildness of symptoms or by the long latent period.
Much research has been reported, largely in the pest 15 years, con-
cerned with these potential effects. This paper will summarize the
principal findings of this literature, will discuss the implications of
time trends that have been investigated, and will attempt to identify
areas where further research is needed. The findings can be conven-
iently presented in three general categories, namely studies of the dis-
tribution of pesticides in man's environment, studies of tissue levels of
pesticides, and studies of health of exposed groups.
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Peaticidea in man's environmentAccidental exposure: Haynes (9)
has described the known episodes of poisoning "epidemics", in which
groups of people have been made ill by some common circumstance of
exposure. The present paper is not concerned with single exposures,
as were involved in all these epidemics, but the nature of exposure
involved in these accidents is relevant to considerations of illness due
to long continued exposure. In no instance did an acute poisoning
episode result from minor carelessness with specified tolerances. Rather
these episodes followed gross spillage of bulk pesticides. In most
episodes the pesticide was spilled on food, but in one instance it was
spilled on boy's pants. Poisoning resulted from contact when the pants
were worn. In another instance a fungicide used for seed treatment
caused poisoning when the seeds were eaten. The treatment was a
preparation for planting, and it was never intended that the seeds
should be eaten.

Occupational exposure: Durham and others (31, described occupa-
tional exposures in a series of job categories, ordered in terms of
relative intensity of exposure. From greatest to least exposures these
were (a) mixing plant personnel, (b) ground applicators, (c) pilots
(of spraying planes), (d) loaders and flagmen, and (e) warehousemen.

Laws and others (36) classified individual workers according to the
subjective rating given by their supervisors and the workers them-
selves as to intensity of exposure.

Some of the difficulties of such a classification become apparent in
Stein and Hayes' study (2) of pest control operators. For this study
the cooperation of the National Pest Control Association was obtained.
It was learned that the average number of employees of member com-
panies of the association was 6.2. Laws' study showed that of 1,098
former employees of one large company, in operation for 19 years, only
292 had worked for 6 months or more.

This then is in large part a group of small businesses with
highly transient workers. Workers move from one type of work to an-
other within this occupation and deal with a variety of pesticides from
day to day. Recognized occupational toxicity is heavily concentrated
in body surface injury, skin conditions, eye conditions, and chemical
burns. Respiratory conditions are less common. Systemic poisoning
accounts for a large proportion of cases, and it may be presumed that
the routes of intake include skin absorption, respiratory tract absorp-
tion, and oral ingestion.

Quantitative estimates of occupational exposures have been made
for DDT and dieldrin by reference to accumulated deposits of these
compounds in body fat of the workers. Durham (3C) has prepared a
graph from data of various investigators indicating concentrations in
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fat corresponding to constant dietary intakes of DDT and dieldrin.
By use of this relationship it is possible to say that a specified occupa-
tional exposure is "equivalent" to a known constant dietary intake
of pesticide. In this sense Laws' high-exposure workers have an intake
corresponding to a dietary intake of 18 mg. per day DDT, while his
medium- and low exposure men have intakes corresponding to 6.2 and
3.6 tug. per day, respectively. These values may be compared with an
estimated 0.2 rug, per day 1)DT in diets of "general populations," to be
discussed below. Thus sonic workers appear to have chronic occupa-
tional exposures almost 100 times common general population
exposures.

Heavy environmental exposure: Quimby and others (1) have studied
populations living within 500 feet and within 5,200 feet of regions
undergoing agricultural application of pesticides. No actual measures
of air concentration or food contamination for these people are re-
ported, but in terms of fat concentrations no unusual intake appears
to have occurred as a result of this proximity to pesticides.

General population exposure: A number of investigators have made
estimates of exposures to pesticides relevant to general populations.
Campbell and others (32) give the following estimates for the total
of DDT and its most common degradation product DD1; (table 2).

The estimate for food in table 2 is derived from a number of
detailed studies, discussed further below. The estimates for air and
water are based on very few observations and the category "Other"
is largely speculative. The principal conclusion drawn by the authors
is that the food component is of overwhelming importance. While this
pattern of exposure probably represents the great majority of the
U.S. population to a reasonable approximation, there is reason to
suppose. that the picture is rather different for a substantial minority.
This conclusion follows front the population distribution of pesticide

TABLE 2.--A word intake DDT plus DDE

DDT plus DDE

Annual Intake Concentration

Air 13,000 ml 2X10-4 microgm per rul 0. 03
1Vater 0.364 m' 0.02 parts per billion 0. 01
Food 560 kg 0.08 parts per million 44. 8
Other 1 5. 0 (?)

Total 50.0 (? )

I Other includes skin adsorption and intake resulting from individual household
use,
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concentrations in fat, to be discussed below. This distribution charac-
teristically shows up to 10 percent of individuals with pesticide con-
centrations in fat higher than reasonably explained by observed
distributions of these substances in diet. While some of these are prob-
ably individuals with occupational exposures not identified in the
research, it must be considered that the category "Other" in table 2
may become the predominant component of pesticide intake in many
instances. This could occur with habitual unregulated household use
and other unusual habits of exposure practiced by a few percent of
general populations.

The principal quantitative data on exposure to pesticides for general
populations comes from food studies. Duggan and Weatherwax (30)
have reported one such study and have reviewed a number of others.
These studies establish the ubiquitous distribution of a wide variety of
pesticides in U.S. diets. Chlorinated organic pesticides are present at
detectable levels in all foods except beverages. Approximately half the
consumed pesticide load is in meat, fish, poultry, and dairy products.
It may be mentioned that the pesticide in these foods results from
consumption of pesticide by the animals involved and not from direct
application of pesticides to the animal products.

Hayes (6) has shown a significant difference in dietary intake for
the following dietary categories: (a) low values in diets of "meat
abstainers" (individuals who permit only certain limited use of meat
in their diets), (b) intermediate values, in the range of 0.2 to 0.3 mg.
per day of DDT plus DDE, in institutional meals of restaurants,
prisons, and hospitals, and (c) high values, averaging 0.5 mg. per day,
in household diets. DDT is present in both cow's milk and human milk,
in somewhat higher concentration in human milk. Milk tests up until
the date of this 1966 paper had shown no increase in DDT concentration
since 1950.

Campbell and others (2) have assembled a number of detailed
reports indicating concentrations of a variety of pesticides in a number
of foods and in various parts of the United States.

Pe8ticide.s in body ti88ue.. An extensive literature describes the
findings of many investigators who have studied pesticide levels in
body tissues. The greatest part of these reports concerns studies of fat
obt..ined at autopsy. A smaller number of biopsy samples, usually ob-
tained at the time of surgery for a variety of operative procedures,
generally agree with autopsy findings. Radomski and others (10) in
1968 extended this type of study to include concentrations in liver and
brain, and Casarett and others (17) studied some 12 different tissues.
Davies and others (21) have studied blood levels and have emphasized

385

L



the value of this technique for obtaining samples from large numbers
of living individuals with minimal t ranma.

linye8 (V) has studied volunteers exposed to doses of 3.5 mg. per
day and 35 mg. per day DDT. The establishment of an equilibrium
level of DDT in fat has been shown to result in about 12 months on
these levels of exposure, and the attained equilibrium level has been
shown to increase with increased exposure. The principal degradation
product. of DDT is DDE, and this compound is also stored in fat. The
equilibrium condition between oral intake, deposited DDT, and de-
posited DDE is not attained within 12 months and is the subject. of
continued study.

Variations of DDT concentrations in body tissue with age, sex, race,
geographic location in the United States, and in a number of countries,
occupational exposure, diet, and time have been studied. Davies and
other3 (21) have done an extensive study of this sort, based on a vari-
ety of available populations, including autopsies, mothers undergoing
Caesarean section, newborns, children, certain employee groups, and
institutional inmates. The total of these populations is 509 individuals,
and demographic subgroups by age, race, and sex are in many cases
represented by very small numbers. Some findings of this study are
the following;

Newborn infants and cord blood have easily detectable levels of
DDT and its products.

Race and sex differences are not demonstrable at birth with the
sizes of samples used.

Levels at age 6 to 10 years are substantially higher than those of
infants, but for most groups there are no substantial further
increases in concentration with age 10 and higher.

Levels for Negroes are substantially higher than those of -whites
at similar ages, same sex.

Sex differences are small and inconsistent for white populations,
but. for Negroes male levels are higher than female.

These findings agree in general with those of other investigators.
Pesticides other than DDT and DDE have been studied in tissue

deposits in several investigations, but the wealth of detail has not yet
been obtained. 'Wasserman and others have demonstrated dieldrin in
autopsy tissue from several countries (5). Robinson and others (8)
failed to detect endrin or heptachlor but did demonstrate lindane in
small quantities and /IEOD (residue of nlarin and dieldrin) in mode-
rate quantities in England. Casarett and others have reported levels
of heptachlor and of dieldrin in a number of autopsy tissues (17).
Dale and others (18) have shown levels of hexachlorcyclohexane,
dieldrin, and heptachlor in populations of India. Edmundson and
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others (00) have studied variations of dieldrin by age, sex, and race,
with the general observation that these variations are less than corre-
sponding demographic differences for DDT levels. Hoffman and others
have shown that in Chicago Undone :1 the only pesticide other than
DDT found reguarly in autopsy fat (27 and 35). Zarvon and others
(P8) have failed to demonstrate elidrin but have found lindane and hep-
tachlor epoxide in samples from four areas within the United States.

A number of geographic comparisons, within the United States and
between countries, are presented in the above material on both DDT
and other compounds. Edmundson and others (SO) have emphasized
the need for caution in most such comparisons because of lack of in-
formation as to demographic characteristics of the population samples
used in different studies.

One of the most important correlates of pesticide levels from the
point of view of assessing general population hazard is time. Campbell
and others (.92) have presented table 3 as indicative of time trends:

TABLE 3. Percent distribution of DDT levels in human fat, as determined
by .several investigators

Range p.p.m. 1951 1956 1958 1963

0 20 0 3 1

0.1 to 1 9 0 0 20
1 to 5 28 25 69 65

5 to 10 28 61 25 13
10 to 20 12 14 3 1

Over 20 3 0 0 0

Total 100 100 100 100

Hoffman and others (35) in discussing these and similar data for
DDT and other compounds conclude that the storage of DDT products
in human fat has not increased in the period 1951 to 1966. Davies and
others (21) argue against accepting this conclusion in view of the
lack of strict comparability of populations. It may be noted that
Edmundson (SO) and Davies (21) are correctly pointing out potential
errors in data analysis but are not showing that the deficiemies noted
have, in fact, resulted in any error in interpretation of trends.

Medical findings in relation to pesticide expo cure. To assess the
hazard of pesticides to health, studies have been made of physical
findings, symptoms, and laboratory findings.

Laboratory studies may serve both as measures of exposure and as
measures of resulting pathology. The tissue levels of chlorinated
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hydrocarbons, discussed above, are generally interpreted as measures
of exposure. Similarly levels of DDA in urine, the principal degrada-
tion form of DDT in urine, and paranitrophenol in urine, the major
metabolite of parathion, reflect exposure and are not considered
measures of pathology.

This distinction between measures of exposure and measures of
effect is not always clear. Thus Casarett and others (17) and Hayes
(23) have discussed the possibility that DDT levels in fat, may them-
selves constitute a health hazard. Rapid mobilization of fat in nutri-
tional deprivation may result in sufficiently high residual DDT levels
to produce conventional toxicity. Hayes notes that this is theoretically
possible, since the elimination of fat is more rapid than that of DDT.
It is not possible to see such a result with stored dieldrin, since dieldrin
is excreted more rapidly than fat. Such toxicity has actually been
demonstrated for DDT in rats in laboratory experiments.

Decrease in plasma cholinesterase frequently serves as an indicator
of exposure to organic phosphorus insecticides, but extreme depression
of cholinesterase, seen in acute toxicity, is itself an emergency path-
ologic finding. Whether chronic mild reduction of cholinesterase is
pathologic, and if so at what level, is not known.

Similar considerations are relevant to abnormal distributions of
serum and urine amino acids in agricultural pesticide workers described
by Davies and others (t'), to abnormal renal phosphorus reabsorp-
tion described by Mann and others (7, 12), and to stimulation of liver
microsomal enzymes discussed by Itadomski and others (16), Thomp-
son and others (34), Davies and others (33), and Hayes (23). These
laboratory findings are not known to be associated with any sympto-
matic illness. The possibility is under investigation, however, that one
or another of these deviations may interfere with physiologic response
to disease or with metabolism of drugs or of other toxins.

The reports to be discussed in the following paragraphs are con-
cerned with relations between pesticide exposure and measures of
morbidity and mortality. These include studies of specific diseases in-
vestigated because of suspicion raised by the toxicologic nature of the
drugs or because of acute toxicity effects. Also hi uded are studies of
general diagnostic distributions, designed to identify diagnoses as-
sociated with pesticide exposure but not suggested by any prior in-
formation, and studies of such general measures as overall morbidity,
overall mortality, work absenteeism, and length of hospital stay.

I. Specific morbidity conditions: (a) Blood dyserasias.Thme
pesticides, chlordane, gamma benzene hexachloride, and parathion
were categorized by the American Medical Association in 1965 as
known hemotoxic, with effects aplastic anemia (all 3 pesticides),
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thrombocytopenia, leukopenia erythroid hypoplasia (chlordane and
gamma benzene hexachloride are listed as associated with the last 3
effects). Hayes (9) and Christophers (13) have questioned the evi-
dence on which these listings are based. Brown (19) has received the
studies reporting associations and lists an increased leukopenia in a
group of apple growers (39), a myelogenic blood dyscrasia following
exposure to benzene hexachloride, and a number of case reports of
blood dyscrasias associated with lindane (gamma benzene
hexachloride).

(b) Neurologic abnormalities Durham and others (31) investi-
gated the familiar complex of central nervous system symptoms
following severe poisoning by organic phosphorus compounds to de-
termine whether a mild form of this complex was found at low levels of
exposure. In a study of workers with a variety of degrees of pesticide
exposure together with a group of individuals with no known exposure
these authors were unable to demonstrate any correlation between
mental alertness and exposure. They did repeat the finding of previous
studies of a decrease in alertness as part of the symptom complex of
acute poisoning, and they concluded that these symptoms were dem-
onstrable only at exposure levels sufficient to cause other clinical signs
of systemic illness. Hayes (9) came to a similar conclusion in a study
of lapses of attention following pesticide use.

Davignon and others (30) studied 441 apple growers together with
smaller numbers of persons living in the environment of the apple
growers, but not involved in the care of the orchards. A control group
of 162 people with neither occupational nor environmental exposure
was studied. Neurologic abnormalities were identified both by medical
history and by special neurologic physical examination. Growers
showed increased objective neurologic signs, an Pnvironmentally ex-
posed persons showed intermediate rates between growers and con-
trols. A similar conclusion was found by relating frequency of find-
ings to duration of exposure for the growers. Subjective neurologic
symptoms were reported significantly more often in the growers and
environmental contacts, with the contacts showing a somewhat higher
frequency than the growers. The authors note age and sex differences
among the three groups studied and suggest that a part of the neuro-
logic differences described may be attributable to these two variables.
No analysis is undertaken to take this into account.

(c.) Respiratory symptoms and signs.One study of home use of
pesticides in Hawaii showed reduced ventilatory function and higher
prevalence of asthma associated with frequent application of spray
insecticides.

389



2. (Puler& 211ermrlerS of ianpbiddy arid wortirlity.--(a.) Stein and
others (2) ohtained data 011 the entire illness history of employees of
firms belonging to the National Pest Control :Association and their
household members, including household members who had (lied with-
in 15 years prior to study. These data were cbta hied by means of a
mailed questionnaire. The authors conclude that the data give no in-
dication that exposure to pesticides has affected health of personnel
to any signifiCallt degree.

A number of methodological problems were encountered in this
report. Response was obtai.,ed from only 12 percent of member com-
panies and from only 20 percent of employees. Tile survey was directed
only at employees currently active at the time of survey so would not.
include persons who had left employment except in the case of in-
active employees who were reported as members of households of ac-
tive employees. Although the questionnaire asked about all present,
and past illness excluding colds, influenza, and childhood disease, only
14 percent of employees who returned questionnaires reported any dis-
ease at all. This is compared by the authors with the finding of 40
percent found to have disease in a health examination survey in an-
other industry. The principal comparison as to illness is made between
servicemen, clerks, and administrators. Only 7 percent, of clerks re-
ported any illness and over half of these failed to answer the question
as to years of pesticide, exposure. As the authors note, the clerks ap-
parently thought the questionnaire did not apply to them. It is not
clear that administrators bad greatly different exposure history from
servicemen. At least 83 percent of servicemen and 78 percent of ad-
ministrators had worked with pesticides for over a year, and the
median number of years exposed is actually greater for administrators.
Thus methodology seems to invalidate any comparison with other
studies, and the only available internal comparison involves two
groups whose differential exposure is unknown and may be very small

(b) Hayes (.9) and Hayes and others (37) have described the health
of volunteers who ingested I)DT 3,5 mg. per day and 35 mg. per day
for 21 months and were observed for another 27 months. The study
has given some of the most satisfactory data available on metabolism
of I)DT in humans. The general health of the participants was also
studied, but methodologic problems limit the usefulness of teat part
of the study. The authors report that no illness was observe -; it did
not have an easily recognized cause clearly unrelated to e .,iure to
DDT.

The study included 34 volunteers assigned to ingestion of DDT at
either :3.5 mg. per day or 35 mg. per day. One of these dropped out
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before the first dose and two more dropped n ' i the first month.
Only 10 completed 1 year, three on the 3.5 mg. . schedule and
se,.en on the 35 mg. per day schedule. Only foul d 18 months,
all on the 35 mg. per day schedule. An extensive health evaluation with
special reference to neurologic findings was made at the time of ending
study for each individual. A variety of symptoms reported by one
volunteer are attributed by the authors to "psychoneurosis," though
no psychiatric evaluation is reported. It is said that changes were ob-
served in various volunteers in weight, blood picture, and vital signs,
but none was correlated consistently with increased dosage of DDT or
with increased duration of exposure. Clearly with these small numbers
of subjects a correlation would have to be very high indeed to become
apparent, and one could hardly anticpate a statistically significant
result. An extensive series of neurologic tests was done, including tests
for loss of coordination and tremor. All participants remained normal
in regard to these.

(c) Brown (19) reviews two additional studies of general health
of heavily exposed groups. One study showed no ill effects, while the
other showed only transient changes in electroencephalograms with
complete. recovery on removal from exposure. This latter study in-
volved 3fX1 workers observed over 1,300 mac years' exposure. Brown
concludes that there is little evidence to suggest a threat to health from
current use of organiochloride pesticides.

(d) Laws and others (36) made an intensive study of 35 heavily
exposed DDT production workers. Workers were categorized as high,
medium, or low exposure subjects. A large number of abnormalities
of physical examinations and laboratory tests are reported. These are
not, listed separately for the three exposure groups, though with the
small total it is understandable that no such comparison was attempted.
The ant.,ors note that none of several other population health studies
is appropriate for comparison. Two findings are thought to represent
pmibly increased frequency of pathology, namely 8.6 percent diabetes
mellitus (three cases) and 14 percent increased lymphocyte/granulo-
cyte ration (five cases). The authors conclude that their findings over-
all do not difTer significantly from those one might expect from a group
of similar age and socioeconomic status without DLT exposure.

(r) Three studies present data from autopsy material relating pes
licido levels to pathology (16, 17, 36). The principal positive finding
reported by rasarelt and other (17) was an increased level of orga-
nochloride pesticides in patients with all three of cachexia, carcinoma,
and liver disease. lladomski and others (16) found increased pesticide
concentrations in pat ienls nil h any of the conditions cirrhosis of liver,
carcinoma, or hypertension. The third paper (3.5) found no positive
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associations between pathology and pesticide level. The specific triad
noted by Casareft was not investigated in this paper, though liver
diseases and cancer considered separately were investigated and
showed no suggestive relationship.

The authors of the two studies with positive findings carefully a void
implying a causal effect of pesticides. Radomski and others, however,
are able to exclude the explanat ions of length of hospital stay or inani-
tion as mechanising for producing art ifactual associations.

DiscuAlion.The material that has been described points to two
suggestive conclusions. First, it is suggested that pesticides currently
in use are respo»sible for little or no human morbidity or mortality
other than that of acute toxic episodes due to massive exposure. Second,
it is suggested that a physiologic equilibrium has been reached with
the present level of exposure to DDT and that continued exposure
at this level will result in no additional tissue accumulation in humans.

1. HazardR of current peAficide tale. --A number of exceptions to the
first conclusion have been noted. These include the following:

(a) Leukopenia in apple growers
(b) Neurologic signs and sym ptoms in apple growers
(c) Respiratory signs and symptoms in home sprayers
(d) Transient changes in electroencephalograms in organo -chlo-

rid© pesticide workers
(c) Cachexio, carcinoma, liver disease, and hypertension assn

dated with elevated pesticide tissue levels at autopsy.
In addition individual case histories of certain hematologic condi-

tions in persons with pesticide exposure have been interpreted by some
as evidence of hemotoxicity. Finally certain laboratory findings unas-
sociated with clinical disease have ken proposed as evidence of organ
damage with potential delayed effects in morbidity or mortality. The
paucity of conditions listed here and the general lack of confirmation
among studies gives only weak support to the argument of a health
hazard from occupational or general population exposure to pesticides.

A number of negative studies have also ken described, and we can
examine the strength of this negative evidence. Several of these in-
volve extremely small numbers of exposed individuals. Such small
samples are, of course, appropriate only for identifying extremely
common conditions at the exposure levels studied. Met bodologic prob-
lems have been discussed which largely negate the findings of a mailed
quest iomutire study (2). Several studies of occupational groups are
concerned with the health of presently employed individuals but pre-
sent no information on discontinued employees. Autopsy studies are
as unsatisfactory in presenting negative evidence as with positive
associat ions.
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Hayes (23) has presented an excellent review of toxicological prin-
ciples related to the present problem. He points out the generality of
dose-response relationships and the necessity of taking advantage of
these relationships in studying hazards associated with low doses. Low
level DDT exposure is essentially universal, thus making unexposed
controls unavailable. Nevertheless much can be determined about low
level hazards from study of populations exposed at a variety of rela-
tively high levels. As a general rule, if the incidence of some path-
ologic condition has been determined at some high dose, the same
condition may he expected at low incidence at some lower doses, often
with a longer Intent period. The dose-incidence relationship may be
such as to suggest a zero incidence at some finite dose, the "threshold"
dose, and all lower doses. The dose-latent period relationship may im-
ply a latent period longer than life expectancy for sonic low dose.
Commonly n given dose is more toxic when administered over an ex-
tended time period than when administered in a single exposure. This
increased effect with long-term exposure is often of the order of
doubling effect and is rarely ns much ns n 10-fold effect. As Hayes
points out, the concept of zero incidence is of limited usefulness and
must be token in relation to the size of population under consideration.
If an apparent threshold has been established in studies of 100 exposed
individuals, it must be understood that a lower apparent threshold
would probably be found in studies of 1,000. These general principles
do not permit any precise quantitative extrapolations from high dose
to low dose risks. One can, however, speculate as to the nature of dose-
response relationships and the consequent low dose risk.

Hayes has given 6 mg. per kg. as the lowest DDT single oral dose
with known clinical effect, while 10 per kg. is said to result in clinical
effect in r)0 percent of exposed persons. If the lowest dose with clinical
effect has been determined in observations of populations of 100 ex-
posed to this rather massive dose, it implies all observed incidence of
at least 1 percent. It may be further supposed that the observed inci-
dence was probably less than 10 percent, since, if ns oinny ns 10 indi-
viduals had shown a clinical effect nt this dose, several would probably
have shown an effect at n somewhat lower dose. Occupational expo-
sures and experimental exposure of volunteers have involved repeated
daily ern] doses of 0.5 mg. per kg., or one-1 welfth the lowest single oral
dose with known climcR1 eitects. Whether tinily drams of 0.r) mg. per
kg. (-Whined for periods of months constitute n greater or less insult
than a single oral dose of G mg. per kg. is not clear, but it seems reason-
able that these may represent similar orders of magnitude. These
heavily exposed workers and volunteers were therefore probably st
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risk of 1 to 10 percent clinical effects, and with the small sizes of
populations studied it is not surprising that no effect was demonstrated.

Lightly exposed workers and some individual heavy pesticide users
probably experience lower exposure by a factor of 10, and present
day populations with only dietary and incidental exposure experience
lower exposures by rt factor of 100 (i.e. 0.005 mg. per kg. per day or
0.35 mg. per day for an average sized man). If we imagine linear
dose response curves with no threshold, the incidences of clinical
effects would be 0.1 to 1 percent for lightly exposed workers and
0.1 to 1 per 1,000 for present day populations. The available negative
studies generally involve populations too small to identify incidences
in this range. Long latent periods cony occur at low doses, and most
present studies are inappropriate for investigating such effects. It has
been noted that studies of active workers, without followup of dis-
continued workers, will systematically tend to miss any serious condi-
tion whose prodromes influence continuing employment. The mild
neurologic symptoms (.3.9), respiratory symptoms (4), and "psycho-
neurosis" (37) noted in various studies could result in such a selective
bias.

If only trivial disclses are involved, incidences of the order of 0.1
to 1 percent in occupational exposure and 0.1 to 1 per 1,000 in general
populations can probably be accepted ns commensurate with the bene-
ficial results of pesticides. If, however, serious conditions with obliga-
tory Intent periods, such ns malignancies requiring a cell multiplica-
tion interval for recognition, are involved, these risks inn). not be
acceptable. Other late appearing conditions that may be considered
are neurologic degenerative conditions and chronic obstructive respi-
ratory disease. The possibility of malignancies is suggested by corre-
lations found in autopsy material (16. 17) and by laboratory animal
studies (38). It should be emphasized that the authors of all these
reports have cautioned ngninst n causal interpretation in human malig-
nancies but rather lmve indicated an area in which positive findings
remain imexplained.

2. Time 1rentht of hozardcThe principal data relative to time
trends relate to tissue levels of DDT, and the generid finding is n con-
stant level over recent yeas or a nu-Aerate fall in level. Methodologic
difficulties with this evidence have been discussed and relate to lack
of comparability of survey procedures at different periods of time.
The difficulties might work either to exaggerate or to obscure time
trends. There is no evidence siwcifically suggesting that increasing
hazards have been overlooked.

A similar conclusion comes from observations of DDT levels in
foods being consumed by humans.
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Durham (10 has suggested that a similar steady state has been
reached for dieldrin. For other pesticides time studies are unavail-
able or inadequate for judging trends.

Sum marg.A review of published reports of epidemiological studies
of human hazards from long exposure to pesticides fails to demon-
strate any definite increase in morbidity or mortality attributable to
these compounds. Exposure is found to be essentially universal
throughout developed and "developing" countries of the world, over
all social classes, over ages from newborn to all adult ages, and for both
saxes. Wide variations of exposure exist, with extremely high levels
being associated .with occupational exposures.

Published data similarly demonstrate no increase in exposure in
recent years to the most commonly used pesticides.

While the two above conclusions argue against a present or imminent
hazard, a number of deficiencies in the available evidence have been
cited. Studies are not adequate for recognizing conditions of low inci-
dence, of the order of 0.1 to 1 per 1,000 in a short interval following
exposure. St tidies are not adequate for identifying diseases first appear-
ing after latent periods of several years.

There is no clear evidence linking human malignancy causally with
pesticides. Associations of malignancy with pesticide level in autopsy
material, however, remain unexplained. Carcinogenesis has been
demonstrated in experimental animals, rodents and fish, from pesticide
doses that have no counterpart in human exposure.

The following types of studies are recommended in relation to the
above observations:

I. Continued study of pesticide levels in foods for human con-
sumption. Standard methods for food sampling and for pesti-
cide analysis for the common compounds should be established
in order to make interpretation of time trends possible.

2 Pesticide levels in human tissues should be studied in popula-
tion samples selected to represent general populations. The
availability of techniques for an..lysis of pesticide levels in
blood makes such studies feasible. Standard sampling and
analytic methods should be adopted for time trend analysis.

3. Epidemiologic studies appropriate for identifying low inci
dem* condi t ions should be carried out.

4. Epidemiologic studies appropriate for identifying conditions
appearing after latent periods of several years should be carried
out.

5. Longitudinal studies of heavily exposed populations should be
carried out Populations to be investigated may include: (a)
Workers with high and medium occupational exposure, (b)
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persons who have experienced one or more acute toxicity epi-
sodes, (c) persons with very high tissue pesticide levels not
apparently related to occupational exposure.
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SPECIALISTS nEroitTs O POTENT/AL HEALTH. EXPECTS

Crrtaneou JR' (18

Allergic contact dermatitis refers to an inflammatory process of the
skin mediated by an as yet uncharacterized antibody which adheres
to circulating white blood cells. This implies that on first contact with
a pesticide there will be no reaction. There then ensues an incubation
period of approximately 1 week, at which time the next exposure leads
to a dermatitis. Not everyone contacting the pesticide will react only
those with antibodies. A common example of this phenomenon is poison
oak-poison ivy dermatitis.

Extent of the problem.Inherent in diagnosing allergic contact
dermatitis is the method of proving this scientifically. Inasmuch as
the antibody has not yet been characterized, the only available method
is the patch test. This consists of application of a low chemical con-
centration to the skin under adhesive tape occlusion to increase pene-
tration. If an individual has antibody, the disease is reproduced in
tniniat tire under the pitch in 2I+ hours.

Patch testing is generally done when an allergen is suspect. It is
legend in the field of occupational dermatitis that a diagnosis cannot
be made until an allergen is suspected and a proper knowledge of
patch testing is available. Unfortunately, there is very little knowl-
edge available on proper methods of patch testing with pesticides.
Many physicians are unwilling to do this for fear that the amount of
material under an occluded patch test may produce syste-dc toxicity.
Many agricultural workers attempt to make their own diagnoses and
struggle with their disease. There are only a few centers in the United
States extensively involved in diagnostic patch testing. Of these, none
have specialized in developing methods that could be recommended
for use by the general physician.

Pohlbthed literatomiljortli and Wilkinson recently reviewed con-
tact sensitization to liesticides (1). It was their general opinion, from
the minimal information available, that dermatitis from pesticides is
uncommon. They reviewed largely single case reports. Perhaps the
most meaningful were those of I"raegert. This author is one of the few
derniatologists in the Western world working full time on occupa-
tional dermatitis. It is unlikely that any problems he finds exist only
in the area of Sweden in which he works. It is more likely that he is
trained, has the time and energy, and is thus able to make specific
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diagnoses. He demonstrated an allergic dermatitis in agricultural
workers to several pesticides, including Rodannitrobenzene, Captan,
Phaltan, and an ingredient of 4-chloro-2-methyl-phenoxyacetic acid
(9-4). The latter pexticide was very important insofar as technique is
concerned; the diagnosis would have been missed by routine patch test-
ing for he reacted only to an intermediary product and not to the com-
mercially available material.

Edmondson and Davies reported a small epidemic due to Naled in
9 out of 12 workers in a chrysanthenunn farm (6). Spencer docu-
mented allergic contact sensitization to 2-chloro-Nrdially1 acetamide
in 3 farmers (6).

Milby and Epstein had the opportunity of surveying a population
of California agricultural workers exposed to Malathion and quickly
demonstrated sensitization in 4 out of 157 (3 percent). The most im-
portant outcome of this study was that sensitization was not due to
the compound they tested (Malathion), but to an intermediary prod-
uctdiethyl fumarate. The practical significance was that when this
information came to light the manufacturer decreased the amount of
this intermediary product present in Malathion which then presum-
ably decreased the incidence of future sensitization (7, 8) .

Recently, Takamatsu et el., surveyed an outbreak of dermatitis in
tangerine orchards in Japan due to a new fungicide (Difolatan) which
sensitized 25 percent of involved workers in 1066, and 38 percent in
1967 (9). This incidence of sensitization as of significance, in terms of
the suffering and costs involved.

lnierpretation.At the moment, no hard figures are available to
determine the extent of the allergic contact sensitization problem in
man. From the experiences of Milby and Epstein, Fraegert. Spencer,
and Takamatsu et al., we suspect that sensitization is probably much
more common than is generally realized.

Recommendatfon.Basic science information on allergic contact
dermatitis is, of course, a great help. But more specifically, certain
areas of information are urgently required for which technology is
available and costs are minimal. First priority would be given to
defining proper patch test concentrations an this information could be
made readily available to all physicians involved in diagnosing occu-
pational and agricultural dermatitis. Only when this is accomplished
can proper diagnoses be made and valuable epidemiological data be-
come available.

Secondly, we need relative information on allergic sensitization
potential of commonly used pesticides. This can be accomplished in
the guinea pig and rabbit using currently available modifications of
the 1)raize- IAndsteiner techniques. (16). It would also he advisable to
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verify this information in terms of ranking the severity of sensitiza-
tion potential in human volunteer testing, using the well-established
human Draize test (11).
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Sastantivity
Substantivity is a term derived from classical loth Century dye

chemistry. It concerns the mordant effect of a dye. In cutaneous
physiology it pertains to a chemical's ability to adhere to skin, no
matter what the physical or chemical explanation.

Eaten! of the problem.. If a compound is rapidly washed off the
skin by workers, there should be leca chance of percutaneous penetra-
tion, and therefore less risk of toxicity. If the materials are not readily
removed, opportunity for penetration (and toxicity) increases.

Litcreltire.The only pertinent study of which we are aware is that
of Fredrikkson who studied the decontamination of human skin with
Parathion '1). ITsing P" labeled material lie demonstrated that a soap
and water wash for 30 seconds (which is far longer than most workers
would wash) removed only PM to 48 percent of the applied dose, if
the wash was delayed for 6 hours. An alcohol wash (in which Para-
thion is soluble) still allowed 10 percent of the dose to remain.
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Interpretation.The substantivity of pesticides for human skin is
of great practical importance in terms of long term toxicity.

Recommendation.Methods such as those used by Fredrikkson and
some more recently elaborated by others, allow a practical sylem to
determine the substantivity of pesticides. Data should be obtained on
standard pesticides, not only measuring the degree of substantivity
but demonstrating fool-proof and practical methods of removing these
chemicals by workers. The technology is available, the risks to human
volunteers extremely minimal, and the decrease of potential toxicity
great. Obtaining this information clearly deserves R high priority.
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Cutaneous metabolism
extent of the problem. -human skin is, contrary to older beliefs,

an active metabolic organ. This not only includes viable cells in the
epidermis and dermis, but. also the presumably dead stratum corneum.
There are numerous enzymes in this stratum corneum that can hydro-
lyze many chemicals, including DNA and RNA.

Implicit in the study of animal toxicolmv is the fact that skin ex-
posure allows the penetration of chemicals analogous to that which is
injected into animals. If the materials are first hydrolyzed and ab-
sorbed as different materials, the animal toxicology may not be rele-
vant. We know that Parathion is not hydrolyzed on animal or human
skin, but this is the only pesticide for which we have such informa-
tion (1).

Interpretation.Cutaneous metabolism, apart from that of other
organs, is an area of great potential significance.

Recommendation.With the ready availability of radiolabeled ma-
terials, it is recommended that the ability of skin to metabolize corn-
moldy used pesticides be obtained. If these products of hydrolysis are
indeed different, then animal toxicology should be obtained on them.
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Pereutaneous penetration
l'ercutaneons penetration refers to the amount of a chemical that

gets from the skin's surface into its various components and is even-
t nally absorbed into the systemic circulation; it is then available either
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to be excreted in urine and stools or stored in an organ such as fat (i.e.
as with DDT).

Extent of the problemClassical pharmacology has not often in-
cluded studies of percutaneous penetration. This science has involved
itself mainly with the effect of drugs, usually taken either orally or
parenterally. In the case of pesticides, exposure is more likely to be
cutaneous than parenteral. Although respiratory exposure is of im-
portance, investigators such as Wolfe, Armstrong, and Durham have
clearly demonstrated quantitatively that exposure is far more cuta-
neous than respiratory (1,2). For instance, they demonstrated that
when Parathion concentrate is used with spray equipment the respira-
tory exposure is less than 0.1 mg./hr., whereas cutaneous contamina-
tion is 27 mg./hr. They demonstrated examples such as air blast spray-
ing equipment where cutaneous exposure reached over 750 mg./hr.
These doses must clearly be considered in the range of drugs.

It has classically been assumed that cutaneous barriers are so cord
pleto that few chemicals can penetrate, and that pellet rat icn is only of
significance if one deals with the most potent of chemicals, such as the
war gasses. Recent data has clearly demonstrated that the cutane-
ous barrier is far from complete, and that many chemicals pass through
the skin with ease (.3).

Techniquea of observations.Until recently, hum]: experimenta-
tion involving percutaneous penetration was rarely done. Classical
experiments included comparison of I he LD--50 in the skin as compared
to parenteral administration. This information is valuable as fur as
acute toxicity was concerned, but of little value in determining body
exposure in long-term usage. Fredrikkson studied the penetration of
Parathion and I'arnoxon in ritro (4). This involved use of a small
glass chamber in which chemical was applied on the skin and the ma-
terial studied as it came through the dermal side. lle compared this
data to that of perrutaneons penetration measured by the surface dis-
appearance technique. Here, a radioisotope detection system is used
on the surface of the skin and its disappearance noted. It is aunied
that as the co.ints decrease the material is king absorbed. It shout(' be
noted that this technique can only be used for very hard rays as
weaker rays are unable to reach the counter. Ile noted there was far
less penetration in the in vitro chambers than the in vivo, utilizing the
disapp earance technique.

Nabb, Stein, and Hayes (W. .1.) studied the dermal absorption
of Parathion and Paraoxon in rabbits and found penetration rates of
0.059 pgin./rninnte/cm! and 0.3 pginiminute/cm.1, respectively (6).
When Hayes (0. H.), Funckes, and Hartwell studied the perrutane-
ons of Parathion in MITI using urinary excretion of P-
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nitrophenol, they noted as much as 23 mg. of P-nitrophenol in urine
per day '01. Recently, Milby, Feldmann, and Maibach undertook a
systematic study of percutaneous penetration in man in which radio-
labeled chemical was applied to the skin and its penetration quanti-
tated by the appearance of radiolabel in urine (and, in some
instances, feces) (7). The advantage of this system is that when radio-
labeled compounds are available one need not be concerned about de-
veloping methods to isolate each metabolite but can study the radiolabel
itself. This enabled the authors to rapidly screen a series of com-
pounds. As a requisite control to this method, a tracer dose is injected
intravenously to determine how much compound is excreted in the urine
or stool. Knowing how long the material remains in the human body
allows one to determine the risks or more properly interpret the classi-
cal animal data. In other words, if the compound is rapidly excreted
there should be less toxicity than if it is stored or slowly excreted, all
other things being equal.

They showed a wide divergence in the penetration of the first pesti-
cides studied. I)ieldrin, Parathion, and Malathion all penetrated in
significant amounts but were only moderate penetrants. Their pene-
tration rates ranged from 6 to 8 percent of the applied dose (4.0 win./
cm.9. However, Carbaryl was virtually a complete penetrant in that
almost 75 percent of the same dose was accounted for in the urine.
Needless to say, interpreting L1) -50 data becomes far more meaningful
when such penetration data is available. If 1 percent of the dose
penetrates as compared to 75 percent, this will greatly alter this
interpretation.

These studies also showed that penetration through the skin of this
and many other compounds is extremely slow. One can identify the
material in urine for at least 5 days after a single application. This
long-term passage has profound importance in terms of chronic
toxicity of man.

Effect of delivery vehicles on penetration. Very little work has
been done in this regard. It is generally assumed that vehicles will
significantly increase or decrease the penetration of certain mole-
cules. A specific example is the study of McI)ermot, Finkbeiner, and
Wills and Ileggie in %vhicli they quantitated the effect of DMS0
on the percutaneous penetration of Seman (pin-acetyl-methyl-
phosphonofluoridate) (8). They noted that DM,S0 increased the
potency ratio (LD-50) almost 6 times on normal skin and 4 times on
stripped skin. Brown recorded significant changes in LD-50 of
carbamates with varying solvents (9).

Interpretation.Pereutnneous penetration of pesticides is obvi-
ously a critical area in terms of chronic toxicity to man. This has
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only been minimally investigated because appropriate techniques have
only recent ly become available. It is likely, from the very slow and
delayed penetration through the skin and the very significant amounts
of chemical penetrating the skin that this is an area of crucial im-

portance in terms of man.
/?erommentiation8.As a minimum, we should have quantitative

penetration (Iota on the various commonly used pesticides. At the
moment, human studies with radio-labeled materials appear the most
practical for quickly obtaining data of direct relevance (II. /3). Other
methods should also be developed to see if they are relevant to the
human situation. This includes ranking of known common pesticides,
using various in vitro systems, and other animal systems. Although
we are concerned about the acute poisoning of humans through the
skin (such as recently summarized by Eitzman and Wolfson who
demonstrated seven of 30 deaths as clearly being due to skin contact),
we are more concerned about the insidious long-term effects which this
route of exposure allows (10).

Examination of varying vehicle systems should be considered in
an attempt to decrease the skin penetration of these pesticides.
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Effect on other cutaneous organs
It is known that certain pesticides affect other keratin-producing

structures in skin, such as the nails and hair. Samman and Johnston
have shown that Paraquat and Diquat will produce abnormal finger-
nails (/). Presumably the mechanism of action is penetration through
the nail-plate with a direct effect on the nail matrix.

Haustein (2) claimed he observed dystrophic human hair follicles
after improper use of Fekema ES-30.9 (I)DT and gamma-IICC8).
This has not yet been substantiated.

Although our knowledge in this area is too minimal to allow
informed interpretation, these observations suggest the hair and nail
should be more closely looked at than previously in regard to an index
of toxicity. Certainly, the animal hair follicle has proved an extremely
sensitive index of x-radiation damage. The same information should
be sought in man for pesticides.
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SAMPLE SKIN MATRIX

Parathion Malathion Makin Carina'

Percutaneous penetration:
Animal Moderate

penetrant
Man Moderate Moderate Moderate Moderate

penetrant
Substantivity Very sub-

stantive
Contact sensitization Possible mini- Probable

mal risk problem
Metabolism Not hydro-

lyzed on
skin

Nails dystrophy Not known
Hair dystrophy Not known

Nora. Dashes () indicate inadequate information available.
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Beharorial effects of pesticides
The word "behavior" has a number of meanings in common parlance

and several idiomatic applications in different branches of medicine
and science. These include the meanings "to carry, conduct, comfort,
manage, bear, discipline, handle, restrain, regulate, act, conduct one-
self, or to act in relation to the environment." One of these is the so-
called "behavioral" effects of pesticides. Unfortunately, there have
been some misunderstandings and misapplications of the meaning
usually applied in this context. In its strictly literal sense, "behavioral
effects" of pesticides are any influences the chemicals exert on the
nervous system or body that alter normal or usual physiological
responses in an environment containing pesticide. However, almost
all pesticides in sufficient dosage are capable of causing such alterations
in response. These are the usual signs and symptoms of acute or chronic
poisoning. The term "behavioral toxicity" as applied in clinical toxicol-
ogy has generally excluded the established signs and symptoms espe-
cially during the acute phase of poisoning. Conversely, many investi-
gators have at first regarded as "behavioral" one or more unusual
effects of pesticides not then known to be expected signs or symptoms.
The subsequent better and more complete understanding of the actions
of such a particular pesticide has often moved such behavioral effects
over into the area of established signs and symptoms. For example, in
the late 1940's, airplane pilots began to complain of disturbances of
vision (depth perception and night blindness) during application of
the then newer pesticides. These unusual signs were often reported
in the absence of other evidences of toxicity Accidents and fatal crashes
were blamed on these unusual effects then regarded as behavioral.

More than 5 years of study (Upholt, 1956) established that the
responsible pesticides were the direct cholinesterase inhibitors (mostly
TEPP). The effect was caused by topical exposure of one or both
eyes without extensive exposure otherwise. Bilateral miosis caused
right blindness. Unilateral miosis and paralysis of muscles of accom-
modation from unilateral exposure. caused disturbances of kinetic
depth perception. As these local or topical effects became more widely
recognized, most toxicologists no longer regard these as behavioral
effects but rather as logical expected effects of acute topical exposure.
The inclusion of unusual or poorly understood effects of pesticides
in the group of behavioral effects will continue to plague and confuse
those concerned with health hazards of pesticides whether they are
officials, authors, or the public. Unfortunately, in some instances pes-
ticides are blamed for such effects when the causal relationship has
not been well established. An example of this is the blame placed on
2,4,D as a cause of peripheral neuritis (Goldstein et al., 1959). For
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convenience of arrangement, the clinical syndrome of peripheral neu-
ritis without other behavior change is presented in the section on
"Effects on the Nervous System."

Understanding of the area considered as behavioral effects also
requires an understanding, of the difference between topical or local
poisoning, and systemic or body-wide poisoning. Acute and chronic
poisoning lms alivays :men best known as systemic poisoning wherein
there has been sufficient absorption and circulation of the toxicant to
cause the signs and symptoms of poisoning expected from the known
modes of action of the pesticide. On the other hand, pesticides, like
other chemicals or drugs, may act in a site-specific point in the body
usually because the exposure has been limited to that part of the
anatomy, such as the eye, the nose, the mouth, or a restricted area of
skin. In too many instances, the local effects of a pesticide have been
assumed to be the more hazardous systemic poisoning with coPsequent
overconeeni and overprecautions reduction of the exposure.

Undoubtedly the most obvious and yet the most problematic
behavioral effects are the ones effecting the brain and nervous system.
Our behavior is influenced most by our nervous system (with the
possible exception of the reproductive system in active adults). Rarely
hi the general population, but more frequently in agricultural workers,
applicators, formulators, and others exposed to pesticides, there have
been many reports of abnormalities of behavior in the absence of
other usual signs or symptoms of pesticide intoxication.

In summary, "behavioral effects" of pesticides are those behavioral
signs or symptoms other than the usual and expected effects seen in
either acute or chronic poisoning. They may be premonitory effects,
sequellae, or after effects suspected to be, but not necessarily directly
causally related to the pesticide exposure. Unfortunately, because of
the sound grounds for technical disagreement over the status of any
one finding or allegation of a behavioral effect, the area of discussion
known as "behavioral effects" has been it hodgepodge of data, con-
flicting reports, and emotional publications. Some workers have
avoided the field of behavioral effects, calling it a "never-never land."
Nevertheless, careful consideration and study of the behavioral effects
of pesticides has elucidated many health problems posed by pesticides
and should continue to do so in the future. False allegations of magical
deviltry of pesticides are discredited, and sound suspicions of un-
appreciated effects are confirmed as expected effects when the mode
of action has been established. Appropriate precautions and regulatory
actions can then be taken.

The term "behavioral toxicity" was first used at the conference on
the evaluation of pharmacotherapy in mental illness in the fall of
1956 by Brody (1959) to describe the adverse effects of drugs on
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psychological functioning in animals. Although the concept of be-
havioral toxicity arose from Brody's study of objective responses in
the operant situation, any broad consideration of behavioral toxicity
in man must take, into account both the subjective mood changes and
the objective performance changes induced by drugs.

Clinical behavioral toxicity. The most impressive characteristic
of the psychiatric drug literature is the absence of salons concern
about adverse effects these drugs may have upon behavior (Uhr II.,
Miller J. C. 1960).

The Ciba Foundation convened a symposium on the neurological
basis of behavior in 1957. The early definitions and histories of be.
havior were reviewed and 18 other papers were presented on specialty
aspects of behavioral studies in man and experimental animals. The
last of these papers concerned the relevance of some neurophysiological
data to behavior disorders. Such idiomatic, terms as "consciousness,"
"awareness," and "personality changes" were defined and discussed
in the psychiatric sense. Mainly this symposium was produced by
physiologists, anatomists, neurologists, pharmacologists, psychiatrists,
endocrinologists, and biologists. Toxicologists were conspicuous by
their absence. A number of techniques were presented on measuring
"behavior" objectively (Wolstenhohne, 1958).

A number of good books have been written on the behavioral effects
of pesticides as reflected by the expected effects of acute poisoning on
the nervous system by chlorinated insecticides (Von Oettinger, 1955)
and by anticholinesterase compounds (Koelle, 1963; Heath, 1961, and
O'Brien 1960,1967).

The chlorinated hydrocarbon insecticides, especially DDT, have
been known to act in the cerebellum, brainstem, spinal cord, and periph-
eral nerves (Bromiley and Bard, 1949; Shankland, 1964). Thus
the acute effects of these compounds appear to be, scattered widely
throughout the nervous system. Moreover, they have topical action
on the nerve endings in the mucous membrane (Hayes, 1963) and may
extend their action proximally on the nerve pathways as shown by
various case reports. For over 20 years, toxicologists have studied
pesticides mainly by investigating morbidity, mortality, growth,
pathology, and storage in experimental animals and man. Much less
attention has been given to the possible behavioral effects of dosages
below those required to effect gross clinical signs and yet sufficient to
possibly alter the behavior of man and animals. Studies on the ef-
fects of pesticides on sensitive, indicators of brain function have not
received appropriate attention (Ruffin, 1963) and almost. as little at-
tention have been given to psychobiology.

A group of industrial toxicologists in Holland followed 826 workers
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in the manufacture of chlorinated hydrocarbons (aldrin, dieldrin,
telodrin) for 131/2 years. They found no behavioral effects past the
"temporary signs and symptoms of specific intoxication (Hoogendam,
1962; Hoogendam, 1965; Jager, 1968).

Toxicologists in Russia have naturally fallen under the influence of
Pavlovian behavioral physiological training (Ruffin, 1963). These
Russian workers ate trained differently and reason differently than
do American psychologists, physiologists, and toxicologists. One of
these Russian toxicologists has extensively reviewed the application
of studies of conditioned reflexes of experimental animals in response
to the more important groups of pesticides (Medved, 1964). They
have established definite changes in behavior of animals far below levels
required to produce symptoms or at levels of cholinesterase activity
just under the preexposnre range. Changes were also noted in reflexes
before they could detect functional or chemical changes in their liver
and carbohydrate metabolism. Both of the usually reversible changes
studied as well as totally irreversible changes such as caused typically
by organic mercurial pestioides.

Behavior changes iii workers manufacturing DDT and related chem-
icals have already been mentioned under another-section of this report
(General Effects: Clinical Effects from Case Reports) by another
Russian but translation difficulties limit interpretation of that report
(Paramonchik, 1969). This latter industrial toxicologist was con-
vinced he observed "the asthemic syndrome and autonomic dystonia"
in some workers. Unfortunately these people were, also exposed ad-
mittedly to many other chemicals as wellnot given in their exposure
historiesand no mention was made of the workers' habitual con-
sumption of alcohol that may account for some symptoms.

As early as 1962, one American toxicologist stressed the importance
of mechanics of "toxic. stress" in industrial toxicology and environ-
mental pollution. However, as of 1969, far too few studies are in
progress in this country attempting to measure behavior and other
effects below that sufficient to cause frank, acute toxic signs (Stok-
inger, 19G2). Over a decade ago a behaviorist conclusively showed
that rats respond to stressful agents pmdncing radical changes in
behavior (Richter, 1958). The center in the brain suspected of reflect-
ing this disturbance was the hypothalamus.

The altered locomotion patterns of rats fed as little as 100 p.p.m.
of DDT was demonstrated by study of track patterns in charcoal-
dusted runways (Khairy, 1959).

Conditioned reflexes in cats treated with aldrin were changed from
the eighth to the 13th day after starting daily oral dosage with only
1 ing./kg. of aldrin. Changes returned to normal responses thereafter
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but sometime§ the restoration of normal function was cyclic in pat-
tern (Spynu, 1964).

Stumptail monkeys showed altered behavior at dosages considered
no greater than some people ingest daily for a period of weeks. The
treated group showed depression of arousal and emotional levels.
There were other observations of lessened response to environmental
conditions (Thomsen, 1969).

In another study of adolescent stumptail monkeys (Mirror(' speciosa)
orally treated with low dosages of endrin, search was made for sub -
clinical or clinical subacute effects based upon biochemical, physiologi-
cal, hematological, pathological, histological, and behavioral changes.
In general, few changes were detected when there was no toxic
patterns in individuals or groups. Results indicated that only the differ-
ential white blood cell count could be used as a valid indicator for tox-
icity in future pesticide research (Barth, 1967).

An experimental carbamate pesticide closely related to several now
in growing use in this country such as carbaryl and Baygon dimin-
ished the self-protective responses of rats (Goldberg, 1063). The rats
had previously been trained to avoid shock by pushing a lever as a
response to a light. Prior to treatment with the carbamates the rats
were able to respond with 95 percent or better; efficiency decreased to
ast, low as 50 percent 30 minutes after the administration of the carba-
mate at a dosage of 1 mg./kg. int raperitoneally. Those doses were con-
siderably lower than those which produce symptoms of anticholin-
esterase activity. A comparison of the ED 50 with the 14D 50 revealed
a ratio of about 1 to 25. However, the cholinesterase inhibition in both
the brain and the erythrocytes paralleled the behavioral changes. Thus
there appears to be no behavioral changes with these compounds with-
out cholinesterase inhibition. In fact, dose-response studies indicate
that the threshold effects on discrete avoidance studies are, associated
with about a 50 percent inhibition of brain cholinesterase.

Without more closely controlled data on human exposure, more con-
sideration must be given to pertinent experimental toxicology in ani-
mals. A neumchemical approach was made with a study of brain chem-
istry in rats exposed to carbaryl (Hassan, in press). In acute and
chronic dosage producing no signs or altered behavior, levels of brain
norepinephrine, serotonin, and 5-hydroxy-3-iydolylacetic acid in-
creased but dopamine did not. This means that biosynthesis is increased,
certain biogenic amines are released and catabolism is increased (with-
out signs detected). Thus, some biochemical basis for behavioral
changes in rats can be detected before the changes themselves.

Studies on altered behavior due to ant ichol inesterase effects received
more research attention than those due to chlorinated hydrocarbon
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pesticides. One of the best reviews by a Russian worker (Medved, 1964)
in English presented extensive information on the effects of organo-
phosphorus insecticides on conditioned reflexes of animals. Changes in
these reflexes appear to be evident only after detectable cholinesterase
inhibition. A return to normal reflexes occurs after prolonged low-
grade exposure to the cholinesterase inhibitors. This indicates adjust-
ment of the central nervous system to the increased content of acetyl-
choline. Thus, the biphasic effects of chlorinated hydrocarbon insecti-
cides as an initial change in function, followed by a return to a normal
state despite continuing action of the chemical under test, is also
apparent with th:: anticholinesterase compounds.

Without tests of subclinical activities of pesticides, the capability of
clinical toxicologists to resolve maximum-allowable-concentration
controversies or to safety establish maximum daily intake allowance
has been aptly questioned (Ruffin, 1963).

Using mainly clinical and laboratory toxicologic methods includ-
ing elect roencephalography, Dutch industrial toxicologists surveyed
626 insecticide workers in mainly chlorinated hydrocarbons without
finding more than temporary signs and symptoms of acute toxicity
(Jager, 1068; Hoogendam, 1062).

An Italian group of workers (Giachetti and colleagues, 1966) re-
ported that male. rats treated with 0.24 ing./kg. of parathion on alter-
nate days for 1 month do not develop blood cholhfesterase inhibition
but do exhibit a slight inhibition of brain cholinesterase and the
learning of a conditioned avoidance reflex was hindered. At this low
level of dosage, there was no interference with the conditioned reflex
once it was learned. Thus it appears that the learning of a conditioned
reflex may be a very sensitive indicator of the functional effects of ex-
posure to cholinesterase inhibitors. This decrease in learning capabili-
ty obviously should receive further study.

Other American workers (Grob, 1053; Holmes, 1964; lIolines, 1965;
Bowers, 1964) reported similar effects on the behavioral changes in man
following ant icholinesterase administration. The syndrome observed
has been broadly classified as a state of altered awareness, fatigue, in-
creased irritability, difficulties in coordination, slowed mental processes,
forgetfulness, muscular aches and pains, malaise, and lack of self-
control. Some of these effects have been observed over a year after
last exposure.

One of the military toxicologists tested only a classified nerve or-
ganophosphorus agent capable of rapid skin absorption (Bowers,
1964). By applying minute (loses of the war agent to the skin, he pro-
duced marked behavioral changes as the blood cholinesterase level
fell more often before gastrointestinal symptoms set in than after-
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wards. At these low dosage levels, there occurred no muscular, optic,
pulmonary, or lower bowel signs or symptoms as should be seen in
classic organophosphorns poisoning. Sometimes the behavioral changes
occurred several hours before two other classic expected gastrointes-
tinal signs occurred. In a significant fraction of the, volunteers, only
behavioral signs appeared when cholinesterase levels went as low as
10 percent of preexposure level. Thus, no correlation of psychologic
and gastrointestinal symptoms were found. Behavior changes usually
did not occur until the whole blood cholinesterase fell to 40 percent
of control or lower. Atropine treatment improved mental function as
had been found by prior workers (Grob, 1947).

The military toxicologist attributed the behavioral syndrome to a
slight excess of physiologically active acetylcholine in the central
nervous system (Bowers, 1964. ) People concerned about the validity
of these behavioral effects, which are disputed by most toxicologists,
should be aware of a deficiency of logic on the put of one of the
originators of the contention that behavioral effects meur during and
after exposure to organophosphorus compound (Holmes, 1964;
Holmes, 1965). Just, because symptoms disappear after treatment with
atropine does not mean they were due to concurrent exposure to or-
ganophosphorus compounds. Something else is more likely to be cans-
ing these symptoms if they are not typical of organophosphorns poi-
soning and accompanied by significant cholinesterase inactivation For
example, a pesticide mixer went to his doctor in 1954 with "symptoms
typical of a severe cold which proved on further examination to be
due to ant icholinesterase insecticide poisoning (Holmes, 1961). The
symptoms disappeared promptly after atropine therapy." The symp-
toms of a cold should always be benefited by treatment with atropine
whether the man was exposed or not. Just because he was exposed did
not make the exposure the cause of the symptom>. If the worker had
other symptoms clinically suggesting organophosphorus poisoning,
they should have been presented in sufficient detail to be convincing.
Until such convincing data becomes available, the contentions of their
observer must always be considered as reflecting some ungrounded bias.
He overlooked the greater probability of a cold instead of organophos
phorns poisoning. This worker also studied 24 patients receiving an
organophosphorus drug, echothiophate iodide, as eyedrops daily for
glaucoma. Of these 24, 84 percent experienced, within 8 months, pro-
nounced red cell cholinesterase inactivation as great as the pesticide
workers' acute exposures. Although nine patients developed symptoms,
six did not. Of these with symptoms, none must have been definite be-
havioral changes or the author would have made a special point, of
them. Moreover, the distributor of echothiophate has followed the use
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of this drug for at least 7 years and has not detected behavioral changes
such as have been alleged to pesticides (Anonymous, 1069).

In addition to functional disturbances, neuronal lesions of the nerv-
ous system were recognized early as caused by a pesticide by a British
toxicologist. Mipafox produced classic signs for polnouritis in three
manufacturers in 1951 but this pesticide has never been used in the
linked States of America. (Bidstrup, 1953). Even earlier, the same
pathology had been recognized in far earlier fact Inv of a related
nonpest phosphate (TOCP) (Hunter, 1944).

Following the earliest publication of recognition of subclinical and
postclinical or post intoxication behavioral effects produced by organo-
phosphorus compounds in a limited percentage of those exposed, many
clinicians in many countries began to report all sorts of minor be-
havioral deviations all the way up to complete psychosis. In 1958,
two cases of mixedtype damage to the nervous SySt CM were attributed
to mixtures of pesticides (Petty, 1958). The first case was exposed to
parathion, EPN, DDT, diel d rin, and lead arsenate the second to DDT
and malathion. Although there is no doubting, t he neurologic lesions
produced, the exposure history and the clinical courses were not at all
indicative that pesticides were responsible. Febrile illtn uses and drug
treatments also complicated the interpretation.

Two Australian workers surveyed in 1061 a fruit-growing arta ex-
tensively using organophosphorus pesticides no,7 found 10 cases of
psychiatric sequelne they attributed to pestle ,t, Mershon, 1061).
They compared no control population. The tyi- schotic sequelae
were mainly depressive and schizoid lendeneie, racticaily all hs
other behavioral symptoms were detected in f scd population
as they should have al-1 been measured in comparable populations.
Perhaps some, but not likely all of these cases should be attributed
to organophosphorus compounds. The compounds suspected were
malathion, Ohio'', parathion, trithion, and others.

This study, in part, triggered lin epidemiological investigation in
Aust ralia to determine psychiatric sequelseespecially schizophrenia
and depressive statesof exposure to organophosphorus cow pountls.
The results revealed no such relationship (Stoller, 1965).

Another nonpestieide phosphate drug (DFP) caused reactivation
of florid psychotic attacks in patients with this prior history (Iiown-
tree, 1950). These psychotic changes persisted for some months. On
the other hand, schizophrenics were improved by the intravenous injec-
tions of acetylcholine (Fismberii, 1946). In a rebuttal to the above
Australian's allegations that schizoid at I depressive states were caused
by organophosphorus poisoning, a critique by an English authority
pointed out that if eight of 10 greenhouse workers in one greenhouse
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had psychiatric changes from pesticides, then the world experience
should have produced psychotic tendencies in 80 percent of people
with comparable exposures. Such an exorbitant incidence would have
been obvious in all areas of extensive use of orgattophoshorus com-
pounds such as fruit growing areas. This means there is something
wrong with or peculiar to the Australian situation not attributable to
pesticides at least at this rate (Barnes, 1961).

Federal aviation workers in 1064 contended that. chronic exposures
of pilots to organophosphorus insect icidK., were followed with anxiety,
messiness, giddiness, insomnia, somnambulism, lassitude, drowsiness,
tinnitus, nystagmus, dizziness, pyrexia, paralysis, paresthesias, poly -
neuritis, mental confusion, ono( ional lability, depression with weeping,
sehizophrenic reaction, dissociation, fugue, inability to get along with
family and friends, and poor work performance.

Another group of public health toxicologists searched very closely
from 1900 through 1002 and less intensively from 1954 to date (1960)
in the Northwest without finding confirmation of the so-called behav-
ioral effects of pesticides (Durham, 1964 and subsequent unpublished
studies). Tests of mental alertness were not influenced by exposure to
organophosphorus poisoning unless symptoms of poisoning appeared
accompanied by cholinesterase levels low enough to explain Oa symp-
toms. One very dramatic mild poisoning case did illustrate the prin-
ciple that it is very likely for a poisoned patient to have such mild
clinical sips and symptoms that he will not relent them to his physi-
cian or employer unless he 1.)tices a more drastic change in his own
behavior such as driving his car carelessly acrom a sidewalk in a very
dangerous place. Pilots have reported similar incidents to explain
erratic behavior causing crashes.

The most important conclusion from this paper is that. her have
occurred changes in behavior in workers that threaten the life of them-
selves and others even though they do not reaThe it and arc not arcane
that they art poisoned. Consequently, it is most likely these behavioral
changes are being missed frequently under usual conditions of expo-
sure not being cwsely surveyed. It is also likely that similar behavioral
changes occur at least temporarily at lowered blood cholinesterase
levels without. other detectable clinical findings. This has been clearly
established in experimental animals many times cited elsewhere and is
similar to reports from chronically expesell workers (Minim, 1965;
Dille, 1964; Quinby, 1050.

An Egyptian !Culled 25 cases of spraymens poisoning with Meta-
isosystox and appropriate matched controls. After the acute symptoms
of organophosphorus poisoning had subsided, headache, dizziness and
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muscular weakness, especially in the eyes, persisted for "varying
periods" (liegazy, 1965).

Canadian health workers surveyed for 3 years 441 apple orchard
workers whose occupations involved occupational exposure to organo-
phosphorus compounds, chlorinated hydrocarbons, and other pesti-
cides considered usual for spraying fruit and other work in sprayed
orchards. About 26 percent of the people exposed for from 1 to 14
years developed one or more signs and symptoms of acute poisoning
in the 3-year period. Unfortunately, no distinction was made between
topical and systemic poisoning. A total of 170 people living in the
sprayed environment and 162 people living out of the sprayed environ-
ment were followed as controls. These workers found no signs of pro-
longed effects from pesticides after the cessation of acute symptoms in
an unstated number of i)oisonings (presumably some less than 26 per-
cent of the cases with symptoms) (Davignon, 1965).

Clinical toxicologists and epidemiologists have made a number of
smaller epidemiologic surveys searching for behavioral effects attrib-
utable to heavy exposures to various pesticides, especially organophos-
phorus compounds and chlorinated hydrocarbons. These have all been
reported as essentially negative in Mississippi (Fowler, 1953; Quinby,
1958), in Arizona (Ganelin, 1964), in Washington (Suminerford,
1953; lives., 1957).

Two occupational health specialists retrospectively surveyed 235
persons reported by physicians as poisoned by organophosphates in
C Atm-Ilia in 1960. Of the 235 reported, 114 were considered to have
had organophosphorous poisoning; six everely, 54 moderately. and
54 mildly. Followup was conducted for 3 or more years. Of these,
43 had complaints that persisted up to G months and 33 still had com-
plaints after 3 years. These complaints were: optic, gastrointestinal,
headache, cardiorespiratory, ne:o.opsychiatric, and miscellaneous.
There were no psychotics. Ten individuals had persistent symptoms
primarily referable to the central nervous system. None felt it was
caused by orgatiophosphortis poisoning. There were other likely ex-
plainable causes for six of the 10. Intolerance of odor of pesticides
was mentioned by 20 (17 percent) of the pisoned patients and was
believed to be psychogenic conditioning. The authors believed they
would have detected serious scquelae of high incidence but would likely
have miKsecl minor after effects or major one of low incidence ;Taber-
slt w, 1966).

The Colorado encephslographers examined sleep patterns of two
people with histories of varying degrees of organophosphate exposure.
Teenage and occupation-matched controls were compared. Exposed
workers lid REM (rapid eye movement) times not significantly differ-
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eat on the first night from controls. However, the exposed group
showed a high proportion of unusually long REM periods. six out of
44 periods exceeding 50 minutes and three of these six prolonged
periods were longer than 1 hour. In the control group, one REM period
exceeded 50 minutes out of 84 REM periods. One exposed subject
showed unambiguous REM periods of 107 minutes duration. While
the authors present this in such a way that considerable significance
might be attached to the differences, only the one prolonged REM
period of 107 minutes differs from the longest control. No details of
history are given to explain this difference (Stoyva. 168).

In an earlier paper, the same group found nine of 12 subjects with
narcoleptic sleep patterns and two with disturbances of normal cycling
of sleep stages with unusually long stage I sleep. If these are the same
12 patients as reported in their later paper, the other unexposed con-
trols had almost as long moo periods as all the exposed with the one
patient excepted. The paper also listed a long list of psychiatric differ-
ences between the exposed awl unexposed controls. The differences
cited are open to statistical question.

There have been two earlier reviews of sentellae of organophos-
phorus poisoning. In 1965, the first reviewer f min California classified
the neurologic sequellae that were known or suspected to occur after
poisoning with organophosphorus compounds: (1) Immediate muscu-
lar weakness persisting long after the disappearance of other signs
and symptoms; (2) irreversible paralysis with demyelination; and
(3) psychiatric disturbances. The one British report of Mips fox
causing peripheral neuritis was accepted as completely beyond (pies-
tion but that reviewer concluded there was found no convincing evi
dente to causslly relating organophosphorns exposure to psychiatric
disorders in the Ifnited States (Milby, 1935).

Dr. Irma West of the California State Department of Public IleAlth
had followed occupational pesticide poisoning in that State for 14
years. She considered that brain anoxia from respiratory failure dur-
ing acute poisoning as the most easily identifirble sequel's of the
nervous system And this has been recognized As a residual in cases with
severe cyanosis. Overtreatmrnt with atropine and hypetiltemia was
pointed out as another likelihood but has not been reported as such.
Phenothiozine tranquilizers have increased the severity of poisoning
and might add to begin dsmAge but this has been reported only once
(Arterberry, 1M2). No clearcut cases of behavior changes mere re
ported from California in this paper (West, 1968).

For 1 to 3 months each during 2 years, four WHO toxicologists And
staffs closely followed terms of sprayers, in El MI-10ot, Nigeria, And
Iran who were treating houses for malaria moseptito control with the
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carbamate Baygon (Babione, 1965; Babione, 1966; Davies, 1967;
Quinby, 1967; Vandekar, 1965; Vandekar, 196G). They detected up
to 100 percent attack rates of acute mild anticholinesterase poisoning
in spraymen and about 1 percent in the inhabitants. However, no
sequellae or behavioral effects were detected beyond the 2 days of acute
poisoning in each case. No epidemiclogic search was possible on a
systematic basis on the inhabitants living in treated homes. However,
the reporting of complaints was routinized and some homes were
treated three times in three cycles about 100 days apart closely ob-
served. The investigators in El Salvador noted that new spraymen
were poisoned more quickly than employees without prior repeated
exposures to both DDT and liaygon.

A practitioner, coroner, and pablic health toxicologist noted marked
behavioral changes in a mentally defective man poisoned with phosdrin
and/or parathion (Arterberry, 1962). On the ninth day of recovery, he
was given a phenothiazine tranquilizer for mental unmanageability.
His anticholinergic signs and symptoms recurred so eeverely that 1w
died. Naturally, this led to the assumption that there must be au un-
appreciated potentiation of organophosphorus compounds by photo-
thiazine derivatives. When suggested, this was later confirmed in
animals by laboratory coworkers (Gaines, 1962).

Two internists attributed two cases of polyiuntropathy to aldrin and
endrin respectively. However, their grounds for belief for cense] rela-
tionships are not tonvi 'wing (Jenkins, 1964).

A itedintrie toxiocologist in a poison-control center conducted de-
tailed psychometricpsychologic evaluations on 41 children 18 months
to 14 years after an acute central nervous system poisoning. No overall
differences were seen in these children when compared to control pa-
tients who had ingested other toxic agents not suspected to affect the
nervous system. The eight children who had had convulsions only from
their intoxication, however, showed decreased learning ability and
seven of the eight had behavioral difficulties. Chlorinated hydrocarbon
pesticides were the principal cause of convulsions in this group of eight
children (Angle, 1968).

Behorionll effect, of Aolrra O.Kerosene or xylene and related lis-
t i Hates in the air can owe diztinen, poor coordination, and confusion
leading to coma if the patient does not get better ventilation (Hayes,
1963). Some victims have been mistakenly believed to be drunk on
alcohol until the proper history was obt *int d.

Undiluted DNISO produced a deprenion of spontaneous motor
activity without an effect on hexobarbital sleeping time or the condi-
tioned avoidance response of rats (Wein, 1967).

Brilorioral teal,.--The Continuous Performance Test measured the
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ability of a subject to react to different. 0.02second sequences of
1 etters wit bin 0.69 seconds (Rosvo Id, 1956).

Seconal and chlorpromazine will net to disturb the cortical activat-
ing system of the brain and prothice impairment in performance on
the Continuous Performance Test (Mirsky, et 091959).

Nonfocal (centroencephalic) patients perform more poorly than
focal epileptics on the test of attention, whereas, there was no di tier-
ence on the memory test (M rsky, et al., 1960).

Sleep loss caused decreased performance on the Continuous Perfor-
mance Test (Kornet sky, 1959).

Both sleep deprivation and chlorpromazine produced marked im-
pairment in the performance of the attention test, less so with the
formerall subjects showed slowing of the electroencephalogram,
increased respiratory length and increased finger pulse amplitude as
compared with performance of .subjects when in normal state (Mirsky,
1962). A hypothesis was presented to explain the dissociation of the
effects of various control acting drugs and other agents (Ed note:
Such as pesticides) on performance on the Continuous Performance
Test and th3 Digital Symbol Substitution Test. The tests were affected
differently because they depended on a functioning of different neuro
logical organizations in the brain ( irsky, 1961).

In the pharmacological context of behavioral effect of drugs, there
should be no questioning that organophosphorus compounds, whether
they be drugs or pesticides, do have behavioral effects changing the
response of the patient to dosages of neumt mph" chemicals sufficient
to produce then. Psychosis, reactivated by DFP (Ilowntree. 1950),
persisted for months after the dosage stopped. On the other hand,
sellizorlirenics improved with injection of acetylcholine (Yin mberti,
1016). As in dosage response to drugs, there is a great range of dosag.,
response levels in patients to pesticides. Subjective mood changes have
ken carefully measured for drugs but not as well for pesticides. Con.
ditions of observation for pesticides have not been as well controlled
except in experimental animals where conditioned reflexes and other
behavior changes have Nen Iva documented. Many clinicians have
described all degrees of behavioral changes from brief inattentiveness
to violent mania in acute organophosphorus poisoning. Some observers
have found these less severe behavioral changes in exposed patients
without other classic signs of poisoning.

Confounding the causal relationships of pesticides to behavioral
effects are the mans other undisputed causes of behavior changes:

1. Highly prevalent sychoneuroses And psychoses of nonpesticide
origin. This includes the toxiphobias and emotional antipathies !o
pesticides that are indirectly caused by pesticides. Direct causal effects

411



have been established of pesticides causing psychogenic odor, abhor-
ence, and even nausea with vomiting. Unfortunately, too ninny epi-
demiologic studies of behavior changes from pesticides have not
included adequate control populations to nicastire all these non-
pesticide-cansed behavioral changes.

2. Sleep deprivation and its severe effect on behavior is insufficiently
appreciated by investigators and the public. Many pesticide workers
endure sleep deprivation during and after exposure.

3. The influence of alcohol upon behavior is well-known but diffi-
cult, if not impossible, to measure in conditions of occupational or
population study.

4. Drugs have been proven to interact and potentiate acute poison-
ing but studies below obvious poisoning levels in humans are unre-
ported if not undone.

5. Financial motivations:
Money changes human behavior in relation to pesticides. Medical

insurance payments, rewarding or loss litigation, and industrial com-
pensation have caused patients to malinger and industries to minimize
or conceal toxic effects.

O. Other miscellaneous causes of behavior changes such as aging,
trauma, and hormonal changes in behavior have been documented
before the patient was aware that he was poisoned and sought medical
diagnosis mid care,

Needless to say, n great deal of more careful study needs to Ix' done
on behavioral effects of pesticides on humans and in experimental ani-
mals in order to define which should be attributed soLly to pesticides,
to interacting canses, and to nonpesticide causes.

Corldimionot.There are obvious 'tehavioral effects of organ°.
phosphorus pesticides dining and After the :wine and chronic clinical
poisoning periods. There are conflicting reports of the extension of
roese postimisoning symptoms for up to years or longer. In experi
mental animals, there are behavioral changes long before onset of
other clwic signs of poisoning, In it there is only suggestive conflicting
evidence that this has occurred hi man from pesticides. The proof is al-
ready available from special nerve.type chemical war agents. As with
other mental aberrations, there is indisputable proof that behavioral
changes dangerous to the patient and the public omit r before. he realizes
lie is poisoned with pest irides and seeks medical care. There is no doubt -
Mg the damage to the nervous system up to 2 years causal by one
flimrine-containing organic phosphorus pesticide (milli fox) but this
pesticide has not been used in the U.S.A. Regrettably, but as expected
the literature is con fmed by an assortment of unconfirmed allegations
that organic phosphorus and chlorinated hydrocarbon pesticides
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cause bizarre changes in behavior that presently make no sense at all
to clinical toxicologists, psychiatrists, clinical psychologists, epidemi-
ologists, and public health physicians. Pesticides per Re have not
been established as a cause of schizophrenia or depressive psychoses
even though preexisting attacks may be exacerbated by organo-
phosphorus compounds certainly at clinically toxic levels it not be-
low. Chemical war agents are known to do so, however,
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Experimental al-limit
The toxicity of pesticides has been studied in A variety of experi-

mental animals in an attempt to learn about the toxicity of these
compounds to man.

A correlation has been shown to exist between acute toxicity levels
as determined in experimental animals and the occupational hatard
of pesticides to man based on actual use experience (Chines. W60).
(twines has also presented evidence that there is R closer relationship
between acute dermal IA). values and the occurrence of occupational
poisoning than between oral !Ms,. values and occupational poisoning.
The prediction of occupational poisoning for man may be improved
somewhat by studying the effect of repeated dermal doses of * pesii
cide in animals (11a)-es, 1060).
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There also appears to be a correlation between toxicity values from
experimental animals and the occurrence of fatal poisoning in man.
Hayes and Pirk le investigated the 119 deaths in the United States in
1961 which were attributable to pesticides. Six of these deaths were
caused by chlorinated hydrocarbon insecticides, 24 were due to organic
phosphorus pesticides, and 68 were caused by inorganic and botanical
compounds.

These proportions are in general conformity with the relative acute
oral ',Ds° values for these materials. In general the acute toxicity of
the organic pl:osphorus pesticides is greater than that of the chlori-
nated hydrocarbon compounds; however, the persistence of the latter
is greater. In the fatal cases, only 17 (16 percent) were occupational
while 8') cases (72 percent) involved oral ingestion.

It is difficult to obtain data to confirm that the expected relationship
exists between the toxicity of repeated doses of a pesticide in experi
mental. animals and the hazard of repeated low-level expvsures to
the sane chemical in man for the newer synthetic pesticides, since
most of these compounds have not produced. poisoning in man at low
exposure levels.

The selection of an animal species to provide hdications of hazard
to man is important. There are some manifestations of toxicity which
apparently can only be produced in c main species. For example, the
delayed neurotoxicity ("ginger Para iris" or "jake-leg") produced
in man by triorthoeresyl phosphate and certain organic phosphorus
insecticides, could be induced only in chickens and calves among vari-
ous experimental animals tested.

.iome toxic effects seem to have great quantitative variations be
tween species, such as the liver histopathology seen with low dosages
of DDT in rodents, but only with much higher dosages, if at all, in
other species. There are also differences in the metabolic pathways of
foreign chemicals, including pesticides, between different st ecies, For
example, the rat and man convert 1)1)T to D1)E while the monkey
seems to lack this capacity.

In addition to studies in experimental animals, some interesting
work has also been done on pesticide toxicity in tine culture (Gab-
liks, l965). This technique has been little used to date but may have
potentiality as an easily standardized and controlled indicator of
toxicity to animals and man.

Acute and chronie toritity.The most basic information on pegi
tide chemicals is the acute toxicity (mustily in the form of the Li)
value) to an experimental specks (usually the rat). These s!udies are
very widely done by manufacturers, consulting laboratories, univer-
sities, and (Internment agencies. An up-todate publication on the
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subject which lists I.D5o values for many of the currently important
pesticide chemicals has recently appeared (Gaines, 1969). The LD50
values given in this paper should be useful in providing estimates of
relative toxicity of these compounds since all the tests were carried
out under standardized conditions using the same rat stains.

Also obtained from these studies of acute toxicity is information crt
the symptomatology produced. In general, experience has shown that
symptomatology for poisoning by a given compound tends to be simi-
lar in different species. Thus, this information is useful for man.

The principal, if not the exclusive, acute action of DDT and the
other chlorinated hydrocarbon pesticides is on the nervous system,
The exact nature of the action is unknown.

In animals, the earliest apparent effect of DDT poisoning is abnor-
mal susceptibility to fear, with violent reaction to stimuli that nor-
mally would be unnoticed (Hayes, 1965). There is definite motor
unrest and an increased frequency of spontaneous movements. A. fine
tremor appears and becomes constant, interfering with normal activ-
ity. As the nervous system involvement progresses, there are attacks
of epileptiform tonoclonic convulsions. Death may result from
ventricular fibrillation.

In addition to their major effect on the neuromuscular system, DDT
and the other chlorinated hydrocarbon pesticides produce minor
changes in the liver, especially in rodents (see later discussion) and,
to a still lesser degree, in other organs.

These compounds are cumulative, being stored in body fat. Illness
in experimental animals caused by repeated exposure to DDT is essen-
tially identical with illness caused by a single dose of sufficient size.

Effective therapy is forthwith apparently restricted to efforts to
remove the poison and to control tremor, convulsions, and other central
nervous system effects. Short-acting barbiturates are used to control
central nervous system hyperactivity. A very high dosage- en-
ough to produce anesthesia under normal conditionsmay be re-
quired and is tolerated without undue depression in the presence of
poisoning. Although these various aspects of treatment were worked
out in studies with experimental animals, they appear to be applicable
in man.

The organic phosphorus pesticides appear to act primarily, if not
entirely, through inhibition of the enzyme, cholinesterase. Symptoma-
tology is associated with over stimulation of the parasympathetic
nervous system. Differences in activity levels of cholinesterase in vari-
ous species presents somewhat of a complication in making compara-
tive studies.
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However, suitable modifications can be made in the cholinesterase
methodology (for example, Frawley et al., 1955) to compensate for
these differences.

Atropine and the oximes are antidotal in both experimental animals
and man.

In pesticide toxicity studies with experimental animals, a number
of factors have been found to be important in determining the response
of the animal to the toxicant. These factors include differences in the
physiological state of the animal (species, age, sex, disease, and nutri-
tion) and differences in the environment (temperature and light).
Some of these factors have also been noted to have similar effects on
pesticide toxicity in man. In other instances, data on the importance of
these influences for human toxicity is not available.

1. Species.Tho toxicity of pesticides, in common with that of
many other poisons, varies considerably between phyla, classes, and
species of animals. The high toxicity of the organochlorine insecti-
cides generally to fish (Doudoroff et al., 1953) and the refractoriness
of goats to DDT (Hayes, 1959) are examples. Rotenone is highly toxic
to 1511 (Gersdorff, 1930), moderately toxic to certain mammals, such
as the guinea pig (Shimkin and Anderson, 1936), but only slightly
toxic to birds, especially the chicken (Cutkomp, 1943). Recently, it
has been shown that Korbormide is a rather specific toxicant for the
Norway rat (Roszkowski, 1965) and it is used as a rat poison. From
a practical standpoint, insects and mammals show a tremendous dif-
ference in their susceptibility to various pesticidal compounds. At
least for DDT, this is due primarily to the great difference in the
ability of the two groups to absorb the compound (Hayes, 1959).

Murphy and DuBois (1957) noted differences between the guinea
pig, cat, and mouse in the metabolism of the active anticholinesterase
agent formed from azinphosmethyl (Guthion). They suspected that
the rapid destruction of this metabolite by guinea pig liver might be
partly responsible for the relative resistance of this species to poison-
ing by azinphosmethyl.

Brodie and Maickel (1962) have studied the mechanisms by which
different varieties of animals dispose of lipid-soluble foreign com-
pounds. They were able generally to account for the relative effect of
the drugs tested on various species of animals on the basis of differ-
ences in liver microsomal enzyme activity. They also made some fas-
cinating reconstructions of the evolution of biochemical processes in
the metabolism of foreign compounds. They noted that, as in many
other biological processes, the development of the drug-metabolizing
enzyme system in a maturing animal goes through successive stages
similar to those in the phylogenetic succession.
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There are both qualitative and quantitative differences between
species with regard to pesticide metabolism. Thus, although monkeys
(Durham et al., 1963) and rats (Hayes et al., manuscript in prepara-
tion) fed DDE store the compound in adipose tissue, and although
DDE is found in the fat of rats fed DDT, monkeys on DDT diets
store little or no DDE. It appears that the failure of monkeys fed
DDT to store DDE is not due to an inability to absorb and to store
DDE but rather to an inability to convert DDT to DDE. The monkey
does excrete DDA in the urine, as do men and rats. The sex differences
for DDT and DDE storage (Durham et al., 1956) and for suscepti-
bility to parathion jDuBois et al., 1949) and to some other organic
phosphorus pesticides (Gaines, 1960) that occur in rats have not been
noted in other species studied. However, not enough is known at the
present time about. the response in man to either DDT or parathion to
know whether or not a sex difference exists.

2. Age.Newborn animals of several spc .lies have an almost com-
plete lack of ability to metabolize certain drugs (Fouts and Adamson,
1959). However, this capacity increases-quite rapidly during the first
few weeks of life.

The lack of microsomal activity in the neonatal liver correlates well
with the observed sensitivity of the newborn of several species to some
pesticides. Thus, the toxicity of EPN (Murphy and DuBois, 1958),
and of ethyl fenthion (DuBois and Puchala, 1961), was found to be
much higher in 23-day-old male rats than in adult rats of the same sex.

In a very complete study, Brodeur and DuBois (1963) compared
the acute oral toxicity of 16 anticholinesterase insecticides to weanling
and to adult male rats. All of the phosphorothioates and phosphorodi-
thioates tested were more toxic to weanlings than to adults. The great-
est age differences were seen with EPN and carbophenothion (Tri-
thion) to which weanlings were about five and four times, respectively,
more susceptible than adult males. Weanling rats were only slightly
more susceptible than adults to mevinphos, trichlorefon, and carbaryl.
DEF (Folex) was about twice as toxic to weanlings as it was to adults.
On the contrary, a phosphoroamide, schradan (OMPA), differed from
all of the other compounds tested in that adult males were more sus-
ceptible than weanlings. The factor of difference was about five.

Lu et al. (1965) have studied the comparative oral toxicity of mala-
thion, DDT, and dieldrin to rats of different ages. They found the
toxicity of malathion increased in the following order : adult, pre-
weaning, newborn. However, for both DDT and dieldrin, adult. rats
were more susceptible than newborn rats. With the exception of the
newborn rats, only small differences were noted between the other age
groups tested. The toxicity of DDT increased in the following order :
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newborn, preweaning, weanling, middle-aged, young adult. For diel-
drin the order was '_,ewhorn, adult, preweaning.

The greater susceptibility of the young observed in experimental
animal studies with pesticides seems also to be applicable in man. In
instances in which parathion-contaminated food has been eaten by
people of different ages, death has occurred mainly or exclusively
among children (Kanagaratnam et al., 1960). Children 5 to 6 years old
were killed by eating an estimated 2 nig. of parathion, a dosage of about
0.1 mg./kg. In contrast, daily doses of 7.2 nig. (about 0.1 mg. /kg.)
given to adult volunteers for a period of 42 days produced no signs of
poisoning and no symptoms other than a moderate decrease in blood
cholinesterase level (Edson, 1957).

3. Sex.The acute oral toxicity to white rats of DDT does not ap-
pear to be significantly influenced by the sex of the animals testee. The

values are 113 ing./kg. for males and 118 mg. /kg. for females
(Gaines, 1960). However, female rats are somewhat more susceptible
to repeated doses of the insecticide than are male rats (Fitzhugh and
Nelson, 1947; Haag et al., 1948). Female rats also store more DDT in
their fat than male rats fed at the same dosage level (Hayes, 1959).
Sex differences are apparent in the effect of DDT on liver cell morphol-
ogy and in fat storage of the compound and its metabolite DDE. Male
rats show much more frequent and extensive histological changes in the
liver than female rats when both sexes are exposed repeatedly at mod-
erate dosage levels (Ortega et al., 1956).

The evidence for or against a sex difference in DDT storage for other
species is not so clear. However, in studies on pigs (Harris et al., 1953)
and monkeys (Durham et id., 1963), no sex differences with respect to
DDT storage were noted.

In the rat, a species in which both storage and toxicity frequently
show sex differences, these differences may be modified by sex hormones.
Durham et. al. (1956) studied the influence of hormones and of gonad-
ectomy on the storage of DDT and DDE in the rat. Testosterone pro-
pionate or oophorectomy decreased DDT storage in female rats while
diethylstilbestrol or testectomy increased DDT storage in male rats.
The effects on DDE storage were similar but of lesser magnitude.

In in vitro studies, Murphy and Dubois (1958) showed that the con-
version of azinphosmethyl and of EPN to active anticholinesterase
agents was two to three times greater in the livers of adult males than
of adult female rats. No sex difference in enzyme activity was noted for
animals less than 30 days of age. The losv enzyme activity in the livers
of adult female and of young male rats was increased by testosterone.
The high enzyme activity in the livers of adult males was decreased by
castration and by progesterone of diethylstilbestrol.
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Administration of a male sex hormone to female rats and of a fe-
male sex hormone to male rats tended to equalize their susceptibility to
a single dose of parathion (DuBois et al., 1949).

DuBois and Puchala (1961) demonstrated that ethyl fenthion had
a high toxicity to female rats, male and female mice, and anal) guinea
pigs, while male rats were much more resistant. There was no sex
difference in the toxicity of the oxygen analogue to rats.

In comparison of 141)50 values for male and female rats of 44 pesti-
cides, the male rat was more resistant in 22 cases (50 percent), the
female rat was more resistant to five compounds (11 percent), and
the sexes were about equally susceptible to 17 compounds (39 percent)
(Durham, 1967). There were greater differences between the sexes
in susceptibility to poisoning for the organophosphorus than for the
organochlorine compounds.

There appears to be little or no data on relative susceptibility to
poisoning by pesticides for men and women. However, some data is
available on sex differences in DDT storage levels for man.

Conclusions regarding the effect of sex on the tissue storage level
in man of DDT and other organochlorine pesticides have been differ-
ent in various studies of the matter. In study of 254 human subjects in
Israel, Wassermann et al. (1965) did not find significant differences
in storage of DDT or DDE in relation to sex. Lang et al. (1951), and
Read and McKinley (1961), found that sex had no significant effect
on storage level of DDT or its metabolites which were studied. How-
ever, Zavon et al. (1965) noted a tendency toward a somewhat higher
concentration of dieldrin, 0,1)1-DDT, p,p' -DDT, DDE, and heptachlor
epoxide in men than in women, although the differences were not con-
clusive. Robinson et al. (1965) reported higher concentration., of
DDT, DDE, and dieldrin in adipose tissues from males as compared
to females. On the other hand, Hayes et al. (1965) found that females
stored significantly higher levels of p,p' -DDT and of beta-BHC
than did males. Application of a recently developed procedure has
indicated that concentrations of several organochlorine pesticides
occur at higher levels in blood from males than from females in the
general population (Dale et al. 1966).

4. Disease.Diseased animals have been shown, under certain con-
ditions, to have different responses to the added stress of exposure to
a pesticide than do healthy animals.

The interaction of DDT and trichinosis has been studied in rats
(Hayes and White, manuscript in preparation). Trichinosis was
chosen for investigation because it was easily transmitted but pre-
sented minimal danger of unintentional spread and because, with
selected dosages, it produced a disease which, although severe, was
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generally nonfatal in the absence of other stress. The administration
of repeated doses of DDT, known to produce extensive storage of the
compound in fat, increased mortality in rats infested with Trichina
only slightly. Infestation with Trichina larvae caused a dramatic loss
of weight which was similar in rats which received DDT and in those
which did not. The changes in storage of DDT and DDE which were
seen in rats infested with Trichina could apparently be accc.unted for
by the weight loss which occurred.

Under ordinary conditions, methoxychlor has a low order of toxicity
for rats and shows little tendency for accumulation in the fat and
other tissues. However, in rats whose livers had been severely damaged
by carbon tetrachloride, the toxicity of methoxychlor was increased
markedly as was its propensity for storage in body fat (Lang and
Kunze, 1951). However, hi an acute study there was little difference
in DDT toxicity noted between normal rats and rats with carbon
tetrochloride-induced liver damage (Judah, 1949). One might inter-
pret these data as indicating that, under these circumstances, the
liverand perhaps the liver microsomal enzymeswere of consider-
able importance in the metabolism of methoxychlor but of less conse-
quence for the handling of DDT. However, Judah (1949) did note
that rats and rabbits with extensive, long-standing liver damage were
more susceptible to DDT poisoning than were control animals. Par-
tially hepatectomized rats showed a somewhat greater susceptibility to
dermally applied dieldrin 50 mg./kg.) than did control animals
(I.D6a, 90 mg./kg.) (Durham and Hayes manuscript in preparation).

There is also some information available on the effect of disease on
susceptibility to pesticide poisoning in man.

An individual who was said to be "sickly" and hungry at the time
of eating the compound, became ill following the ingestion of 6 mg./
kg. of DDT (Hsieh, 1954). In other persons in this same incident and
in other reports from different situations, illness followed ingestion of
doses of 10 mg./kg. or greater, but smaller doses generally have not
produced poisoning (Hayes, 1955).

Maier-Bode (1960 found no essential difference in storage of DDT
or DDE between 21 persons who died of cancer, and 39 persons who
died of other diseases. Robinson et a]. (1965) detected no differences
in total DDT-derived material or dieldrin between 50 .)iopsy and 50
necropsy samples. Nor was there any correlation for the necropsy
samples between storage levels and cause of death, classified as neo-
plasm, cardiovascular disease, infection, or accident.

The metabolism of parathion in man, as measured by excretion
levels of p- nitropheno], was influenced by intercurrent disease, and
skin and kidney pathology (Davies et al., 1965).

430



5. Nutrition. In the case of the organochlorine materials, which
have been of most interest in this regard, the mass of body fat present
in the is cll-f0d animal serves as a protective mechanism by storing the
insecticide and, thus, shielding the senstitive nervous tissue from the
poison. In the starved animal this protective mechanism is either ab-
sent or is present in reduced amount. The lowered liver microsomal
enzyme activity of starved animals may influence their susceptibility
to poisoning. Furthermore, if the starved animal had already stored
a significant amount of one of the organochlorine pesticides prior to
starvation, then the amount of insecticide mobilized along with the fat
during starvation might be decisive in determining the outcome of a
new exposure to the same or a related poison {Dale et al., 1962).

It has been shown that both mammals (Spicer et al., 1947) and fish
(Hoffmann and Surber, 1949) which are in good condition, especially
those which 'are fat, are more resistant to DDT poisoning. DDT poi-
soning in birds is accentuated by starvation. Rats which had been
given relatively large dosages of DDT to produce significant fat stor-
age levels of the compound developed characteristic DDT tremors
during starvation (Fitzhugh and Nelson, 1947). However, attempts
to produce symptoms of poisoning in animals previously dosed with
dieldrin by starvation have not been successful (Hayes, unpublished
data).

Both the mouse and the rat showed increased toxic effects from DDT
when the percentage of fat in the basal diet was increased from 5 to 15
percent (Sauberlich and Baumann, 1947). A reduction in the level of
dietary fat to 0.5 percent decreased the toxicity of DDT to both spe-
cies. All lipids tested, including a highly saturated fat {hydrogenated
coconut oil), moderately saturated fats (butter and lard), and highly
unsaturated fats (peanut oil or corn oil), produced essentially equal
effects. The effect of the fat was not modified by the addition of chol-
esterol at a dietary level of 0.5 percent. The authors reasoned that the
increased toxic effect of DDT when the compound was given in a high
fat diet was due primarily to promotion of absorption of the toxicant
by the fat. Varying the protein content of the diet produced opposite
effects from changes in the fat moiety. Thus, an increased protein con-
tent (above 20 percent) tended to be associated with a smaller DDT
effect, while a decreased protein content (10 percent) apparently re-
duced resistance to DDT.

The changes in storage and excretion of DDT in rats as a result
of starvation have been studied by Dale et al. (1962). In these starva-
tion tosts, mobilization of body fat resulted in an increased concen-
tration of DDT-derived material in that tissue, and a corresponding
increase in other tissues studied (plasma, brain, liver, and kidney).
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An augmented excretion of metabolites ocurred during starvation in
spite of decreased intake of DDT. The increased excretion was inade-
quate to prevent the increase in concentration of DDT-derived mate-
rial in the body tissues studied, although it tended to do so. In this work
no effort was made to assess the role of the liver microsomal enzymes,
or the effect of starvation on their function. However, such a study
would be complicated by the apparent large increase in DDT dosage
produced by release of the compound from mobilized fat.

The effect of the level of dietary protein on the sub-acute toxicity of
dieldrin added to the diet has been studied in rats (Lee et al., 1964). A
low (10 percent) protein diet accentuated the toxic effect of dieldrin
us measured by increased mortality, increase in liver lipids, decrease in
total liver content of vitamin A, and more marked histopathology in-
volving cellular edema and fatty infiltration. However, total liver
weight in dieldrin-fed rats was unaffected by a low protein diet but
was increased.by a high protein (25 percent) diet.

A dietary deficiency of riboflavin or nicotinic acid can accentuate
dieldrin toxicity in rats (Tinsley, 1966). Also, dieldrin appears to
interact in the metabolism of unsaturated fatty acids and accentuates
an essential fatty acid stress.

Dietary DDT at levels of 10 to 100 p.p.m. decreased the utilization
of vitamin A and carotene in the rat as measured by liver storage
of vitamin A (Phillips, 1963).

6. Temperature.Baetjer and Smith (1956) have reported that
parathion is more toxic to mice at higher environmental temperatures.
The temperature effect was less marked when the parathion was in-
jected intravenously than when it was given intraperitioneally. The
authors interpreted this difference as an indication that variation in
the rate of absorption was probably the most important factor causing
the increased toxicity at higher temperature. Sari', was more toxic to
monkeys at an environmental temperature of 38° C. than at 25° C. fol-
lowing either percutaneous or respiratory exposure (Craig et al., 1959).
However, sarin was more toxic to hibernating than to warm, nonhiber.
waling hamsters (Scaife and Campbell, 1958). Rats held at ordinary
room temperature withstood 4,000 p.p.m. malathion without showing
signs of intoxication (Marton et al., 1962). However, when these rats
were clipped and exposed to an ambient temperature of 1.5° C. they
survived for a much shorter period in the cold environment than did
control animals not receiving malathion.

DDT, warfarin (Keplinger et al:, 1959), and azinphosmethyl (Was-
sermann et al., 1963) are more toxic to rats at 36° C. than at lower
temperatures (4° to 8° C.). Warfarin differs from the other compounds
tested in that it is least toxic at an intermediate temperature (26° C.)
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and then becomes more lethtl as the animals are cooled or warmed
(Keplinger et a1.,1959).

Temperature has also been shown to interact with pesticide exposure
in affecting the physical performance of rats. Thus, rats repeatedly
fed amounts of DDT in their diet which did not otherwise produce
symptoms showed a decreased ability to swim in cold (20° C.) water
(Toxicology Section, unpublished data).

It is well known that the nit rophenols, including those used as pesti-
cides, are more toxic at higher environmental temperatures (Sol !mann,
1948). The toxicities of DNOC and dinitroo-phenol to rats are sig-
nificantly greater at 36° C. than at 10° C. (Keplinger et al., 1959).
The same is true of pentachlorophenol. These compounds act by
increasing the oxidative metabolism and, therefore, the heat produc-
tion of the body, chiefly by direct peripheral action (Hayes, 1963).

Some observations in man also indicate an effect of temperature on
the toxic effect of pesticides. Volunteers given dermal doses of para-
thion showed an increase in their excretion of p- nitrophenol associated
with an increase in ambient temperature (Fnnckes at al., 1963; Dur-
ham et al., manuscript in preparation).

In studies of workmen exposed to parathion while spraying under
field conditions, excretion rates of p-nitrophenol for men with appar-
ently similar contact with the poison were generally higher during the
hot days of July than during the cool days of May (Durham et al.,
manuscript in preparation).

It has long been the observation of physicians and others in certain
agricultural areas that poisoning from the organophosphorus insecti-
cides occurs more often in unusually hot weather than under cooler
conditions. However, more spraying is done in the warmer weather;
therefore, any valid conclusion based on epidemiological data relating
to the effect of temperature on poisoning would have to take into
account the intensity of exposure and the size of the population at
risk.

7. Light Insofar as pesticides are concerned, light seems to be a
much less important environmental factor than is temperature in
effect on toxicity.

However, ultraviolet light can catalyze the oxidation of a number
of organophosphorus pesticides, including parathion which was con-
verted to the more toxic oxygen analogue, paraoxon (Cook, 1955;
Frawley et al., 1958).

Photosensitivity has been demonstrated in rats with hexachloro-
benzene-induced porphyria (Pearson and Malkinson, 1965).

Pathology.With the exception of the neurotoxic effect which
occurs with certain compounds, the pathology associated with exposure
to the organic phosphorus pesticides is not noteworthy. However, the
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chlorinated hydrocarbon compounds do produce significant histopath-
ology, particularly of the liver, in animals which are subjected to high
levels over long periods of time.

The histopathology associated with pesticides which has caused
the most discussion occurs in animals given repeated doses of I)DT
1;r of certain other of the chlorinated hydrocarbon compounds. His-
iological changes occur in the livers of rats even at very low levels of
I )DT in their diet. These changes were first reported by Kunze et al.
(1949). These workers reported that histopathology could be detected
in the livers of rats maintained for six months on a diet containing 5
p.p.m. of DDT. However, Cameron and Cheng (1951) were unable
to demonstrate any pathology in rats sacrificed after being dosed
for more than a year at levels corresponding to food concentrations
up to approximately 350 p.p.m. Some other workers, including Deich-
ann and colleagues (1950) and Treon and Cleveland (1955), re-
ported liver changes induced by relatively low dosages of DDT, while
Haag and associates (1948) and Greenwood and coworkers (1953)
failed to find such changes. Ortega et al. (1956) reported that liver
cell necrosis occurred with dosages in excess of 1,000 p.p.m. but not
at lower levels. Histological changes restricted to the liver occurred
at levels as low as 5 p.p.m., but liver function, as measured by brom-
sulphthalein excretion, was not affected in rats fed 400 p.p.m. or less.
The histological changes in the parenchymal cells of the liver con-
sisted of an increased deposition of fat, margination of cytoplasmic
granules, hypertrophy of the cells, and most characteristicthe for-
mation of complex, lipoid cytoplasmic inclusion bodies termed "lipo-
spheres". Ortega (1962) has more recently reported additional details
of these cytoplasmic. alterations as noted in studies using both light
and electron microscopy.

The similarity in both etiology and appearance of these histologic
changes with those characteristic of microsomal enzyme induction
have led sonic observers (Ortega, 1962; Ferrigan et al. 1965) to label
them as adaptive rather than as a pathologic process. The DDT-
induced histologic changes have never been correlated with hepatic
dysfunction. The cange:, in liver cell morphology occur in the rat
at a much lower dietary level of DDT than do other "toxic" effects.
The fact that histological changes similar to those noted with I)DT
occur with phenobarbital and are correlated with enzyme induction
suggests a similar view for the DDT-produced changes. There are
several bits of experimental evidence to support such a view. Ortega
(1062) has noted that chronic feeding of DDT produced a consider-
able increase in the amount of SER in the liver cells with a partial
displacement of rough-surfaced reticulum. Most significantly, Ferri-
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gan et al. (1965) have pointed out that, for rats fed dieldrin in their
diet, these specific structural changes in the liver were related more
to intensity and duration of exposure than to intoxication. In fact,
the liver changes were not found in intoxicated rats, only in unin-
toxicated ones.

Monkeys develop liver histopathology only with relatively high
dosage levels of DDT (Durham et al. 1063). No liver histopathology
occurred in monkeys fed DDT at dietary levels of 200 p.p.m. or less
for periods of up to 7.5 years. One of six monkeys fed 5,000 p.p.m. of
DDT did develop the cytoplasmic inclusions which have been charac-
teristically associated with chlorinated hydrocarbon poisoning in
the rat.

Chlorinated hydrocarbons other than DDT also prodr.,:e these liver
changes in rats (Ortega et al. 1057). The lesions were produced at
miniinum dietary levels of 2.5 p.p.m. for dieldrin and chlordane and
50 p.p.m. for lindane and toxaphene.

It is generally agreed from studies in a vide variety of species of
animals that large doses of DDT can cause liver cell necrosis (Hayes
1959b), but this effect must not be confused with the reversible effects
of small doses discussed above.

It is interesting to note that, in rats poisoned with huge doses of
chlorinated hydrocarbon pesticides, increases in liver weight and in
liver fat content have been noted for DDT (Sarett and Jandorff 1947)
and for dieldrin (Durham et al., manuscript in preparation).

I)DT has been shown to cause atrophy of the adrenal cortex (Nel-
son and Woodard 1949). This finding is of particular interest in view
of the fact that, in animals exposed to I)DT, high levels of DDT are
stored in the adrenal gland in comparison with other tissues. This
effect has been shown to be due to the o,p'-DDT isomer present. in
the technical product (Cueto, Brown, 1958).

Storage.Pharmacodynamies is being considered in a separate
section of this report. However, the good correlation between tissue
storage for the chlorinated hydrocarbon pesticides between experi-
mental animals and man is worthy of brief comment here.

On a constant. dosage of DDT both experimental animals (Hayes
1959) and man (Hayes et al. 1956) show increased fat storage of the
compound for a time but eventually reach a plateau level beyond which
further accumulation does not take place even though dosage is con-
tinued. Loss of the compound from storage is slow in both experimental
animals and man. The rate of loss is proportional to the storage.

Induction of liver inicro8omal enzymes. One of the important
pharmacologic properties of the chlorinated hydrocarbon pesticides
is their capacity to stimulate activity of the drug-metabolizing
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enzymes in the liver microsomes. This effect was first noted for
chlordane among the chlorinated pesticides (Hart et al., 1963) but
since has been reported for an additional number of these compounds.

There also seems to be considerable variation between different,
phyla, classes, groups, and species of animals with regard to micro-
somal enzyme activity. In some species, such as the rat, there are
sex-related differencess in enzyme level. There are also differences
between aquatic and terrestrial animals. For example, these enzymes
seem to be almost completely lacking in fish (Brodie and Maickel
190). Many of the differences between various species with regard
to susceptibility to certain chemicals including pesticides, can be ex-
plained on the basis of these differences in microsomal enzyme
activity.

The microsomal enzymes are essentially absent in the newborn, but
build up rapidly in the early days or weeks of life (Fouts and Adamson
1959).

The changes in activity of the liver microsonial enzymes have been
shown to be accompanied by characteristic changes in the ultrast ruc-
titre of the liver cell. Thus, Fouts (1962) and Remmer and Merker
(1963) have shown that increases or decreases in liver microsomal
enzyme activity are paralleled by similar changes in the amount of
SER in the liver cells. Fouts and Rogers (1965) have published excel-
lent photomicrographs which illustrate the differences between normal
liver cells and liver cells from enzyme-stimulated (phenobarbital-
treated) rats. As discussed above under pathology, these histologic
changes ate thought by some observers to be identical with those
caused by low levels of DDT and other chlorinated hydrocarbon
pest kicks a lid /libelled as pathologic.

Although the matter of interaction is being considered by another
reviewer, one aspect of this subject shows so beautifully the extension
of animal findings into man that it deserves to be mentioned here.

Street, (1964) reported that the storage of dieldrin in fat of female
its was markedly depressed when DDT and dieldrin were fed simul-
taneously. On the other hand, addition of methoxychlor to the diet
did not affect the dieldrin storage pattern. A similar effect on fat
storage of dieldrin in the rat was also produced by certain drugs,
including phenobarbital (Cueto and Hayes 1965), aminopyrine, tol-
butamide, phenylbutazone, and heptabarbital (Street et al. 1966).

Very recently, Davies et al. (1969) have described lowered blood
levels of DDE in patients taking the anticonvulsant, drugs phenobar-
bital and diphenylhydantoin (dilantin). The microsomal inductive
effect, of DDT has been utilized therapeutically by Thompson et al.
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(1969) in the treatment of a case of familial unconjugated nonherno-
lytic jaundice with DDT.

/',production.There is now a considerable volume of data avail-
a ie on the effect of pesticides on reproduction in experimental ani
Inds. A two generation study in two species is required for compounds
to be granted a tolerance level in food. In general, the results of these
studies have been reassuring. In few instances have effects on re-
production occurred in the absence of other signs of toxic effect.

In addition to any possible effects on reproduction, DDT and the
other chlorinated hydrocarbon pesticides may also poison the young
by way of the mother's milk, since these compounds Are excreted in
the fat moiety of the milk in exposed animals.

Some workers have postulated an estrogenic effect foe DDT or its
congeners based on general steric similarity to diethylstilbestrol. Bur-
lington and Lindeman (1950) showed that DDT produced a strik-
ing inhibition of testicular growth and secondary sexual characters
of cockerels. Welch et al. (1969) reported that technical DDT; p,p'-
I)DT; o,p'-I)DT; and methoxychlor had estrogenic effects in the rat
as shown by an increase in uterine net weight.

however, Fisher et al. (1952) concluded that p,VDDT did not
have estrogenic activity since it failed to maintain estrus in ovariecto-
mized rats, although an analog (2,2'-bis(p-hydroxypheny1)-1,11,1-
t richlot oet ha ne) did show such activity.

In addition to this poible direct estrogenic effect, DDT and the
other chlorinated hydrocarbon pesticides may affect reproduction
through their microsomal inductive Activity. This increase in drug
metabolizing enzyme activity is accompanied by an increased con-
version of steroids to polar metabolites (Kupfer, 1069; Welch et Al.,
1969). The significance of this effect for mammalian reproduction has
not yet been shown. however, it has been postulated (Wurster 1069)
that this action is responsible for the decreases in eggshell thickness
observed in certain bird species fed chlorinated hydrocarbon pesti-
cides (St ickel, 1969).

There have been reports of a number of wild bird species, notably
the peregrine falcon and the bald eagle, which are showing declin
ing reproductive success and population numbers. This decline has
been attributed to chlorinated hydrocarbon pesticides by some ob-
servers Risebrough, 1969; Il'urster, 1969). The estrogenic. and enzyme
effects noted above indicate a passible mechanism for such an etiology.
However, there seems at this time to be a very reasonable doubt that
residues of the chlorinated hydrocarbon pesticides are found in the
natural feed of these birth at levels equivalent to the dosage neces-
sary to produce t hese e fleets.
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In studies with the developing chicken embyro involving more than
.100 chemicals, including a number of pesticides, high and specific
leratogenic activity was noted with 3 fungicides-captam, folpet, and
iiifol:tlnn (Verrett et al., 1969). Captan has also produced mutagenic
effects in bacteria, in a heteroploid human embyronic lung cell line,
and in a cell line derived from the kidney of the rat. kangaroo (Lega-
tor et al.. 1969).
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1'REV}.XTIV1 AND THERAVEll'IC MEAStIMS

Since the end of World War II, many new chemicals for the pro-
tection of crops and the abatement of nuisances arising from the
presence of various types of pests have come into use. Pesticides, be-
cause they are designed to injure some living species, may have a
potential for harming MM. Such harm may arise as a result of use
of consumption of stored or agricultural products treated with pesti.
cidal chemicals or of handling such chemicals during their application
to stores or produce. Here, we shall be concerned only with risks to
man from thehandlingand application of pesticidal chemicals.

California, the Slate that uses about one-fifth the total amount of
pesticidal chemicals consumed within the entire United States per
year, requires its physicians to report attendance upon any injured
worker (section 6407 of the Cali fornir- Labor Code). This system has
allowed the Bureau of Occupational Health of the California Depart-
ment. of Public Health to report that, during the years 1935 and 1966,
the greatest number of occupational illnesses attributed to economic
poisons was held to be due to organophosphorns compounds. The next
highest number of illnesses (about 79 percent of that attributed to
organophosphorus compounds) was due to herbicides, with phenolic
compounds, halogenated hydrocarbons, fungicides, compounds con-
taining Pb or As, organomercurial compounds and carbamates follow-
ing in order of decreasing activity in causing sickness.

Although the experience of California with pesticidal chemicals
may riot be typical of the entire United States (in New York State,
the majority of poisonings by pesticides reported by Poison Control
Centers within the State are due to insecticides; rodenticides cause
about 25 percent of the reported cases and herbicides only about 4
percent whereas in California herbicides initiate apparently about 2
percent of the illne&-ses), that State's figures for the incidence of dis-
ease due to economic poisons may serve as a guide to what the other
States may expect as their agricultural activities become more intensive
in response to the need to provide food for a progrmively increasing
human population.

In the total of illnes ses caused within California by economic poi-
sons, the most common type of effect was the development of some sort
of skin condition, with an eye condition, a generalized intoxication,
a chemical burn and a respiratory condition following in order of
decreasing incidence. When one considers individual types of economic
poisons, one finds that herbicides and phenolic compounds 'me similar
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hierachies of effects, with au eye condition leading the other sorts of
actions as the most common and being followed in order by a skin
condition, a chemical burn, a respiratory condition and a generalized
intoxication. The other 8 types of economic poisons have various, and
possibly characteristic, hierachies of toxic actions. All these heirarchies
are summarized below, in units of the incidence of the least common
effect for each type of economic poison.

Skra
tor:1111°n

Nye
condition

General
I ntotka-

t lon

Chernkal
Burn

Respira-
tory

condition

Organophosphorus derivative.. 21. t 13.:i 149. 0 1. 0 3. 3
lIalogenated hydrocarbon. 4.8 4. 2 3.0 1. 4 I. 0
Pb or M derivativ 4. .1 2. 0 3.0 1. 5 I. 0
lIerbleid. 12. 4 19. 0 1. 0 6.4 I. 2
OrganolIg derivative. 4. 0 2. 0 1. 0 Et. 0

Fungicide 10. 5 8. 5 1. 0 2.3 3. 0
Phenolic compound. 26. 0 32. 0 1. 0 20. 5 2. 0
Carbamates I. 0 1.0

This compilation shows that the only type of economic poison that
is especially likely to cause generalized intorication is the organophos-
phorus derivatives. Either the skin or the eye is the part of the body
most likely to be injured by most of the other types of economic
poisons, with a chemical burn being the most common type of injury
by the organomercurials. Hence protection of the eyes and skin from
accidental contact with pesticidal chemicals is important for all prin-
cipal types; in the case of organophosphorus compounds especially,
protection from inhalation or ingestion of pesticides is important also.

/. l'rremployment ezaminationo.-Because the skin is at least to some
extent a barrier that denies access to the interior of the body by ex-
ternal influences and because the skin is injured also by many economic
poisons, a normal, healthy skin without a previous history of exanthe-
matous or other sorts of pathologic changes should be R primary re
quirement in any preemployment medical examination of a prospective
employee who may 1* exposed more or los continuously to pesticides,
Similarly, the eyes should be examined carefully by the use of fluores-
cein or other appropriate dye for evidence of previous ulceration or
damage.

Because both the organophwphorus and the halogenated hydrocar-
bon compounds can induce the electrical seizure patterns in the 1-',E0,
an EEO examination, includinit voluntary overbreathing, should be a
NA of any thorough preemployment physical examination of a pros-
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pective pesticide operative. Good general physical condition of a new
pesticide operative should be assured medically; this involves the
examiner's taking special care to assure himself that the respiratory
and cardiovascular systems have not been damaged in any way and
that hepatic, renal and gastrointestinal functions are normal.

2. Personal protection against exposure.Although employers can
institute rules and procedures for the safe handling of pesticides, the
individual worker is the final arbiter of his own safety when using
these poisons. In particular, he must understand both the need for,
and the correct use of, such protective clothing as rubber gloves, rubber
boots, rubber apron, impermeable raincoat, goggles, face shield, imper-
meable hood, dust mask and rubber face mask with protective
cannister.

It is the responsibility of the employer to assure that his personnel
understand the correct use, and indications for the use, of the protec-
tive items mentioned above and that the articles appropriate for the
work that the employee will be required to perform are available to
him. It is the responsibility of the employee to conscientiously use
the protective items and procedures appropriate to the work that he
performs. The pesticide operative's supervisor has responsibility for
assuring both that the employee knows the proper use of the protec-
tive items made available to him and that the employee makes correct
use of the protective items and procedures that pertain to his handling
of particular pesticides

Whenever the more potent organophosphorus compounds (such as
demeton, or systox, and dimefox) are handled or any potent pesticide
is applied as an aerosol within a greenhouse, a full face mask with a
protective cannister and an impermeable hood should be worn. In other
situations, goggles, a face shield or a dust mask, as appropriate, is
usually sufficient protection to the head and neck region.

For protection of the body in general from the most toxic materials,
boots, rubber gloves and cither an intpermeable coat or a tightly-
woven coverall and a rubber apron should be worn whenever con-
centrated pesticidal chemical must be handled by the employee. After
the concentrated material has been diluted for use, spraying from the
ground should be performed when wearing rubber gloves, rubber
boots, and an impermeable coat or, at the least, a coverall and rubber
apron. If spraying is done overhead, an impermeable hood should be
worn in addition to any other protection of the head and neck region.

The pesticide operative should be acquainted with several addi-
tional general procedures relating to his own safety during mixing and
spraying operations:
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1. Do not smoke during diluting and spraying operations. Ciga-
rettes or other items of tobacco should not be carried on the
person during these operations.

2. Wash face and hands well before smoking, eating or drinking
during the workday.

3. Shower or bathe thoroughly at the end of the workday.
4. Do not try to clear a blocked nozzle by sucking or blowing with

the mouth.
45. Avoid spray drift.
6. Clean protective clothing and equipment frequently and store

carefully to avoid tearing or creasing that may lead to breaks.
Permeable clothing should be laundered after each day's use,
at least. In case of a spill onto such clothing, the contaminated
article should be removed at once and replaced by a fresh item.

A number of studies have been made of exposures of industrial and
agricultural workers to pesticides (1 40, for example). These find in
general that industrial workers suffer more intense exposures to pesti-
cides than agricultural workers. Iii a study of workers using DDT
under various situations, Wolfe, et al. (17) found that a man spraying
DDT inside a house received a total exposure to this chemical about
7.3 times that of a man applying the same spray outside a house, re-
ceiving about 041 times as great an exposure by tile respiratory route
and about 7.2 times as much by dermal contamination. Durham and
Wolfe (3) reported that it man spraying apple trees with DDT had
essentially the same exposure to that insecticide as a man spraying out-
side a house for vector control. Dermal contamination contributed
2,246 times as much exposure to DDT in these outside situations as
inhalation. Durham and Wolfe (4), in a similar study with parathion,
found that dermal contamination contributed about 1,650 times as
much exposure to this organophmphorns compound as inhalation.
When aerosolized chlorthion was dispersed, Culver, et al. (19) found
that cutaneous contamination WAS only 10 times as important as in-
halation as a route of exposure. When a mist of parathion was sprayed
on tomato plants, Simpson and Beck (19) found that cutaneous ex-
posure was slightly less than 31.4 times as contributory to intoxica-
tion as was inhalatory exposure.

Intoxication by pesticides is a particular ballad to aeroplane pilots
engaged in custom application of such compounds becalm each man's
safety depends on his being constantly alert and vigilant in making the
small adjustments required to keep the plane flying at the proper alti-
tude in its flight pattern. In an analysis of accidents to aerial appliers
of agricultural chemicals between 1963 and 1966, fleigh and Berner
(10) repotted that the accident rate for aerial appliers was three times
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as high as that for such commercial flying as operation of an air taxi.
Factors relating to the condition of the pilot were considered causative
in 63 to 70 percent of all crashes during the 4 years of the study. In 12
fatal crashes studied, the blood cholinesterase levels of the pilots were
significantly lowered in 8. The importance of this factor is emphasized
by the cases reported by Smith (LI), which illustrate the value of the
pesticide operative's being aware of the significance of subjective
changes. As an example, one ease reported by Smith was of a pilot
Ivho had experienced blurred vision and extreme fatigue for 3 weeks

but refused to take time off or to have the cholinesterase activity of his
blood checked. The pilot, lost, control of his plane at about 200 feet and
crashed; he died 3 days later, but of pesticide poisoning rather than of
trauma.

The experiences summarized in the two preceding paragraphs rein-
force the general suggestions stated previously for safe handling of
pesticides. They mirror particularly clearly the importance of protec-
tion of the skin from contamination by pesticides in liquid preparations
and of protection of the respiratory system whenever pesticide aerosols
are used, especially when such aerosols are generated within enclosed
spaces.

.1. Personal indicators of ovcrexosure.---At the prese:tt time, the
two groups of chemicals used most widely as pesticides are the chlori-
nated hydrocarbons and the inhibitors of cholinesterase (including
organophosphorns, carbamate and bisquaternary Amine types). Types
of pesticides of some importance are thiocyanates, dinitro derivatives
of phenol and cresol, anticoagulant compounds, fluoracetate and fluor-
acetsmide, such herbicides as di (p.p.-N-methylanilinium chloride), or
paraquat, and a number of others. The characteristics of poisoning by
pesticides of various types are summarized in handbooks (204i. for
example). No attempt will be made to summarize them here, but em-
phasis is placed on the importance of the worker's taking steps to
familiarize himsela.. with the effects to be expected from the materials
with which he works. The worker must be impresczed with the ideas
that a stout heart and strong muscles to do not necessarily- protect
against poisoning by pesticidal chemicals, that prudence in taking
proper measures to prevent poisoning is good sense rather than coward-
ice, and that recognition of incipient poisoning in himself and seeking
appropriate medical alai Lance, or avoiding further contact with the
offending chemical for a time, is the course of astuteness and wisdom
rather than of courage.

For the two most widely used groups of pest:eides, the most usual
early symptoms and signs are:

Chlorinated hydrocarbons: I lyperexcitabil ity, nausea aid vomiting,
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tremors, depression, dermatitis, urticaria, and the results of liver and
kidney damage.

Inhibitors of cholinesternses : Running nose, sensation of tightness
in the chest or of sliminess of breath, cough, dimmed or blurred vision,
tearing, headache, drowsiness, dreaming and disturbed sleep, increased
fatiguability and inability to concentrate attention on a given task.

4. Clinical diagnostic technique*. The diagnosis of poisoning by
pesticides requires no particularly miusual techniques other than the
use of specific analytic methods to detect individual compounds. The
general problems of diagnosis of poisoning by pesticides have been
discussed (23, 24).

The chlorinated hydrocarbon pesticides are stored in the body fat
of people in various countries of the world to varying degrees, but
residues of these materials appear even in Alaskan Eskimos (25-34,
for example). A method for preparing samples of tissue and fat for
examination for pesticides has been published (3.5). The methods of
thinlayer chromatography of Kovacs (34) are extremely sensitive And
are useful in detecting small amounts of chlorinated hydrocarbon and
organophosphortis compounds, respectively, in biological samples.

Although the ciaorinated hydrocarbons are stored in fat, which can
frequently be sampled readily by simple aspiration, their concentration
there bears no fixed relation to the degree of intoxication exhibited by
the individual (.17). The severity of intoxication seems to be correlated,
At least in the rat, with the concentration of chlorinated hydrocarbons
in the brain OP. mood and urine are biological fluids that Are more
closely in chemical equilibrium with the brain than is body fat. There
fore, methods for estimating the concentrations of these materials in
urine And blood have been sought. Durham et al. (3)) found that the
urinary excretion of DDA, R metabolic product of 1)1)T, by 39 subjects
from the general population WAS about 4 pt.reent of that by 0 workers
in formulatingphints And About 32 percent of that by eight men who
ingested 3.5 mg./day of I)1)1. Durham et Al. concluded that A more
sensitive method was needed, because their method gave values below
the limit of sensitivity for about three-fourths of subjects from the
general population. ('veto and Biros (40) described a more Sensitive
gas chromatographic method, with which they were Able to identify
chlorinated hydrocarbon insecticides. This method indicated that peo-
ple in the general population excrete in their urines about 70 percent As
much total DDT congeners As a group of people exposed to 1)1)1
occupationally. The general population excreted in its urine slightly
more than 3 percent AS much dielarin AS A group of occupationally
ex preell men.

The urine has been found to be a reasonably good indicator of ex-
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posure to a number of other types of pesticides: arsenic (41), lend
(32), mercury (4.1), DXOC (44) ,DNOSIIP (I )), ITN (46), PCN13
(40) 2,4.1) (47), 2,4,5-T atrazine (48), I3aygon (49), carbaryl
(2), Ciodrin (60), pdichlorobenzene (61), !Citron (48), malathion
(62), methyl parathion (46), parathion (46) , Silvex (48), Simazine
(46), and Zed ran (63). All these methods may not, have been applied
to human urines, but they should be so applicable with some modifica-
tion, perhaps.

In some cases, analyses of urine may afford a more sensitive index
of the presence within the body of significant concentrations of toxic
chemicals than analyses of blood even. This seems to be true particu-
larly of parathion (64) and to n lesser extent of the other organophos-
phorus compounds that yield p-nitrophenol on hydrolysis (E1'N and
methyl parathion). The urinary excretion of p.ititrophenol can be n
valuable indicator during the treatment of poisoning by parathion,
or EPN or methyl parathion, of the continued need for therapy until
the excretion of this metabolite falls to n low level. In the case of
malathion, urinary excretion of ether-soluble organic phosphate is
proportional to dosage (62) and also affords a useful monitoring
method for deciding whether it is safe to discontinue therapy of serious
poisoning at a particular moment.

Saliva is another readily obtainable biological fluid that is to some
extent equilibrated with the blood. Heavy metals, including mercury,
appear in the saliva (6547). Joselow et al. (6) found a high correla-
tion between the concentrations of mercury in parotid saliva and in
blood, suggesting that saliva may be of diagnostic value in detecting
and treating poisoning by organic mercurial fungicidts. These com-
pounds have caused severe and fairly common poisoning in Sweden,
where they seem to have been used to a greater extent than in this
country. Early signs of poisoning by mercury, which should be known
to anyone who uses organic mercurial fungicides on repetitive occa-
sions, include fine tremors of the hands, loss of peripheral vision, in-
coordination of speech, gait and stereognosis, and headache and
irritability.

In some cases, analysis of blood for pesticidal chemicals may be al)
important aid to recognition of the cause for an intoxication. Probably
the greatest emphasis has been placed on the development of analytical
methods for chlorinated hydrocarbon insecticides, but methods are
available also for such compounds as pentachlorophenol (68), 1)X0C
(44) and 2,4.D (69). Dale et al. (GO) described a method whereby
eight different chlorinated hydrocarbon chemicals could lie detected
in blood samples taken from representatives of the general population
or from subjects occupationally exposed to aldrin and dieldrin. A more
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efficient method for determination of chlorinated insecticides in blood
was described by Dale et al. (61). Another modification of the method
of Dale et al. (60) was used by Edunindson et al. (62), who found
that the concentrations of DDT and DDE in blood samples from non-
white subjects were consistently higher than those from white subjects
in the same occupational groups. Curley and Kimbrough (63) reported
that human milk may contain about 18 times the concentration of
I)DT in plasma, something more than seven times the DDE, about 50
times the DDD, about 13 times the total I)DT congeners, about six
times the 13110, only slightly more heptachlor epoxide and about eight
times the dieldrin.

In poisoning by inhibitors of cholinesterases of any chemical type,
measurement of the cholinesterase activities of plasma and red cells
may bo a useful procedure. Differential inhibition of cholinesterases of
the pseudo and true types can be helpful in recognizing the cholines-
terase inhibitor involved in addition to giving some rough indication
of the severity of poisoning. When organophosphorus compounds are
involved, any of a number of methods for estimation of cholinesterase
activity may bo used; when a reversible inhibitor is concerned, the
cholinesterase activity is estimated the most accurately by the pH-stat
method (64,66).

Symptomatology is another important aspect of diagnosis of intoxi-
cation by economic poisons. In a study of illnesses reported from 36
States by 1,105 employees of pest control companies, Stein and Hayes
reported (12) that the most common complaints were dermatitis,
infection (includiag pneumonia), headache, gastrointestinal upset,
cardiovascular disturbances, joint pain, and dizziness. In a somewhat
similar study, Reich, et at. found (66), that the most common signs
and symptoms of 129 cases of poisoning by pesticides in southern
Texas were vomiting, nausea, miosis, weak ne ' ,iominal pain, dizzi-
ness, sweating, increased salivation, headach, a:Aia, and hyper-
tension. Most of the second set of signs and
insecticides are referable to inhibitors of
first set contains symptoms that could at
chlorinated hydrocarbon insecticides as rea
inhibitors of cholinesterases.

The greatest uncertainty in the diagnosis ;01 p ,)ning by pesticides
relates to hypersensitivity. As reported 1,J, S! and Hayes (12),
dermatitis was the most common complaint b, pe. oide appliers work-
ing in 36 different States. West. reported (13) that dermatitis was
among the most frequently reported diseases of farm laborers. The
differentiation of dermatitis arising from hyperse)sitivity to a chem-
ical from that depending upon a direct irrfant or other cutaneous

Is of poisoning by
.rases whereas the

in intoxication by
Y;,- as from that by
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effect of a chemical taxes the diagnostic ability of the dermatologist,
yet the distinction is important because the methods of treatment
differ widely in these two situations.

The demonstration by Melberg et al. (67) of both chloracne and
photosensitive hepatic porphyria in workers who had been exposed to
2,4-1) and 2,4,5-T is taken to show the involvement in the dermal effects
of these two pesticides of both direct effects on the skin and of photo-
sensitization of the skin. The latter effect results from deposition of
uroporphyrins in the skin as a result of damage to the liver. The same
sort of effect has been reported from Turkey when flour made from
wheat grown from seed treated with BIIC was ingested. This toxic
form of photosensitive hepatic porphyria can be differentiated from
the hereditary form of the disease by estimation of the concentration
of delta-aminolevulinic acid in the urine. This will be normal in the
presence of markedly increased concentrations of uroporphyrins and
coproporphyrins in the toxic form of the disease but markedly ele-
vated also in the hereditary form.

6. Therapy.Treatment for intoxications by most classes of pesti-
cides is nonspecific and oriented around the signs and symptoms ob.
served in the patients under treatment. Good diagnosis of the cause
of the signs and symptoms is important, however, because, to give one
definite example, use of atropine to treat poisonings by the pesticides
dinitrophenol and pentachlorophenol, which resemble those from in-
hibitors of cholinesterases in having as symptoms sweating, marked
fatigue, nausea, vomiting, occasional diarrhea, and convulsions, may
be rapidly fatal whereas it can be lifesaving in actual cases of poison-
ing by cholinesterase inhibitors. Probably the best indicator for dif-
ferentiating poisoning by the nitro or chlorophenols from that by
inhibitors of cholinesterases is that a definite to severe hyperpyrexia

occur in poisoning by the phenol derivatives whereas the body
temperature in poisonings by the inhibitors of cholinesterases tends
to be depressed, at least in the acute type of poisoning.

In any poisoning in which the causative agent may have entered
the body through the mouth, gastric lavage with several liters of water
is indicated. In a conscious subject, the same result may be accom-
plished by administration of syrup of ipecac or some other emetic.
Catharsis by sodium sulfate (30 gm. in 250 ml. of water), may be
useful also. A slurry of activated charcoal (5-6 heaping teaspoons
of activated charcoal in 200 to 250 ml. of water) may be placed in
the stomach after cessation of vomiting or gastric lavage in the
absence of any more definitive treatment.

When the causative agent of poisoning may have contaminated the
skin, as during spraying operations, the skin should be well scrubbed
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with soap and water. The administration of oxygen oe artificial ven-
tilation are obvious therapeutic procedures in cases of nnoxemia and
cyanosis or apnea, respectively.

In treating poisonings by the chlorinated hydrocarbon insecticides,
sympathomimetic compounds, such as epinephrine, rare contraindicated
because of the danger that they will induce ventricular fibrillation.
Useful drugs are such central depressants as phenobarbital and pento-
barbital. Diphenylhydantoin also may be of value in controlling con-
vulsions. Calcium gluconate may be useful. Patients who convulse
should be observed carefully for several days to a week for signs of
secondary or persistent effect. EEG recordings are useful in detecting
prolonged cortical dysfunction but are not useful pier se in diagnosis
of poisoning; inhibitors of cholinesterases and chlorinated solvents
(carbon tetrachloride, tetrachlorethylene, etc.) may yield EEG pat-
terns similar to those due to the chlorinated hydrocarbon insecticides.
Repeated administrations of barbiturates and anticonvulsant drugs
may actually reduce the body burden of chlorinated hydrocarbon
insecticides (68).

Materials that may be useful in treating poisonings by other pesti-
cides that have no definitive therapies include amyl nitrite (pearls),
cold water (for rectal and colonic irrigation in hyperthermia), glucose
(sterile 5 percent solution), morphine, phentolamine, sodium nitrate
(sterile 3 percent solution), sodium sulfate (sterile 10 percent solution'
as well as crystals or powder), and sodium thiosulfate (sterile 10 per-
cent and 25 percent solutions).

Only three classes of pesticides can be said to have fairly specific
therapy for poisonings by them : The inhibitors of cholinesterase, the
anticoagulant rodenticides, and heavy metal compounds. The anti-
coagulant rodenticides have as an important part of their toxic actions
inhibition of time production of prothrombin by the liver, although this
may not be their sole mechanism of action ((specially true for the
indanedione derivatives). Vitamin K, (phytonadione), is a specific
antidote for the hemorrhagic effects of these compounds. This may be
administered by slow intravenous drip. Initially, in severe poisoning,
transfusion may be desirable to furnish an increased concentration of
prothrombin extrinsically until the liver can be enabled by the admin-
istered phytonadione to increase the supply of intrinsic prothrombin.
Ascorbic acid and ferrous sulfate may be useful adjuncts to phytona-
dione in recovery from serious poisoning by an anticoagulant rodenti-
cide, particularly so when the poisoning has entailed significant loss
of blood.

Poisonings by heavy metal derivatives (of arsenic, copper, lead,
manganese, mercury, and zinc), can be combatted in two ways: By
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preferential affinity and removal from active sites in tissues, and by
chelation, with the formation of complexes from which the metallic
atom is no longer free to diffuse. Dimercaprol (BAL) accomplishes
both these mechanisms of antagonism for such metals as arsenic and
Inercury that seem to react with sulfhyLy1 groups in target tissues
or organs. Calcium disodium edetate (EDTA) and penicillatnine are
less specific than dimercaprol and accomplish only the second of these
general mechanisms of antagonism to heavy metal poisonings. Diiner-
caprol is particularly useful in poisonings by pi eparations containing
arsenic or mercury; its effectiveness in lead poioning is questionable.
Dimercaprol is injected intramuscularly as a solution in oil. EDTA
is administered preferably by intravenous or intramuscular injection
in serious poisonings, but can be given by mouth. With the last route
of administration, chelation within the intestinal lumen of lead, for
example, may result in enhanced absorption of the nn Copper,
lead, manganese, mercury, and zinc can be effectively detoxified by
chelation by EDTA. Penicillamine is a less versatile chelating agent;
after oral administration, it effective in removing copper and lead,
and possibly mercury, from the body. Even more specific is deferoxa-
mine, which seems to be capable of chelating only iron. It can be given
by either intramuscular injection or oral administration to treat acute
intoxication by iron, which occurs in the fungicide Ferbani but is not
a usual component of pesticidal chemicals.

The final group of compounds with more or less specific therapeutic
measures available is that of inhibitors of cholinesterases. This group
is heterogeneous chemically although all its members have a common
mechanism of action. It includes bisquaternary amines, carbamates
and organophosphorus derivatives. The first two subgroups differ from
the third one in that inhibition of cholinesterases by them is more
re,,:tily reversible than that by the organophosphorus compounds. In
all cases, a prominent) although perhaps not the only, source of toxic
activity is accumulation of acetylcholine within the blood and various
tissues of the poisoned individual. Atropine is a competitive antagonist
of acetylcholine at many nerve endings in effectors of the body (espe-
cially in muscarinic effectors innervated by the parasympathetic divi-
sion of the autonomic nervous system and less so within the central
nervous system). Atropine is an effective antagonist of poisoning by
many inhibitors of cholinesterases up to the level of intoxication by
2 to 3 LD o doses, where effects on nicotinic effectors (particularly
neuromuscular junctions) by the accumulated acetylcholine become
important. When this generalization is untrue, as in the case of
carbaryl, one has to think that the pesticide has some other important
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mechanism of action. Atropine will antagonize only about 1.4 LD50
doses of carbaryl.

To antagonize the paralysis of muscles caused by doses of inhibitors
of cholinesterase above about 2.5 to 3 LD50 doses, the oximes have come
into use. The only one of these compounds available for clinical use
within the United States is N-methyl, 2-formyl pyridinium oxime,
employed as the chloride (2PAM CO, the bromide (2PAM Br) or
the methane sulfonate (P2S) or "Contrathion". Also available and
used fairly widely in Europe and the Far East is Toxogonin (bis
[N-methyl, 4-formyl pyridinium oxime] ether), used as the dichloride
or dibromide salt. In intoxications by some inhibitors of cholinester-
ases, Toxogonin seems to be effective even when 2PAM is only
partially effective (69). The mechanisms of action of both 2PA11I
and Toxogonin in overcoming block of neuromuscular transmission
seem to be that the oximes reactivate the inhibited cholinesterase by
being themselves phosphorylated by the phosphoryl group that previ-
ously had inactivated cholinesterase by reacting with its active site.
The phosphorylated oximes in some cases are themselves potent in-
hibitors of cholinesterases, so that stable phosphorylated oximes may
induce a secondary poisoning having the same characteristics as that
induced originally by the organophosphorus insecticide. In many cases,
however, the phosphorylated oximes are unstable and undergo hy-
drolysis within the body, the products of this hydrolysis then being
excreted in the urine. In this way, the oximes in many cases accelerate
the loss from the body of the phosphoryl moiety that inactivates
cholinesterase in various tissues and organs.

The statement has been made that the oximes should not be used
in treating intoxications by carbamates. This is nearly as untrue as the
generalization that oximes should be used in treating intoxications by
all organophosphorus anticholinesterase compounds. In poisonings by
some carbainates, the oximes seem to be quite useful; in poisonings by
some organophosphorus compounds, the oximes are almost completely
ineffective and in a few cases (morphothion, for example) seem to en-
hance the toxicity of the organophosphorus compound, What is needed,
therefore, rather than a blanket approval of the use of oximes in treat-
ing intoxications by organophosphorus compounds and a blanket pro-
scription against their use in intoxications by carbatnates, is precise
knowledge of the intoxications in which the oximes may be expected to
be useful, of those in which the oximes accomplish neither harm nor
benefit and of those in which the oximes are likely to be dangerous.

Because of the phenomenon of aging of phosphorylated cholin-
esterase, whereby the phosphoryl moiety loses one of its alkoxy groups
in exchange for a hydroxyl group and becomes inaccessible to such a
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nucleophilic molecule as an oxime, the oximes become progressively
less effective antagonists of the toxic actions of some of the organo-
phosphorus insecticides and miticides. For optimal effectiveness in
treating appropriate poisonings wherein marked weakness is evident,
oxime must be administered as early as possible after poisoning. The
administration of oxime should always be coupled with, or at least
followed closely by, the use of adequate doses of atropine. In marked
or severe intoxication by inhibitors of cholinesterase, the doses of
atropine that are adequate may be very large by usual standards (20
to 50 or more mg of atropine sulfate to a patient during the first day
or so of treatment). The objective in using atropine is to produce and
maintain a comparatively dry mouth and a dry skin.

In experiments with mice, Andrews and Miskus (7D) have reported
that tetraethylammonium chloride is less damaging than at-opine
when used to treat poisoning by single oral IAD:, doses of the catbant-
ates Z3ctran, Lannate and NIA- 10242. The toxic effects of another
carbamate, Alatacil, that produced delayed deaths (12 to 20 hours
after oral administration of the carbamate) were not antagonized by
tetraethylammoniunt chloride. The latter material was ineffective
against the organophosphorus compound parathion also. Tetraethyl-
ammonium chloride seems not to have been used in treating intoxica-
tions by ant icholinesterase compounds in man.

(For a more detailed discussion of the therapy of intoxication by
inhibitors of cholinesterases, see reference 71.)

C. Surveillance and epidemiologic studies.Although acute poison-
ing by pesticides has received considerable attention and there have
been a few studies of occupational groups that were exposed to pesti-
cides during long periods as a consequence of their chos'1 em-
ployment, no systematic study of this sort on a countrywide basis has
yet been undertaken. The objectives of such a study might be:

1. To characterize localities throughout the counrty on the basis
of their experience with sickness due to exposum to pesticides.

2. To identify the factors related to usage of pesticides that deter-
mine differences between localities.

3. To identify the factors related to personnel that determine
differences between localities.

4. To identify the factors related to each environment that deter-
mine differences between localities.

5. Within individuals localities, to identify the factors relating
to usage of pesticides that determine differences between
persons.

6. Within individual localities, to identify the factors relating to
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separate persons that determine the different experiences of
these persons with pesticides.

7. Within individual localities, to identify the factors relating to
the environment of the person that determine differences be-
tween persons in their experience of sickness due to pesticides.

Two situations seen necessary for collection of the data required
for such a study :

1. That poisoning be made reportable in the same way that in-
fectious disease is reportable.

2. That each locality be provided with at least one team of two
observers, one of whom would be trained in the economic
aspects of the usage of pesticides and who could judge whether
the right pesticide was tieing used at the proper period, the
correct frequency, and the appropriate dosage and method of
application to achieve control of the target pest. The other
member of the team would be trained in the health aspects of
the usage Of pesticides and would be able to judge whether
proper precautions in the handling of pesticides were taken,
whether people were affected by pesticides despite their protes-
tations to the contrary or their lack of direct contact with such
chemicals and whether effects of pesticides on individuals re-
sulted from direct toxicity, from allergy or from anaphylaxis.

In the reporting of sickness due to pesticides, not, only should the
fact of illness be reported but also the exact locality and circumstances
of the inception of the illness. Necropsies, whether or not death was
attributed to pesticides, should include examinations of blood, urine
and selected tissues for pesticidal chemicals. At the same time, attempts
should be made to characterize the immediate environment of the de-
ceased for its content of pesticides. To quote Dr. Simmons (72), "We
need to know who gets poisoned with what, and where, when,
how and why."

Selby et al. (73) have attempted to use a measure derived from
answers to a questionnaire as an index of exposure to pesticides but
found that there was no association between an individual's calculated
exposure and analytical values for pesticide in blood, adipose tissue
or placental tissue. They conclude that the impact of pesticides upon
people in a general population must be assessed on a basis of analytical
values rather than of memories and impressions of exposure to pesti-
cidal chemicals. This is useful guidance in the design of a surveillance
program in support of an epiderniologic study.

7. Conetu8iona.The foregoing discussion has attempted to sum-
marize some aspects of the medical consideration of exposure to pesti-
cides. The summary shows the following needs:
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1. Surevillance over the use of pesticides by teams of two, one
trained in the practical aspects of the use of pesticides and the
other in the health aspects.

2. Obligatory reporting of illness due to poisoning by pesticides
and systematic study of all necropsies to delineate the deceased's
exposure to, and accumulation of, pesticides.

3. Thorough physical examination and indoctrination in safe
procedures for working with pesticides of all who regularly
contact pesticides.

4. Wide dissemination of ways whereby individuals can recognize
that they aro being affected adversely by pesticides and indoc-
trination with the fact that pesticides are inherently dangerous
materials, which must be handled with respect.

5. Wide dissemination of knowledge on first-aid procedures in
poisoning by pesticides.

6. Complete knowledge of the mechanisms of action of all pesti-
cides in use, including effects on organizing embryos, develop-
ing fetuses and growing young as well as on adults.

7. Specific treatments for intoxications by all types of pesticides,
with clear indications of differences in response to therapy of
poisonings by specific pesticides within e;:eh group.

8. Better diagnostic procedures for recognizing poisoning by
specific types of pesticides, including improved and simpler
analytical methods, biochemical tests and clinical examination
procedures.
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CARCINOGENICITY OF PESTICIDES

SUMMARY

The Technical Panel on Carcinogenesis examined the available
reports on tests of tumorigenicity conducted on about 100 pesticidal
chemicals. From these reports it separated those which did not pro-
vide information sufficient for it to reach a judgment as to tumori-
genicity. The remaining reports provided a basis for assigning each
of 79 pesticides to one of three major groups :

A. Those judged "not positive for tumorigenicity."
B. Those judged "positive for tumorigenicity."
C. Those for which the evidence was considered insufficient, for

judgment.
All other pesticides fall into Category D: "Available information

insufficient to justify any comment."
On the basis of its conclusions of tumorigenicity of specific pesti-

cides the Panel has recommended the following actions:
Group A pesticides. No action be taken to alter current. practices.
Group 1? pesticides. Exposure of human beings be minimized and

use of these pesticides restricted to those purposes for which there are
judged to be advantages to human health which outweigh the potential
hazard of carcinogenicity.

Group C pesticides. Graded priorities for additional testing based
upon findings recorded in this document plus other indications for
concern, coupled with suggestions for similarly graded reductions of
human exposure to some of these pesticides.

Group D pestieldes.Appointment of a body of scientists to take
up a continuing search of all sources of reports on tests of tumori-
genicity of pesticides, and to assign the remaining pesticides to appro-
priate categories of priority for additional studies and regulatory
action. In this regard, exemption of selected pesticides from require-
ments for testing, where based upon a "grandfather clause," is re-
garded as unsound.

The Panel has also offered a number of general recommendations
as to:

1. Regulation of use practices;
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2. Routine testing for tumorigooi i'cgulatory purposes,
as well as augmentation of methodologic .,,her research;

3. Availability of information on pesticides testing results;
4. Legislat ive needs.

One member of the panel of eight dissented from several of the
above-stated opinions. The. dissenting opinion is stated in full on
pages 483-188 of this document.

INTRODUCTION

This Technical Panel on Carcinogenesis was charged with respon-
sibility for interpreting available. reports on the carcinogenicity of
pesticides, with the purpose of estimating, insofar as possible, the
carcinogenic hazard which these subs-lances might pose to human
health and the development of recommended courses of action based
on these findings.

Reports ot. the tmnorigenicity testing of pesticides exist principally
in three sources: the general scientific literature, the files of the Fed-
eral regulatory agencies, and the files of the pesticides manufacturing
industry. The general scientific literature contains only a fraction of
the reports of tests which must Jane been conducted. Unpublished
reports in the files of industry and of Federal regulatory agencies are
less accessible than the general scientific literature. Of the pesticides
listed in the report by Nenineyer et al. (1), stmlies of carcinogenicity
have been repcnied in the general scientific literature for but. about one-
fifth, and this figure includes those pesticides reported for the first
time in the June 1969 issue of the looroof of thr Notional Coorcr
froltitole (2). The Food and Deng Administration MAC available re-
ports in response to specific `(quests. Industry's files were not exam-
ined. Accordingly, the Panel cannot state the completeness of its infor-
million. 11 appears probable that some of the carcinogenicity testing
which has resulted in negative findings has not cow to the attention
of the Panel. Snell negative data are not readily accepted for publica-
tion by most scientific journals.

The quality of evidence in some of the trports was another source
of difficulty. Many of the reports, published and unpublished, failed
to pmvide enough data to permit judgments as to the safety of some
pesticides. Details of the experiumits (numbers of animals, &scrip
t ion of controls, dm st ion of the experiments) were sweietimes

lit formatinti tit the parity of the thetnicala te1.41 lia not ottani-a:fly available to the
raw' tang,' It the lalanee of the *OM, eondeete4 at the RIettell.-a R.,rarrk 1.1botatotIva
for the Natkdtal Catlett InIllute. White the report of lra. 1,1'17 (H does not rotitaft thla
1-if.tteattoo. It say be oblaleed by writing to the Reatatth Information ltratch. 0111ce of
the DPitectot. Natiobal Camel laIllate Nallotal Ift.Illatea of Health, Retheyda.hfd. P0014.
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The conclusions of the Panel, noted below, are based oil examination
of the available data on experience with laboratory animal systems.
The Panel is fully aware of the difficulties in extrapolating from
laboratory txperience with experimental animals to the human situa-
tion. However, the epidemiologic approach to study of a near ubiqui-
tous environmental contaminant, such as certain persistent pesticides,
is equally complex. Very little acceptable epidemiologic data exist.
concerning pesticides in relation to chronic disease in ma n. These topics
are addressed more completely in later sections of this report.

During its discussions, the Panel frequently was reminded of the
complexity of the total environment, not only in respect to pesticides
but also to other chemicals, pharmarenticals, and biological agents af-
fecting the 'Inman organism. Attention is drawn to this matter because
intelligent management of pesticidal agents requires a V0111111101alSiVe
understanding, with due attention to all sources of human exposure.
Germane to this issue is the potential for interaction among pesticides,
of pesticides with other chemicals, and suspected factors in cancer
causation. The Panel recognized the complexity of the potential inter-
actions in cacinogmesis and the extreme difficulty of the task of un-
raveling them. In this context, the sparseness of reports on the topic
of interactions among pesticides in carcinogenesis indicates a need
for further at t ent ion to this aspect. of the problem.

In developing its recommendations, the Panel Wa3 cognizant of the
uses and benefits of pesticides. The Panel concluded that these matters
were beyond its expertise and responsibility, and were properly the
responsibility of other committees of the Commission. It developed its
recommendations on the basis of is-ates of carcinogenesis and public
health only while recognizing that the. recommendations of the Coin.
mission as a whole with respect to specific pesticides must be based
upon a comprehensive consideration of all factors. In the case of DDT,
for example, it appears probable that health benefits resulting from its
judicious rust' in certain selected circumstances may exceed such hazards
present in terms of carcinogenicity for man. This topic is addressed
specifically in CondiutionA on Sprific Pesticides (pp. 470-472) and
General ('onclominnit (p. 478).

CITE!) RE1'F;fiENc1;s

(to NIA-milts. 1.. nultenxit, 11.. and TuAroc. 11.: Pe/tticifIeu. Chronic*: Wet*.
.1 pr. 12, 1909.

(I) INst" 3. H. 11_. 1'1 LA %is, IC SI.. VAI tato. 11TatTflt f, 1,, rlifSITRILN.1.,..
IL ter. M. H. .1..lturrx.11. H , FAT it. II. I,. Mier. 1. 3.. NI ttx, 11..
11th 11111, 1.. STA Ili I, le. : 1,,onorkn7 of Pes111 Melt an.i Indo*Ifial rbetnIcalA
for rnmoripnitity iu Niter: l'relimInury Note. J. Nal. romor but. 42:
1101 -1111. June 1909.
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Tim EVALUATION OF CARCINOGENIC HAZARDS

The Technical Panel on Carcinogenesis first considered factors in-
volved in the evaluation of carcinogenic hazards of environmental
agents, particularly pesticides.

An important mode of widespread human exposure to pesticides is
through foods, and criteria established for the evaluation of carcino-
genic hazards of food additives are applicable to pesticide residues.
Additional criteria have to be applied for the control of other modes
and sources of exposure by other routes (skin, inhalation, occupational
exposure).

The Technical Panel on Carcinogenesis has reached the following
positions:

1. The presence of carcinogenic substances (of both synthetic and
natural origin) in food might be a significant factor in the occurrence
of what is commonly referred to as "spontaneous" cancer in man and
animals. Thus, an important objective in cancer prevention is the
elimination, or reduction to a minimum achievable level, of all sub-
stances in the diet of man proven to be carcinogenic in either man or
animal.

2. Since the effects of carcinogens on target tissues leading to tumor
formation appear irreversible, with accumulation of effects over ex-
tended periods of exposure, the reduction of e.rposure to carcinogenic
substance8 to the lowest practicable level may be one of the most effec-
tive meaturel toward., cancer prevention.

3. Many different factors may influence dose-response in carcino-
genesis in man and animals. Their complexity is such that no *mu redly
safe level for carcinogens in human food can be determined from ex-
perimental findings at the present time.

General principles and criteria for evaluation of carcinogenic haz-
ards have been laid down by several expert committees convened in the
last 15 years by scientific and public health agencies such as the World
Health Organization, and Food and Agricultural Organization (1, 9,
.1, 4, 4), the International Union Against Cancer (6. 7), the National
Academy of Sciences--National Research Council (8), the European
Committee on Toxicity (Eurotox) (9. 10)1 and the Food and Drug
Administration Committee on Protocols for Safety Evaluation (11).
Recommendations made in these reports express a remarkably unani-
mous view on the general principles and criteria to be followed for
carcinogenesis safety evaluations, widely accepted in principle by the
scientific comunity (if, 13, 14, 16).
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Testing procedures
General requirements for testing procedures have been outlined in

the past (3, 7, 8, 11). They can be summarized as follows:
1. Identity of tested materials.Parity, stability, chemical and

physical characteristics, and source of the sample to be tested should be
established. Selection of materials to be tested should emphasize the
substances and formulations to which hittium populations are exposed,
which is to say, the materials should represent as de e Ay as possible
those with Nyhiell the populations come into contact.

2. Animala.'The species most practical for testing are rats, mice,
andas more recently shownhamsters. Strains and colonies should
be selected to provide adequate sensitivity to tumor induction, as re-
vealed by positive control tests with known carcinogens. Their spon-
taneous tumor incidence should be recorded. Treatment should begin
when the animals are young; the animals should be kept as free as
possible from infectious diseases and parasites.

3. Route of adminiatration.Experience since 1959 has failed to
validate the use of other than the oral route of Administration for the
routine examination of food additives: however other modes of admin-
istration should be used for studies which are intended to assess
carcinogenicity of pesticides entering the human population by other
mutes.

4. Number of animakThe number of animals in each test group
should be sufficient throughout. the tests to yield statistically significant
results. It is important tort ress that the detection of positive results in
these bioassays depends on the development of tumor incidences sig-
nificantly above the threshold of detectability for a given number of
animals. Any carcinogenic effect below these levels will not be detected
by the bioassays used. For example, when a zero incidence is observed
in controls, negative results on 1('O test animals at, a high dose level
only establish with A 95 percent confidence that the incidence does not
exceed 3 in 100 under the conditions of the test.

t,. Maintenance and diets of the animals.All of these experimental
conditions should be controlled, frequently monitored, and adequately
reported.

G. Pathologic eraluation.It is recognized as essential that A COM-

*The use of smorodeol species. recommitted la tie Nailer reports, Its liov beef tob-
A1102117 dtoPted. sellable. Prattles' rootodeol species wield be toes! *et it la lot
atolls We at tills time. Csreisostolcill tests of food -borne Pesticides regslee tostIse lifetime
feedist of ebeieleal eopoiodo. libffe doss bare bees implored for Ifs e4
wItb ostevroilly Poetess I i selected noes (bladder eseeloortokity of sroattle the
reqviresiot of lifetime heat, mite this species toe 'smolt,. to terms of tine aN
toids, to be emplored too A sett.
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plete post-mortem examination be performed on all animals by, or
under the supervision of, scientists trained in pathology and familiar
with the diseases of laboratory animals, particularly tumors. As
minimum, all organs showing suspect macroscopic lesions should be
examined histologically. Certain organ systems require special tech-
niques, such as distention of the urinary bladder with a fixative. Tu-
mors should be classified according to recognized standards for car-
cinogenesis studies.

Evaluation of experimental animal tumors should be made by
pathologists with full knowledge of the biological behavior of the
tumors in the animal strain under study. All tumors that metastasize
are considered malignant. However, many malignant animal tumors
have little tendency to metastasize. The evaluation of their benign or
malignant nature depends largely upon their histologic Aaracteris-
tics. In some cases it is not possible to diagnose, on the basis of mor-
phologic grounds alone, whether a tumor is malignant or benign. In
such cases, trans; antation studies and knowledge of the life history
of the tumor type under consideration may provide additional diag-
nostic help. However, the majority of the Panel recognizes that benign
tumors may become malignant. The Panel is unaware of the existence
of any chemical which is capable of inducing benign tumors only,
which is to say, in the light of present knowledge, all tumorigens must
be regarded as potential carcinogens. Thus, the majority of the Panel
accepts tumorigenicity as an index of potential carinogenicity.

Interpretation of fife vault* and validity of animal tests
Interpretation of results of bioassays on a test. material includes

consideration of the accuracy and significance of the experimental
studies, i.e., experimental design, details of information on test mate-
rials, dosage, route of administration, metabolism, excretion and re-
tention, controls (positive and negative), experimental animals and
methods, survival, description and time of appearance of toxic and
pathologic effects, number, type, and individual distribution of tumors.

ettrapolation from animal data to man.The evaluation of car-
cinogenic hazards for man is based on a judgment of all available in-
formation: on bioassay, on toxicologi, , metabolic, and pharmacologic
studies, on the extent and route of exposure of man, and on epidemio-
logic studies. Each compound must be evaluated individually on the
basis of all data on its we and effects, including whether residues may
occur as a result of use of the particular compound, the nature of its
metabolites in man, tin storage or retention and excretion, etc. The
position of this Panel is that the different qualitative and quantitative
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responses of various animal species, including man, to carcinogens
make meaningful extrapolation from "no-effect" levels in dose-response
studies in animals to man currently impossible. (See appendix C).

In brief summary: (I) Food additives and contaminants should
only be permitted if evidence is provided of no carcinogenic effect after
adequate long-term bioassays. The minimum requirements for such
bioassays should include: Adequate numbers of animals of at least two
species and both sexes with adequate positive and negative controls,
subjected for their lifetime to the feeding of a suitable dose range of
the test material, including doses considerably higher than would be
present in food; (2) any substance which is shown conclusively to
cause cancers in animals, when tested under these conditions, should
be considered potentially carcinogenic for man and therefore not
innocuous for human consumption. Tests which yield benign tumors
will nevertheless raise the level of suspicion.
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CONCLUSIONS OX SPECIFIC PacTICIDE8

The Panel has examined the data available to it on the tumorigenic-
ity of pesticides in animals. These data have been reviewed on the basis
of the principles stated in The eraluafion of carcinogenic hazard* of
this chapter and the specific criteria which follow.

The Panel reviewed relevant reports and considered as acceptable
data on bioassays only those which included the following
information:

1. Number, strain, and sex of the animals used;
2. Biometrically adequate numbers of test animals and controls;
8. Adequate period of observation (at least 18 months in the case

of rodents);
4. Evidence of pathologic examination of the animals and of

claificstion of the observed tumors;
5. Definition of the materials tested, thei, mode of administration

and dose;
6. Evidence that the dose levels tested included one near the maxi-

mum tclerated level, in the case of negative reports;
7. Eviderce that the experimental conditions (e.g., selection of

animab, age at start) provided a sufficient sensitivity to detect
tumorigenic activity if present.

For each pesticide, the Panel reached one of the following
judgments:

A. "Not po*itire.Data acceptable, testing ikquate, results
judged negative for tumor induction in at least two species."

11. "Potitire.hata acceptable, testing adequate, results judged
positive for tumor induction in one or more species and sig.
nificant at the 6.01 lever
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C. "Evidence insufficient to judge.Additional data needed' ac-
cording to the following priorities:

Priority group N.Tumor incidence significant at the
0.01 level but compound concluded to be less active
than the mean of a group of positive controls em-
ployed in the screening operation.

Priority group C1.Tumor incidence significant at the
0.02 level but compound concluded to be less active.
than a group of positive controls employed in the
screening operation.

Priority group C3.Tumor incidence increased in com-
parison with the negative controls but statistical sig-
nificance. was less than 0.02,4 possibly because too
few animals were observed.

Priority group (74.---Turnor incidence. not elevated in ade-
quate studies conducted in one species only but cur-
rent. guidelines require negaVve results in two animal
species for judgments of negativity."

D."Information available is insufficient to justify any comment."

On the basis of the foregoing criteria the pesticides have been as-
signed to the following categories. In this respect, it should be noted
that a judgment of "not positive" for tumor induction does not con-
stitute assurance that the specific compound is ent4rely /ticking in
carcinogenic potential.

The recommendations relevant to each category constitute the best
judgment of the Panel, based upon available data.

A.Compound, paged "not po.itire" for tumor induction on Mc
basis of tests conducted ridep4tely in tmo or more specie*.

IReyldered to toe on hod erupt

Name Relerences pecies

Chlorpropham (C(PC) 1.2 Rat, mouse.
Rotenone 2, 3 Mouse, tat.
Sevin (C,atbaryl) ... 2, 4 too.

(Reyigteted bat no lot gee on hod crops

I nib Intattasikin with (We'd I1 pesticides kt Categories A, P. CI throat% C4 provided by the Fool
and May AthaltibtratIon.

°Ia sassy rams this 0111 require conduct ot idditlosal leak
A statistical steal licit nee e10.02 Is ',titer than 0.05 and less than 0.01.

469



It is recommended that no action be taken to alter current practices
with respect to the pesticides in this category, "A".

B.---Compounds judged 'positive" for tumor induction on the basis
of teats conducted adequately in one or more species, the results being
significant at the 0.01 level.

'Registered for use on food crops)

Name References Species

Aldrin 5 Mouse.
Arsmite 2, 8 Mouse dog.
Chlorobensaate 2 Mouse.
p,p'DDT 2, 7,1 8 1 Do.
Dielflrin 5 Do.
Mirex 2 Do.
8trobane 2 Do.
Heptachlors 9, 10 Do.

iReaktered but not for use on food crops)

Arnitrole 2 Mouse.
Avadex (Diallate) 2 Do.
Bis(2-ehloroethyl) ether 2 Do.
N-(2-hydrovethyDhydrasine 2 Do.
PONS 2 Do.

e

g=es evidence.
to this became metabolic product, beptschloe epees ide. eras fudged positive for tumor

hx1..ctima results el the 0.01 kid.

It is recommended that the exposure of human beings to pesticides
in this category "13" be minimized and that use of these pesticides be
restricted to those purposes for which there are judged to be advan-
tages to human health which outweigh the potential hazard of car-
cinogenicity. In making this recommendation, the Panel has taken
cognizance of the difficulties inherent, in and resulting from its imple-
mentation. Accordingly, the following comments and okervations are
intended for consideration in interpreting this recommendation.

The case of I)I)T deserves special comment because of its prominent
place in the pesticides armamentarium and because, in many respects,
it is a good illustrative example. It is a substance which has con-
tributed and could contribute important health benefits. It is also a
substance which is widely used and with which we have now accumu-
lated substantial experience and knowledge. Indeed, our knowledge of
the biological effects of DDT, inadequate though it still is for wholly
reliable judgment of safety, far outstrips that of any other insecticide
of this type.
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The evidence for the carcinogenicity of DDT in experimental ani-
mals is impressive and the Panel takes no exception to the conclusions
as to DDT recorded in the JNCI report of the National Cancer Insti-
tute study. This study has demonstrated that DDT increased the inci-
dence of cancer in :nice under the experimental conditions employed.
However, this does not prove carcinogenicity for human beings at the
very much lower levels to which. they are actually exposed.

Since tests with groups of laboratory animals comparable in size to
large populations of humans are impractical, and because wide species
differences exist, high levels of exposure are used. Whether or not this
device is adequate for extrapolation from experimental results to the
human situation remains very uncertain, for research oil induced can-
cer is replete with examples of differences in responses of different
species to various carcinogens. Furthermore the. metabolism of many
chemicals varies with dosage level.

Evaluation of human experience with DDT has revealed little if
any evidence of long-term adverse health effects from its use. On the
other hand, the observations of human experience have not been suf-
ficient to eliminate the possibility that continued chronic.exposure may
slowly induce a low level of cancer in man (see appendix I)).

Accordingly, with the evidence now in. DPI' can be regarded neither
as a proven danger as a carcinogen for man nor as an assuredly safe
pesticide; suspicion has been aroused and it should be confirmed or
dispelled.

In the resolution of this ine, mere repetition of the tests conducted
at Bioneties Research Laboratories would be of only limited value.
Of greater importance will be :

1. Studies conducted on several animal species,
2. much more critical study of human experience,
3. Development of knowledge relative to comparative metabolism

and factors controlling doseresponse relationships which may
reinforce and improve ability to extrapolate from the findings
of animal studies to man,

4. Studies on very large groups of animals, at a range of dose
levels including those comparable to human exposure,

6. Evaluation of interaction of or potentiation of DDT with or
by other materials, and

6. Studies of the tumorigenicily of DDT administered to several
successive generations of one or more animal species. (The
Pend is aware that studies of this nature have been initiated.)

I n planning and assessing this additional work, consideration should
be given to such factors as exposure to other similar or enacting ma-
terials and other routes of exposure.
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It is the opinion of the Panel that, in view of the important benefits
arising from the use of DDT, the current evidence is not sufficient to
justify unqualified banning of the insecticide. On the contrary, the
benefits from its use in the control of a number of insect-borne dis-
eases, such as malaria and typhus, probably outweigh the possible dan-
gers of carcinogenesis from its use.

However, suspicion of danger is present and prudence requires that.:
(1) Usage be reduced by restricting it to high-priority applications
until more decisive information can be developed; (2) meanwhile the
issue must be clarified, as noted above, while (3) at the same time
alternates for DDT should be sought. In the latter endeavor a warning
must be urgently sounded that a replacement not be accepted which,
being new and poorly studied, may yet, in fact, be more dangerous
than DDT.

The high priority uses which should continue include such examples
as the control of malaria and typhus where the are major public
health problems. Normal agricultural and nonessential mosquito con-
trol usage should be abandoned as soon as possible.

But, discontinuance of such lower priority DDT usage will by
no means immediately eliminate DDT or other persistent pesticides
as contaminants of our foodstuffs. DDT is now a contaminant of crop.
producing soils and of water in many parts of the country. Although
this contamination will decrease with time, and realistic means for
acceleration of its disappearance must be sought, trace contamination
of the American diet with DDT will continue. With the presently
high levels of sensitivity of analytical detection it can be anticipated
that such trace contamination will be detectable in a very significant
part of the foods making up the American diet for some years to
come. Accordingly, strict interpretation of present legislation would
present, through rejection of a major part of our food sources, a far
worse health hazard than the uncertain carcinogenic risk of these
trace amounts. In short, we should :

(I) Now reduce food residues through elimination of the use of
DDT and DDD in food production,

(2) Reduce contamination of soils and water insofar As bible,
(3) Not deny a major food need to our country because of the

detection of trace quantities of 1/1)T resulting from previous
use of this pesticide.

C. Compound; on frAkli additional data are nrcelcd.Pesticides
are listed in groups which are Arranged according to priorities for
additional testing. The priorities have been established on the basis
of the Panel's judgment of significance of the available data indicating
tumorigenic potential; additional priorities could be established on the
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extent of use of the compounds or on their structural relationships to
known chemical carcinogens.

Priority group C1.The following compounds yielded an increased
tumor incidence significant at the 0.01 level 'nit were considered less
ttunorigenie than the mean of a group of positive controls. These com-
pounds have first priority for additional testing.

[Registered foe use on food crops)

Name Reference Species

p,p'.-DDD 2 Mouse.
Monuron 2 Do.
Perthane 2 Do.
Piperonyl butoxide 2 Do.
Piperonyl sulfoxide 2 Do.

(Registered but not foe use on food crops(

A when sene 2 Mouse.
CCC 2 Do.
Chloranil 2 Do.
Cyanamide 2 Do.
Vanelde BI. 2 Do.
Zee tran 2 Do.

Priority group C2.---The following compounds yielded an increased
tumor incidence significant at the 0.02 level. Similarly, they were
concluded to be less Inmorigenic than the mean of the same group of
positive controls. These compounds have second priority for addi-
tional testing.

(Registered for we ea food tens(

Name Rahman !!pester.

Biphenyl_
Captan
2,6-P k 4-nit roantline
Oibberellie Acid.
2-Mercaptobensothittole (Captax)
Oyez (Chlorfenson)

2 Mouse.
2 Do
2 Do.
2 Do.
2 Do.
2 Do.

f Regfrtered bet ad list us ea food trope!

Genite-1109
I PC (Propham)

2 Mouse.
2 Do.

t Attgre awe/1W la Ow torseistioe teed as Pets& See slay Deems k peaty pomp Cf.
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Priority group C3.The following compounds yielded an increased
tumor incidence in comparison with the negative controls but the level
of significance was less than 0.02, possibly because too few animals
were observed. These compounds have third priority for additional
testing.

[Registered for n.se on food crops)

Name References Species

a-(2,4-Dichlorophenox3) propionic acid 2 Mouse.
2-(2,4-DP) 2 Do.
2,4-D Isopropyl ester 2 Do.
n-Propyl isomo 2 Do.
Pyrethrin 11 Rat.
Zineb 12, 13 Do.

[Registered but not for use on food crops)

1-Naphthalene acetamide
2-(2,4,5-Trichlorophenoxy) propionic acid

2 Mouse.
2 Do.

Triphenyltin acetate belongs in this group but is not registered as a
pesticide. However, Triphenyltin hydroxide is a pesticide registered
for use on both food and nonfood items. Triphenyltin hydroxide was
not tested for carcinogenicity.

Name Reference Species

Triphenyltin acetate 2 Mouse.

Priority group 014.The following compounds were tested appro-
priately in one species only and judged not positive in that species.
However, current guidelines for testing require negativity in two
species. These compounds have fourth priority for additional testing.

474

8



]Registered for use on food crops]

Name Referencel Species

Atrazine.. .., 2 Mouse.
Botran 3 2 Do.
Butaclde 2 2 Do.
2,4-D 2 Do.
2,4-D Butyl ester 2 Do.
2,4-D Isooctyl ester 2 Do.
Dehydroacetic acid 2 Do.
Dichlone 2 Do.
Diuron 2 Do.
Dodine 2 Do.
Orthophenylphenol 2 Do.
Endosulfan 14, 15 Rat.
Ferbam 2 Mouse.
Folpet__ 2 Do.
Glyodin 16 Rat.
Malelo hydrazide 2 Mouse.
Maneb 2 Do.
Methoxychlor 17 Rat.
Methyl Zimate (Ziram) 2 Mouse.
Nabam 2 Do.
Phenothiazine 2 Do.
Planofix: N.A A 2 Do.
Propazine 2 Do.
Simazine 2 Do.
Tetradifon 2 Do.
Thiuram (Thiram) 2 Do.
Ti Ilam-6E 2 Do.

1Registered but not for use on food crops]

ANTI" 2 Mouse.
Cacodylic acid 2 Do.
Copper 8-Hydroxyquinoline 2 Do.
Dicryl 2 Do.
Diphenatrile 2 Do.
Dowcide-7 $ 2 Do.
Hercules 7531 (Norea) 2 Do.
Isolan 2 Do.
Karathane 2 Do.
Pma; Phenylmercuric acetate 2 Do.
2-Sec.-buty1-4, 6-dinitrophenol 2 Do.
2,4,6-T 2 Do.

Botran. Compare with active ingredient 2813lch1oro4Nitroaniline which has been assigned to priority
group C2.

Butacide. Compare with active Ingredient piperonyl butollde which has been assigned to priority
group CL

While Dowcide-7 r-ftletered for nonfood uses, ita use in food oontainers and packaging materials is per-
mitted under registration. wooden fruit (berry) boxes may contain up to 50 pprn.
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It 4 recommended that:
L Pesticides in Priority Group C1 be immediately subjected to addi-

tional testing for tumorigenicity and that human exposure to all
sources of these pesticides be restricted to a minimal level until the
results of such additional testing permit development of judgments
as to probable hazard to man.

2. Exposure of the general population to food sources of the pesti-
cides in Priority Groups CR and CS be reduced as much as possible
pending the conduct and evaluation of additional testing of tumori-
genicity. Exposure of occupational groups should be minimized in
respect to all modes of contact with these pesticides pending comple-
tion of such studies.

3. Pesticides in Priority Group C4 be the subject of a thorough
search for additional information in the very near future, and such
additional studies as may then be needed to meet the criteria for judg-
ments of safety be conducted. Until further search for information
reveals a cause for suspicion of potential carcinogenicity, no interim
action to modify current use practices in this Priority Group is
indicated.

(It should be noted that the basis for the differences in priorities for Groups
CI, C2, and C3 is the tumorigentc potency of the compounds as revealed in the
animal test systems.)

D.Available information insufficient to justify comment in any
respect.

All pesticides not listed in one of the above groups (A, B, Cl,
C3, C4) are assigned to this category (D) until reports can be located
and appropriate judgments made, as indicated below.

It is recommended that responsibility for continuing the search for
and evaluation of reports on pesticides in this category be assigned to
a duly appointed body of scientists which would have full access to the
files of Federal agencies concerned with regulation of pesticides use,
and which would seek the cooperation of the chemical industry to ob-
tain such additional information as its members may have accumu-
lated on this topic. Following completion of such search and evalu-
ation, it should be the responsibility of the appointed body of scientists
to assign further priorities for study and regulatory action with
respect to each pesticide.

It is further recommended that the existing agencies of the Federal
Government which are concerned with the regulation of pesticides
use take immediate steps to require orderly testing of tumorigencity
of pesticides listed in groups Cl through C4 above. The concept of a
"grandfather clause" exemption from testing may be justifiable in
respect to the hazards of inducing reversible disease. It is not justifi-
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able, however, in respect to the hazards of inducing diseases which
are not reversible, especially where the latent period is very long and
the hazard may go unrecognized. Cancer is one of those diseases.
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GENERAL CONCLUSIONS

1. Use practicesregulation in respect to potential hazards of
carcinogenicity

Although cancer is only one of many possible toxic t^sponses to
noxious chemicals in food, certain characteristics of this disease re-
sponse jnstify its separate consideration. These characteristics include :

a. A. generally slow, prolonged, and covert development;
b. Essential irreversibility of the lesions once the malignancy de-

velops; and
e. The present uncertainty in making reliable predictions of cancer

hazard for man by laboratory tests.
Accordingly, it is recommended that the use of any amount of a

potential carcinogenic 5 pesticide, such that a food residue results, be
allowed only if:

a. Health values to the publi3 are such that banning the use would
itself constitute a more certain detriment to public health, and if

b. No adequately proven noncarcinogenic alternative is available.
In this regard, the recommendations for action on pesticides in

Group B (Conclusions on Specific Pesticides, pages 470-472 of this
document) are in need of urgent attention.

When the complete ban of use of a carcinogenic 3 pesticide proves
impossible for these reasons, its use should be reduced to the minimum
possible extent compatible with its benefits for public health, and non-
carcinogenic substitutes should be actively sought. The public should
be informed of the potential hazards resulting from exposure to the
compound.

In seeking substitutes for potentially carcinogenic pesticides prefer-
ence should be given to the less persistent candidates, provided they do
not present other more immediate and serious hazards. All other fac-
tors being equal, the degradable pesticides are regarded as less haz-
ardous in respect to carcinogenicity than the persistent pesticides.

2. Hazards (Carcinogenicity) evaluationroutine testing practices
for regulatory purposes

Some pesticides which leave residues in foods have been tested for
tumorigenicity; others, to the knowledge of the Panel, have not. The
methods emplo: ed in the studies examined by the Panel vary substan-
tially in their quality and reliability; some of the tests conducted must
be concluded to be inadequate.

6 Carcinogenic to animal species but not proven to be carcinogenic for man.
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Testing of chemicals for tumorigenicity by present methods is expen-
sive and slow. There is a need for an augmented effort to develop more
efficient systems of predicting human response to chemical substances
in respect to carcinogenicity. Such systems must be examined for
relevance and reliability by comparing their predictive performances
with actual human experience. Judgment as to potential carcinogenic
hazard must take into account not only the laboratory tests but all
other relevant information, including experience of humans exposed
to these or related compounds. Existing epidemiologic data in respect
to carcinogenicity of pesticides are scant. The observations of which
the Panel is aware have been limited to small groups of people who
leave been observed for relatively short segments of the human life
span. Such studies do not provide a basis for final assessment as to
safety or carcinogenic hazard of pesticides. (The needs for epidemio-
logic studies are discussed more fully in appendix D.) Once tolerances
are established for individual pesticides and these pesticides are ap-
proved for use, surveillance of human populations should be under-
taken on a continuing basis to verify earlier predictions as to safety.

Accordingly. it 1.8 recommended that:

a. All existing pesticides whose use may leave residues on consum-
able, food be subjected to tumorigenicity tests performed according
to the guidelines discussed in The Evaluation of Carcinogenic Hazards
of this chapter.

b. Approval to use new pesticides which may leave residues on con-
sumable food be conditional upon prior testing for tumorigenicity
according to the guidelines discussed in The E raluation of Carcino-
genic Hazards of this chapter.

c. Development of priorities for testing of existing pesticides for
tumorigenicity be based upon such considerations as chemical struc-
ture (suggestive of tumorigenic potential), extent and patterns of
usage, and levels of residue left in consumable foods. !n developing
priorities for additional testing, the finding of tumorigenicity in prior
studies should be given close attention. On this basis, the pesticides
listed in priority group Cl of this document merit prompt action.

d. Research to develop more efficient laboratory methods of pre-
diction of carcinogenicity of pesticides for man be augmented
substantially.

e. The predictive reliability of laboratory methods, both existing
and those to be developed, be corroborated as completely as possible
by comparison of the predictions with human experience.
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f. .A surveillance network of epidemiologic studies of carcinogen-
icity of pesticides in man be established and that special attention be
directed to populations experiencing high levels of pesticide exposure
(see appendix I) of this chapter).

a. Availability of information
The reports of tests of the tutnorigenicity of pesticides are scattered

among several sources and have been difficult to assemble for review.
In the interest of efficiency and effectiveness of future efforts there is
as need for development of an information system capable of respond-
ing promptly and completely to individual requests.

Accordingly, it is recommended that reports of tumorigenicity test-
ing be made available on request by time establishment of a Government,
clearinghouse and repository for the complete test data.. Th Govern-
ment agency should then be required to publish a listing which will
identify these reports, thus making them accessible for review. In-
cluded should be the scientific basis on which decisions were made to
register as pesticide and to establish tolerances. It i8 further recom-
mended that there be established a standing committee of advisers to
the Secretary to oversee the operation of this facility and to insure
continuing re-evaluation of all extant information on the health
hazards of pesticides, and other related mattm.

4. Legislative needs

The deliberations of the Panel have disclosed disturbing gaps and
disparities in the present regulatory laws aimed at insuring safety of
the public (and occupational groups) from chemical exposures. Thus,
although the pesticide and the food additive legislation provide for
reasonably detailed and thorough testing and safety assessments, the
Hazardous Substances Act covers only some household products and
deals very inadequately with long-term effects, such as cancer. Some
materials are inadequately covered by existing legislation and, for

practical purposes, receive cursory examination or, indeed, may
escape review entirely. In addition, the present regulatory provisions
give either inadequate or no consideration to simultaneous human
exposure through several routes, an example being the inhalation of
pesticides by the home gardener using spray cans of the same or simi-
larly acting compounds and ingesting pesticides in food and water.
Finally, imposition of a zero tolerance, which conceivably could occur
as the result of an interpretation of the Delaney clause,c could, in the
example of DDT, present a major national nutritional problem. New
legislation should take into account the need for reconciliation of

e The Delaney clause of the Food Additives Amendment of 1958 to the Federal Food,
Drug, and Cosniet'e Act, Public Law 85-929, 85th Cong., II.R. 13254, Sept, 6, 1958.
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public interests, the implications of advancing technology which has
increased the sensitivity of chemical detection more than one thousand-
fold in the past 15 years, and the problems of safety evaluation of
chemicals as discussed in this document.

Accordingly, it is recommended that legislation aimed at protecting
the public health in respect to pesticides and other foreign chemicals
be completely reviewed and appropriately revised to minimize hazard,
taking due regard of the patterns of usage and the modes of entry of
the chemicals, while preserving the beneficial uses of the chemicals as
much as possible.

APPENDIXES

APPENDIX A

A review of the National Cancer Institute study'
1. Majority opinion.In recognition of the prominent position

which the National Cancer Institute Study (1) occupies in th9 spec-
trum of efforts to characterize the carcinogenicity of pesticidal
chemicals, the Panel believes it appropriate to address a few remarks
to the methods employed in this study.

At the outset, it should be pointed out that the pesticides selected
for study were not chosen in a random fashion. Rather, they were
chosen on the basis of three criteria: (a) evidence of toxicity, de-
scribed in the literature, suggesting potential hazards to man;
(b) widespread use of the chemicals; or (c) chemical structure sug-
gesting possible carcinogenicity.

The methods selected by the investigators sought deliberately to
maximize the probability of discovery of carcinogenic potential
possessed by the chemicals selected for study. For this purpose, very
large doses were employed, in most cases, and administration of the
chemical lo the mice was commenced as early as possible after birth
and continued for the lifetime of the animals?

The test animals were chosen to combine identified advantages in
their parent strains and thus yield a maximum amount of information
as to tumorigenicity of the test compounds. The numbers of animals
per group were sufficiently large to provide a sound basis for statistical
analysis of the results. Both negative and positive control groups
were employed; their numbers and varieties were fully adequate to
the requirements of the study. Although randomization of litter mates
to groups could not be accomplished because the experiments were

Conducted at Bionetics Research Laboratories under contract Nos. PH4. -84 -57 and
PH43-61-735.

$ In this case, lifetime equates with the period of observation, which was 18 months.
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initiated in the preweaning period, a number of analyses of the
results have satisfactorily excluded significant litter effect on those
results.

Periods of observation of the test and control animals varied to
an insignificant degree. It is the opinion of the Panel that this vari-
ation is not a basis for explaining the differences between the test
and control groups.

The end point employed in the study was rumors. This term was
used to include the benign and the malignant neoplasms and those neo-
plasms whose malignancy could not be ascertained on the basis of histo-
morphology alone. Difficulty in diagnosing malignancy on the basis
of histomorphology nlone was encountered in respect to the tumors of
the liver and lung; it was not encountered in respect to other tumors
such as the lymplionutta. This use of the term "tumor," in the opinion
of the panel, is both useful and admissible for the purposes of quanti-
tating chemical carcinogenicity in animals. Its admissibility is based
upon two facts: (a) No adequately tested chemical has been found to
produce only benign neoplasms and, (b) a substantial percentage of
benign-appearing tumors in mice has been demonstrated ultimately
to eventuate in cancer.

A major test of the validity of a system employed as a measure of the
tumorigenicity of specific pesticidal chemicals in animals is the con-
sistency of its results with what has been found in other animal systems
which have been and continue to be accepted as valid. In this study
the test system responded to the negative and the positive controls in
the appropriate manner. Ammg the positive controls, the degrees of
potency revealed in this study were in agreement with earlier findings
in other systems.

Several questions arise.. The most prominent is the relevance of
animal responses to those of human beings in respect to any given
kind of noxious agent. The next question is the relevance of findings
experimentally induced in animals to diseases occurring in men, not
only in terms of the general conditions of exposure but also in terms
of the exposure levels. These questions are germane not only to the
National Cancer Institute study but also to all laboratory tests of car-
cinogenicity of specific chemical pesticides. As is indicated elsewhere
in this document, uncertainties as to relevance and extrapolation are a
cause for concern and caution in interpretation of results. It should be
noted, however, that a remarkable degree of concurrence has been
found to exist between chemical carcinogenesis in animals ;Ind that in
man where it has been studied closely.

In brief summary, the National Cancer Institute study should be
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regarded as a fine-mesh screen designed to identify as many as possible
of the carcinogens submitted to it. It has performed this task with
considerable success. It should be emphasized, however, that this
system detecti a capacity for injury of the experimental animal ; it
is not purported to define "no effect levels," the existence of which
is debated. Neither is it purported to predict the response of human
beings to the noxious agents, either at the dose levels actually admin-
istered to the experimental animals, or at the dose levels commonly
encountered by human populations.

2. Dissenting opinion.(Mr. Carrol Weil's critique of the National
Cancer Institute study, and his other comments dissenting from the
opinions and judgments of the majority of the Pane1.3)

The following are some statements in reference to the experi-
mental design and subsequent analysis of data of the Bionetics
study:

I. Dosage regimen.The concentrations in the diet employed in
the BRL studies were large by almost any standard but they were
not actually the maximum tolerated. Because the maximum
tolerated dosage was determined in very young animals and dos-
ages were not increased in a constant relation to the weights or
surface areas of the individual mice as they grew, tin dosages ad-
ministered actually receded from the maximum tolerated by the
young mice by 3 to 4 fold. it is possible therefore that some of the
chemicals studied might have been capable of inducing cancer
had larger doses been employed.

IL Route and time of administration.The wisdom of admin-
istration of the test substances to animals during the preweaning
period, especially by intubation, has been questioned. The basis
for the concern expressed has been the presumed extraordinarily
high peak dose of the material reaching the target organs in a
short period of time each day of administration, which is to say,
extraordinarily high in contrast with those reaching the target
organs following administrations via the diet. The major objec-
tion to this former method of administration is that it is not com-
parable to the human situation and might have been the reason
for results which would not, if the materials were only fed in the

Eacb of the issues raised by Mr. Well was discussed in the panel sessions and eventually
resolved in the manner presented in the main body of this report. In particular, following
the original statement of these criticisms by Mr. Wee, which appear in secs. IV and V of
his dissenting opinion, the data were reexamined on a litter baste, In keeping with the
EpsteinMantel approach, rather than on the single-animal-basis employed En the Journal
of the National Cancer Institute report. AU compounds which had been Judged positive for
tumor induction (significant at the 0.01 level, or slrongerl remained positive.
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DIsacnfing Opinion

diets, have occurred. The implication been that the experi-
menters have taken undue advantage of a period of peculiar and
excessive responsiveness of the test animal in a manner which
has no relevance to the potential ltazal 1 ,,f t he materials in the
human situation.

The newborn and very young moil, l i tier from the adult in
many ways. Toth, Magee, and Shubik ,fated that "the activ-
ities of certain liver enzymes in newbor mice were shown to be
five times smaller than in adults. Mom it was demonstrated
that. DMI3A persists for a longer peril ie in newborns than
in adult mice. In accord with this finding, the catabolic rate of
uretle.n was reported considerably hi,' adult mice than in
younger and newborn animals." Kaye -fated that "the rela-
tionship between the greater retenti Iban by young than
by old mice and the greater respons,. 'gee mice to carcino
genic action of urethan suggests that nth of time urethan
remains in the body is a critical fo determining tumor
yield."

Giving doses by repeated oral into so eliminates possi-
ble maternal metabolism of the mate; use nif this possible
conversion into a less carcinogeni, te, the high daily
peaks which -.would not occur if the I ere fed in the diets
and the fact that intubation into without maternal
passage is foreign to any human f e, this method of
administration is not recommended (Imre studies. (1)
Toth, IL, Magee, P. N., and Shubik, P. ,gettesis study with
dimethylnitrosamine administered orally to adult and subcutane-
ously to newborn HALIVe mice. Cancer Research 4: 1712-1722,
1064. (9) Kaye, A. M.: A study of the relationship between the
rate of ethyl carbamete (urethan) metabolism and urethan car.
einogenesis. Cancer Research 80:237-241, 1960.

III. Age at start.---Some aspects of the use of 7-day-old mice
were referred to above. It can be argued that a parallel could
exist with human infants or with cow's milk only if a pesticide
had been included in the diet of the test animal, no/ when it WAS

given by gastric intubation in the preweaning period.
IV. Group alte.The mice were not assigned to the various

test groups at random. Entire litters were assigned to partialar
materials. Therefore, the 'lumber of experimental units for each
material was not 18 animals in a given sex/strain group but the
number of Ptters. Assuming a maximum of 12 pups per litter, six
of each litter per group, a maximum of three of each sex per litter
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would have been used resulting in an N of approximately six
instead of 18.

In studies such as this previously described by Epstein and
Mantel (Int. J. Cancer: 3, p. 333, 1968), the following statement
is made:

"In toxicity and carcinogenicity testing with neonates, it is
necessary, for practical reasons, to treat all animals in each litter
alike. This imposes limitations on tl a statistical consideration of
all animals as individuals, according to conventional practice,
without reference to possible litter influences."

This is what D. Mainland (in Elementatv Mcd. Statietics, 2d
ed., W. B. Saunders, 1963, pp. 59-50) terms "the error of wrong
sampling units or spurious enlargement of samples or counting
the same thing over again." He states, "it was not obvious to u
distinguished worker in nutrition and dentistry who reported on
the caries in 86,196 teeth hi the mouths of 1,870 children. By exam-
ining about 20 teeth per child, the investigator had measured over
and over again the same tendency (or resistance) to caries, but in
the analysis each tooth was counted as if it gave an independent
piece of information. The proper sampling units were children,
and one way to express the information would be by the numbers
of children with, and without, caries. A finer measure would be
the number of carious teeth per child."

Other references by Epstein et at on the same subject are:
Nature OM, p. 1389 (1967), "'" tumors (liepatornas) were not
randomly distributed between various litters."

Cancer &march V': p. 1901 (1967), in reference to the hepato-
carcinogenicity of griseofulvin "an apparent ter influence on the
the distribution of hepatoma was noted."

Nathan Mantel discussed this in his talk "Some statistical view-
points in the Study of carcinogenesis," given at the International
Symposium on Carcinogenesis and Carcinogen Testing, Boston,
Mass., Nov. 8 and 9,1067. Ile stated: "I will start with the premise
that in work with newborn mice, all animals inn litter must
ordinarily be treated alike. If this is the case, any data forthcom-
ing from a carcinogenesis trial must be analysed so as to take
possible litter difference into account. To illustrate, suppose 10 of
100 treated mice develop a particular neoplasm while no such neo-
plasms occur among 100 control mice * highly signifi
cant at. But suppose that all 10 neoplasms had occurred in
single litter which had been assigned as a whole to the drug treat-
ment group. The observed result should no longer be considered
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significant and the data would lend themselves to the interpreta-
tion that the particular litter which was going to get the neoplasms
anyway had by chance, with 50-percent probability, been assigned
to the treatment group."

V. llandontimtion.The unit of comparison I'm statistical
analysis between treated and control groups, must be litters,
and not individual mice. There were approximately six litters
per sex/strain and the reactions to these should have been com-
pared to the concurrent controls. As the litters were not randomly
assigned to the materials under testcompounds of MO code
numbers were started near the end of the program, e.g.com-
parison to combined control groups is not proper. In fact, lack
of nuhinization, to protect against unsuspected bins or non-
random assignment of inherited characteristics, casts doubt on
any statistical consideration.

Further, as the incidence in the subgroups differed (when mice
were used as the unit), there is no valid biological or statistical
reason to combine and compare the mulls of both sexes in one
strain, or to combine and compare each sex in both strains or to
combine and compare firma total: of both 8CZC8 in both strains.

VI. Nrgatire controls.All of the combined, control mice
should not have been considered as N to be used for comparison
with all of the comllin?d test mice, N,, for any material because of
the nonrandom assignment of entire litters to the materials, which
were also not randomly st a rt ed.

VII. Distinction Woven compounds which "resulted in an
elevated tumor inccdence" and those trhkh "require additional
ccoluation."For the following reasons, the materials reported
to (a) have produced an elevated incidence of tumors in mice
or (b) which require additional evaltintim in the 'linnet ics study
need additional testing before any of them can be considered to
ben fumed to man or other animals:

(1) The mice, were not assigned to the various test groups at
random. Entire litters were assigned to particular materials.
Therefole, the number of experimental units in each study was
not 18 mice of each sex and strain, but the number of litters per
subgroup.

(2) As the litters AVIV not randomly assigned to the materials
under testcompounds of high numbers were stsrted near t1.e
end of the program, for examplecomparison to combined con.
trot groups is not proper. In fact, lack of randomization, to pro-
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tect against unsuspected bias or assignment of inl.terited tenden-
cies, casts doubt on any valid statistical comparison.

(3) As the incidence in the subgroups differed, there is no
biological reason to combine results of males and females in a
strain, or to combine males or females in both strains, or to make
and compare grand totals. Furthermore, as stated in (1) all com-
parisons should be only on litters as the units, not mice.

(4) The dosages were not maintained at a constant levelthe
proper method to use to assay the toxicity or carcinogenicity of a
material.

(6) No assay was made of interim effects of the materials on
tissues. All or most of the eventual effect may have resulted from
the repeated intubation of large doses to the mite before wean-
ing. This intubation route, with no maternal metabolic passage
which might have detoxified the material, is completely foreign
to any potential hazard route for humans. Therefore, concur-
rently dosed groups silould have been run with the materials in
the diets of the parent before the litters were weaned. Or, alter-
natively, this latter method should have been the only test method.

(6) While gastric papillomas might not have been accurately
counted, they were recorded in vol. 1 of the report by the Bionetics
Res, rch Laboratories to the National Cancer Institute. They
were., furthermore, listed on pp. 46, 46, and 47 of that report as
being one of a "class of tumors requiring virtually no explanatory
comment." The incidence of gastric papillomas was statistically
significantly higher in the female R6C8F1 negative control mice
than in eight. of the 11 "experimental compounds which resulted
in an elevated tumor incidence" in table 2 of the Innes, et al. pub-
lication. Therefoce, some doubt is cast on the significance of the
increase in incidence of hepatomas when the gastric papilloina
incidence is concurrently decreased. Reasoning in (1) and (2)
make both types of comparisons unreliable.

(7) As the hepatomas were generally no considered cancers,
and as the incidence of lymphoma was quite low compared to the
controls in each sex of each strain, and could have been the result
of litter effect described in ti) and (1), none of the materials
have been definitely "found to induce cancer when ingested by
man or animal"--Section 409(c)8(A) of the Food, Drug and
Cosmetic Actin this study. Therefore, no action is required by
the Secretary of the Department. of Health, F.ducetion, and
Welfare.

VIII. The eignificatiee of the bionetia study. Tne llionetics
study was conceived as a screening test to evaluate a foist* of
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pesticides and industrial chemicals for potential t mucrigenicity.
As a screening test it indicated that (I) the positive controls in-
creased the incidence of hepatomas (2) a number of compounds
were found to also increase tumor incidences under the condi-
tions of the test and (3) negative results were obtained on many
compounds.

A large enough number of animals were used in each test to
expect the results obtained to be significant statistically, although
because randomization was not practical, the experimental unit
should have been considered to be litters, rather than mice. How-
ever, because of the large number of chemicals and animals used,
the newness of the test procedure, large differences between re-
sults obtained using different strains and sexes of mice, and the
fact that the tests were carried out in one laboratory only, the
work should be regarded as indicative but not conclusive. The
results clearly point out the need for confirmatory tests pref-
erably by a collaborative interlalxwatory effort. Therefore, until
the results of thqse are available, no sweeping statements should
be made that certain pesticides are carcinogenic and/or should
Ile banned. It would be in order to point out, however that un-
necessary human exposure to suspect compounds might be mini-
mized until more evidence is available.

IX.Pathclogic cralaation.The statement is made on page
466 that. "The Panel is unaware of the existence of any chemical
which is capable of inducing benign tumors only, which is to
say, in light of present knowledge, all tinnorigens must be re-
garded as potential carcinogens. Thus, the majority of the Panel
accepts Imnorigenicily as an index of carcinogenicity."

If only benign tuners result during the life-span of the ex-
perimental animals, as has happened in many studies, the above
statement for these materials does not apply. If only benign tumors
result, the material under test does not "induce cancer ", which
by definition of the term. is a malignant growth of tissues * *
associated with ill health and progressive emaciation.

APPV.NDIX 11

Relation *hips belifern chemical *Icarian,' and lamotigenicily i,t the
Notional cancer I aAf Ode al idly

In general, the data obtained in the National Cancer Institute study
show a mmsistent relationship between chemical struct mile and tumor-

1Roate of ate titers: W.11104 fa Ohl* appeaslit ate Rot teitteleted %/1 PetikSdell ; Ife.y are
lattaattl rR the Ilet tot Illat,ItaIlte petrOie* only.
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igenicity.2 Certain uniformities appear if one groups the compounds
according to chemical structure and classifies them according to the
tables in the report of the National Cancer Institute study (/) :

1. compounds which resulted in elevated tumor incidence,
2. compounds which require additionel evaluation, and
3. compounds which did not cause a significant increase in number

of tumors' in the one animal species studied.
Chlorine-containing compounds. --A number of compounds which

contain chlorine appear to be tumorigenici however, chlorine sub-
stitution by itself does not impart tumorigenicity. Tumorigenicity
is evidently regulated by other substituents in the molecule. The
most important result is that all of those compounds in the experi-
ment which are structurally related to DDT had rating of 1 or 2.

peDDT 1
Oblorobensilate 1
Perthane 2
oeDEID 2
o,oeDDD 2

Two other compounds containing chlorine atoms and two containing
both chlorine atoms and nitro groups but unrelated to DDT also
yielded positive or borderline results.

1
Strobane 1
PONS 1

Vancide PB 2

The second most important group of compounds which produced
elevated tumor incidence contain chloreethyl or chloroallyl groups.

Aramlte (positive control) 1
bta(2- chloroethyl)ether 1

Avad ( Ma its te ) 1
2-(chloroethyl )trImethylammonium chloride (000) 2

Several ehlorophenols exhibited borderline activity, but an insulti
cient number of compounds of this class was included in the test to
lend importance to this observation.

2,4,0-terkbloropbenol 2
2,2-Tblohis(4.0-dichloropbenol) 2
Peels eb loropben ol

'NEM*: tiotrIllistssdtse tbo Istersal coutstereleo betsett (Stoke sinews sod
Ismotigeolcily obverted la tilts sht/. sot *boosts le jet isolra abort sltsclett-tesetlos
Mailospflro to permit one to rtty strobes epos stoltatitItt lad dledistlatItko of ettoctste
to predict tosorigeskIly.

I At tilt 0.01 lettl of slittlecosee.
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Compounds which contain nitrogen or pentavalent sulfur in addi-
tion to chlorine atoms were essentially non-tumorigenic in the test
circumstances at the 0.01 level of significance.

Compound Class Rating

Monuron urea. 2
Diuron do 3
Botran amine 3
2,6-Dlchloro-4-nItrcanlline 1 do 3
Dicryl anilide 3
CIPC carbamate 3
Endosulfan sulfite 3
Oyes sulfonate 3
Genite R-99 do 3
Tetradifon sulfone 3

Same as Botren In chemical structure. Rotten and this compound administered to separate experimental
groups.

Also, many pesticides which are potential biological alkylating
agents were inactive in the test circumstances. These include the fol-
lowing herbicides and fungicides:

Compound Class Rating

Chloranil (obsolete) qulnone 2
Dichlone do 3
Captan phthalimlde 3
Po !pet do 3
Etimasine trlasine 3
Atrasine do 3

These results seem inconsistent with prior data since some biological
alkylating agents have been shown to be carcinogens as well as car-
cinostats. However, if the compounds are too reactive chemically to
be translocatcti, permeate cells, or be stored in tissues in sufficient
amounts, then they may not be tumorigenic.

2,4-llichlorophenoxyacetic acid (2,4-D) and five compounds closely
related to it structurally were found to be nontumorigenic in the test
circumstances.

Of the chlorine-containing compounds investigated, t wo out of seven
rutin groups exhibited a significant degree of turnorigenicity. The
mutts were internally consistent throughout.

Dithlocarbantakfr.The it h loco them tescanbec)ammtifedintothroe
main groups as follows
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Derivatives of diethylamire and bis(hydroxyethyl)amine
Ditblocartamates: Rating

selenium, diethyl 1

tellurium, diethyl 2

potassium, bis(2hydroxyethyl) 1

sodium, diethyl 2

nine, diethyl 8
cadmium, diethyl 3
Bid(diethylearbamoyl)disultide 2

Derivatives of dintethyksmine
Dithlocarbarsates: Ratios

lead 2

selenium 8
zinc 8
iron 8
copper
bismuth 8
dimethylammonium 8
Bis(dimetbylearbamoyl)disulfide
DisidimethykarbamoyilmoLosulude 8

2thylene(b0)ditliieoarbantates
Retina

sine 8
manganese 8
/odium 8

Arca of the diethylcathamates were either clearly tumorigenie or
borderline while the dimethyl analogues were inactive. Selenium,
evidently, does not play a direct role in the activity of selenirm diethyl-
dithiocarbainate since the dimethyl analogue is inert. The three diethyl
ierivatives which would be expected to be assimilated readily are
active while those including the insoluble heavy metal salts (Zn and
01) are not.

The ethylene (his) dithiocarbamates were inactive.
Carbamaiea and Thiocarbarinte4. The activity among the carbamates

was not consistent.. Ethyl catbantate and Avadex were tumorigenic.
(The activity of the latter compound could possibly be ascribed to the
chloroally1 group.) Zectran wis borderline but the remainder of the
carbamates did not produce significant effects.

Convound: Bating
ethyl carbonate 1
Ara del (Diallate)
Itectrin 2
Sevin
1P0 3
011'C
teolan

4 3
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l.'reac.An insufficient number of urea derivatives was evaluated
to give a clear picture of their activities. Ethylene thiourea, an oxida-
tion product of naham, was ttimorigenic while mointron was border-
line. Diuron did not produce a significant response.

Hydrazine deriratireR.-11ydrazine has been reported previously
t2) to produce hepatomas in mice. In this study N-(2-hydroxyethyl)
hydrazine was found to be ttimorigenic but maleic hydrazide was not.
If free hydrazine were liberated enzymatically, t tunorigenicity should
ensue. It may be that animals differ in their abilities to liberate free
hydrazine from maleic hydrazine. This could account for the con-
flicting reports which appear in the literature on the effects of maleic
hydrazide.

Amine., and anitide.9.None of the amines and anilides tested ex-
hibited statistically significant tumorigenicity at the 0.01 level. These
include Dicryl, lotran and 2,0.dichloro-4-nitroaniline.

Methylenedioxyphenyl derirative4.Compounds of this group were
classified borderline or negative.

Compound: Renal
Plpercnyl butoxIde
Plperonyl sul.foxIde 2

Propyl Winer
Butacide 18

Plperonyl butosIde was also tested as Butscide tplPeronti batolide in a entreat vehicle).
Because of the presence of the solvent, they were given at different `exit dose levels. The
difference In category assignment (2 versus 3) comes about because for piperonyi butoilde,
5 of 15 strain X male role, developed lymphomas (significantly rester than the tie /afire
controlsat the 1 percent level) and for Botacide, 3 of 16 animals (strata X, male rake)
developed lymphomas. Three out of 16 was not significantly greater (at the 1 percent level)
than the control levee (for the estop strain and sell while 3/18 washence the assignment
of the two al aterlats to two different categories. However, 3/15 Is not sigailicantly different
from 3/16.

CITED REFERENCES
(I) Irmis, J. R. M., 1.11.1.ASID, B. Id.. Vault°. M. 0., Pirravna.u, 1A, FielintlX,

MART, E. R., PAILOTTA, A. J., HAUS, R. R.. FALK, H. L., Gut, J. J., Kum.
If., Ieltutitua I., and Minn, J.: Bioassay ot Pesticides and Industrial
Chemicals for TuroorigenkIty In Mice: A Preliminary Note. J. Nei. Cancer
AO. 42: 1101-1114, June 1900.

(8) 131ANCIFIOU. C., 13t'ocIARELLI, CLATOO.S, 1). R., and SA'st111.1, in-
duction of bepatomas in CRA/Cb/Se mice by hydrazine sulphate and the
lack of effect of erotan dl on tumor Induction In Balb/c/(113/8e Wee.
Belt J. Caaccr 18: 543480, 1904.

APPVIDIX 0

Animal *tales of peAtieide4 tumorigenieity: PoaereRponae relation-
*him and extrapolation to "no-effect" keels

Dose-respome studies Are Ilse f it in demonst rat ing whether a response
at a given dose with no gradations of response at lower doses is more
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suspect as "accidental" than a graduated response seen at graduated
doses. Two possibilities in the biology of the response place restraints
on the interpretations of the dose-response relationships, however:

1. Dose-spacing is very important Given a very steep dose-response
curve, too widely spaced doses could yield responses ranging from
100 percent at a given dose to zero percent at the next lower dose. This
gives the appearance of an artifact when there is none. Similarly, a
shallow dose-response with doses spaced too closely can give the appear-
ance of no dose-response relationship, when, in fact one does exist..

2. The plateau phenomenon can obscure a dose-response relationship.
That is, there may be a range of doses for which a dose - response does
occurup to some upper limit of response. At higher doses other toxic
effects or other causes of death may interveneand the tumorigenic
act ion of the material may appear to be impaired. The plateau phenom-
enon is common in animal studies and has also been seen in humans.
Notwithstanding these limitations in their interpretation, dose-
response studies remain almost the only way to provide an estimate
of a possible "safe" dose.

Reproduced below is part of a discussion of extrapolation to a "safe"
dose, as presented in The Report of the Subcommittee on Caroino
genesis of FDA Committee on Protocols For Safety Rvaluat ion (1969).
The concerned statisticians at the National Cancer Institute concur
in these remarks.

". the only practicable basis for estimating a safe dose is by
extrapolation downwards from results obtained at some level well
above the actual use level. Hut this extrapolation introdues serious
uncertainties, which must be recognized if rational methods of safety
evaluation are to be developed." [The basic problem is that extrapola
tion outside the range of observation must be based on a generally
unverifiable assumption about the mathematical nature of the dose-
response relationship near zero dosage. (Technical Panel on
Carcinogenesis.) I

"It might be thought that the basis for such an extrapolation could
lie provided by observations in the bservable range. To show how far
from being the case this actually is, we give below three different dose-
response curves, mathematically defined over a dosage range of 256
fold. All three have the same TD,, and TD,,'. The first is a probit
curve, the second a logistic curve, and the third the so-called one-
particle curve.

I ?trot= boar or1k1 molts la lason la SO teirtat ei tb. salmis ; TM.= tumor dose for
IS gvernal at ele.
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E.rpected percent of anima's with tumors

Actual dose
Ti) w

Prob It
curve

Logistic
curve

Oneparticle
curve

16 98 96 100

8 93 92 99 +
4 84 84 94

2 69 70 75

1 50 50 50

i 31 30 29

N 16 16 16

,i 7 8 8

!io 2 4 4

It will be noted that below the TI),,, the three curves differ by little.
and that in any experiment of practicable size (say less than several
thousand animals) it would not be possible to conclude from the actual
observations which one of the three best described th data. As shown
below, however, the (one in a million dose) and the T1),,,,o0,
(one in one hundred million dose) obtained by extrapolation of these
threecurves differ markedly. Thus,

Eztrapotalcd rotors of "safe" doses for Owe different dose-response curves describing
observed responses in the I percent to 60 percent response range equally well

Probt t cuts a Logist lc cut re Oneparticle curve

T1)t . 040 . 022 . 014 4
T1)., .015 5 .003 15 .001 44
T1).44,1 . 001 36 . 060 009 K . 000 001 44
T1).tatt1 . 000 412 . 000 000 16 . 000 000 014
Tbi

T 1 ). wpm 100 100, 000 I, 000, 000

The one in onehundred million dose, which Mantel 811(1 Bryan (811
the 'virtually' safe dose is one-hundredth the TI), "sing the probit
curve, one-hundred thousandth using the logistic and one one-mil-
lionth using the one- particle curve. Thus, even with an experimentally
well-determined TI),, or dose at which l',=.01, the 'virtuall)' safe
dose is obtained by using a safely factor which can vary front lou to
1,000,00t I depending on the en eve selected.

"The extreme unreliability of extrapolations outside the observable
expel imental range was the basic source of the failure of the fatly

fety eralnalion program for the Salk vaccine, even though Ili.
observed curve connecting kg titer and inactivation time had some
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theoretical physical-chemical basis. Nor is the uncertainty attaching to
an extrapolated value surprising, since even a relationship with as firm
a molecular basis as lioyle's law breaks down at extremes of pressure
and temperature. Clearly extrapolation from the observable range to
a safe dose has many of the perplexities and imponderables of ex-
trapolation from animal to man and it would be imprudent to place
excessive reliance on mathematical sleight. of hand, particularly when
the dose-response curves used are largely empirical descriptions, lack-
ing any theoretical physical or chemical basis.

"Nothing that has been said bears on whether a threshold dose does
or does not exist. What does seem clear is that :wire fundamental
experimentation than that of the usual toxicological dose-response
investigation in intact animals is necessary to shed much light on the
question."

The uncertainties in the extrapolation have led the FDA Subcom-
mittee to the following conclusion.

"Although it is possible in principle to estimate 'safe' levels
of a carcinogen, uncertainties involved in downward extrapolation
from test levels will usually result in permissible levels that are
the practical equivalent of zero."

Arrvinix n

8tddie" of human population.'

The relationship between pesticides and chronic disease, including
cancer, has not. been adequately studied in man. A review of available
literature, including a MEDLARS search, reveals that most studies
to date were done on small sample sizes, for short periods of time, and
without adequate follow-up. This deficit points up the need for de-
finitive epidendokigic studies on man to answer questions about. Vat ia-
ion within and among individuals, identification of "high-risk" and

"low risk" liopulations, relationship between exposure and risk, and
establishment of human doseresponse curve& A correlation between
exposure to DDT (industrial and home use) and tissue concentration
has been Amu. However a correlation has not been established be-
tween tissue concentration end subsequent disease. Itadomski et o!.
(Food Comet. 209-2o, August 1968) have compared the
organochlorine pesi icide concentrations in fat and liver of 271 patients
with known liver, brain, and other d'sease, against "control'' levels
found in an earlier autopsy study. They relented elevated pesticide
concentrations associated with various diseases including a 2- to fl-
fold increased concentration in patients with carcinomas of lung,
stomach, rectum, pancreas, prostate, and bladder. No specific a&cio-
elation was shown between increased concentration and any particular
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neoplastic disease. The authors postulated no cause-and-effect relation-
ship. It should be noted that cachexia, accompanied by disturbances
and shrinkage of fat deposits, may alter levels of fat-soluble pesticides
in adipose and other tissues. Accordingly, it is possible that high
concentrations of DDT in the remaining fat may not necessarily reflect
the level of exposure of the individual.

To date there have been no large-scale, well-controlled, epidemiologic
studies capable of revealing a negative or positive cause-and-effect
relationship. At least one consequence of this lack of appropriate
work is that there is also no evidence to prove that there is a safe
threshold.

WHAT IS BEING DONE NOW

The majority of work in the field of pesticide data gathering on
human exposure is being done by the Food and Drug Administration's
Division of Pesticides in Chamblee, Ga. In 1949, the National
Communicable Disease Center in Atlanta established a toxicology
laboratory to begin studies on pesticides. In November, 1964, an Office
of Pesticides was established to provide a mechanism for responding
to a number of health-related recommendations which followed a
study of pesticides by the Life Sciences Panel of the President's
Science Advisory Committee. In August 1966, the office was trans-
ferred to Atlanta and renamed the pesticides program. It then included
12 community study locations. The program was transferred to the
FDA on July 1,1968.

The pesticides program, in addition to its community study projects,
is currently conducting a Human Monitoring Survey, measuring adi-
pose and serum pesticide levels and obtaining the following informa-
tion: (1) name, (2) sex, (3) race, (4) age, (5) hospital and other
identification, (6) up to three clinical diagnoses, and (7) up to three
pathologic diagnoses. Specimens of tissue (or blood), removed rou-
tinely during surgery or autopsy, were obtained from collaborating
pathologists. Demographic data were obtained from hospital admission
sheets. Individual patients or families of deceased patients were .lot
contacted. Due to the difficulty in getting accurate or complete infor-
mation, data such as patient's occupation are omitted.

The data gathering has grown in an informal way. Between 70-80
pathologists around the United States were contacted initially. Later,
attempts were made to improve national coverage by including pathol-
ogists from geographic areas initially omitted. No formal procedures
exist to minimize bias in specimen collection. There are now 15 com-
munity study projects. The number of "occupationally exposed" indi-
viduals has been increased to 1,400. Numbers of controls have also been
increased. The program over the last several years has reflected, as
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well as developed, improved technology for detecting and examining
trace materials. Data handling has not developed satisfactorily. Each
community study stores its own records, and there is no centralized
data storage and retrieval system, though copies of records are avail-
able centrally.

From the Human Monitoring Survey clPta, the Pesticides Program
is trying to ,)btain information concerning the incidence of various
diseases (or mortality from several diseases) as related to pesticide
levels. As of September 1969, the Program prepared a partial list of
diseases (by ICDA classification) and the number of patients in the
study with each disease. These data are not suitable for computing
mortality rates. It is the intent of these studies to throw some light on
causes of death, or diseases associated with high pesticide levels.

The major limitations of the current work are: (1) Incomplete
demographic data collection, (2) non-representative population, (3)
difficulties in computing rates of mortality, or disease incidence,
(4) problzms of identification of "high-risk" individuals, and (5) slow
and uncoordinated data-processing procedures.

WHAT CAN FE DONE

A def nitive, large-scale study is needed to examine the relationship
between pesticides and disease. Such a study must be planned with a
statistically sound sampling procedure including identification of
low- versus high-exposure groups, multiple-tissue-per-patient exami-
nation, and adequate demographic data collection. Possible inter-
actions of materials must be considered. Some of this is now being
done on a limited scale. The data must be examined in various com-
binations in addition to the tabulation of incidence of disease by
different tissue levels of pesticide. To identify increased incidence A
rare diseases will require large sample sizes.

The sample sizes depend on the desired sensitivity of the study, the
desired power of the study to reveal differences, if they exist, the
incidence rate of the disease being studied, and the magnitude of
change in disease occurrence that is meaningful to attempt to find. If
one sought to find an increase in a relatively rare cancer, such as liver
cancer, which animal studies indicate may be importantly affected by
pesticides, then large numbers would be needed. (In 1966 there were
approximately 2,000 reported cases of death due to primary liver
cancer in the United States. This is a death rate of about 1/100,000.)
At the 5.percent sensitivity level, close to 5,800,000 individuals would
have to be studied to pick up a doubling of the death rate due to
primary liver cancer. A sample large enough to pick up such an
increase in liver cancer would, of course, be able to detect smaller
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increases in more common cancers. Consider cancer of the pancreas.
At the 5-percent sensitivity level, a study of 5,800,000 individuals
could reveal an increase of 33 percent in the death rate from cancer
of the pancrers; to detect a doubling in the rate it would be necessary
to study about 760,000 individuals. Major forms of cancer showing
recent increases in incidence that might be related to pesticides include
cancer of the colon, cancer of the bladder, and cancer of the pancreas.

By stretching out the study over several years, and by concentrating
an age and occupation groups believed to be at high risk, the number of
people who need to be followed can be reduced. Long term studies have
the disadvantages of loss to follow-up, and protection against this
needs to be built into them. This means increased initial sample size.

One other possibility exists that is worth considerable attention.
That is to invert the process and, instead of looking at individuals and
finding their diseases or causes of death, to look at causes of death, and
find the characteristics of the individuals to whom these causes occur.
This might be accomplished through a national death index.

A National Den lth Indexwith all deaths within the United States
tabulated by causewould permit easier investigation of the pesticides
problem. Where specific causes of death ,,sere suspected of possible as-
sociation with pesticides, the Index would permit an identification of
the individuals who died from these causes. Follow-up studies could
reveal their occupations, possible exposures to pesticides, etc. Evidence
of presumed clustering (in time and space) of deaths has stimulated
epidemiologic investigations into possible etiologies of leukemias and
lymphomaswith some profit. It might be worthwhile seeking in-
formation on clustering with respect to deaths presumed to be associ-
ated with pesticide exposure.

Without large scale, well-planned, controlled epidemiologic studies,
the true importance of the long-term effect of pesticides on the human
population will be difficult to document with any accuracy. The Direc-
tor of the Division )f Community Studies, FDA, has remarked about
the importance of "maintaining an overall stable program with
stature." The Technical Panel on Carcinoganesis concurs.
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INTERACTIONS
SUMMARY

Under experimental conditions, 3 kinds of interactions can readily
be demonstrated. (a) in a few pairs of organophosphates one can
block an enzyme (aliesterase) which normally degrades the other, and
thus enhance its toxicity greatly; (b) most chlorinated hydrocarbons
can, at fairly low concentrations, and especially if Administered regu-
larly, increase the level of the drug metabolizing system of liver
microt,ornes. This increase produces a Variety of effects, decreasing or
increasing the toxicity to some pesticides which might be taken in
later, but also altering the body's response to many drugs, and also
changing the level of several circulating hormones; (c) piperonyl
butoxide and related compounds, whose only commercial use is to
improve the toxicity of pyrethroid insecticides, can at relatively high
concentrations block the liver microsomal system mentioned above,
Fir,' this blockade increases the toxicity of a variety of insecticides
which are normally degraded by that system.

Although the above effects can be shown experimentally, the
amounts of pesticide normally ingested, either by food intake or by
those occupationally exposed, does not appear to be enough to create
any hazardous interaction for compounds for which data are available.
The Amounts taken in by the general public are substantially less than
enough to produce even detectable changes, and such justdetectable
changes would have, in our opinion, no hazardous consequences. How-
ever, this opinion is necessarily based to a large extent upon data
obtained with laboratory animals.

Although this report makes no recommendation specifically related
to carcinogenesis, some consideration is given this asitct in appen-
dix B.

There are two and possibly more conditions under which investiga-
tions are a CAUSO for concern. One is when gross misuse or suicidal
intent give rise to massive intakes. Under such conditions, the dangers
of two compounds together will, for certain pairs of compounds, be
greater than the tom of the dangers from each separately. The second
is when individuals with n high occupational level of exposure to
chlorinated hydrocarbon insecticides undergo therapy with certain
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drugs. Their response to these drugs may be quantitatively different
from that anticipated.

CONCLUSIONS

1. Studies on the inhibitory action of anticholinesterase pesticides
on plasma and liver aliesterases should be required as part of the rou-
tine toxicological evaluation studies because of the established im-
portance of this inhibitory action as a cause of potentiation of toxicity.

2. Research should be conducted to establish the level of aliesterase
inhibition by anticholinest erase pesticides that. alters the rate of metab-
olism of ester drugs at therapeutic dosages.

3. Additional studies should be conducted to evaluate the signifi-
cance of aliesterase inhibition in man, and especially liver aliesterase
and amidase. If there is an increased use of organophosphorus insecti-
cides and carbamato pesticides and a consequent increase in exposure
of the population, especially those occupationally exposed, this in-
creased health hazard must be monitored carefully to prevent, an
increase in the toxic action of other chemicals through inhibition of
aliesterases. There is a need for methodology that, will provide mean-
ingful information on al iesterase levels in man.

4. The cumulative effects of anticholinesterase insecticides on
cholinesterase and aliesterase activity of wildlife should be evaluated
to aid in preservation of desirable species.

b. Tests for enzyme induction should be made a part, of the required
studies on all new pesticidal chemicals. Quantitative measurements of
the potency of a pesticide as an enzyme inducer should be made using
subacute or chronic tests unless separate experiments of a shorttenn
type show that the pesticide is not capable of causing enzyme induction.

6. More research is needed to establish ways of predicting mime
induction on a structure-activity basis.

7. More research is needed to establish qualitative and quantitative
criteria to indicate similarities and differences in drug metabolism in
various species. The extent to which the low levels of microsomal
enzyme activity in extra-hepatic tissues such as lung, gastrointestinal
tract, kidney, and adrenal cortex is induced by pesticides should be
studied.

8. Additional research is needed on the development of practical
quantitative methodology for measuring cAzyme induction in animals
and man. Consideration should be given to the development of model
substrates with low toxicity whose metabolic products can be easily
measured. When such methods are available monitoring studies should
be conducted on individuals exposed in the manufacturing and appli-
cation of pesticides.

310



9. Additional research designed to characterize the mechanism(s)
and the significance of pesticide interactions should include the study
of the effects of the total environment, i.e., chemical, physical, and
social factors.

10. At sufficiently high levels, insecticide synergists inhibit the
metabolism of insecticides. Information is neoded a) on human intake
of these synergists both hy consumption of food in the normal diet and
by inhalation exposure to aerosols as normally used, b) on the interac-
tions resulting from intakes of this magnitude, first with experimental
ani mal s and subsequently with humans.

11. Further work should be encouraged on the effect of combina-
tions of household detergents and pesticides and on storage of the
latter compounds.

INTRODUCTION

The term interaction is commonly used to describe an increase or
decrease in the biological activity of a chemical agent by the prior or
simultaneous exposure to another chemical agent or other exogenous
factor. Strictly additive toxic effects from chemicals having the same
pharmacological actions are not classed. as interactions, nor are those
decreases in toxicity which are due to opposite pharmacological
actions.

Interactions can be caused by several mechanisms. By far the most
prominent mechanism responsible for known pesticide interactions
is interference with the activity of drug metabolizing enzymes. Thus
the ability of organic phosphate insecticides to inhibit esterases the'
detoxify other organic phosphates and some drugs represents one im-
portant type of interaction. Increases in the level of drug-metabolizing
enzymes through induction by chemical agents represents another
important mechanism. A third important mechanism involves inhibi-
tion of the activity of hepatic microsomal drug-metabolizing enzymes.

Some drugs (as distinct from pesticides) produc,, interactions by
blocking excretion of other chemicals, some by competing for binding
sites on plasma proteins, some through interfertnoe with intestinal
absorption, some by blocking the transport of another chemical to its
site of action, some by direct sensitization of the target site. The Com-
mittee has attempted to examine all types of potettial interactions,
but has found no documented cases of pesticides invoiced in these other
types of interactions.

Therefore, the Committee focused attention on pesticide interac-
tions that involve the three identified mechanisms. Careful considera-
tion WAS given to the qumtion of whether or not interactions could
occur at the practical dose levels to which ere population of the United
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States is normally exposed. Additionally, the Committee has consid
ered the same question in relation to individuals who are exposed to
higher dosages through their occupation. When insufficient information
was available the Committee made recommendations for further
research.

PESTICIDE INTERACTIONS THROUGH INIIIHMON OF ESTERASES

Pesticides having the same pharmacological action are generally ad-
ditive in their toxicity and this has been recognized in regulations of
the Food and Drug Administration (CFR 120.3) which prohibits
the combined residues of more than one related compound on food
commodities from exceeding the weighted average calculated from the
individnal tolerances.

Combined actions of an ndditive nature are readily predictable and
understood in evaluation of potential hazards from pesticides. How-
ever, some pesticides exert, more than an additive effect on the toxicity
of other pesticides and present a combined health hazard in excess of
That. ordinarily expected. In 1057, it was reported that the simul-
taneous administration of two organic phosphate pesticides, EP\
and malathion, gave acute toxic effects 50 times greater than a simple
additive effect. (I). It was also reported that. subacute feeding of both
compounds produced a len-fold increase in toxicity as measured by cho-
linesterase inhibition. Protection of consumer health from such unex-
pected and unexplained "potentiation", ns we shall call it, between
organophosphorus insecticides was instituted by n change in FDA
regulations to require the testing of each pesticide of this type in
combination w;th each oilier organophosphorus insecticide (CFR
120.35). 1Viill the development of other cholinesterase inhibiting pesti-
cides, namely the carbaninte, this requirement was extended to in-
clude all combinations of organophosphorus pesticides and carbamates.
Under the test. procedures, if evidence of potentiation was observed in
acute tests, subacute studies mete required to define the level without
toxic effect.

Partly because of ibis requitement, several other organophosphorus
insecticides were uncovered which potentiate the toxicity of tunlathion
and other organophosphorus insecticides (e-s). However, the. DIR-
jority of combinations studied did not cause significant toxicity be-
yond the expected additive action. Consequently, tolerances for
cholinesterase in:iibiting pesticides have been established with knowl-
edge and evaluation of their potentiating effects in experimental
animals. Confidence in this pract lee was obtained through ndministra
lion of combination% of potentiating pairs nt tolerance levels to human
volunteers demonstrating no effect on cholinmterase (7-$).
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More recently the biological mechanism for this type of potentia-
tion of the toxicity of carboxyesters, like malathion, has become
understood (4, /0,11,12, 13, 14).A few other interactions of lesser mag-
nitude, not involving carboxyesters, have been reported whose mecha-
nism is associated with competitive binding and other reactions (8,16,
16). In the case of the more common and more marked cases of po-
tentiation, it, has been demonstrated that all organic phosphate and
carbamate pesticides inhibit, certain other esterases in addition to
cholinesterase. Among these enzymes is a group referred to as alies-
terases. One or more of these aliesterases rapidly hydrolyzes malathion
to yield products which are devoid of dnthicholinesterase activity, thus
influencing detoxification of malathion. A metabolite of EPN possesses
a greater inhibitory effect on aliesterase than on cholinesterase and
when sufficient EPN is administered simultaneously or prior to mala-
thion, inhibition of this aliesterase interferes with the normal de-
toxification of malathion. As a consequence, malathion is available
to inhibit cholinesterase in the same manner as other phosphates. A
parallel mechanism has been shown for EPN action upon the degrada-
tion of d imet host e, a carboscyamide (30).

After the mechanism of EPN potentiation of malathion became ap-
parent, other phosphate and carbamate pesticides have been examined
for their inhibitory effect on aliesterase enzymes (17-19). All orga-
nophosphorus insecticides inhibit the aliesterases that hydrolyze tri-
butyrin and diethylsucei nate as well as cholinesterases but the marked
potentiators of malathion toxicity inhibit aliesterases at a lower die-
tary level than the level necessary to inhibit cholinesterases (18).

As a consequence of these observations, the FDA has modified its
regulations on testing for potentiation (CFR 130.35) to "require spe-
cial experimental data" on a case by case basis as deemed necessary,
rather than requiring measurement of the toxicity of each possible
combination. In light of present knowledge, studies on the inhibition
of plasma and liver aliesterase should be required on all anticholitt-
esttraae

Because all organic phosphate and carbamate insecticides inhibit
aliesterases as well as cholinesterase, and because aliesterases are
known to metabolize many natural food ingredients, food additives,
drugs and industrial chemicals (eat4) the public should be protected
from exposure to levels of these insecticides that alter the metabolism
of other compounds. To define the level for each pesticide that will
significantly alter the metabolism of other chemicals, subacute studies
have been conducted with rats for most of these insecticides (18).
When diethylsuccinate and tributyrin were used as substrates, dietary
levels as low as 0.6 p.p.m. of some commercial organophoaphorus
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compounds produced 50% inhibition of the activity of these ali-
esterases. This degree of inhibition significantly reduces the resistance
of rats to malathion (18). This is important for occupational exposure.
However, it is not known whether this degree of aliesterase inhibition
significantly alters the rate of metabolism and toxicity of lower doses
of malathion or other substrates when the enzyme system is not over-
loaded. From available evidence (1, 17) it appears that it does not, but
more definitive studies should be undertaken. In addition to measuring
the effect of aliesterase inhibition on the metabolism of other pesti-
cides, studies should be undertaken to establish the level of aliesterase
inhibition that affects the rate of metabolism of ester drugs at thera-
peutic dosages.

The role of aliesterases in detoxification reactions in man are poorly
defined. The relatively low toxicity of malathion in the rat is dependent.
on detoxification by aliesterase(s) primarily in the liver. In man the
blood aliesterase activity for substrates such as diethylsuccinate (25.
QC) is extremely low and the more important information concerning
levels in the liver has not been obtained. The amidase which degrades
dimethoate is less active in human liver than in liver of six other
vertebrates (.91). If the aliesterase activity in the liver of a man
parallels blood in being much lower than it is in rats, this may provide
an explanation for the higher toxicity of malathion to man than to
experimental animals (9, 0). Comparative studies on the suscepti
bility of experimental animals and man to aliesterase inhibition have
been conducted with only one organophosphorus insecticide (°C) and
it only involved measurements on the activity of blood of malt. Al-
though tribntyrinase activity was more strongly inhibited than cholin
esterase in the case of the rat, there was no significant difference in
susceptibility of the enzymes in the blood of man.

Therefore, from available evidence on one aliesterase in blood, the
significance of aliesterase inhibition from organic phosphates to human
health would appear to be less important than cholinesterase inhibition
except perhaps for occupational exposure. This conclusion, how-
ever, is based on less than adequate information on human susceptibility
to aliesterase inhibition. Additional studies should be conducted to
evaluate the significance of aliesterase inhibition in man and especially
liver aliesterase; and to study the relation bettreen alicaterases and
amidane.

Current total diet studies establish that the level of organo-
phosphorus insecticides and carbamates in the diet of man from agri-
cultural use is below the level vhich affects cholinesterase and
aliesterase activity (Q). Occupational exposure of applicators and
farm workers, however, has frequently resulted in measurable chan-
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esterase inhibition and presumably aliesterase inhibition (09). An
increase in the use of organic phosphate and carbamate pesticides
will increase the exposure of both agricultural workers and consumers
of agricultural products. This increased health hazard must be
monitored carefully to avoid an increase in susceptibility of the popu-
lation to toxic actions of other chemicals. The cumulative effect on
cholinesterase and aliesterase activity of wildlife which receives a
greater exposure could also be evaluated to preserve desirable species.

Although carcinogenic and potential carcinogenic or mutagenic
interactions are important, a full consideration of the pharmacological
results of interaction in these regards has been left to the respective
subcommittees appointed to assist with these topics.

SUMMARY

The most pronounced cases of known interaction associated with
pesticides have involved organophosphorus insecticides. The mecha-
nism for these interactions has been demonstrated to be due to in-
hibition of the detoxifying enzymes referred to as aliesterases. Al-
though all commercial organophosphorus and carbamate insecticides
inhibit aliesterase(s) as well as clwlinesterases, the marked poten-
tiators inhibit aliesterases at a lower dosage than is required for cholin-
esterase inhibition. It is prudent to require information on the effect of
all ant 'cholinesterase pesticides on aliesterase activity. The evidence on
experimental animals indicates that. the current level of pesticides in
the diet does not inhibit aliesterase(s). However, occupationally ex-
posed individuals may have reduced activity and may be more suscep-
tible to other compounds. Additional work is needed to define the
significance of aliesterase activity in man and his relative sensitivity in
relation to experimental species.
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SOX At EN LY)11: Au/1%-m

The second important mechanism by which pest icider are known to
produce interactions is by altering the activity of the enzyme systems
in hepatic inicrosomes that catalyze the metabolism of many foreign
chemicals. These microsomal enzymes, which are frequently referred
to as mixed function oxidases or drugmetabolizing enzymes, are
readily induced by many chemical agents and inhibited by a few types
of chemical compounds. A pesticide capable of causing induction or
inhibition of these enzymes will alter the surriAibility to drugs or
other chemicals that are normally metabolized by these enzymes.
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During recent years a tremendous amount of attention has been
given to induction of hepatic microsomal drug-metabolizing enzymes
by various chemical agents. It is well established that elevation of the
levels of these enzymes will accelerate the biotransformation of many
substrates (pesticides, drugs, and other chemicals) that are normally
metabolized by these enzymes. Acceleration of the metabolism usually
results in more rapid detoxification but in some cases the metabolites
are more toxic than the parent compounds. The extent to which this
type of interaction occurs from combinations of pesticides, drugs, and
other chemicals has become a question of considerable concern. The
number of combinations of pesticides and other chemicals is too great
to permit assessment of their potential for interactions by toxicity tests
on every possible combination. Thus an understanding of the mech-
anisms responsible for interactions seems to offer the most practical
approach to the development of procedures for measuring the capacity
of one agent to alter the toxicity of another substance. This approach
is the one that is considered most feasible to detect interactions that
may be caused by enzyme induction.

The initial observation that certain foreign compounds may stimu-
late microsomal enzyme activity was made by Brown, Miller, and
Miller (1) and extended by Conney, Miller and Miller (8) who demon-
strated that several carcinogenic hydrocarbons stimulate the synthesis
of certain oxidative drug-metabolizing enzymes in liver microsomes.
This observation was followed by the finding (3) that barbiturates
induce microsomal enzyme activity. At the present time more than
200 drugs, carcinogens, pesticides and other chemicals have been
reported to cause induction of microsomal enzyme activity. This sub-
ject has been extensively reviewed by Conney (4) and the classes of
chemicals that have been observed to cause enzyme induction at some
dose level in one or more species have been tabulated.

The ability of drugs and other chemicals to induce synthesis of
microsomal enzymes is of considerable importance in connection with
pesticide toxicology since the toxicity of many pesticides would be
expected to be altered by changes in tho level of drug-metabolizing
enzymes in the liver. The possible practical significance of drug-
induced increases in microsomal enzyme levels in connection with
alterations in pesticide toxicity is difficult to evaluate because many of
the observations to date live been made using high doses of the drugs
and methodology which is not sufficiently quantitative.

Additional interest in enzyme induction as it relates to pesticide
toxicology followed the accidental discovery that chlordane sprayed
in Animal moms caused induction of drug-metabolizing enzymes (6) .

This finding had greater significance than many of the olieentions
using high doses of drugs because enzyme induction by chlordane
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occurred tinder practical cwiditions of use thus demonstrating that
enzyme induction can occur from environmental contamination. The
observation that chlordane causes enzyme induction was soon followed
by experiments (C-11) which indicated that DDT and other chlori-
nated hydrocarbons produce this effect. No other class of pesticides
has been demonstrated to resemble chlorinated hydrocarbons in potency
us enzyme inducing agents.

The organic phosphate insecticides do not cause enzyme induction.
Instead some of these compounds have been reported to be inhibitors
of microsomal enzymes. In this connection Rosenberg and Coon
(is) found that organic phosphates prolong hexobarbital sleeping
time. Welch el al. (13) found that several organic phosphates inhibit
the metabolism of testosterone possibly by serving as competitive
substrates for microsomal enzymes. Recent unpublished experiments
(14) in which nearly all of the organic phosphates for which tolerances
have been established were given daily to mice at one-fifth of the acute
I41) for 5 days indicated that a few of these compounds caused
moderate inhibition of the activity of two microsomal enzymes but
most of them had no effect on drug-metabolizing enzymes. It, therefore,
seems reasonable to conclude that the organic phosphates would not
inhibit drug metabolism catalyzed by microsomal enzymes at the
levels of the organic phosphates that are normally in the environment.

The toxicity of organic phosphates and carbamates is altered by
exposure of animals to enzyme inducing agents. In nearly all cases
this interaction renders these auticholinesterates less toxic. A recent
study of the effects of pretreatment of rats and mice with phenobar-
bital on the toxicity of 15 organic phosphates showed that the enzyme
inducer either had no effect or reduced the toxicity except for one
(octamethyl pymphosphoramide) whose toxicity was increased (16).
In mice, pentobarbital increased the toxicity of two organophosphates
and decreased the toxicity of three organopbosphates and two car-
bamates (,P,C). It thus seems likely that exposure to broad spectrum
inducers such as phenobarbital or chlorinated hydrocarbons will not
often increase the toxicity of organic phosphates. This generalization
apparently cannot lie extended to the more selective inducers because
enzyme induction by 3methylcholanthrene increases the toxicity of
Outhion (M) prolgtbly hiecanse of acceleration of the activation
process to a greater extent than detoxification.

The substitutedRuled urea herbicides represent another class of pesticides
that range induction of hepatic micrwanal enzymes (17. 18). How-
ever, the nocffect dietary level for enzyme induction by these com
pounds appears to be between 100 p..m. and 250 p.p.m. and their
potency As enzyme inducers is, therefore, much legs than that of the
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chlorinated hydrocarbons. Enzyme induction has not yet been observed
with most other types of pesticides. Some of the compounds that have
been considered for use as chemosterilant insecticides would be ex-
pected to decrease the activity of hepatic microsomal enzymes since
alkylating agents (19) are inhibitors of microsomal enzymes in vivo
probably through inhibition of protein synthesis.

The number of drugs and other chemical agents that cause enzyme
induction is impressive but the percentage of chemicals used for all
purposes that produce this effect is unknown because negative results
are usually not reported. In a surrey of a large number of miscellane-
ous industrial chemicals, pesticides, and drugs being conducted at the
present time (e0) by repeated parenteral administration of sublethal
doses to rats and mice enzyme induction has been a rare occurrence.

The incidence of enzyme induction among pesticides is nevertheless
sufficiently high to warrant consideration of this effect in the toxico-
logical evaluation of new pesticides. It is recommended that tests for
enzyme induction be made part of the required studies on all new
pesticidal chemicals. Since many pesticides are used not only on agri-
cultural crops but also in a variety of formulations for household and
other uses, the initial tests for enzyme induction could be done using
doses higher than those to which exposure would occur under any
condition of normal usage. Enzyme induction is a dose-related effect.
If no induction occurs with repeated high doses no further considera-
tion would need be given to the possibility of interactions due to
enzyme induction at lower doses.

If enzyme induction is observed in the initial tests with high doses
of a pesticide, it is important to ascertain dose- response relationships
for the effect. Quantitative measurements of ensyme induction should
be tnede during the subacute or chronic experiments as part of the
toxicological eraluation unless separate experiments of a short-term
type as described abore hare shown that the chemical agent is not
capable of producing this effect.

Relatively little attention has been given to measurements of the
noeffect dietary level for pesticides that cause induction, although
this information is essential for determining whether or not enzyme
induction could occur from the permissible and the actual levels in
food. This type of study has been done with DDT and toxaphene by
measuring the effects of various dietary levels on the activity of three
microsomal enzymes (V). Dose-related increases in activity of the
enzymes was observed and the lowest dietary levels that caused a
significant, induction of one or more of the enzymes was 1 p.p.m. of
DDT and b p.p.m. of toxaphent. The theoretical intake of DDT cal-
culated from major U.S. tolerances for the period of 1064 to 196? was

319



6.79 mg. per day and the actual intake in the U.S. total die, for that
period was 0.037 mg. per day (a). Both of these levels are below
those needed to produce enzyme induction in rats on an equivalent
weight basis.

There is need for quantitative data on enzyme induction by low
dietary levels of other chlorinated hydrocarbons. Such measurements
are in progress for chlordane, gamma chlordane, heptachlor, endrin,
aldrin, dieldrin, methoxychlor, lindane, and heptachlor epoxide fed
at various levels in the diet to rats (p3). Other experiments are in
progress which indicate (04) that a dietary level of 0.5 p.p.m. of
dieldrin increases the metabolism of 6-chloro-17-acetoxy progesterone
in dogs.

The extent to which additive induction is obtained by combinations
of chlorinated hydrocarbons and by chlorinated hydrocarbons plus
drugs is a logical extension of work on individual compounds. Infor-
mation of this type is needed before a final judgment can le made
concerning the significance of the total intake of enzyme inducers from
the standpoint of interactions.

In view of the large number of different types of chemicals that
nre used as pesticides or that might be developed for that, purpose in
the future, more research, aimed at finding ways to predict enzyme
induction on a structure-activity basis 14 needed.

Species differences in response must be considered in the extrapola-
tion of enzyme induction data obtained on experimental animals to
man. More research is needed to establish quantitative and qualitative
criteria to indicate similarities and differences in drug metabolism
in various species. The extent to which the low levels of microsomal
enzyme activity in extrallepalie tissue* such at lung. gastrointestinal
tract, kidney, and adrenal cortex is induced by pesticides should be
studied.

Accomplishment of much of the needed research is dependent upon
nppropri at o methodology. Methodology npplicable to human studies is
especially needed. In general, enzyme induction can be demonstrated
by measuring (a) levels of microsomal enzymes in liver preparations,
(b) duration of action of drugs known to be metabolized by micro.
So m a 1 enzymes such as hexobarhital, plonylbutazone and anlipyrine,
(c) urinary excretion of natural substrates such as ascothic acid and
6b-hydroxycortisol, and (d) changes liver weight and hepatic
endoplasmic reticulum. All of these measurements nre concerned with
the endresult of a biochemical process which is not yet understood
nt the molecular level. Thus there are probably more limitations to
their predictive value than would be the CAN' if direct measurement
could be made of the tractions affected. For example, some organic
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compounds containing trifluoromethyl groups selectively induce 0-de-
methylase activity without causing detectable changes in liver weight
and without affecting the metabolism of drugs by other microsomal
enzymes (e5). More research. i8 needed on the development of prac-
tical quantitative methodology for measuring enzyme induction in
animals and man. Consideration should be given to the development
of model substrates with. low toxicity whose metabolic products can
be easily measured. Substrates of this type would be extremely useful
for measuring enzyme induction in man by following the rate of
appearance of metabolites in the blood. They would also be useful in
chronic animal toxicity tests where periodic tests for enzyme induction
seem desirable in view of the tendency of some chemicals to produce
an initial marked induction followed by a return toward normal levels
(21). A worthwhile goal would be the development of methodology
for measuring enzyme induction that could be applied as readily as
the standard liver function tests. When a suitable method is available
for determining the level of enzyme induction in man, monitoring
studies should be conducted on individuals exposed in the manufacture
and application of pesticides. 'Whereas dietary levels of chlorinated
hydrocarbons do not appear to be high enough to induce microsomal
enzymes, there is insufficient quantitative data to form a conclusion
regarding induction from occupational exposure.

SUMMARY

The ability of some pesticides, especially the chlorinated hydro-
carbons, to induce hepatic microsomal drug-metabolizing enzymes
has been well established in both experimental animals and human
beings. Thus, there is a possibility that practical levels of these pesti-
cides could cause interactions by altering the rate of metabolism of
drugs, other pesticides, and industrial and e )nnnental chemicals.
However, where quantitative data are arti! ,lie dose-response
relationships for enzyme induction and fl ..y intake of pesti-
cides, it is concluded that the present itit ,efficient to cause
interactions resulting from enzyme indi. r DDT sufficient
information is available to permit this coy h reasonable cer-
tainty, unless man responds to a greats an experimental
animals.

Less is known about the effects of oc xposure to pesti-
cides on microsomal enzyme levels and it ,iat some of these
exposures may cause an alteration in 'iv rates of drugs
and other chemicals. More attention sh to enzyme indLe-
tion as new pesticides are developed a ; a great need to
quantitate the enzyme inducing effects s it significance at
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practical dose levels can be estimated. Additional research is needed
on methodology for measuring enzyme induction in various species
and especially in man.

REFERENCES

1. Bsowz, R. R., Alirun, J. A., and Armtek E. C.: The metabolism of
methylated nmioazo dyes. IV. Dietary factors enhancing demethylation
in vitro, J. Biol. Chem. 200: 211-227, 1954.

2. CONNEY, A. H., MILLER, E. C., and MILLER, J. A.: Substrate-Induced synthesis
and other propertLs of benzpyreue hydroxylase in rat liver. J. Biol. Chem.
228: 753-766, 1957.

3. REMMER, IL: Die bescbleualgung des evipanabbaues unter der wirkung von
barbituraien. Naturicissenchaftcn 45: 189-190, 1958.

4. CONNERY, A. H.: Pharmacological implications of microsomal enzyme induc-
tion. Pharm. Rye. 19: 317-366, 1967,

5. HART, L. G., Siturricz, R. W., and Fours, J. R.: Stimulatory effects of
chlodane on hepatic microsomal drug metabolism in the rat. Toxicol.
Appl. Pharmacol. 5: 371-380, 1963.

0. HART, L. G and FOUTS, J. It : Effects of acute and chronic DDT adminis-
tration on hepatic microsomal drug metabolism in the rat. Proc. Soc.
Expll, Biol. Mcd. 114 : 388-392, 1963.

7. GERBOTII, G., and SCHWABE, 1.1. Einfluez von gewebespelchertem DDT auf
die Wirkung von Pharmaka. Arch. Exp. Pathol. Pharmakol. 246 :469 -483,
1964.

8. HART, L. G., and Fours7. R.: Further studies on the stimulation of hepatic
microsomal drug metabolizing enzymes by DDT and its analogs. Arch. Exp.
Pa thol. Pharniakol. 249: 486-500, 1965.

O. CRAM, R. L., and FOUTS, F. R.: The influence of DDT and gamma-chlordane
on the metabolism of hexobarbital and zoxazolamine in two mouse strains.
Biochenv. Pharmacol. 16: 1001-1006, 1907.

10. TERRIERE, L. C.: The oxidation of pesticides: The comparative approach. In
Hodgson, E. (Ed.) : Enzymatic Oxidation of Toxicants, North Carolina
State University, 1968, pp. 175-190.

11. STREET, J. C.: Aro:lineation of animal responss to toxicants. In Hodgson, E.
(Ed.) : Enzymatic Oxidation of Toxicants. North Carolina State Univer-
sity, 1968, pp. 197-226.

12. ROSENBERG, P., and COON, J. M,: Increase of hexobarbital sleeping time by
certain anticholinesterases. Proc. Soc. Exptl. Biol. Mcd. 98 : 650-652, 1958.

13. WELCH, R. hi., ',um, W., and CONNEY, A. H.: Insecticide inhibition and
stimulation of steroid hydroxylases in rat liver. J. Pharmacol. Explt.
Thcrap. 155: 167-173, 1967.

14. DuBois, K. P., and FLYNN, M.: Effects of organic phosphate Insecticides on
microsomal enzyme activity. Unpublished.

15. DuBois, K. P., and KINOSHITA, F. K.: Influence of induction of hepatic
microsomal enzymes by phenobarbital on toxicity of organic phosphate
insecticides. Proc. Soc. Ezptl. Biol. Med. 129: 699-702, 1068.

16. MURPHY, S. D., and DuBois, K. P.: The influence of various factors on the
enzymatic conversion of organic thiophosphates to anticholinesterase
agents. J. Pharmacol, Exptl. Thcrap. 124: 194-202, 1958.

522



17. KINOSHITA, F. K., and DuBois, K. P.: Effects of substituted urea herbi-
cides on activity of hepatic microsomal enzymes. Toxicol. Appel. Pharmacol.
10: 4.10,1967.

18. Kixosuire, F, K., and DuBois, K. P.: Induction of hepatic microsomal
enzy. 3 by Herban, diuron, and other substituted urea herbicides. Toricol.

harmacol. Submitted for publication, Aug. 1069.
1.0. Ttniurr, R. 0., and DuBois, K. P.: Inhibition of hepatic microsomal enzymes

by alkyiating agents. Arch. Internat. Pharmacodpn. 177:445 -4u6, 1960.
20. DuBois, K. P., FLYNN, M.. and KINOSHITA, F. K.: Effects of drugs, industrial

chemicals, and pesticides on microsomal enzymes. Unpublished.
21. KINOSHITA, F. K., FP.Awz.Ex, J. P., and DuBois, K. P.: Quantitative meas-

urement of induction of hepatic microsomal enzymes by various dietary
levels of DDT and toxaphene in rats. Toxicol. Appl, Pharmacol. 9: 605-513,
1066.

DVGOAN, R. E.: Pesticide residues in foods. Annals N.Y. Acad. Sci. 160: 173-
182, 1969.

23, KINOSHITA, F. K., and KEMPF, C.: Measurement of no-effect levels for
enzyme induction by chlorinated hydrocarbon insecticides. Unpublished
work in progress. Univ. of Chicago.

24, Vissii, W. J.: Unpublished work in progress at Cornell Univ., Ithaca, N.Y.
25. DuBois, K. P., KINOSHITA, F. K., Fmrsx, M., and ROOT, M.: Toxicity and

enzyme inducing activity of 4fluoro-4'-trilluoromethyl benzophenone
guanylhydrazone hydrochloride. Toxicol. Appl, Pharm. In press.

26. O'Bererr, R. D.: Effects of induction by pentobarbital upon susceptibility k_f
mice to insecticides. Bull. Env. Contam. it Toxicol. 2: 163, 1967.

PESTICIDE INTERACTIONS AT THE TAROET LEVEL

As indicated in the intoduction to this report, the Committee focused
attention on mechasims of established importance as a cause of pesti-
cide interactions. It was concluded that interactions at the target or
receptor level were among those for which there is no documented
evidence. However, there have been two claims that interactions involv-
ing insecticides result from events occurring at the central level. It
was, therefore, considered necessary to present the reasons for the opin-
ion that interactions at the target level have not been adequately
demonstrated.

In 1962 Karczmar (1) reported that when EPN was given after
malathion synergism still occurred and ho doubted whether under these
delayed conditions the effect could be attributed to blockade by EPN
of malathion metabolism. However, this opinion ignored the possibility
that there was, at the time of administration of EPN, enough
malathion left to produce a toxic effect in which case blockade of its
degradation would be expected to give rise to synergism. Later
Karczmar et al. (e) showed that in dogs and cats, EPN and malathion
were synergistic with respect to promptly elicited effects on the neuro-
muscular junction and the brain (as judged by their own electro-
encephalogram recordings). They postulated either a joint effect upon
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the receptor or a "sensitization" of cholinesterase by one of the com-
pounds. Although the purity of the sample of malathion used in these
studies was not stated, the in vitro anticholinesterase activity reported
for the compound (8 X 104/1/) indicates that it was extremely impure.
The interpretations placed on these findings by Karczmar have not
been accepted by others (3). It seems especially unlikely that PA. this
pair of compounds, for which such ample evidence exists that the inter-
action is due to EPN blockade of degradation, effects occur at the level
of the receptor.

It is extremely difficult to imagine a mechanism by which two in-
hibitors acting upon a single target, whether it is cholinesterase or a
receptor, can synergize each other. As in the strictly parallel case of the
action of one enzyme upon two substrates, the interactions can only be
additive or antagonistic. However, the possibility of synergism could
arise with two compounds whose final effects are upon a single system
yet mediated through two different mechanisms. One plausible pos-
sibility would be an axonic agent (for instance a chlorinated hydro-
carbon) which gave rise to hyper-excitability of the axon and there-
fore enhanced release of transmitter substance such as acetylcholine at
the synapse; coupled with an anticholinesterase agent which impaired
the ability for acetylcholine destruction at the synapse. The possibility
of such an interaction has not been explored in any detail, and it cer-
tainly deserves a modest research effort. The only relevant observation
in the literature is that of Ball et al. (4) and Crevier et al. (5) who
found a contrary effect. After feeding aldrin, chlordane, or lindane
there was marked protection of rats against subsequent parathion
poisoning. It is now believed (6) that th;1 effect was due to stimulation
of the liver microsomal enzymes by the chlorinated hydrocarbons.
Consequently, such experiments do not provide the ideal context in
which one might observe synergism at the target level.

SUMMARY

No cases of interaction at the target level have ever been satisfac-
torily demonstrated. The possibility of such interaction may always
exist, but until demmntrated it cannot be a significant factor in evalua-
tion of health hazards. No special search was made for carcinogenic
or mutagenic effects of interaction at the target level.
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RELATION OF INTERACTIONS TO TISSUE STORAGE OF PERSISTENT
PESTICIDES

The storage and elimination of pesticides from tissues is a process
that can be affected by the ability of pesticides or other chemicals to
stimulate or inhibit the detoxification processes discussed in the first
two sections of this report. For this reason it was considered important
to include information on the effects of interactions on the storage of
pesticides in tissues.

In recent years a considerable amount of information has been ob-
tained regarding the occurrence in human tissues of small residues of
several of the more persistent pesticides, particularly those compris-
ing the organochlorine insecticides and their several metabolic prod-
ucts. Among the most important materials in this group are p,p'-DDT,
p,p'-DDD, p,p'-DDE, o,p'-DDT, the isomers of BHC, and the cy-
clodienes, dieldrin and heptachlor epoxide. Of the total chlorinated
organic residues found in consumer products during the years 1966 -
6S, DDT and its analogs constituted approximately 67 percent, while
lindane (y-BHC), dieldrin and heptachlor epoxide combined, contrib-
uted an additional 12 percent (1). This section of the report will,
therefore, be concerned largely with these particular pesticides. Ap-
pendix A reviews the status of information about tissue levels of
these pesticides as a function of intake. The occurrence of significant
tissue residues of most other groups of commercial pesticides such as
the carbamates and organophosphates is in general obviated by their
rapid biodegradation and subsequent elimination from the body. These
compounds will, therefore, not be given further consideration.

effects of interaction on pesticide storage. Much of the present data
on storage of the organochlorine pesticides has been obtained from
controlled laboratory experiments in which animals or human volun-
teers have been exposed to known amounts of a single pesticide. Al-
though the results of such investigations are often extremely useful,
the fact that the population is presently subject to simultaneous ex-
posure to a combination of many drugs, pesticides, air pollutants, food
additives and cosmetics, raises questions regarding the possibility of
interactions between these various synthetic chemicals. Furthermore,
in assessing potential hazards it is important to consider the possi-
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hility of storage interaction in those members of the population under
various types of physiological stress, such as those resulting from
weight loss or surgical procedures.

Interactions could affect either the rate of accumulation of pesticides
in the tissues, the steady state level, or the rate at which tisue deple-
tion occurs following termination of exposure. It should be made clear
from the outset that very little data are available on interactions in-
volving storage.

The concentration of organochlorine pesticides in human tissue re-
sults from a dynamic equilibrium involving on one hand the rate and
level of intake, and on the other, the rate of metabolism and/or elimi-
nation. Consequently, interactions which either increase the effective
intake or which decrease the rate of metabolism could conceivably
increase the steady state levels in the tissues.

The intake of a pesticide can be modified for example by the type
of formulation in which it is dispersed, and interaction with various
spray additives. such as emulsifiers, surface active agents and organic
solvents could be particularly significant in determining tissue ac-
cumulations in the occupationally exposed. It is also possible that
interactions of pesticide residues with detergents used in the home
could lead to enhanced absorption of ingested materials from the ali-
mentary tract by the general population and indeed surface active
agents have been found to increase the oral toxicity of DDT and
other insecticides to the rat (2). The nonionic wetting agent "Tween
20" has been shown to increase tissue levels of the ft-isomer of IiIC. in
rats fed on a diet containing relatively high levels of a combination of
these materials (3. 4). It was also shown that the level of storage in-
creased with the percentage of fat in the diet and it was concluded
that the increased storage of 7 -131W was due to an enhanced gastro-
intestinal absorption. At trace residue levels, it seems probable that
efficient absorption takes place and dietary variation would not sig-
nificantly increase absorption or storage. However, no direct evidence
is available to support this conclusion.

Many household pesticide formulations contain insecticide synergists
of the methylenedioxyphenyl type which are added to enhance the
insecticidal action of the pyrethrum insecticides. As discussed else-
where in this report synergists of this type are able to inhibit the
hepatic microsomal enzymes that are largely responsible for insecticide
detoxification. Consequently, in the case of a material which must
undergo microsomal modification before excretion from the body the
presence of a synergist residue could conceivably prevent the elimina-
tion and result in enhanced tissue levels. The currently limited com-
mercial use of insecticide synergists (household formulations) and
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probably insignificant residue levels make this type of interaction
unlikely at the present time. However, in the event of the possible
widespread application of insecticide synergies to agricultural crops
at some future time and the possibility of the development of more
sable synergies, such interactions should be considered. Information
should then be obtained on the effect of insecticide synergies on tissue
levels of persistent pesticides.

A considerable amount of work has been carried out in recent years
on the storage interactions of combinations of organochlorine insecti-
cides, particularly dieldrin and DDT. Simultaneous feeding of rats
with dieldrin and DDT was observed to have a marked effect in de-
creasing the levels of dieldrin storage in the tissues (6, 6, 7) and this
has subsequently been found to occur with all of the cyclodienes in-
vestigated. Similar but less marked effects have also been observed
with DDE, DDD, and DDMU. In combination with 50 p.p.m. of DDT
the levels of dieldrin and heptachlor (fed at 1 p.p.m. in the diet) in
rat adipose tissue were reduced by factors of 15 and 11 respectively as
compared with the controls. Significant reduction of dieldrin storage
was also observed with DDT at 5 p.p.m. A greater relative response in
terms of dieldrin storage results from both low dieldrin dosages and
higher levels of DDT. It is suggested that significant interaction might
be expected to occur at dietary levels of 0.5 to 1.0 p.p.m. of DDT and
0.1 p.p.m. of dieldrin (7). Although these levels are considerably
greater than the present total daily intake figures for the general popu-
lation (total diet studies) they are of the same order as the estimated
tolerance levels e,.;tablished by the FDA, and could certainly fall
within the levels resulting from occupational exposure.

It has been suggested that the mechanism through which these
storage interactions occur might involve microsornal enzyme induction
(7) which would result in a stimulation of metabolism and a conse-
quent enhancement of the rate of elimination of pesticides from the
body. Many of the chlorinated hydrocarbons are potent inducers of
liver microsomal enzymes (8, 9) and DDT is reported to be one of the
most potent in this respect (10). Certainly the depletion of dieldrin
from the tissues following administration of DDT is associated with
an enhanced excretion of hydrophilic products of dieldrin metabolism
in both the urine and feces (7, 11). The effect of DDT on dieldrin
storage was observed to become maximal after about 3 days and was
maintained at this level for up to 10 weeks with continued administra-
tion of DDT, thus indicating the establishment of a new steady state
level in the tissues. Following the termination of exposure to DDT the
effect on dieldrin tissue levels persisted for more than 6 weeks (7).

In addition to its effects on the storage levels of dieldrin and other
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cyclodienes, DDT has been shown to change the metabolism of lindane
(7) and of DDT itself (12) and it is, therefore, probable that metabolic
interactio.ts of this type could play a significant role in determining or
modifying the steady state storage levels of these materials.

Furthermore, it has been shown that a number of drugs including
phenobarbital (13), aminopyrine, phenylbutazone, tolbutamide and
chlorpromazine (7) all of which can induce microsomal enzymes, are
similarly able to significantly reduce the observed levels of dieldrin
storage. The one major question which challenges the suggestion that
microsomal enzyme induction by DDT is the sole cause of accelerated
dieldrin depletion is the repeated failure of inhibitors of protein
synthesis to inhibit the process (7). Both ethionine and actinomycin D
are inhibitors of protein synthesis and have been found to inhibit DDT
induction of microsomal enzymes (14).

Much of the currently available data on insecticide interactions and
microsomal enzyme induction have been obtained from investigations
with laboratory rodents. That species differences may exist, particu-
larly with regard to storage interactions, should not be overlooked.
This is emphasized by the results recently reported by Deichmaun
et al. (16) who investigated storage interactions in dogs fed on diets
containing aldrin and DDT either alone or in combination. These
workers found that tissue levels of dieldrin remained essentially the
same in dogs fed for 10 months on a diet containing either 0.6 mg./kg.
of aldrin or a combination of 0.3 mg./kg. of aldrin and 12 mg./kg. of
aldrin and 12 mg. /kg. of DDT. These, results are in marked contrast
to those obtained by Street (7) using rats. Deichman et al. (16) also
investigated the effect of aldrin on the tissue retention of DDT. Dogs
fed for a period of 10 months on a diet containing 24 mg./kg. of DDT
had tissue levels of this material of 547 p.p.m. Dogs fed on a diet con-
taining 12 mg./kg. of DDT plus 0.3 mg./kg. of aldrin, however, had
a considerably higher tissue concentration of 1,290 p.p.m. of DDT
after a similar 10-month period. Although at a lunch lower level, DDE
in the tissues of dogs showed a similar pattern. The results of pre-
liminary inve,s,igations on the concentration of DDE in the blood of
human volunteers fed for 2 years with 211 pg, of dieldrin per day
have shown no significant decrease in DDE levels during this time
(M. This is not entirely unexpected, however, since it is unlikely
that DDE levels would be affected by microsomal enzyme induction.
Neither the fox of DDE from DDT nor the subsequent metabo-
lism of DDE itself are known to be carried out by microsomal enzymes.
The relevance of these contrasting data to man is not known, and
more research should be carried out in this area.

Some possible beneficial effects from enzyme induction have recently
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been recognized and are currently being investigated by R. M. Cook
and colleagues at Michigan State University. Using nonpersistent
drugs suoh as phenobarbital, it has been found possible to flush out of
animals relatively high concentrations of persistent organochlorine
pesticides such as dieldrin. A successful application of this technique
has recently been reported (17) in which a dairy herd was accidentally
exposed to aldrin-contaminated feed. Treatment of the cows with
2 lbs. of activated charcoal per day plus 5 g. of phenobarbital resulted
in a marked decrease of dieldrin in only 39 days. Other experiments
along these lines are currently in progress (R).

There is also recent evidence that inducers such as phenobarbital
may have considerable therapeutic potential for decreasing the levels
of chlorinated hydrocarbons in humans, and may be particularly use-
ful in cases of accidental poisonings. A report by Davies el al. (19)
indicates that patients taking the anticonvulsant drugs phenobarbital
and phenytoin (diphenylhydantoin) for periods longer than 3 months
had strikingly lower blood levels of DDE than the general population.
Healthy controls, not taking the drugs had a mean concentration of
9.1 p.p.b. of DDE in the blood, compared with levels of 3.5 and 1.9
p.p.b. respectively in outpatients taking phenobarbital and phenytoin
alone and 1.7 for those patients taking both drugs. Levels of DDT-
derived materials in the adipose tissues of severely retarded, non-
ambulant inpatients not taking drugs indicated a mean value of 2.70
p.p.m., whereas similar patients undergoing regular anticonvulsant
therapy with one or both of the above drugs had a mean tissue level
of only 0.17 p.p.m. The mechanism of this effect is suggested to be
enzyme induction, although as previously suggested it seems unlikely
that DDE is metabolized by the microsomal enzymes. The fact that
phenobarbital is a known antidote for acute DDT poisoning is inter-
esting in that it may have a dual effect, acting not only to suppress
the acute central symptomology of DDT action, but also aiding the
body in eliminating the material.

Physiological interactions. It has been suggested (20) that toxic
symptoms could result from an increase in dieldrin in the body tissues
following weight loss through either sickness, dieting, or increased
catabolism in response to injury. This phenomenon was first demon-
strated by Fitzhugh and Nelson (21) in rats starved completely after
being fed diets containing 600 p.p.m. of DDT. Subsequent investiga-
tion (22) showed that partial starvation of rats fed DDT at a rate of
200 p.p.m. in the diet led to increased levels of DDT-derived material
in all tissues resulting from the mobilization of body fat. The above
studies were, of course, carried out with intakes of DDT several orders
of magnitude greater than those encountered in pesticide residues.
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Recent evidence (M, 23, ,q4) indicates that neither surgical stress nor
complete starvation causes any significant changes in the levels of
dieldrin in human blood in spite of considerable losses in the body
depot fat.

In the case of the lipophilic organochlorine compounds it is probable
that absorption of the materials from the intestine can be increased in
combination with high fat diets. Frawley (3, 4) showed that storage
of y -BHC by rats fed on a diet of 8-percent fat was consistently 2
to 3 times that in rats fed on a 5 percent fat diet.

The effects of other nutritional factors on the storage levels of pes-
ticides in body tissues have received little attention. Storage of dieldrin
in the tissues of vitamin A-deficient rats has been found to be almost
double the storage in controls (7) and Street suggests that this may
result from an impairment of microsomal enzyme activity.

SUMMARY

Small residues of the persistent organochlorine pesticides and their
metabolites are found in the body tissues of humans. The actual levels
occurring reflect a dynamic equilibrium between the degree (level
and duration) of exposure and the rate of elimination from the body.
In the general population it appears that a steady state equilibrium
has been established and this is likely to be maintained under current
patterns of pesticide usage. These low levels of tissue residues are un-
likely to present any hazard to the general population. In view of the
large number of chemicals to which man is currently exposed, the oc-
currence of pesticide-pesticide, pesticide-drug, or pesticide-"x" inter-
actions with regard to tissue storage are possible, but from the in-
formation currently available this does not seem to constitute any
Cause for concern. Storage levels of the organichlorine pesticides could
be increased in combination with residues of detergents through facil-
itated absorption from the gut, and residues of insecticide synergists
could result in increased storage levels as a result of inhibition of the
microsomal enzymes. There is a greater probability that interactions
could kad to a depletion of tissue storage levels through the induction
of microsomal enzyme activity and consequent enhancement of pesti-
cide elimination. The use of short lived drugs for inducing liver micro-
somal enzymes has therapeutic potential for clearing persistent resi-
dues from animal and human tissues.

If the use of insA.ticide synergists increases, information should be
obtained on the effect, if any, on storage levels of organochlorine
pesticides. Information should be obtained on microsomal enzyme in-
duction in man and its effect, if uny, on storage levels of persistent
pesticides in human tissues, Further work should be encouraged on
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the effect of storage by combinations of pesticides with household
detergents.
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EXOGENOUS PHYSICAL FACTORS INFLUENCING PESTICIDE TOXICITY

Most of the available information on pesticide interactions concerns
the ability of one chemical agent to modify the toxicity of another one
by the mechanisms discussed in previous sections of this report. How-
ever, there is growing recognition that physical environmental factors
such as temperature or even social factors (crowding) can also modify
responses to pesticides. Whether such modifications constitute an ex-
ample of pesticide-physical factor interaction in the same sense as
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occurs ivith pesticide-chemical factor interactions depends in part on
the magnitude of the effect and in part on how interaction is defined
(potent int ion versus additive effects, reciprocal versus one-way actions,
etc.). It is evident, however, that in evaluating the hazards of pesticide
exposure, consideration must be given to the possibility that these
hazards can be influenced by variation in the physical as well as the
chemical factors of the environment. For this reason the present status
of this aspect of pesticide toxicology was considered worthy of inclu-
sion in this report.

The two physical factors in our environment that have been shown
to be capable of altering the response to subsequent pesticide exposure
are temperature and radiation. Diet is another exogenous factor that
has been included in this discussion because of the possibility that its
physical characteristics may influence pesticide response. However,
the majority of its known effects are related to clizmical properties
such as alteration of the nutritional status of the subject, or the pres-
ence of food additives or othet. chemicals.

Diet. The feeding of low protein diets to rats has been reported to
increase susceptibility to the acute toxic effects of captan, lindane,
dieldrin, and chlordane but not to DDT (1-5). Similar effects have
been observed with the anticholinesterase insecticides banol and
parathion (4). These effects were of sufficient magnitude in the studies
with captan (where there was a 25-fold decrease in the acute oral
LD,o) to cause Boyd and Krijnen to suggest (1) caution in the use of
this agent in countries where the diet is low in protein. Dieldrin and
DDT appear to accentuate the effects of a diet deficient in the essential
fatty acids in the rat (0, 7) whereas an increase in the fat content of
the diet increased the storage and the acute toxicity of benzene hexn-
chloride (8) and altered the erythrocyte cholinesterase inhibiting
ability of parathion (9). On the other hand, dieldrin partially pro
tests rats against the effects of thiamine deficiency but does not protect
against the deficiency symptoms of riboflavin and pyridoxine (10,11).

Possible. mechanisms for the effect of these dietary variations on
insecticide toxicity include a reduced formation of the detoxifying
enzymes as a direct result of the low protein diet or a pesticide-induced
stimulation of the enzymes that desatnrate fatty acids in the low fat
diet situation. Recent studies by Kato (12) have shown that sex
differences which exist in the drug-metabolizing processes of rats
fed high protein diets are reduced when the animals are fed low pro-
tein diets. A more general mechanism for the effects of dietary varia-
tion on pesticide response is that the dietary restrictions and/or the
pesticide exposure represent stress situations and the resultant inter-
actions are due to steroid-mediated effects on the microsomal enzyme
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systems. The enhanced toxicity of benzene ride in the rats fed
a high fat diet can be attributed to incre intestinal absorption
and this effect can be increased further by the addition of a synthetic
emulsifier to the diet (13).

Temperature. Rats fed lialathion in the diet have been reported to
have a reduced ability to withstand the effects of exposure to a cold
environment (14) whereas a warm environment was observed to in-
crease the toxicity of parathion in rats (16) and sarin in monkeys
(16). Since the organophosphate insecticides as well as other cholines-
terase inhibitors have been shown to cause a temporary collapse of
thermo-regulation in animals (17-19), some types of demonstrable
interaction between pesticide exposure and both heat and cold ex-
posure might be anticipated. Similar studies do not appear to have
been carrried out with the chlorinated hydrocarbon insecticides or
other pesticides; however, diethyldithiocarbamate, pentachlorphenol,
and related pesticides are known to influence body temperature in
rodents and in man (P0-41). It is difficult to predict the net result of
a combined exposure to pesticides and either heat or cold since body
temperature also affects the metabolism, distribution (including
proteinbinding), and excretion of a variety of endogenous chemicals
including pesticides. Recent studies by Murphy d al. (22-04) have
shown that exposure to organophosphate insecticides, chemical irri-
tants, and cold stress produce an increase in the activity of the plasma
glucocorticosteroid level with a resultant increase in the activity of
the glucocort;coid inducible rat liver enzymes (tyrosine Iransaminase,
alkaline phosphatase, etc.). Furthermore, several of the organophos-
phate insecticides have been shown to be capable of inhibiting the
microsomal hydroxylation of testosterone in rats (e6) and at least
one of these, chlorthion, inhibits the hepatic metabolism of desoxy-
corticosterone to its polar metabolite.

Radiation. thillois el al. (26-28) have shown that the exposure of
young male rats to sublethal doses of whole-body xirradiation pro-
duces n dosdependent inhibition of the development of the micro-
soma] enzyme system (s) responsible for the desulfuration of certain
organoph,sphale insecticides. Exposure of adult rats to the same
doses of radiation had no effect on microsomal enzyme activity. In
further studies (e9), this WAS shown to be an abscopal effect which
could be prevented by shielding of the head during the radiation
exposure, and it has 14en suggested (30) that the effect is due to an
impairment of the normal hypophyseal regulation. The organophos-
phate insecticides do not pretect animals against the toxic effects of
wholebody xirradintion and such exposure does not markedly alter
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either the toxic effects of these insecticides or the ability of atropine
to antidote the effects of poisoning by these agents (31).

Other physical factors. Microsomal drug metabolism appears to
be inhibited by hypobaric hypoxia and to be stimulated by hyper-
bar; , oxygen exposure (30, 33). It is likely, therefore, that these
environmental situations will also influence the metabolism of pes-
ticides and, perhaps, their ability to induce liver microsomal enzymes.
Respiratory depression is a prominent feature of organophosphate
insecticide poisoning, and byperbaric oxygen exposure could exert a
beneficial effect on the outcome of such an exposure. Other factors
such as humidity, forced exercise, nggregation, restraint, etc., in-
fluence both the toxic and therapeutic response to drugs and will
probably also do so with pesticides and other chemicals.

SUMMARY

Environmental physical factors are capable of influencing pesticide
response in animals and probably also in man. There is, at present, no
indication that the physical factors exert a greater effect on pesti-
cide response than the chemical factors in our environment or that
these physical effects constitute a hazardous situation for the general
public.

Additional research designed to characterize the fnechaniim(i) and
the significance of pesticide interactions should include the study of
the effects of the total environment (chemical, physical, and social
factors).
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APPENDIX A

TISSUE STORAGE OF PESTICIDES

As a result of the statistical analysis of data, obtained through tissue
studies of members of the general population combined with those
from selected segments of the population and experimental human
volunteers, it is now possible to make certain generalizations regarding
the pharmacodynamics of organochlorine insecticides based on a
compartmental model (e, 18. 19).

It is now clear that the amount of material entering tha body, the
amount stored in different tissues, and the amount which is metabo-
lized and excreted from the body exists as a dynamic equilibrium. The
major storage reservoir is the neutral fat comprising the adipose tissue
and this undoubtedly reflects a physiocochemical partitioning of the
nonpolar organochlorine materials into these tissues. Thus, although
residues can be detected in the tissues of the other organs these are
usually markedly lower than the levels found in adipose tissue. Resi-
due levels of chlorinated hydrocarbon insecticides in the liver of hu-
mans, for example, are found to be approximately 10-fold lower than
those in adipose tissue while levels in kidney, brain, gonads, and blood
are smaller by a factor of greater than 100 (1). The concentrations of
an organochlorine pesticide in different tissues appear to be related to
to the function of the organ as well as to its fat content (s), and good
correlations have been observed between dieldrin levels in adipose
tissue and whole blood (3. 4), with the concentration ratio being 156 : 1.
The measurement of dieldrin in whole blood, therefore, reportedly
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constitutes a convenient method of assessing the total body burden of
dieldrin.

Factors determining storage.One of the major factors which de-
termines the concentration of pesticide residues in human body tissues
is the level of human exposure which directly determines the average
daily intake. Thus, the storage of DDT in human adipose tissues has
been correlated directly with the exposure (mean daily intake) over a
dosage range of approximately 1,000 (8) and similarly good correla-
tions have been obtained from dieldrin levels in both whole blood and
adipose tissLe (2, 4, 9).

Clearly, considerable variation exists in the exposure levels of differ-
ent segments of the population. For the general population the major
source of continuous exposure results from residues in ingested food
materials. Reasonable estimates of the ingestion of pesticides in food
air provided by the total diet studies obtained by the Food and Drug
Administration (7). Such studies indicate that during the years 1965-
68 the average daily intake of DDT is approximately 0.03 nig., which
is equivalent to a dosage of about 0.0001 mg./kg.jday for an average
70 kg. man, and results in storage levels in the adipose tissue of about

p.p.m. (8). Similar studies with dieldrin establish an average total
daily intake (total diet) of about 0.005 mg. and corresponding adipose
storage levels of 0.20 to 0.25 .p.m. (8,2).

Intake and storage of other organochiorine pesticides are consider-
ably smaller and with the exception of dieldrin all are mach lower
than the acceptable daily intake (AM) figures established by the
FAO/W110 (9). The total daily intake of dieldrin is approximately
equal to the ADI figure, but is only about 2 percent of the estimated
tolerance intake established by the FDA and based on tolerance levels
of pestichles in foods (10). Actual daily intake of DDT and lindane
amount to only 0.5 and 0.4 percent, respectively, of the theoretical
intake calculated from 1*.S. tolerances. Because of large variations in
residue levels associatedwith different eonstimer products, Wilk: and
storage levels of the organochlorine pesticides varies to some extent
with food preferences of the individual. Members of the population
who Cr/1011111P large forint it ies of meat, fish, poultry, and dairy pt.oducts,
which when combined, account for over 50 percent of the total daily
pesticide intake, can be expected to have higher tune levels of these
materials than Men( abstainers (8,10, /I).

lIndoski nnc Deichmann (1) have recently established that consid
ernble variation in tissue residue levels within the general population
can result from household use of pesticides. as a result of the
prevalence of DM in household pesticide formulations, residues of
DDT and DIA in the adipose tissues of individuals accustomed to
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heavy use of pesticides around the home were three and four times,
respectively, those found in people who used little or no household
pesticides. A slight increase was also observed in the case of BHC
although no significant differences were found with respect to the cy-
clodienes, dieldrin, and heptachlor epoxide which are not commonly
employed in household formulations. It is clear that this type of ex-
posure may be more important than has been previously suspected.

In addition to the environmental exposure associated with household
use of pesticides, it is clear that iopulations living in areas where reg-
ular agricultural spray programs are effected are subject to further at-
mospheric exposures. Small but significant additional residues of DDT
and DDE have been found in the tissues of persons with this type of
environmental exposure (11, 12).

Not unexpectedly, highest tissue residues of organochlorine ma-
terials are found in those members of the population whose occupations
bring them into regular and sustained contact with relatively high con-
centrations of pesticides. These include among others, spray formula-
tors, applicators, and employees in pesticide manufacturing plants.
Blood levels of dieldrin in samples of whole blood from workmen
handling aldrin or dieldrin have been found to be up to 80 times those
of the general population (4, 5, 13), and levels of 1)1)T and DDE in
the adipose tissues of workers exposed to DDT are appmximately
three- to four-fold those found in the normal population (11, 14 It
is of interest and possible significance that the levels of DDT and MU
in the tissues of the occupationally exposed are approximately the
same as that in nonoccupational exix-rsure resulting from household
usr.ge (1).

Another important factor which determines the accumulation of
pesticide residues in body t issues is the t ime af exposure to the material
(4 4). The results of experiments in which human volunteers were
given known daily doses of dieldrin support the view that levels of
this material, measured in the Maxi, increase in a curvilinear manner
and show an asymptotic approach to in upper limit (.7. 4). This in-
dicates the establishment of a steady equilibrium, the level of which
is determined by the average daily intake (2). The validity of the exist-
ence of such a steady slate is further substantiated by the levels of
Grganochlorine insecticides found in t issues of the general population
over a feriod of years. Following the introduction of DDT in about
1911 the storage levels of DDT and DDE in human tissues showed
steady- increase until 1950-M ( 10). Since this time, storage levels have
remained more or less constant and there is even some indication of
a slight decline during the last few years. Qusife, Winbush and Fitz-
hugh (14), although contesting the evidence of a steady state for DDT
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between 1950 and 1958 (11) concur that it may have existed since
that time. Certainly no significant increases have been observed in
tissue levels of DDT or dieldrin in samples collected in the Chicago
area between 1962 and 1966 (15), and storage of dieldrin by the general
population of the United Kingdom has not changed significantly since
1961 (6). These data are in good agreement with the relatively con-
stant levels found for the dietary intake of pesticides in the United
States from 1965 to 1968. (8). From available information it can,
therefore, be reasonably concluded that storage of the organochiorine
pesticides has attained a steady-state level in tissues of the general
population, and under present pesticide usage patterns further sig-
nificant increases are unlikely.

An important fact which arises from considerations of the phar-
Inacodynamics of organochlorine pesticides is that when exposure to
the pesticide is terminated, residue levels in the various body tissues
air slowly depleted through metabolic and/or excretory processes.
The depletion of dieldrin in the adipose tissues of rats placed on a
normal diet after being fed for a period of 6 months on a diet con-
taining 10 p.p.m. of this material was found to follow approximately
first order kinetics (2). Die !drill levels in adipose tissue fell from
approximatrly 13 p.p.m. to O.O. p.p.m. in the 80 days following termi-
nation of dietary exposure. Although mensured at considerably higher
levels, a similar decline in DDT-type residues has also been observed to
occur in adipose tissues of beef steers treated experimentally with
technical DDT (/G), and to n lesser extent in dogs (rented with either
DDT alone, or combinations of DDT and aldrin (17).

CITED REFERENCES

(1) 11ADONISKL J. AND 1WICIIM ANN. W. B.: Pesticide levels In humans in
a variety of natitral and environmental conditions. In Miller. M. W.. and
Ilerg. C, 0. ( Ms.). rhcsnicat Springfield, Ill., Charles a. Thomas,
1909. pp. 297.-314.

121 Rost !( BON. J.:Canad. 100: 1810-101,1969.
(31 Meseta, C. (1.. AND Itonisso8, J.: Arch. flatiron. Health 15: 014, 1007.
(41 Ift.stia. C. (1.: Duman exposures to Aldrin and Dieldrin. In Ryrroposiont

on :4-leper and TrehrioNgy of Probiwat Inotwileftlea fa l'on4f Prodefetion
with Speck, Rrferrnrc to A 5trin anti Madam. Shell Chemical Co, 1088.
pp. 118-129.

tIvailhst, W. F., Aamastoxo, J. F. AND Qvc.losy, 0. E.: Arch. FiRtir. licelth
11: 041.1003.

10) 11NTIF.R, C. H.. HOHINION. J.. AXI) JA,Gfil. K. W.: I'd. Cosniet, Tozicol.
781-787,1007,

171 !Woos N. R. M., AND WF.AT'll FXWAX,. J. R.: Science 157: 1000.1907,
041 Dt-oohx, 11. E. AND 1,Irsccole. 0. Q.: Pest. Mood:, J. 2: 153-102, 1000,

539



(9) FOOD AND AGRICULTURE OROANIZATION OF THE UNITED NATIONS, COMMITTEE
ON Pzerkinzs Is AGRICULTURE AND WORLD HEALTH ORGANIZATION EXPERT
C011/4 rrrEE ox PESTICIDE Resin-Fs : Evnluatton of the toxicity of pesticide
residues in food: Report of a joint meeting, Geneva, Sept. 1963. Food and
Agriculture Organization of the United Nations, 1964.

110) KRATBILL. II. F.: Caned. Mcd. Assoc. J., 100: 204 - 215,1900.
(11) IIAvEs, W. J., QUINBY. G. E., WAINER. K. C., ELLIOTT, W.. AND UPIIOLT.

W. M. : .4.11.A. Arch. Indust. Health. 18: 39S--106, 1964.
(12) Iltutimm, W. F. : Arch. Encir. 542, 1905.
(13) DATES. W. J.: Storage and excretion of dieldrin and related compounds.

In Symposium on Seicncc and Tee/isotopy of Residual Insecticides in
Food Production with Special Reference to Atdrin and Meldrin. Shell
Chemical Co., 1965. pp. 130-137.

1141 WAIFS. M. ... . R. AND PITZIt MI. 0. G.: Food Cosmct. To.rieo7.
5 : 39,1007.

(l5) HOFFMAN. W. S., FISIEREIN. W. I. ANn A s DELMAN, 31. Encl.. Health
15 : 738.1007.

MeCt.t.t,v, K. A., Vmhzszt.vc. 1). C., Meliim.1.-Y, W. P.. l'inums. W. E. .1.,
AND lInnaoozot*, 31. : Off. Apr. Chem. 49: 006- 073,1060.

(17) DEICHNIANN, W. R. NEPLINDFR. M.. DRESSLER. I., AND SALA, F.: Tnzfeol,
A ppl. Pharmaml. 14 : 203- 213.10(0.

(151 lionts sox, J.: Nature (London) 215 : 3.3. 1967.
(19) Ronissos, J., AND HUNTER. C. O. : Arch. Enrir, Health 13: 558. MO.

PESTICIDE INTERACTIONS IVIT/I STNERoisTs

(7hemical agents used as insectide synergists are of considerable im-
portance ht connection with the subject of interactions since the basis
of their usefulness depends upon their ability to increase the toxicity
of insecticides to insects. Mechanisms similar to those involved in pro-
ducing increased toxicity to insects might also be operative to niter
detoxification systems or other reactions in man. Thus the possible
ability of insecticide synergists to produce interactions should be given
careful attention in evaluating their safety.

At the present time the methylenedioxyphettyl compounds, of wllich
piperonyl butoxide is n member, are the outstanding important ex
amples of insecticide synergists. These agents nt high concentration
net as inhibitors of hepatic microonial enzymes in cif co and in ;co.
As such, they represent only one of the many types of compounds that
hare the ability to alter the metabolism of drugs, pesticides, and other
chemicals. The implications of this type of action have been discussed
in previous sections of this report However, because of the potential
imporintice of insecticide synergists and the need for greater dis-
semination of information nbout their toxicity, actions, and metabo
lism, a rather detailed account of the toxicology of these compounds.
which goes beyond the scope of the immediate subject of this report,
has been prepared. This information is included below as appendix B.
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APPENDIX :

TOXICOLOGY OF SYNEROISTS FOR PYRETIIROID INSECTICIDE CHEMICALS

SUMMARY

Met hylenedioxyphenyl synergists, such as piperonyl butoxide, which
are used to enhance the insecticidal activity of pyrethroids, are
effective inhibitors, both in. vitro and in. vivo, of liver microsomal drug
metabolism. These compounds are also inducers of liver mixed-
function oxidase activity. Their potency in altering drug metabolism
in mammals, by either inhibition or induction, is not unique and fre
quently is lower than that of other insecticidal and pharmaceutical
chemicals. Dramatic interactions with other toxicants or biologically
active materials can easily be demonstrated by treating mice or rats
with high doses of piperonyl butoxide or related compounds; however,
these doses are extremely high relative to normal use and exposure
conditions. The MDP synergists are very useful in insect control,
function by a mode of action that is relatively well understood, and are
readily metabolized following oral administration. Although current
evidence does not indicate that the use of piperonyl butoxide is a
hazard to health, further investigation is needed to evaluate its effect
and metabolism. The possible interaction of piperonyl butoxide when
inhaled or ingested with a variety of other toxic substances such us
pesticides or environmental chemicals or air pollutants, also requires
further study. In development of additional synergists, and particu-
larly those of high potency and increased biological or environmental
stability, tests on mixed-function oxidase inhibition should be included
in the safety evaluation.

A synergist is generally used with pyrethrum to minimize the
amount of insecticide necessary for insect control, thus making it eco-
nomically feasible to use this expensive natural product for control
of household pests. The same situation applies to the synthetic pyre-
throids. Certain synergists also enhance the toxicity of several other
insecticide chemicals, including rotenone, carbamates, and certain
organophosphates and chlorinated hydmcarbons, although they are
not being used in many areas of insect control, because economic bene-
fits are not realized from such use. The information available on the
nature of synergism of these compounds is summarized in reviews by
Metcalf (1955, 1967 ) and Ilewlell (IMO, IRA).

The most important commercial synergist employed in insect control
piperonyl butoxide, a tnethylenedioxphenyl (MDP) compound pre-

pared from dihydrosafrole in an amount of about 800,000 lb per year.
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Other importnnt commercinl or experimentn1 NIDP synergists are
sulfoxide, prepared from isosafmle, and tropital, prepared from
piperonal. The use of these innterials is limited not only by toxicologi-
cnl nnd economic considerations but also by the fact thnt they nee n11
prepared from a natural product, safrole, which is arnilnble in the
amount of only about 1,400,000 lb per year (Hennessy, 1069).

There are nlso other compounds nct ire as synergists for pyrethroids,
including \IGK-264 which is used commercially and certain propynyl
phosphorus compounds and aryl propynyl ethers which are tinder
consideration for development. The remnrknble synergism noted for
the insecticidn1 activity of ninny carbainntes, pnrticularly carbaryl.
with N1DP and other synergists has not pmven economically beneficial
under nctunl fielduse conditions. It is possible flint, properly used,
synergists could help to (1) reduce the necessary dose of toxicant nnd
therefore of enrironmentn1 contnminntion, (2) minimize the degree
of resistnnee in tolerant insect species or strains, nnd (3) permit the
use of biologicnlly unstnble, biodegradnble, or ronpersistent cont
pounds by blocking detoxicntion mechanisms for these toxicants in
the pest. Althotigh there is mason to believe dint the use of synergists
will increase in the future, the non of immedinte conce:n is the po-
tential hazard, if nny, from the use of NII)P compounds, and pnrtic-
111(14 of piperonyl butoxide.

11.111241.11.1.1:4 TOXICOMX)V OF METIITLENEDIOXYPIIINTI. CONIPOILINDS

Acute, subacute, and chronic oral toxicity nnd pathological studies
vith piperonyl butoxide using different nni null species were conducted
by Sarles and Vandergt ill' (1052). Piperonyl butoxide was found to
be of relntively low toxicity to rats, dogs, goats, and monkeys. There
was little difference between sex nnd species in susceptibility to this
mnterinl, and no indicntion wns observed of n n1111111[0 ire toxic effect
upon the second and third generation of nits fed a diet contnining up
to 10,000 p.p.m. of piperonyl butoxide. Tim outstanding biological
effects of ingestion of reIntively lnrge doses of piperonyl butoxide
were anoxia, wasting, minced food consitetption, minced or lost
ability to reproduce, and necentitat ion of concomitnnt natural disense.
Although piperonyl Imtoxide wns tint carcinogenic for the liver, nor
did it exert a malignant itintorgenie effect upon the general tissues.
endocrine glands, or breast, it did produce nonspecific lesions in the
livers of the test animals.. safe human tolerance for chronic ingestion
of pipercayl butoxide was est imnted, niter allowing n 10001(1 safety
factor, to be 42 p.p.m. in all the food eaten.

The present tolerances for piperonyl butoxide vary from exempt
from the requirement of n tolerance (when applied to growing crops
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in accordance with good agricultural practice) to 8 to 20 p.p.m. for
post harvest application to various vegetables, grain crops, tree nuts
and uses in or on certain processed or semiprocessed food or feed
products.

The effect of pesticidal synergists on bile acids and cholic acid ex-
cretion in the bile was examined by Fishbein et al. (1967a, 1967b,
1967c) after intravenous injection of MDP synergists into male rats.
No discernible effect. in bile acid or cholic acid concentration was noted
after safrole injection. However, Tropital and piperonyl butoxide did
alter the bile acids and cholesterol level in the bile, sometimes re-
sulting in a concentration increase with time after synergist
administration.

Another hnportant source of NIDP derivatives is sesame oil. In
addition to its use in food (Budowski and Markley, 1951) it has been
employed in cancer research as a lipid vehicle for other agents in
carcinogenesis studies. The cocarcinogenic activitiy of sesame oil in
sarcoma production was described by Morton and Mider (1939),
Dickens and WeilMalherbe (1942), and Peacock and Beck (1938).
Separation of the nonsaponifiable fractions led to the isolation of
sesamin, found to be cocarcinogenic by DeOme et al, (1919) when
tested in conjunction with 3,4benzpyrene (benzofalpyrene). Com-
cinogenic fractions were also isolated by Bischoff (1957). A weak,
carcinogenic. effect on subcutaneous injection into mice was also de-
scribed for heated sesame oil (Steiner et a/.. 1942) and for sesamol
fed to rats (Ambrose etal., 1958).

Several other MDP compounds are either carcinogenic when fed to
test animals at high levels over n prolonged period of time or are
capable of acting ns cocarcinogens when tested in conjunction with
carcinogens.. Safrole is a rat heitatocnrcittogen following long-term
feeding at the .5 and 1percent dietary. levels. In both male and female
rats fed safrole in n riboflavin-deficient diet, hepatic damage and
nodular degeneration are produced in n much shorter time than by
the deficient diet Mane. The hepatic. damage in males and to a lewer
extent in females, under these conditions, is also manifested by marked
fibrosis and massive deposits of ceroid pigment (Long et 0/.. 1963;
Homburger el al.. 1902). Feeding of dihydrosafrole initiates cancer
of the esophagus in rats (Long and Antler, 1963). Fatty livers have
been found in animals fed myristicin (Christomanos, 1927), a con-
stituent of nutmeg, which is used as a food additive and which also
possvmes psychopharmacologic properties (Truitt et al.. 1961; Shut-
gin, 1966). There is no evidence for psychotropic activity with any
of the commercial synergists for insecticide chemicals. The tumorigenie
potential of NIDP synergists is not fully liar:tied in thu light of recent
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findings. The results to date with mice treated at very high dosiges
by subcutaneous injection or feeding for 18 months are inconclusive
and furt her evaluation is recommended ( limes et al., 1969; Falk, 1969).
Several MDP compounds produced malignant tumors of the lymphatic
system; these include piperonyl butoxide, snlfoxide, and N-propyl
isome. As controls in this study, saf role and dihydrosaf role were found,
as expected. to produce liver tumors, but isosaf role was not very potent
in this respect. It is important to note, however, that. no liver tumors
were observed in rats fed piperonyl butoxide for 18 months at high
dose levels (1,000, 10,000, and 20,000 p.p.m. in the diet) (Falk 1969).
See Bionetics Report, J. Nat. Cancer Inst. 42: 1101-1114, 1969.

There is evidence that piperonyl butoxide and certain other MDP
synergists, at high dosage, have cocarcinogenic activity and synergize
the toxicity and certain pathological effects of other toxicants. The
first of these reports was presented by Falk et al. (1965) on the cocar-
cinogenic potential of piperonyl butoxide and sulfoxidesynergist and
their interference with the detoxification and elimination of the potent
environmental carcinogen, 3,4-benzpyrene. Mministration of these
two MDP compounds by the oral, intrwritonell, or intravenous
routes interfered with the rapid eliminat:on of a radiolabeled sample
of 3,4-benzpyrene, following intravenous injection of the latter. De-
toxification of the carcinogen and biliary excretion were also decreased,
as was the total recovery of the administered radioactivity. The in-
ability to recover the administered radioactivity from treated rats as
compared to untreated rats prompted the suggestions that the car-
cinogen was not metabolized normally and that carcinogenic activity
might thus be increased. It was also established that the increased
retention and activity of the Carcinogen was it result of hepatic damage
due to administration of 3,4-benzpyrene and the MDP synergist, and
hepatic damage was correlated with alteration of a specific detoxifica-
tion enzyme(s).

In a recent study by Kimbrough et al. (1968), the combined etimt
of DDT, pyrethrum, and piperonyl butoxide on pathological changes
in rat liver was examined. Cytological observations established that
pyrethrum produced enlargement, margination, and cytoplasmic in-
clusions or lipospheres in the liver cells of rats. The severity of these
pathological changes was increased when piperonyl butoxide was in
chided in with the pyrethrum. These efTeets were proportional to dos.
age and s:milar in character to changes caused by DDT alone. When
DDT and pyrethrum were given in combination, the changes were
greater than when either was given separately at the nine dosage.
When given nt high dosages, a combination of DDT, pyrethrum and
piperonyl butoxide producer, characteristic liver changes just as rap-
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idly as has been reported for DDT alone. An additive effect on liver
pathology was observed when rats were fed DDT at a dietary level of
only t0 p.p.m. and were kept in a room where a pyrethrum aerosol
(which could contain up to 0.8 percent piperonyl butoxide) was em-
ployed at a moderate rate only once every 2 weeks, a commonly em-
ployed procedure for pest control in animal rooms. It was also con-
cluded that variation in the extent of using synergized pyrethrum
(aerosol sprays) at different times has an effect on the variation of the
extent of liver cell changes observed by other investigators.

Similar studies were conducted to explore the synergistic toxicity
and carcinogenicity of "Freons" and piperonyl butoxide (Epstein
et al., 1967b). "Freons" are fluorocarbons, with 1 to 4 carbon atoms,
fluorine and sometimes chlorine, bromine or hydrogen, which are
widely used as propellants with pressurized aerosols of foods or pesti-
cides. Generally, "Freons" have low toxicity after acute or chronic
inhalation exposures, with one or two exceptions. In the experiments
reported, solutions were prepared in redistilled tricaprylin, containing
the "Freon" (10 percent, vjv) and piperonyl butoxide (5 percent,
v/v). A high mortality was consistently observed (46-55 percent) when
preweaned mice (7 days old) were treated subcutaneously with the
"Freon" in conjunction with piperonyl butoxide; the correspond-
ing control mice had a lower mortality (14 percent) as did the groups
receiving the test substances separately. A 15- percent mortality was
observed after administration of piperonyl butoxide and 2-11 percent
from "Freon" treatment. This high mortality for the combination
treatment groups appears synergistic in view of the absence of such
mortality attributed to piperonyl butoxide alone.

In a separate expriment to ascertain any pathological damage which
might occur from administration of "Freons" and piperonyl butoxide
simultaneously, weaned mice (1 month old) were treated and the
liver tissue was 'examined cytologically at various times after treat-
ment. All treated males displayed hepatomata M weeks after treat-
ment with "Freons," although no tumors were obsreved in any of the
test animals treated with piperonyl butoxide. The incidence of hepa-
tomata was highest for combination treatment groups and particu-
larly high for the combination involving "Freon" 112 (1,1,2,2-
tetrar_,hloro-1,2-difluoroethane) and piperonyl butoxide as compared
with the solvent controls or groups receiving separate treatments of
"Freons" or piperonyl butoxide. With male mice more than 10 weeks
old, the incidence of hepatoma in combination treatment groups was
24 percent in contrast to an overall incidence of only 4 percent in
the groups receiving individual treatments. This striking difference
was shown statistically to be highly significant, and indicates that
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synergistic hepatocareinogenicity results from the combination treat-
ment. The incidence of lullignant lymphomata was low and only one
female developed mammary carcinoma.

The above report of synergistic toxicity and carcinogenicity between
two widely used and unrelated compounds suggested the need to
consider interactions with unrelated agents in the designs of toxcity
and carcinogenicity tests. An extension of the findings on synergistic
toxicity of piperonyl bntoxido and other compounds was reported by
Epstein et al. (1967a). Enhancement by piperonyl butoxide of the
acute toxicity due to "Freon" 112 and "Freon" 113 (1,1,2-triehloro-
1,2,2,trifluoroethane) with 3,4-benzpyrene and griseoful yin (an anti-
fungal antiobotic) was examined. Mortality was generally highest in
the first week of life and, in all instances, was markedly enhanced by
combined treatment, with piperonyl butoxide. This increased toxicity
with the various synergist and drug combinations was accompanied
by anomalous weight increase in surviving mice, generally being pro-
nounced by 21 days. The authors speculated on the possibility of a
toxic hazard, either synergistic or additive in nature, due to piperonyl
butoxide administration in conjunction with other drugs or environ-
mental pollutants, which should be further investigated.

Research on the ability of MDP compounds to synergize the toxicity
of insecticide chemicals or drugs in mammals is sparse. The joint oral
administration of piperonyl butoxide increased the toxicity of
Coumaphos (0- [3-chloro-4-methyl-umbelliferone] 0,0-diethyl
phosphorothioate) and its corresponding phosphate to mice fourfold
to sixfold. The same increase in toxicity was also found when the
synergist and toxicant were administered by different routes (Robbins
et al., 1959). This is the only reported case of synergism of insecticide
toxicity by MDP compounds in mammals. The effects of piperonyl
butoxide and sesamex on the duration of sleep induced in mice by
hexobarbital were examined by Fine and Molloy (1964). They demon-
strated that the synergists prolong sleep which is induced by the
barbiturate. Essentially the same results were obtained wlen either
synergist was injected simultaneously with the barbiturate. Piperonyl
butoxide was also found to extend the sleeping time of another bar-
biturate, sodium pentobarbital (Nembutal). Anders (1968) confirmed
the effect of piperonyl butoxide on hexobarbital sleeping time in nits
and showed that the in vivo metabolism of this barbiturate :s also
inhibited by piperonyl butoxide, sesamex and Tropital. Zoxazolamine
paralysis time is also prolonged in mice by piperonyl butoxide, al-
though the synergist effect is less dramatic than on hexobarbital
sleeping time (Fujii et al., 1968).
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METABOLISM OF METIFYLENEDIOXYPIEENYL COMPOUNDS

The information available up until 1966 on the metabolism of MDP
compounds was insufficient to clearly define the fate of the MDP
moiety or to establish the major pathways of metabolism of
MDP synergists in mammals. Mammalian metabolism of MDP com-
pounds results in modification of the side chain. Piperonylglycine, the
glycine conjugate of piperonylic acid, appeals in human urine follow-
ing feeding of safrole and isosafrole (Hefter, 1895) ; piperonylic acid
is a metabolite in dog urine following administration of these two com-
pounds. Piperonal is excreted by rabbits as the ester glucuronide of
piperonylic acid; piperonylic acid is excreted by rabbits as its ester
glucuronide an: glycine conjugate (Williams, 1959). In rats, piper-
onylic acid is excreted as the free acid and its glycine conjugate, 3,4-
methylenedio:iycinnamic acid is excreted mostly as piperonylglycine
along with some 3,4-met hyleneclioxycinnamoylglycine, and piperic acid
is excreted as piperonylic acid, piperonylglycine, and 3,4-methylene-
dioxychmamoyiglycine, with no piperonylglycine (Acheson and
Atkins, 1961). Ester hydrolysis occurs on oral administration of 6-
chloropiperonyl chrysanthemumate (barthrin) to rats and rabbits and
the liberated 6-chloropiperonyl alcohol is converted to the acid, the
glycine conjugate, and the glucuronide of the acid (Ambrose. 1963;
Masri et al., 1964). A massive oral dose of undiluted piperonyl butox-
ide is excreted in the feces of dogs to the extent of 78-88 percent
within 48 hours, the urine containing little more than trace amounts
of piperonyl butoxide as determined by coloritnetrie analysis (Sarles
and Vandergriff, 1952).

Fishbein and coworkers have utilized thin-layer chromatography
to determine the rate of appearance and nature of the metabolites of
safrole, isosafrolc, dihydrosafrole, Tropital, and piperonyl butoxide
in rat bile and urine following intravenous administration (Fishbein
et al., 1967a, 1967b, 1967c, 1968). Analysis of bile revealed the fol-
lowing metabolites after administration of the respective compounds:
safrole-10 metabolites, five being MDP compounds (positive to
chromotropic add reagent) ; isosafrole-7 metabolites, two or three
responding to chromotropic acid reagent; dihydrosafrole-1 chromo-
tropic acid-positive material and two additional metabolites not con-
taining the MDP grouping. Analysis of urine revealed a slightly
different pattern as follows: safrole-5 metabolites similar to the ones
detected in the bile, one responding to chromotropic acid reagent; iso-
safrole-3 metabolites responding positively and three negatively to
chromotropic acid; dihydrosafrole-I metabolite responding positively
and four others negatively to the chromotropic acid reagent. Metabo-
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lites of safrole, isosafrole, and dihydrosafrole were not identified nl-
though oxidation of the side chain to homopiperonylic acid and
piperonylic acid was postulated for safrole and isosafrole, respectively,
as was cleavage of the MDP moiety to the corresponding catechols.
Tropital and piperonyl butoxide were converted to unidentified ma-
terials and eliminated largely in the bile, but more slowly than the
compounds previously discussed. Methylene-C"-dioxyphenyl labeled
Tropital yields 14 metabolites in bile, some persisting for 560 minutes,
including piperonal as the major metabolite, and six other metabolites
responding to chromotropic acid reagent. The urine contains piper-
onylic acid as a minor metabolite, in addition to one other major
tnetabolite and one other minor metabolite, plus material remaining
at the origin on chromatography. No free Tropital was excreted in the
urine. The metabolites of piperonyl butoxide constitute a complex
mixture involving possibly nine MDP compounds in the bile and 11
in the urine plus nine catechols or their further degradation products
in the bile and 13 in the urine.

Microsomal preparations from both mammalian liver and insect
tissues metabolize tetrachloromethylenedioxybenzene, in a reduced
nicotinamideadenine dinucleotide phosphate (NADPII)-dependent
reaction, to the corresponding tetrachlorocatechol (Wilkinson, 1967;
Wilkinson and Hicks, 1969).

The above discussion does not consider the results of studies made
at Berkeley using C"-labeled MDP compounds. Prior to the synthesis
of several methylene-C"-dioxyphenyl (M-C"-DP) compounds (Ku-
watsuka and Casida, 1965), suitable analytical approaches were not
available for establishing the fate, in vivo and in vitro, of the critical
methylenedioxy portion of the molecule. These labeled materials were
used to ascertain the fate of MDP compounds in mammals and house
flies and enzyme preparations derived from these organisms.

The major metabolic pathway for piperonyl butoxide, the sulfoxide
diastereoisomers, dihydrosafrole, safrole, and myristicin in mice, after
oral administration, involves cleavage of the MDP moiety and expira-
tion of the methylene carbon as carbon dioxide. In contrast, oxidation
and/or conjugation of the side chain is the major metabolic pathway
for Tropital, piperonal, piperonyl alcohol, and piperonylic acid. Prod-
ucts in the urine, following piperonyl butoxide administration, include
many compounds lacking the MDP moiety along with small amounts
of 6-propylpiperonylic acid and its glycine conjugate, and those from
Tropital consist almost entirely of the glycine and glucuronic acid
conjugates of pipemnylic acid. Mixed-function oxidases of liver mic-
rosomes demethylenate several MDP compounds to yield formate and
the corresponding catechol; with most MDP compounds, other prod-
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ucts also form because of additional oxidation reactions at other func-
tional groups (Casida et al., 1966; Kamienski and Casida, 1969).

The tentative metabolic pathways found for piperonyl hutoxide and
Tropital in mammals are given in figures 1 and 2, respectively.

The details of the portion of the study on the metabolism of the
same labeled MDP compounds in house flies has recently been pub-
lished (1.1saac and Casida, 1968, 1969). It Baas clearly shown that most
of these compounds are oxidatively metabolized in living house flies
by attack at the methylene carbon in the M-C"-DP moiety, leading
ultimately to expiration of C"02 Aliphatic side chain oxidation re-
suited in the formation of the corresponding pipronylic acid deriva-
tives, followed IT conjugation and excretion. Following injection of
piperonal, piperonyl alcohol, safrole, and Tropital, each MDP com-
pound was oxidized to piperonylic acid which was then converted into
five N-piperonyl amino acids, namely, the alanine, glutamine, gluta-
mate, glycine, and serine conjugates. In addition, cleavage of the
polyether side chain of piperonyl butoxide was observed, presumably
mediated by hydroxylation of the methylene carbons adjacent to the
ether oxygens by the microsomal-NADPII enzyme system. Summaries
of the metabolism of piperonyl butoxide and Tropital in house flies
are as follows: (See page 550.)
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In both insects and mammals, sulfoxide synergist undergoes de-
methylenation and oxidation at the sulfur (Esaac and Casida, 1969;
Kamienski and Cosida, 1969). The comparison of synergist metabo-
lism with the fate of insecticide chemicals was recently reviewed
(Lykken and Casida, 1969).

MODE OF ACTION OF METIMENEDIOXYPIIENYI, COMPOUNDS

Studies with both insects and mammals have aided in formulating
hypotheses regarding the mode of action of MDP compounds. In
earlier proposals, synergistic action was supposedly due to stabiliza-
tion of the toxicant or formation of molecular complexes between the
synergist and the insecticide (Metcalf, 1955), but these proposals
have bean discarded for lack of experimental evidence. Presently, the
most widely accepted hypothesis to explain the mode of action of
MDP synergists is that they act by inhibiting the detoxification of
the insecticide chemical in insects (Casida, 1963; Metcalf, 1967) or
by reducing the rate of drug detoxification in mammals (Fine and
Molloy, 1f,'64). These drugs or insecticides nre metabolized qlmost.
exclusively by the NADP1I-dependent mixed-function oxidase system
of microsomes. The oxidative reactions mediated by liver and insect
microsomes have been extensively reviewed by Gillette (1963) and
Casida (1969).

In a more specific manner, synergists are proposed to exert their
effect by blocking oxidative detoxification reactions, presumably by
serving as alternative substrates (Casida et al., 1966; Wilkinson and
Hicks, 1969) or competitive inhibitors (Philleo et ol., 1960 for the
microsome-NADPH enzyme system, so that a lower initiil dose of
the toxicant is effective. The inhibition of rat liver microsomal mixed-
function oxidases by piperonyl butoxide was competitive with two
substrates, but proved to be variable with other NIDP compound-
substrate sontbinations and so generalization is not possible (Anders,
1968) ; difficulties in obtaining clear-cut interpretations from kinetic
studies of this type have also been encountered by many other workers.
.Taffe et al. (1968) assayed the important MDP synergists and many
related compounds for in vivo inhibition of two hydroxylating systems
of monse liver microsomes, using dimethylaminopyrine and hexo-
bnrbital as substrates. The structure-activity correlations were similar
to those for insecticidal synergism, indicating that synergists and
related compounds are probably of comparable toxicological signifi-
cance to mammals. The inhibition appeared, in general, to be relati-, ely
nonspecific in character. These findings, combined with those of
Katnienski and Casida (1969) discussed above, suggest n possible
correlation, at any given time after administration, between the extent
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of demethylenation (or perhaps, as well, of other microsomal hydrox-
ylation reactions acting on the MDP compound) and the in vivo
inhibition of microsomal hydroxylat ions of other substrates. In utiliz-
ing this hypothesis, consideration must be given to the relative biologi-
cal stability of the MDP compound and the alternative substrr te, and
to the inhibitor and substrate specificities of the liver mixed-function
oxidases system(s) (Kamienski and Casida, 1969). The elle; tiveness
of piperonyl butoxide as an in vivo and in vitro inhibito: ,1 drug
metabolism in rats is markedly diminished by chronic treat . ;1 with
either phenobarbital or 3methylcholanthrene, possibly because these
agents induce rapid metabolism of piperonyl hutoxide 1 oduots
having minimal inhibitory capacity (Anders, 1968). I 1; clonyl
butoxide serves as an inducer of biphenyl metabolism, by 1, .11. 0- and
phydroxylation (Jaffe et al., 1969). In a separate at, I distinct
phenomenon from the induction, piperonyl butoxide Antes
o hydroxylation and inhibits hydroxylation of biphen; liver
microsorres of treated mice, a bimodal effect occurring sb After
treatment which may represent an isozymic transformat ; 'king
the equilibrium between the two microsomal enzyme at tic I Jaffe
et al., 1969b) ; this bimodal effect also occurs in vitro ( ' al.,
1969a).

MDP compounds have been shown to inhibit or ref )14(

others, the following oxidative reactions in both insects a I s

necessary for detoxification or inactivation of the cheini. I es-

t ion : oxidation of the franR-methyl gronp of the isobuten;i of
pyrethrin I and synthetic chrysanthemumates to the corresponding
carboxylic acid analogs in living housefles and isolated enzyme sys-
tems (Yamamoto and ('asida, 1966; Yamamoto et al.. 1969); in rilm
hydroxylation of Nmeihyl groups of N-niethy land AVV-dirnethyl-
carbamates by both insect preparations (Tsukarnoto and ('asida,
1967a, 1967b) and rat liver enzymes (Hodgson and Casida.
1961; Leeling and ('aside, 1966) ; in viro A'-deniethylation of the
N.N-dimethylninide group of 'firkin insecticide in houseflies (Nienzer
and ('asida, 1965) ; 0-depropylation of Ilaygon in living houseflies
and isolated abdomen enzymes (Tsukainoto and Cssida, 1967a, 1967b;
Shrivftstava ci frt. 1969)1fi hydmxylation of aromatic hydrocarbons
such as naphthalene by house fly microsomal enzymes (Philleo rt al..
1965) or the aromatic nucleus of /naplithyl N-nitthylcarbainate by
rat liver micr(someNADPII enzymes (I.celing and Casida, 1966);
oxidation of the methyl group of toluene and pnitrotoluene by house-
tly microsomes to the corresponding benzoic acids (Chakraborty and
Smith, 1967) ; the. NADPIIdependent conversion of phosphorothio-
'rates to the corresponding phosphate analog by American cockmaeh
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hit body microsomes (Nakatsugawa and Dahm, 1065) or by rat liver
microsomes( Dahm et al., 1962) ; mierosomal epoxidation of cyclo-
diene insecticides such as the conversion of aldrin to dieldrin (Lewis
et al., 1067; Nakatsugawa et (71., 1065) ; and the dehydrochlorination
of DDT to pDE by housefles (Perry and Hoskins, 1050, 1051). The
list of reactions, which continues to grow, is partially illustrated on
pages 556 and 557. (Casida, 1069.)

The action of MDP synergists and related compounds in increas-
ing drug and insecticide potency possibly is the result of combination
of the MDP compound with 1111 active side on the mixed-function
oxidases resulting in inhibition of normal detoxification mechanisms.
This is illustrated with Baygon insecticide chemical as the toxicant
or compound synergized. (See page 558 for illustration.)

There is a large body of structure-synergistic activity literature
which supports the hypothesis that the methylenedioxy moiety is the
critical portion of the molecule for synergistic activity. Even deuter-
ium in the methylene position reduces synergistic activity (Hennessy
and Whalen, 1966; Metcalf et al., 1960) suggesting that this is the site
of binding or reaction. Three observations or suggestions must be
considered in postulating a mode of action for the MDP compound
at the molecular level. Ilennessy (1965) suggested that synergism may
result from the formation of an enzyme-attacking electrophilie ben-
mxlioxolimn ion from the benzodioxole by loss of hydride (111. ('asida
et al. (1900 showed that the methylene group is hydroxylated by
the mixed-function oxidaso system to give a hydroxymethylenediox-
phenyl intermediate; in this manlier, the synergist is an alternative
substrate f or the enzyme.) fansch (1968) and Cloney Scherr (1968)
pret,ent physico- chemical correlations which suggest a free radical
enzymatic reaction to form n Alin" free radical and/or a reactive ben-
mlioxolium cation. These considerations lead to two pathways or
mechanisms (Kamienski and Casida, 1969; Hennessy, 1969) :
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Pathway A leads to direct. formation of the benzodioxolium ion or
accommodates the free radical mechanism in enzymatic. formation of
the hydroxymethyknedioxyphanyl compound, which is the pseudo-
base of the benzodiheterolimn ion. The benzodioxolium ion as an aro-
matic system might form n w-bonded complex with iron or copper
Also, it might neylate the enzyme, subsequently hydrolyzing to for-
mate and the catechol. Pathway B utilizes the MDP free radical as the
species reacting with the enzyme, thus:

A.
D.

Fe + NIDP* CFO-Mil
Fe + MDP. ± (FeMDP)

Kuwatsuka (1969) interprets studies of the different spectra of the
P-450 hemoprotein and of the kinetics of inhibition with different
substrates to indicate that the enzyme probably has different binding
sites for different. substrates and the enzyme and inhibitor interact. in
some other relationship than that of enzyme and substrate, i.e., nib-
sterie effects are involved.

Each of these hypotheses 'el-wins that the synergist binds tena-
ciously or alters the enzyloe, and that the synergist is metabolized more
slowly than the insecticide. Insect nicrosomes are frequently more
sensitive than mammalian inicrosomes to MDP compounds (Lewis
d al., 1967) and metabolize the synergist more slowly (Esaac and
Cnsida, 1969). The mechanism of reaction of the enzyme and synergist
studiNI with mammalian liver and home fly microsomes, for the most
part, may be found to differ between insects and mammals. Further
studies are needed, with MDP and other synergistic compounds, to
determine the mechanism involved in the higher sensitivity of insect
then mammalian mixed-function oxidases to inhibition.

I.F.VMS OF I:XPOSURE TO MOP COMPOUNDS

Mi1P compounds are natural dietary constituents and potential con-
inininants from the use of insecticide synergists. Certain of the natural
\11)11 compounds as well as the MDP synergists net in mice at high
dcksages to give transient inhibition of liver mierosomal mixed-
function oxidases (Csillag rt d., 1969). The human dietary level of
these materinls, individually or collectively, is either unknown or is
not in the readily available literature. However, data on the residues
of synergiRts which are in use or are proposed for use are part of the
petitions for tolerances or exemptions submitted to the USDA. There
is little if any precise data on human intake from domestic nse of
piperonyl bill-oxide-containing formulations. The chemistry of piper-
onyl blitoxide degradrition on exposure to ambient environmental



conditions is poorly understood at. present, although there is evidence
that the NIDP synergists are photochemically unstable to sunlight..
(Casida, 1969.)
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MUTAGENICITY OF PESTICIDES

SUMMARY AND CONCLUSIONS

Among the plethora of new chemicals in our increasingly complex
environment, n number are already known to be mut agenic, ie., capable
of producing genetic damage. When genet is damage occurs., the burden
of hereditary defects in future generations is increased.

One potential genetic hazard collies from pesticides. Although we
can point to no pesticide now in widens' OM has been demonstrated to
I* mut ngenic, the overwhelming majority !lave, however, not been ade-
quately tested, although appropriate methodologies are now available.

We define mutations as any inherited alteration in the genetic MR-
terial. Such alierni ions in exposed individuals may lend lo cancer and
Io lerniologicr.1 effects. Our main concern, however, is for their de-
scendants; for such changes lend to n wide range of abnormalities, men-
ial rctrinlini ion, physical and mental disease, and all the other inherited
menktimes and debilities to man is susceptible. Since these ef-
fects will occur in future generations and may I* apparent only many
generations removed, by the lime the effect is noticed, the damage is al-
rendy irreversible. It is therefore urgent that any mut agenic chemicals
to which the popidal ion is exposed be promptly identified.

Them are now about 400 substances Ihni, in various forms and
combinations, are currently used as pesticides. It is feasible to test all
of these in the near future for mulagenicity in syrtems that are simple
and precise and yet Me% ant to man.

For these and other nensons detailed in the rrpoct, we recommend
that :

a. All currently used pesticides be tested in the near filmy in four
systems (as indicated on p. G02). PeAicides should be tested at conce-
trations substantially higher 'him those to which the human popula-
tion is likely to be exposed. 'lest procedures should reflect mutes of
human exposure. Apart from the obvious mute of ingestion, particu-
lar and critical attention should be directed to the inadequately a ppre
dated mule of inhalation, especially for pesticide aerosols and for
vaporizing pesticide strips which are widely used domestically.

dti Pesticides found to he inset ive in all them, tests may be regarded
as safe, unless other evidence of muiagenicity appears. rse of IMMA
genic pesticides must be rigorously restricted or banned unless
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thorough and impartial study demonstrates convincingly that the
benefit outweighs the risk.

c. No new pesticides should be registered until tested for
mutagenicity.

d. Some disinterested scientific group or commission should be
charged with responsibility for continued surveillance of the whole
problem of pesticide mutagencsis.

IMPORTANCE OF MUTAGENICITY A8 A PUBLIC HEALTH HAZARD

A particular subtle danger from wide scale use of pesticides lies in
the possibility that some of them may be damaging to the hereditary
material. If this is so, we may be unwittingly harming our de3cend-
ants. Whether this is happeningond if so, what is the magnitude of
the effect, is regrettably unknown. Surely one of the greatest responsi-
bilities of our generation is our temporary custody of the genetic herit-
age received from our ancestors. We must make every reasonable
effort to insure that this heritage is passed on to future generations un-
damaged. To do less, we believe, is grossly irresponsible.

The first evidence that environmental agents under human control
might have some influence on the genetic constitution of future pop-
ulations followed the discovery that high energy radiation causes
mutations. The first convincing evidence of this came with the publi-
cation in 1927 of M. J. Muller's classical paper "Artificial Transmu-
tation of the Gene." Muller was quick to point out the potential health
hazard associated with indiscriminate use of radiation.

The discovery of nuclear energy brought a whole new dimension to
the problem and a greatly increased public awareness of genetic haz-
ards. Out of this concern, originally confined largely to geneticists,
radiologists, and radiation biologists, but later including persons of
a great diversity of special interests, have come rigorous safeguards
to insure that radiation exposure is kept to the lowest practicable
minimum.

As soon as radiation-induced mutagenesis was discovered, there were
strong reasons to suspect that many chemicals would have the same ef-
fect, but proof of this did not come until World War II when mustard
gas was shown to induce mutations in fruit flies. Since that time, very
efficient test systems have been developed and a large number of diem-
icals of a great diversity of structure and activity have been shown to
be mutagenic. The likelihood that some highly mutagenic chemicals
may come into wide use, or indeed may already be in wide use, is great
enough to be a cause for real concern.

Pesticides are only a part of the plethora of new chemical com-
pounds that have become a part of our environment, but they are of
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particular concern because they are used so widely and in such enorm-
ous amounts. Furthermore, they are very potent biologically; if they
weren't they would not be effective pesticides. Although the mecha-
nisms by which most pesticides kill, or inhibit growth, or sterilize the
various animal and plant pests for which they are designed is thought
to be unrelated to genetic mechanisms, our ignorance of chemical mu-
tagenesis will not allow the assumption of safety without specific mu-
tagenic tests.

What are mutations and what effects will they have on the human
population ? In its broadest usage, the cord mutation is used to desig-
nate any inherited change in the genetic material. This may be a
chemical transformation of an individual gene that causes it to have
an altered function. Or the change may involve a rearrangement, or
a gain or loss, of parts of a chromosome. This kind of change is often
visible by ordinary microscopy. We shall use the word gene or point
mutation to designate changes of the individual gene and speak of
those changes which involve the larger chromosomal units as chromo-
some aberrations. In many experimental systems, these are easily
distinguished, but in human studies, classification of an individual
defect, as to whether it is due to a point mutation or a chromosome
aberration, is not always possible.

Mutations may occur anywhere in the body. Frequently, the result
is the death of the particular cell in which the change occurs. Most
of the time this causes only local and transient damage, for most
individual cells are quite dispensable. But if the change is of such
a nature as to change the genetic functioning of the cell while still
permitting it to divide, this change may be transmitted to descendant
cells and the damage is then less localized. The effect may be cancer
or it may be teratogenic ; particularly if the change takesplace during
embryonic development. We are especially interested, of course, in
these changes that occur in the germ cellscells that are the progeni-
tors of future generations. A mutation or chromosome change that
is transmitted via the sperm or egg to the next generation can effect
every cell in the body of the descendant individual, with consequences
that may be disastrous.

What, kinds of effects on the human being do mutations produce?
Perhaps the most important fact to emphasize is that there is no
single effect. Since every part of the body and every metabolic, process
is influenced by genes to a greater or lesser extent, it comes as no
surprise that the range of effects produced by gene alterations includes
every kind of structure and process.

At one extreme are consequences so severe that the individual can-
not survive, so-called lethal effects. If the death occurs very early hi
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embryonic development it may never be detected. If the death is at
a later stage, it may lead to a miscarriage. An appreciable fraction,
very roughly one-fourth, of spontaneous abortions, shows a detectable
chromosome aberration, and there is no way at ,,resent to know how
many of the remainder are caused by gene mutations or by cluomo-
some aberrations too small to detect by the microscope. If the embryo
survives until birth there may be physical abnormalities. There are
hundreds of known inherited diseases and probably ninny more that
are unknown, all of which owe their ultimate cause to mutations.
These are individually rare, but collectively account for a substantial
fraction of human misery. And, perhaps most tragic of all, genetic
factors play a role in the causation of mental deficiency and disease.

At the other extreme are genes with mild effects. Thule with still
smaller effects filially become imperceptible. In between these extremes
are the whole gamut of minor to severe genetic defects. So, it is evi-
dent that the effect of an increased imitation and chromosome aberra-
tion rate is not something new, but rather an increased frequency of
diseases, abnormalities, weaknesses, and assorted human frailties that
are already occurring.

Many mutations produce effects that are similar to those produced
by other, nongenetic causes. And, we must remember that spontaneous
mutations are happening all the time. For all these reasons, the impact
of environmental mutagens is statistical rather than unique. This
problem is further complicated by the time-distribution of mutational
effects. Some mutant genes are dominant, in which case, the abnormal-
ity or disease will appear in the very next generation after the muta-
tion occurs. On the other hand, the gene may be recessive, that is
to say it may require the abnormal genes in both homologous chroo-
somes (one derived from the male and the other from the female
parent) to produce the effect. In this case, the disease or abnormality
may be delayed for many generations until some unlucky child inherits
a mutant gene simultaneously from each of his parents. The net effect
of all this is that, although the first generation probably will manifest
a larger effect than will any particular subsequent generation, the
overall effect is spread over many generations. What happens in the
first generation is only a fraction of the total impact of the mutation
process.

That the great majority of mutations should be harmful to a greater
or lesser extent (or at best, neutral.), is both a deduction from the
principle of natural selection and an empirical fact well established
in experimental systems. In the human past, natural selection has
ruthlessly eliminated those. individuals whose mutant, genes caused
them to be abnormal, diseased, or even only slightly weakened. As
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a result, there has been an approximate equilibrium between the
introduction of new mutant genes into the population by mutation
and the elimination of old genes by natural selection. But with ow
present high standards of living and health care, many mutants that
in the plst would have caused death or reduced fertility now persist.
So the equilibrium is out of balance and new mutants are being added
to the population faster than they are being eliminated. This, coupled
with the near eradication of many infectious diseases, means that now
and in the future our medical problems will be increasingly of genetic
origin.

A mutation, once it has occurred, is transmitted from parents to
succeeding generations. if the gene causes a lethal or sterilizing effect,
it will persist for only one generation and affect only one person. On
the other hand, if it causes only a slight impairment it may be trans-
mitted on from generation to generation and thereby affect many peo-
ple. There is, therefore, generally an inverse relation between the
severity of the. gene effect and the number of persons that will be ex-
posed to this effect. If it were not for this, we could dismiss as rela-
tively unimportant the effects of mild mutants. But in any overall
consideration, we must consider many persons mildly affected as being
of comparable importance to one individual severely affected. Experi-
ments on fruit flies show that mildly deleterious mutations occur with
much greater frequency than do more severe mutantsat least 10
times as frequently. All this makes it likely that, although an in-
creased mutation rate would cause a corresponding increase in severe
abnormalities and ger.Jic diseases, the major statistical impact of
a mutation incrmse on the human population would be to add to
the burden of mild mutational effects. This would make the popula-
tion weaker, more prone to disease, and more likely to succumb to an
effect that otherwise would be resisted.

All these implications mean that it is not possible to predict in
detail the kinds of effects that would occur following an increased
mutation rate, nor their distribution in time. Nor can we be at all ac-
curate in any quantitative assessment of the total harmful impact of
mutation on the population in comparison with other hazards. So,
in weighing benefits against, risks of possibly mutagenic pesticides,
we have only a vague idea of the nature and magnitude of the risk.
We must remember, however, that genetic damage is irreversible by
any process that we know of now. The risk to future generations,
though difficult to assess in precise terms, is nevertheless very real. The
prevention of any unnecessary mutational damage is one of our most
important, and immediate responsibilities.

Despite the extensive use of pesticides, our information on their
possible mutagenicity is grossly inadequate. Several have been tested
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in various test systems, but we believe that none has had the kind
of systematic testil g that would be regarded as adequate. Such test-
ing, we believe, is entirely practical and feasible. There are nu-
merous widely used test systems that are precise, efficient and
relatively inexpensive. However, these mainly depend on microbial,
insect, or plant systems and there is a question as to their relevance to
man. For definitive testing, it is necessary to use systems that have a
high degree of presumptive human relevance. We believe that such
satisfactory systems now exist, that are practical, sensitive and rele-
vant. In this report, we recommend that a combination of these be
routinely applied to all pesticides.

METHODOLOOIES FOR MUTAOENICITY TESTING

A variety of methodologies are how available for mutagenicity test-
ing. From the criterion of presumptive human relevance, they have
been categorised as ancillary systems and as mammalian systems.
The human relevance of data obtained from ancillary test systems
is uncertain, in view of factors such as cell uptake, metabolism, detoxi-
fication, dosage, and method of administration. The mammalian sys-
tems embody fewer of these drawbacks.

Since no single method can detect all possible types of mutations, a
combination of methods must be used. A positive result in any of the
mammalian systems represents evidence of a potential mutagenic
hazard. The danger inherent in the use of restricted and inappro-
priate test systems is apparent from recent contract-supported studies
in which mutagenic activity of pesticides was tested in microbial
systems. In these studies, the microbial systems could have detected
only point mutations, whereas structural considerations indicated that
the pesticides tested could only induce inactivating DNA alterations
resulting in chromosome breaks and aberrations. Additionally, some
of the pesticides required microsomal enzymatic activation which
could only occur in in vivo mammalian test systems.

In addition to these test procedures, human population monitoring
may reveal mutagenic effects of pesticides or any other environmental
agents that have escaped detection.

Ancillary ineillod8
Bacterial. --A variety of relatively simple and inexpensive tests

are available for demonstrating point mutations. (1) However, these.
systems are generally insensitive to chemicals inducing chromosome
breakage in higher cell forms. Reverse and forward mutations are
generally tested using biochemical markers; additionally, drug resis-
tance is used as a marker for forward mutations. These methods
include:
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a. Reverse mutation system in Salmonella. Hist idine-requiring mu-
tants exist which revert by single base pair changes, i.e., transitions or
base pair insertions or deletions. By selection of the proper strains,
most possiblepoint mutation mechanisms can be detected.

b. Forward mutation systems based on resistance to streptomycin or
other antibiotics, can LI used. It is, however, uncertain how many
places in the gene can mutate to give resistance mutants, and therefore,
it is a question whether all types of base pairs changes can' e detected.

C. Differential staining techniques (Eosin-Methylene blue), exist in

which lactose nonfermenting mutations can be detected and
quantitated.

CITED REFERENCE
(1) WIIIrsistn, II. J., R, AND AlfE8, D. J. Ma/cedar Biology 21 : 33.5,

1906.

Neurospora.Neurospora erassa is a haploid organism with seven
chromosomes and a normal meiotic cycle. However, by using a bal-
anced lieterokaryou between biochemically marked strains, the diploid
phase of higher organisms can be mimicked. Chromosome deletions
as well as point mutations can thus be detected. Forward mutations
can be recovered in the ad3 region of chromosome 1 (1), without apply-
ing selective techniques. Either growing cultures or spores (conidia)
can be exposed to chemicals under test. After the treatment, conidia
are inoculated into 10 litre Florentine flasks and incubated for 7 days.
Each flask can contain 10'i colonies which are screened for presence of
purple mutants. The frequency of the different fractions of the conidia
population from the heterokaryon can be determined by plating on
different substrates.

Very refined genetic analysis can be carried out on the mutants. The
frequency and the size of the chromosome deletion can be determined
(5), and the genetic alterations of the point-mutations can be iden-
tified at the molecular level (3. 4). From the plate counts, it is possi-
ble to distinguish between nuclear and cytoplasmic inactivation.

Mutations frequencies induced by 500 r can be easily and practically
detected. Neurospora is obviously metabolically different from mam-
mals; therefore, tests for mutagenicity should include mammalian
metabolites of the pesticide and the use of Neurospora in the host
mediated assay system (0).

CITED REFERENCES
(1) DE SERRE8, F. J. and R. S. 08TER8END: Estimation of the relative frequencies

of X-ray-induced viable and recessive lethal mutations in the ad-3 region
of Neuroepora cram. Genclica 47 : 793-790,1962.
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(2) GABRIDOE, M. and M. B. LreATOR: A host-mediated microbial assay for detec-
tion of mutagenic compounds. Prom Soc. Exp. Biol. Med. 130: 831-831,
1969.

(3) MILI.INO, H. V. and F. J. Daum : Identification of the genetic alterations
in nitrous acid-induced ad-3 mutants of Neuroapora crassa. Mutation Res.
2 : 320 - 327,1965.

(4) --: Relation between complementation pt..-rns and genetic alterations
in nitrous acid Induced ad-3B mutants of Neuroapora ereJaa. Mutation Rca.
4: 425-440, 1967.

(5) WEBBER, B. B. and F. J. DESERRES: Induction kinetics and genetic analysis
of X-ray induced mutations in the ad-3 region of Neuroapora erana. Proc.

Nat. Acad. Set. (U.S.) 53: 430-437, 1965.

Page and transformation (1) : Phage8.Bacteriophage T4 is prob-
ably the best available system. Forward mutations to "r" phenotype
are of low sensitivity; reverse mutations of "rII"type mutants are
of high sensitivity. Chemicals inducing point mutations, which alter
DNA either chemically (treatment of free phages) or during its dupli-
cation inside the bacteria can be detected. The sensitive assay of reverse
mutations induction responds only to those agents which induce the
required specific base pair change, e.g., ,citto. In order to detect all types
of base pair changes, a set of about 6 rII mutant strains having the
required base pal.. changes should be tested. Agents which induce only
inactivating DNA alteratiors rarely induce point mutations. They do,
however, inactivate phage, but only more detailed genetic tests can
verify that the inactivation is not caused by an alteration of phage
protein.

Transformotion.The ideal system is that of linked mutation induc-
don, which at present, is limited to the induction of fluorescent mutants
in the tryptophan °perm. Forward mutations to fluorescence are of
medium sensitivity. Reverse mutations to indole independence are of
high sensitivity. In these systems, inactivatingDNA alterations can be
measured and quantitatively compared to mutagenic DNA alterations.
It has been shown that radical producing agents, known to induce both
chromosome breaks and large chromosome mutat; ins, inactivate trans-
forming DNA but do not induce point mutations. Thus, in most
bacterial or phage systems, these agents would not induce mutations
and might be erroneously labeled nonmutagenic. Only agents which
directly act on resting DNA can be easily assayed. For agents, like
base analogs, which induce mutations in duplicating DNA, such
measurements are difficult.

CITED REFERENCE

(1) Faust; K and FREESE, H. B.: Mutagenic and inactivating DNA alterations.
Radiation Rca., Suppl. 6: 97-140, 1966.
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Plant8.An extensive body of literature exists on the response of
higher plants to chemical mutagens and many of the techniques
laboriously worked out for experiments with physical mutagens should
be equally applicable to ,)xperiments with known or suspected milts-
gens (30,46,61,105).

Since the literature indicates that many of the well known mutagenic
and/or chromosome breaking chemicals are as effective in plant ma-
terial as in animal test systems and since several of the plant systems
can detect effects of such substances applied in the gaseous state (95),
and since some, if not all, plant species are highly susceptible to chem-
ical mutagens, appropriate plant material should be included in the
battery of tests to be performed in screening or testing for mutagenicity
of various chemical compounds. Further, since plant chromosomes are
structurally more akin to mammalian chromosomes than are those of
viruses, bacteria and other prokaryotic organisms, responses of plant
chromosomes to chemical mutagens should provide valuable informa-
tion with respect to their possible mutagenicity in mammals. Also, the
factors determining the inherent radiosensitivity of plant cells are now
fairly well understood (102) and this knowledge may offer valuable
guidance for w, mk with chemical mutagens.

Plant test systems include many species and a considerable variety
of possible pro.:edures at various stages of development (table 1).
It is not feasible to select a specific test as the best in all possible cases.
Circumstances and objectives of the experiment would determine
which test and which species should be recommended.

The efficiency of the various plant test systems varies widely. How-
ever, some of the most efficient ones compete favorably with other
nonplant tests and some e.g., Trade8cantia, have the advantage that
they can be used as monitors over long exposure periods. Inspection
of the flowers for somatic mutations once or twice a week should
reveal quickly whether or not a level of mutagen exposure has oc-
curred. Of course, the lower the level or the shorter the exposure, the
more effort is required to show a significant increase above the nor-
mal background rate. Trade8cantia is especially sensitive to both
ionizing radiation (66, 97) and chemical mutagens (95), with the
effects of a few rads being readily detectable and saturation of the
somatic mutation rate occurring around 200 R of gamma rays (72).
Some other plant systems such as somatic mutation in Nicotiana are
also very sensitive (86); those in which mutations, chromosome aber-
rations or lethal effects are readily detectable in microspores or pollen
tend to be highly efficient (table 1).

A. partial list of chemical mutagens and/or pectic des known to be
effective in higher plants is given in tables 2 and 3. Several other
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pesticides are also known to be mutagenic in plants, e.g., cytrol (111),
hyvar (111),Thidane (90), and vapona (90). An indication of relative
mutation rates produced by ganuna rays and various chemical muta-
gens in several test systems is given in table 4. .

A brief outline of the procedures considered to be most promising
for chemical mutagen studies follows. It includes methods for analyz-
ing various ty:,)es of chromoSomal aberrations, mutations and lethal
effects and includes the specific locus method.

Mutation induction by seed treatment.Barley (Hordeum) has
been used extensively in the study of induced heredhary changes. This
plant can be recommended because of the extensive knowledge of its
genetics including numerous and distinct chlorophyll-deficient muta-
tions (70) and because of the low number (2n=14) of relatively
large chromosomes. The seed is very easy to store, treat and handle,
and the seedlings are small and easy to grow. Responses to mutagen
treatment which may be measured include: (1) Chromosome aberra-
tions in shoot- or root-tip cells of treated seeds; (2) chromosome
aberrations in the pollen-mother-cells of M, plants; (3) chlorophyll-
deficient mutations; (4) pollen abortion; (5) alteration of the ob-
served mutation spectrum of M, seedlings; (6) seedling growth re-
duction; (7) survival; (8) spike fertility ; and (9) yield of spikes per
plant.

The complete techniques for handling mutagen-treated barley seeds
(54), as well as more detailed descriptions of both laboratory (70)
and field culture of seedlings (71) have been described. These tech-
niques are easily modified for use with seeds of many other higher
plant species.

The basic difficulty with progeny testing for mutation in higher
plants is the long generation time involved. By growing the M2
generation in the greenhouse, the time has been reduced to less than 1
year with barley. However, this is still too long for rapid screening
of mutagens. The techniques with barley have been developed to the
point that it is known that there is excellent correlation between the
M, seedling growth inhibition, and the M, seedling chlorophyll muta-
tion frequency (77). This relationship also exists between seedling
growth inhibition and chromosome aberrations in the Mi shoot or root
tip (10). Therefore, in 1 week rapid data may be obtained concerning
the mutagenicity of a compound. Another possibility in seed muta-
genesis is to use small more rapidly growing plants such as Arabidop-
els as has been done with much success by Mei and Li (84). This
plant is sensitive enough to detect low frequencies of mutation induced
by DNA base analogs (38).
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A limitation of the above method, namely progeny testing, is over-
come if seeds, heterozygous for a marker gene, are used. This specific-
locus technique was employed by Smith (93) on the Ygdyg,
(light-green) locus in maize (Zea mays). The yg, is nonlethal in
homozygous condition and the Ygdyg, seeds are produced by crossing
Ygdyg, to female ygdyg,. This same technique could be employed hi
barley, where efficient methods for production of hybrid seeds now
are available (82). Arabidopsis gives the combined advantages of
somatic detection, a short generation time and small size (65, 84, 94).

Root tip method for chromosome aberrations.Root tips of cer-
tain plant species provide excellent material for chromosome aberra-
tion studies and have been extensively used for this purpose following
exposure to chemical mutagens (61). Appropriate species are easy to
obtain and grow, easy to treat with aqueous solutions, and have several
large root tips providing it large cell population. Also, many have a
relatively small number of large chromosomes and hence analysis of
the numbers and kinds of aberrations produced is relatively easy.
Treatment periods are short (minutes to hours) but fixations should be
made up to 48 hours.

At the present time, chromosome scoring is done by eye but the small
number of large chromosomes should make plant material excellent
for computer assisted analysis. Recommended material with diploid
chromosome numbers are: Allium cepa (16) Bellevalia romana (8),
Campelia zanonia (16), Orepis capillaris (6), Haplopappus gracilis
(4), Macula (14), ',ilium (24), 7'radescantia (12) and Tricia faba
(12). Suitable cytological methods are described in various publica-
tions, eg., Darling and LaCour (15) and Sharma and Sharma (91).
The method can be developed for fairly rapid screening.

Somatio Mutation Methods.Tradescantia plants heterozygous for
flower color provide a useful test system for physical or chemical
mutagens. This plant is relatively easy to grow under a wide range
of environmental conditions, blooms continuously throughout the year
thus providing material for somatic mutation analysis, has 12 large
chromosomes and, coincidentally, has a cellular radiosensitivity similar
to that of mammalian cells. Special clones, heterozygous for flower
color, can be used for easy detection of somatic mutations in both
petal and stamen hair tissues using only a dissecting microscope and
elementary laboratory techniques (V, 67, 72, 97). These clones can be
readily propagated by cutting, and root easily to provide material for
chromosome analysis (99). Chromosome aberrations can also be studied
in various other tissues (petal, stamen hair (17), and during micro-
sporogenesis (25)).
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Young flower buds on intact plants or on cuttings may be exposed
to various mutngens in either a gaseous or aqueous state. Material for
cytological studies may be fixed within 24 hours after treatment ; pollen
abortion in mature flowers may be observed with peaks nt 5 to 7 and
16 to 20 days after treatment, reflecting injury induced during micro-
spore mitotic and meiotic stages respectively; loss of reproductive in-
tegrity of stamen hairs reaches a maximum nt about 14 days; and
somatic mutations and morphological changes in petals and stamen
hairs may be scored throughout a 10- to 20-day post-treatment period;
stamen hairs (17) and haploid pollen tubes (95) provide excellent
material for chromosome analysis.

Various other genera and species have also been used to detect
somatic mutation and morphological changes is petals and stamen
and should be equally useful in chemical mutngen studies (table 1).
Specific-locus method (waxy locus) iii pollen.The wary locus in
maize, barley, and rice determines the type of starch which is synthe-
sized in the triploid endosperm and in the haploid pollen grain. In
the case of the pollen grain the phenotype is determined by its own
genotype and not by the genotype of the plant. The dominant wx
pollen grains stain blue with an iodine - potassium iodide stain while
recessive wx pollen grains stain n reddish-brown color (73, 74) be-
cause wx pollen lacks the enzyme required in the last step of starch
formation. Since the wild type is .wx, the frequency of induction of
wx can be assayed in millions of pollen grains relatively easily and
quickly. Furthermore, the phenotype appears in the treated genera-
tion, and does not require the time necessary to obtain an M, genera-
tion. This technique was used in barley by Eriksson (23) who irra-
diated plants homozygous for wx and analyzed the frequencies of
reversions from the waxy phenotype to the wild type, and Baldi, (3)
why studied the spontaneous back mutation rate nt this locus in rice.
The frequency of intra-cistron recombination may also be measured
with this technique by crossing two wx mutants of independent origin
and collecting and staining pollen from the F, as done by Briggs and
coworkers (6, 7) for EMS- and radiation- induced mutations. This is
a very simple and rapid technique for detecting even very low fre-
quencies of induced mutations in higher plants.

CITED REFERENCES
(1) AMANO, H1,.11ulatlon Rca. 5:41-46, 1907.
(2) AMANO, E. end SMITH, H. H., Mutation Rca. 2 : 344-351,1965.
(3) BALK G., Rim 15: 3- 12,1000.
(4) BEATTY, A. V. and BEATTY, J. W.: Radiation Botany 7 : 20-34, 1007.
(5) BREWBAKER, J. L. and EMERY, G. C.: Radiation Botany 1:101 -1514, 1901.
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Table 2.Partial list of chemicals known to produce mutations or
chromosome aberrations in higher plants with literature citation.

Chemical Mutation Chr. Aber.

Aeridine (and derivatives)
Alkaloids:

12

Colehleine. 85
Morphine 80
8copatamine. 80

Amines, and relaled compounds:
Acetylethylenelmine 79
2-chlorotriethyl amine 67

Ethyleneimine 22
Hydrazine 43
Hydroxyurea 49
Ma leic hydraslde 29 18, 29
N-methylphenylnitroeoa ilne 48
Nitrosoaminee 107

Triethylene melamine 8
Antal:Nies, and related eonspowads:

Amtnopterin es 47
8treptonigrin 61

Nebutarine (941- D-ribaute nosylputine) 110

Bromine 9
Ceepryn 96
2,2-dkhlorovinyl dimethylphe.sphate (Vapona) 90
Diethyl sulfate
liposidet:

34, 5?

Dieposylxi lane 21

Ethylene oxide 34, 103, 110 95
(nye idol 19

Food sddaleto:
Duty lasted hydrosy toluene 90
Butylated hydroxyanisole 90

Coumarin 11

autaryi 00
Itexuhlorocyclohexane 68
Isopropylphenyl carbarnate 18

Afr-curp tempos Isis:
Ethyl mercuric phosphate 87

Methyl mercuric hydroxide 83
Phenyl mercuric hydroxide 63 63,83

Mustards:
aultur mustard 14

Nitrogen must 37, 60 14, 78
Nveltosides:

adenine arabincolde (wrabincoyl-adenine) S2

'dent,* wylemide (tylowyl-adenine) A2

A-beantodeowytyt Mine 33
5-btomadeolyuridine 38

deolyadenemine 47
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Table 2.Partial list of chemicals known to produce mutations or
chromosome aberrations in higher plants with literature citationCon.

Chemical Mutation Chr. Aber.

Nucleoside3--Continued
cytosine arabinoside 47
5-fluorodPoxyuridine kFtld 47, 106
1-methyl-3-nitro-l-r itrwo-guanidine . 44
11-methyl-N'nitrmoguanidine 92

Pesticides: (See table III.)
41-propiolact one 96, 104

Purina:
2- aminopurine.. 32, 53
caffeine (1,3,7.trimethyl-xanthine) 50
8-ethoxycaffrine 45, 51
1,3,7,9-tetramethyluric acid 51

Sidfonic acids and derivatires:
methane rulfonate-bromoethyl 36

n-butyl 57, 77
chloroethyl 36
ethyl 1,2,6,84
phydroxyethyl 28
9-met hoxyethyl 28
methyl 57, 68
isopropyl 37, 77
n- propyl 20, 57

Pmethane sulfonyl oxybutane (Myleran) 32, 36, 110 110
diethyl 1,3-propanedisulfonate 110
o-sulfobensoicimide (Saccharin) 90

UrdAaaes:
ethyl 80
N-nitrekto-N-methyl 48

Table 3.List of various pesticides (1,000 p.p.m., 12 hrs.) known to
produce mutations in barley and relative efficiency of each to con-
trol and to 6,600 R of X rays (Wuu and Grant, 111)

Treatment Relative
efficiency

Treatment Relat tve
efficiency

Locos 30 Sultan 7
Sim:keine 24 Phauhamidor, 7

ENT-30612 14 Alanap-3 1

Mt-stint 10 Meteps 4
NIonuron 10 Endrin 3
Embulos E 9 1.1.

N rayt .12Sevin . 9
!Until I) 7 Control 1
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TABLE 4. Maximum percent mutations reported for a series of
mutagens tested on several organisms (67)

Agents

Mr tattoo* at several kci Mutations at specific kcl

B srley (Noricum)
Chlorophyll

mutants
mutated spikes'

Drosophila
sex-linked
tee. ktbals

Nearoroors
at rover.

Alons

&Alm pongee
sr/ revel,

lions t

Gamma rays 17
Diethyl sulfate (dES) 43 18 0.1200
Methyl methanesulfonate

(Atria) 33 11.6 0.0220
Ethyl methanesulfonate (EMS). 57 39.0 17 0.0910
Chloroethyl methanesulfonate
nPropyl methanesulfonate

(nPMS) 28

51 9.9220

Isopropyl methanesulfonate
(isoPM8)

n-Butt'' zAthanesulfonate
(nBMS)

20

28 8
Ethyl ethanesulion 0 ta (EES).... 25
Isitrogt/I mustards:

2-t Idorotriethylamine 15 0.0009
chlorodlmethylamine 1.7

Ethylenelmine 28 18

Diepoxybutane 85 0.0160
Glycidol 22 34 0.0240
Ethylene oxide 13 17

tisnt:

11. papailtotsbvt

tz t

0i1.W
a.

D

T(i.

trop
0).6,4 izLoA

lIrotophila.While there are a considerable number of mutation
tests that are capable of being carried out on Drosophila (/), we refer
here primarily to those which in general are simple, rapid and unam-
biguous in interpretation. They are also reasonably inexpensive to
perform. The types of tests described below may be run independently,
or two or more tests may be carried out on the same group of treated
individuals by using special stocks. 1)etailed procedures will not be
presented; however, many of the tests are discussed in general ge-
netics texts or in references listed below (I).

Probably 'he most widely used experimental procedure is the sex-
linked recessive lethal test. Either sex may be treated and mutation
frequencies from successive germ cell stages may be obtained. The
test requires that two generations be bred; however, chemical muta-
gens often produce delayed or mosaic effects and a third generation
may be necessary. barge numbers of progeny may be tested and since



a lethal is indicated by the absence of an entire class of flies, the test
is objective. Let hals are among the most commonly induced mutations.
While the number of gametes analyzable will vary with the number
of persons employed, a staff of 2 or 3 can screen between 5,000 and
10,000 X-chromosomes a month.

The purpose of the experiment with mutagens should determine
the experimental precautions employed. Whenever quantitative mu-
tation frequencies are required in order to compare, for example, re-
sults from different mutagens or different cell stages etc., then the

age of the flies, the breeding periods, the cell sampling procedures
as well as other physiological and environmental variables must be
rigorously controlled. On the other hand, if only a relative index of
mutagenicity is sought, these variables need not be as stringently
controlled.

The two generation reciprocal translocation test is one that is in
general use in many laboratories. The test is similar to the sex-linked
lethal test, requiring single cultures for each F, individual tested.
Screening of F, progeny is more difficult and time consuming than for
lethals, but the test is an objective and reliable index of chromosome
breakage. Nieiot ie and post-meiotic male germ cells are most effectively
studied. Four to six weeks (if retests are carried out) may be rerptired
to complete the translocation test

Sex chromosome loss experiments are a one-generation test which
detect either complete or partial loss of the sex chromosomes, the loss
resulting primarily from chromosome breakage. The test is usefnl
because either sex may be treated, the phenotypes of the exceptional
classes of offspring are readily discernible from the normal progeny,
and large numbers of flies may be rapidly screened with each indi
vidual representing a treated gamete. It should be pamible to examine
a minimum of l,000 progeny front treated gametes per day per investi-
gator. Although many more chromosomes can be tested per man hour
by this method than by the recessive lethal method, many mutagens
may be more effective at inducing lethals and other point mutations
than chromosomal loss

A second onegeneration test of great usefulness in detecting chro-
mosome rearrangements induced in either sex is the bithorsx method
of Lewis (.1). A conspicuous enhancement of the bithorax phenotype
signals a chromosome rearrangement, translocation or invm:on, in.
volving chromosome 3 (one of the two large autmome pairs of Pro-
AopA4). Each F, represents a treated gamete and only the VACCII-
tional progeny need be further analysed to verify the transmission
and to determine the nature of the change. Probably no more than
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4,000-8,000 chromosomes can be analysed per week by a single worker.
Spontaneous rearrangements are extremely rare.

A third chromosome breakage study applicable only to oocyte test-
ing involves detachment of attached X-chromosomes (4, 5). A simple
phenotypic difference permits rapid classification of the normal from
the exceptional progeny. Tho spontaneous frequency of detachment
is of the order of 1 per 1,500 gametes. Probably 10,000-15,000 chro-
mosomes from an array of oocyte stages can be tested per week per
perm/. The mature oocyte is porhaps the stage of greatest sensitivity
to chromosome damage as indicated by irradiation studies.

All of the last three mentioned tests need not be counted "by hand".
The investigator can screen for the exceptional flies and the rest can be
counted rapidly and accurately by an electronic fly counter (6).

MED REFERENCES
(I) ALTRItACII, C., Mutation, Oliver & Boyd, London, 1002.
(2) Muuza, 11. J. and 1. 1. °arta, Some mutational techniques in Drosophiki,

in Methodology in Ilasic Uenetics, ed. W. J. Runiette, lloldenDay, Inc.
San Francisco, 1003.

(3) Ltwts. 11., The theory and application of a new method of detecting
chromosomal rearrangements in Prosoph(lo Mrlanopeofer. American
Naturalist 88: 223-230. 1031.

(0 Mulls, II. J. and 1. It. Ilussowits, Concerning the healing of chromosome
ends prodneei by breakage in Drosophila Mclosostaster. American Ns.
tarsal:ILI:8 :177-208,1034.

(5) Masts, D. R., Radiation induced exchanges in Drosophila females. Proc.
Nat. Acad. Sri. 703-430,1031.

(6) Kilos' LET, 0. and E. R. Liars, T. osoph Ile counter. J. 'lend. 50: 73-77. 1050.

Mam malian methods

Cytogene(ics and somatic cell genetics.In appraising any method
for mutagenicity testing, it is important to be clear as to what we are
asking of the method. After this, the advantages and disadvantages
of any test system can be better assessed. With a cytogenetic test
system, we are seeking for morphological evidence of damage to the
genetic material. With this in mind, some of the obvious advantages
are the wide number of species, including human, that can be examined
by these methodologies; the fact that it can be performed on both
in riro and in vitro systems; the genetic material is being observed
directly, and the tests can be accomplished relatively rapidly with
limited expense. I)isadvantages include the fact that it needs a well -
trained examiner for accurate results; there are possibilities of subjec-
tive errors; procedures need to be standardized, at least within certain
limits, in order to have the tests reprodcible from laboratory to
laboratory; and there isn't ccinplete agreement on definitions and
classification of breaks and gaps and the various abnormalities. How.



ever, the primary disadvantage is that there is no proof that seeing
cytogenetic abnormalities is an absolute indication of mutation. One
can visualize a spectrum of damage from such severe damage that
the cells die without ever getting into mitosis, to other cells that are
made incapable of cell division but survive in a post-mitotic state,
with or without a change in functional proteins; and finally, gene
mutations, in which cells can still go on to divide but have alteration°
in the functional proteins produced.

Evidence for the first two types of change seems well established,
and this is of coarse important in our consideration of damage to
genetic material, and is n very important consideration in teratogenesis
and perhaps in aging. The mutations are less easily confirmed, how-
ever. If chromosome breakage is important in mutation, it would ex-
press the view that the breaks are an indicator system, since most of
'he cells with visible unstable chmmosome abnormalities would prob-
ably go on to cell death. Work correlating mutation and chromosome
breakage after chemical treatments is in an early stage when compared
to the data available for Xrays. However, Millman has pointed out
that there is good correlation between substances that are capable
of producing mutations in various systems and those that can produce
chromosome abnormalities (3). There is almost 100 percent correla-
tion between chromosome aberrations produced in mammalian cells
in tissue culture and mut agenic effects whenever there WAS data avail-
able on both effects (see table 6) (3). The correlation between milli-
genesis and chromosome aberrations in plant root tips was good, but
not as good as for mammalian cells in I issue cultu re.

The absolute answer to this question of chromosome breaks serving
as an indicator for gene mutation will probably come from the studies
that are presently starting in somatic. cell gen. ties when these are
correlated with, and studied in conjunction with, cytogenetics. The
type of work referred to here is the ability of an agent to induce drug
resistance in somatic cells which reflects the loss of functional enzyme,
as for example resistance to littdll, because it is no longer incorporated
into the cell due to the loss or modification of the thymidine kinase
enzyme. This approach is well exemplified in recent studies in which
Chinese hamster cells were treated with ItUdIt and nutritionally
deficient mutraits were selected by growing cells in restrictive media
in which the nutritionally deficient mutants cannot divide, and then
adding an agent that will kill dividing cells (.5). Similarly, selective
culture techniques have been used to isolate I, glutamine auxotrophs
or 8azaguanint resistant Chinese banister cells and to compare the
incidence of these mutants in cultures treated with chemical nintagens
and control cultures (I).11 num n male eel Is and genes on the X -ammo-
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some have been similarly st tidied (2). Loss or deficiency of the enzyme
hypoxanthine-guanine phosphoribosyl transferase (HG-PRT)
imparts resistance to purine analogues. Since the gene for this enzyme
is located on the X-chromosome, the use of male cells permits detection
of changes in the single gene. Also, somatic cell genetic systems utiliz-
ing isoenzymes via their electrophocetic patterns, offer an excellent
definitive tool. Changes in these isoenzyme patterns can be proof of
mutation in the cultured cells. Besides confirming the relation of chro-
mosome breakage to mutation, these somatic cell genet is systems should
provide an excellent methodology for mutagenieity testing in their
own right, as they are further developed.

The importance of demonstrating whether or not breakage is an
indicator for mutsMons lies in the areas of eareinogenesis, germline
mutation with increasing genetic load of the population, and perhaps
in some aspects of aging.

Concerning methodology itself, preparations can be made very rap-
idly from tissue cultures for in vitro preparations that have the advan-
tage of short time of experiments; such preparations additionally are
usually morphologically better than in rico preparations. Readily
available cultures from Potoroua, designated PTX-1, are exceedingly
well suited for eytogenetic studies in that chromosomes Are large,
distinct, and there are only 11 in number. The Chinese hamster, with
92 chromosomes, has many of the same advent nges, and of course there
are both human leukocyte cultures and diploid human fibroblast cul-
tures that have the advantage of being from the human species. The
leukocyte cultures have the additional advantage that cell cycle is not
initiated until phytohemagglutinin is added, so that timing for adding
various agents for various portions of the cell cycle can be done with
greater precision than in many culture systems.

The in vivo assays offer many of the game advantages of the host-
mediated assay utilizing bacteria. That is, breakdown prodneta and
other metabolic products of the test agent have A chance to produce
effects as well as the agent itself. Bone marrow, spleen, and testes are
especially suitable for in rico preparations, as well as embryo homo-
genates and t issues.

From all of the materials, both metaphase and anaphase prepara-
tions can be made. Metaphase has the advantage of excellent morpho-
logic detail of each chromosome eo that localization to specific chro-
mosomal areas can be accomplished. Anaphale has the advantage that
the pretreatment is much reduced, and the rapidity with which ana
1111115e preparations can be read is much greater, and the experience
necemay to Item* competent in anaphase evaluation is considerably
less than for a similar degrte of competence with metaphase.
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Classification of chromosomal defects is not standardized nt the
present. time. Various factors are used in different classification
methods, and a brief appendix of some of the types of classifications

is included.
Some difficulties that hay^ arisen in the past, as a differentiation

between gaps and open breaks, or the degree of significance of open
breaks vs. rearrangements, would seem on the basis of present infor-
mation not to be as big a problem as was once imagined. Gaps and
breaks both seem to increase in parallel in most of the systems studied
up to now, so any method of differentiation between the two, as long
as it is standardized, is adequate to compare coat rol with experimental
material, even though it is arbitrary. Similarly, the difference between
open breaks and chromosome rearrangements would appear to be
whether or not cellular DNA and/or protein synthesis is inhibited,
or can continue. In the absence of DNA and/or protein synthesis,
healing is inhibited, and it is the healing that permits rearrangement.
Many of the materials that have been shown to produce only open
breaks in acute studies, are seen to progress to chromosomal rearrange-
ments when chronic studies are carried out allowing a recovery period.
This difference stresses a need to carry out a portion of the studies in
a cytogenctie lest system after the test substance has been removed and
a recovery period allowed.

In summary, cytogenetic studies would certainly seem to be one of
the best screening methods for testing of inutagenicity, but should be
used in conjunction with other additional methods. Cytogenetic testing
reveals a variety of damage to the genetic material in addition to
mutation, as well as a high correlation with mutagenie events when
both parameters are tested. It offers in riro and in vitro methods for
a wide variety of species including the human. When cytogenetic
studies are a method employed for screening, standardization of pro-
cedures, high quality of preparation, and reading of coded slides are
went ial for best results.

Classification of chromosome brcakage.-17n fortunately, there is no
single classification of breakage, since different characteristics of
breaks have been used by various authors to classify them. This leads

to sonic confusion and redundancy, but in general, the various classifi-
cations are consistent, one with the other. The characteristic that has
been used to classify has frequently depended on Ilk t)14, of study
under way and the information sought.

One of the main characteristics used to classify chromosome breaks
has been whether one or both of the t wo chromatids of the chromosome
are involved in the defect. If both chromatids are involved, the defect
is called a chromosome break, while if one chromatid is involved it is
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TABLE 5.Comparison between chromosome-breaking and mutagenir
effects of chemicals in plant and animal materials.

Chroruceorn al aberrations

Mutate,* effectCompound
Plant root-tips

Mammalian
cells In

tbsut culture

Adenine + + +
2,8-Diaminopurine + --
Caffeine. + 1 +
8-Et hoxyeaffeine + 1 1
)'urine riboside + +
lkoxyadenosine + + No data
3-fluorodeoxyuridine + -1- No data
5-13romodeoxyuridine + +
Cytosine a rabinoside 1- No data
Ntaleic hydroxide +
.1r.a.sprine I- + +
St reptohigrin. +' + 4
Mitomycin C 1- -f 4-
11ydroxylamine. ± + +
'Nitrogen mustard + 4- +
Triethylenemelamine. -f + +
Dkpoxybutane -1- + +

+ marked effect.
no egret.

* Off ret very loo, although )U$t about thentileint.

From Actions of Chemicals on Di Wing Celts, 11. A. Kihiman, Prentice flail,
1968, pp. 198.

Comparison beta ecn the Effects of Chemical. on Animal and Plant Cells.

termed a chromatid break. The factor that determines which type of
lesion is produced is whether or not the chromosome is a single unit or
A dfillble tiliit at the time of the insult that produces the break. This
in turn is dependent upon the stage of the eell cycle. If a chromosome
is in the fill plisse of the cycle before 11)NA synthesis has taken place.
it is a single structure, and if a break is produced at this time, the
break it replicated along with the second chromatid during the S or
1)NA synthesis period resulting in a chnanosonte break. If the break-
ing insult occurs daring (12 or thereafter, after DNA synthesis, when
the chronic-Layne is already a dual structure, then a chromatid break
is the usual result. I ht ring the period of DNA synthesis, a totirbilifti ion
of both f) prs of LOVAI:Agt, CAB l re found in the same cell, depending on
whether the i tali% 'dna] chromosome lull not yet m Rt-tea, or hail finished
synthesising its 1)X.1. It thief4orea,intislly happen that an event affects
both chromat ids after they are a double structure, and in this case the
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term "isochromatid break" is used, indicating that the lesion was one
introduced in chromatids, but that both chromatids were affected at
the same point. This is distinguished from chromosome breaks only
by the fact that other lesions in the same material are predominantly
chromatid breaks.

An additional type of breakage using these criteria has been de-
scribed by Ostergren and Wakonig and termed a "delayed isolocus
break". These authors described a typical example of this kind of
breakage as a secondary constriction in one chromatid with a corre-
sponding break in the isolocus position in the other. In addition to
this typicfl lesion, other chromosomes would exhibit everything froM
only a secondary constriction in one chromatid to a complete break in
both chromatids. At the time of the description of this type of breakage,
the authors felt that a partial defect was produced in the chromosome
when it was a single unit, and then this partial defect was reproduced
in both chromatids at the isolocus point during DNA synthesis. Mitotic
forces and pressures subsequent to this were thought to produce the
variety of possible changes at the isolocus spots in the chromatids.

An alternative explanation would be that this type of breakage
occurred during the period of DNA synthesis and affected different
chromosomes differently, depending on the state of synthesis of that
particular chromosome.

A second important characteristic that has been used in classification
of chromosome breaks is dependent on whether or not healing or re-
union has occurred. If there is no healing, an open break or defect is
the result, and this has also been termed a "simple break" and a "termi-
nal deletion". In this type of breakage, a significant problem arises in
distinguishing between a break which is defined as a "conuoe'p discon-
tinuity" between the two chromosome pieces, and a "gw 11 is
defined as an achromatic or unstained area in which ch till
exists but is difficult to see. Various methods have been ke
this distinction. Some authors insist on displacement 6 1:1

fragment before considering it a break, while others, hay,
an arbitrary distance between the two stained chromosome
distinguishing factor. We recommend that any defect sel at
least the width of one chromatid be regarded as a break,
less than this as a gap. This is admittedly arbitrary, and
frequently incorrect, but serves as n basis of comparisol
perimental material and control material. It is fortunate
systems, gaps and breaks seem to increase and decrease
that the methods such as described although arbitrary ant c

in the literal sense, enable valid comparisons between t.

materials.
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When healing or reunion (went's, it is possible for restitution to occur
if the broken ends reunite in their original positions. In this case no
defect is visible. If they do not heal in their original positions, then a
structural rearrangement is the result. These are often further divided
into an intra-change if the rearrangement is within a single chromo-
some, or an inter-change if the rearrangement involves more than one
chromosome. Both of these can be further divided into symmetrical
and asymmetrical defects. A symmetrical defect is one in which no
mechanical difficulty results during mitosis, and either daughter cell
is deficient in chromatin material. An asymmetrical intra- or inter-
change is one in which either mechanical defects arise or the resulting
daughter cells are deficient in chromatin material (4).

Another term that is frequently used in a very similar context with
symmetrical and asymmetrical is stable and unstable rearrangement.
The primary factors that determine whether the open or simple type
of breakage will result, or the rearrangement will result, seems to be
whether the cell retains the ability to synthesize protein and/or DNA.
If either or both of these processes are interrupted, there is evidence
that reunion cannot take place and open breaks result.

In addition to these classifications used when the cells under study
are examined in metaphase, which affords greater morphologic detail
of individual chromosomes due to various pretreatments including
colchicine, hypotonic expansion, and air drying or squashing, it is
also possible to score defects in anaphase preparation. Here, none of
the previously mentioned pretreatments are used and the cells are
merely fixed and stained. The types of anaphase aberration that can
be distingnished include au acentric fragment, which is a paired seg-
ment of chromatids left at the equator of the cell resulting from a
chromosome break; an attached fragment in which a chromatid frag-
ment is away from the main body of anaphase chromosomes, but is
oriented in line with the chromosomes and seems to be attached by
an attenuated portion; a chromosome bridge which results from an
asymmetrical rearrangement as a dicentric chromosome or an inter-
locking ring chromosome; finally, pseudochiasmata, which are thought
to result from two chromosomes adhering to each other via. stickiness
or some other mechanism, and may very likely not represent true
defects.

CITED REFERENCES
(1) Cittr, E. li. Y. and 11. V. 31si.tavo: Mammalian cell genetics, 11. Chemical

induction of specific locus mutations in Chinese hamster cells In riff°.
Proc. N. A. 8. 01: 1306 - 1312,1068.

(I) DeMsas, B.: Personal communication, 1069.
(3) Kiau.sts:v, B. A.: Actions of chemicals on dividing cells. Englewood Cliffs,

N.J., PrentIceIlail, 1900, 200 PP.
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(4) LEA, D. E.: Actions of radiations on living cells. (2nd ed.) New York. Cam-
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(5) PUCK, T. T.: and F. KAO : Genetics of somatic mammalian cells. V. Treat-
ment with 5bromodeoxyuridine and visible light for isolation of nutri-
tionally deficient mutants. Proc. N.A.S. 58 :1227-1234, 1007.

The host-mediated away.' A great deal of recent work in genetics
has served to point out the universal nature of the genetic code. Al-
though the level of organization of genetic material in bacteria is
different from that in man, there is no basis for assuming that the
action of a mutagen will be markedly different. It is essential, however,
to properly define the ultimate mutagenic agent occurring in the mam-
malian host. There are numerous examples of compounds that are not
mutagenic in micro-organisms, but are converted to active mutagens
in animals, and there are many compounds that are active in micro-
organisms but detoxified in mammalian systems. The host-mediated
assay was developed to determine the ability of laboratory animals to
either activate or detoxify compounds in regard to their mutagenic
activity.

In this assay, the mammal, during treatment with a potential chemi-
cal mutagen, is injected with an indicator micro-organism in which
mutation frequencies can be measured. It is important to note that
mutagen and organism are administered by different routes. After a
sufficient time period, the micro-organisms are withdrawn from the
animal and the induction of mutants is determined. The comparison
between the mutagenic action of the compound on the micro-organism
directly and in the host-mediated assay indicates whether the host can
modify the compound and whether mutagenic products can be formed
as a result of host metabolism. The formation of mutagenic metabolic
products from dimethylnitrosamine, and the plant toxin, cycasin,
have been reported using this procedure.

Indicator micro-organisms presently being used in this procedure
include the histidine auxotroph of Salmonella typhimuriun, and
Nettrospora cram, where scoring for forward mutations is carried
out. In the Salmonella system, a number of known auxotroplis are
injected intraperitoneally in an animal previously treated with the
chemical. After six generations, approximately 3 hours, the organisms
are recovered from the intraperitoneal cavity and the induction of
mutation determined. The effect in the animal is compared with the
effect of the chemical in an in vitro plate assay. In the Neurospora
system, conidia from the Nettrospora dikaryon described earlier can
be injected into the peritoneal cavity or subcutaneously in mice or rats.
In rats, the conid in can also be injected into the testis. After 48 hours,
50-70 percent of the conidia can be recovered with approximately
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50-60 percent viability. Since the conidia can be kept in the animal for
an extended period of time, it is possible to do meaningful feeding
experiments in which one can test for presence of mutagenic com-
pounds in the diet. After the conidia are recovered, they are tested for
presence of spontaneous and induced ad-3 mutations. A more ideal
indicator utilizing a forward mutation system in bacteria is presently
being developed. It is probable that the newly developed metinxiology
for scoring forward and reverse mutations in cultured cells might also
be adopted in this procedure.

In addition to flexibility in selection of indicator organism, almost
any laboratory animal can lx used. Laboratory animals including rats,
mice, and hamsters have been successfully utilized. Not only can we
compare mutagenic activity between microorganisms and mammals,
but also between different animal species. It should also be possible
to demonstrate any correlation between mutagenicity and carcino-
genicity in the same or different animals.

The host-mediated assay is an ongoing procedure that bridges the
gap between simple microbial tests and the effects of a potential muta-
gen in mammals. Similarity between mutagenic activity in micro-
organisms and animals, the ability of the mammal to detoxify niuta-
genic or nonmutagenic agents, and the production of mutagenic
metabolites can be determined. Not only can comparisons be made
between micro-organisms and mammals, but also between different
animal species. It is quite possible to compare mutagenicity and car-
cinogenicity in the same system with this procedure. However, the
host-mediated assay in no way indicates the effect of DNA repair
mechanisms of the host in response to specific chemicals, and is only an
indirect measure of mutagenicity in terms of the mammalian host.

CITED REFERENCE

GABRIDOE, M. and M. S. LEGATOR: A hostmediated microbial ARRAY for detec-
tion of mutagenie compounds. Proc. Soc. Etp. Riot. O. 130:1831 -834.
1900.

Specific locior ?eat. (1, 2)The specific locus test is based on detec-
tion of newly induced mutation in seven coat-colo and morphologic
loci in mice. The newly induced mutations can either be chromosome
deletions or point mutations. In this test, male mice that are homo-
zygous for the dominant trait are given the suspected mutagen and
mated with female mice that are homozygous for the recessive traits.
In this way, the occurrence of offspring with recessive characteristics
is indicative of mutation or loss in the gene.

The following potent mutagenic compounds: methyl methanesul-
foliate, ethylmethanesul fonate, propylmethanesulfonate, and isopropyl
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methanesul foliate, were tested in both the dominan let!.al and in specific
locus tests. All four mutagens were highly positive al the dominant
lethal test, but only slightly positive or negative in the specific locus
test. However, the results are difficult to compare because sperm which
were used in the two tests derived from cells which were treated at
very different stages of their development.

The number of animals which has to be used to detect a doubling
of mutation frequency is so great that the expense of this test makes
it quite impractical to use as a general screening technique. More seri-
ously, however, is the failure to detect a significant increase in muta-
tions with the above four strong inutagens, either because of lack in
statistical power or because of intrinsic defects in the test system,
strongly militates against the practical utility of the specific locus test.

CITED REFERENCES
(1) RUSSELL, W. L.: X-ray Induced Mutations in Mice. Coid Spring Harbor

Symposium 16: 327-366, 1051.
(2) CATTANACIT, B. M.: Chemically-induced mutations in mice, Mutation Res.

3:346-353, 1066.

Dominant lethal test.Dominant lethal mutants are convenient in-
dicators of major genetic damage which have been used in mammals
for measuring effects of X-rays (1), and more recently, of chemical
inutagens (2, 3,7, 8, 13, 15, 22). Data on induction of dominant lethal
mutants in mammals may be appropriately extrapolated to man, espe-
cially as most recognizable human mutations are due to dominant
autosomal traits (21). The genetic basis for dominant lethality is
the induction of chromosomal damage and rearrangements, such Or
translocations, resulting in nonviable zygotes; evidence for zygote
lethality induced in mammals by X-rays and by chemical mutagens
has been obtained embryologically (16, 25, 26), and cytogenetically
(4, 15, 17, 23), respectively. Additional evidence for the genetic basis
of dominant lethality is derived from the associated induction of
sterility and heritable semisterility in F, progeny of males exposed to
X-irradiation (19, 26) and to chemical mutagens (5, 12, 14); translo-
cations have been cytologically demonstrated in such semisterile lines
in mice (7, 18, 24), and in hamsters (20).

The induction of dominant lethal mutations in animals can be as-
sayed, with a high degree of sensitivity and practicality, following
acute, subacute or chronic administration of test materials, either orally
cr by any parenteral route, including the respiratory. For these rea-
sons it is feasible to integrate such tests in the scope of routine toxi-
cological practice (9). Following drug administration to male rodents,
they are mated sequentially with groups of untreated females over
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the duration of the spermatogenic cycle. For mice, the entire duration
of spermatogenesis is approximately 42 days comprising the following
stages: spermatogonial mitoses-6 days, spermatocytes-14 days,
spermatids-9 days, testicular sperm-5.5 days, and epididymal
sperm-7.5 days. (1). Thus, matings within 3 weeks after single drug
administration represent samplings of sperm exposed during post -
meiotic stages, and matings from 4-8 weeks Inter represent samplings
of sperm exposed during premeiotic and stem cells stages.

The classical form of the dominant lethal assay involves autopsy
of females aproximately 13 days following timed matings, as deter-
mined by vaginal plugs in mice and vaginal cytology in rats, and
enumeration of corpora Heat and total implants, as comprised by
living fetuses, late fetal deaths, and early fetal deaths. The test can be
considerably modified and simplified mid hence made more suitable
for routine practice by sacrificing the females at a fixed time, e.g., 13
days in mice, following the midweek of their caging and presumptive
mating. Additionally, this allows determination of effects of drugs on
pregnancy nttes. Similarly, corpora Intea counts, which are notoriously
difficult, laborious, and inaccurate in mice and afford a measure of
total fertilized zygotes, can be omitted and numbers of total implants
in test animals can be related to those in controls, thus affording a
simple measure of preimplantation losses. Using such modified ,to-
cedures together with computerized data handling, large numbers of
test agents can be simply and rapidly tested for mutagenic activity.
The assay can also be conducted with drug administration to female
mice, either before or in early pregnancy; however, this test has not
yet been developed for routine purposes.

Dominant lethal imitations are directly measured by enlimeration
of early fetal deaths, and indirectly by preimplantation losses, as meas-
ured by reduction in the number of total implants in test compared
with control females. Results are best expressed as early fetal deaths
per pregnant female, rather than as the more conventional mutagenic
index, early fetal deaths x 100 per total implants, as the latter index NM
be markedly altered by variation in the number of total implants (11).
Preimplantation losses offer a presumptive index of mutagenic effects,
hut there is no precise parallelism between prrimi dantat ion losses and
early fetal deaths. These should be regarded as concomitant awl not
alternate parameters. Furthermore, the use of the mutagenic index pre-
supposes that the number of early deaths is propirtional to the number
of implants regardless of preimplantation losses; this would anticipate
Ihat absolute number of early deaths are lower in those animals with
reduced numbers of total implants. This has been shown experimentally
not to be so (11). Finally, ;_,11 additional disadvantage of such ratios
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as measures of mutagenic effect is that their variability is high, as both
numerator and denominator are contributory, and estimates of stand-
ard devint ion, hence, are complex.

Preimplentntion lows, early fetal deaths, sterility and semisterility
constitute a spectrum of adverse genetic effects, of which early fetid
deaths clearly afford the most convenient and quantitatively unequivo-
cal parameter of mutagenicity.

Using these techniques, a wide range of chemicals to which man is
exposed in the totality of the environment, including pesticides, food
additives, drugs, air and water pollutants, have been tested for muta-
genicity in mice (10, 13). Additionally, detailed doseresponse studies
with the nziridine nlkylating agents, TEPA and METEPA, which
have been used as chemosterilant pesticides, have remled mutagenic
thresholds in the region of 0.04 mg./kg. and 1.4 mg./kg., respectively,
following acute single parenteral administration in mice.

These techniques are also ideally suited for the study of synergistic
or antagonistic effects on mutagenesis ; caffeine, for example, has been
shown not to induce dominant lethal mutations nor to synergize the
mutagenic effects of X-rays or of alkylating agents (10).
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Population monitoring. Whatever the system of testing potential
pesticides before they are used may Fe, it can never be perfect. There
is always the possibility that sonic substance. will not be revealed as
mutagenic by any of the test systems employed and yet represent a
imitation risk to man. An example might be a substance that is not
itself inntagenic, but which is icecitically converted by the human
body into a substance that is strongly mittagenic. If such a compound
was widely used, we could be doing great harm to our descendants
and never discover this f:kt until the damage had already occurred.
And genetic damage, as we have emphasized, is irreversible as far as
is now known.

Is there any possibility of setting up a system to detect such a genetic
emergency if it should occur? The task would be enormously difficult,
for many reasons already mentioned. For one thing, the damage caused
by mutations occurs in future general generations, not this one, so the
effect would not be observed for some, time. Iii the second place, the
effect might be spread out over many generations so that an enormous
total effect would still be small enough in the first generation not to he
noticed. Finally, the kinds of effects produced by mutations are not
unique, so if there were, for example, nit increased disease or death
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rate it would be very difficult to be sure that this were due to mutation
and not some other cause.

We have to accept for the present the fact that any feasible system
of monitoring the human population could detect only a very gross
effect. But, of course, that is what is the most to be feared. So there
may be merit in setting up a system that would detect at the earliest
possible date a really large increase ir. the mutation ratesay an in-
crease of several foldif this is occurring. Could such a system be
made workable, and not prohibitively expensive/ We don't have the
answers now, but we would like to suggest a few possibilities which
might merit further consideration. The problem is larger than
just pesticides, and would have to be considered in a wider con-
text of detecting any unsuspected environmental mutagen of high
potency.

A direct search for an increased rate of occurrence of malformations
and diseases of genetic origin would necessarily involve a delay of at
least 9 months, for any mutation that occurs in the parent will be seen
only after the child is born. In the future, intrauterine tests may be-
come feasible; at present the techniques are not adapted to the wide-
scale application that would be necessary is a general rise in mutation
rate were to be detected. It might be possible to select certain traits that
would be the most efficient indicators of an increased mutation rate.
Such indicator traits would have to be

a. Dominant, so the trait shows up in the next generation after the
mutation occurs;

b. Present at the time of birth, or shortly after, so that there is no
long delay in the discovery ;

c. Conspicuous, so that they would be unambiguously and easily de-
tected by those attending the birth;

d. Of a unique appearance not mimicked by other traits not of mu-
tational origin;

e. Of such a nature that it is easy to distinguish new mutants from
those cases where the parent had the trait and transmitted it to the
child. This latter point could be ensured by having the trait of such
a nature as to lead to sterility so that every case is a new mutation.

The number of traits that meet these exacting criteria are very
limited; we know of none that does absolutely. But there are probably
several that come somewhere near. We are not qualified to suggest a
specific set, but we think the possibility ought to be investigated
further. As an alternative to choosing traits that are so conspicuous
and characteristic that they would always be recognized, one might
have those attending the birth simply report all instances where the
child is abnormal and then have a staff of specialists in congenital
anomalies visit each case. The proportion of births with obvious
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anomalies is in the vicinity of 1 or 2 percent, so by examination of a
tiny fraction of all children born the specialist would have an excellent .
chance of selecting among these those with defects likely to be
mutational in origin.

The success of such a system would not only depend on getting good
observations at the source, but also on a system of prompt reporting
and data analysis so that nuy t rend could be detected promptly. If an
increase is detected one could hope to identify the cause by such things
as t he geographical pattern.

The monitoring of gross abnormalities may be too crude to produce
meaningful results. It may be advisable to use refined chemical pro-
cedures that can detect changes in the proteins that are the immediate
gene products. At present such tests are very expensive., but with in-
creased automation, these may be shortly feasible. The rough and ready
and the refined methods are not mutually exclusive; both have their
advantages. We think it is likely that as our chemical environment
becomes increasingly more complicated that more and more elaborate
systems of monitoring will lv necessary.

The cost of genetic monitoring such as we have been discussing
w-old be very great. It could probably be justified only if it were a
part of a system of monitoring for other environmental factors. A
natural one to couple with a mutation-detecting system mould be a
search for now teratogens in the environment. Our memory of the
thalidomide disaster is a reminder of the need to have a system that
will rem] as promptly as possible any agent that is causing physical
abnormalities and disease, whether this be by increased mutation or
any other cause.

Another possibility for monitoring is to study the human popula-
tion, as before, but instead of looking at the next generation look
at this generation for changes that might foreshadow such changes
in the future. If mutations are induced in the germ cells, they are also
induced, in all probability, in other body cells. Therefore., a sensitive
system of monitoring mutation rates in the blood cells could give a
much quicker indication of an environmental change. Such tests could
be both chemical tests for altered gene functions and cytological ob-
servations for chromosome aberrations.

Canclusioms

A number of procedures are presently available in mammals, the
majority of recent origin, that can be used to determine the mutagenic
activity of chemicals. Our ability to characterize mutagenic agents
no longer depends exclusively on nomnammalian systems, such as
Drosophila, bacteriophage, micro-organisms, and cell ralt tire, although
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these procedures should be considered as ancillary to the available
mammalian tests. The mammalian tests which should he considered
as the basis for evaluating potentially mutagenic agents are the host-
mediated assay, cytogenetic studies, and the dominant-lethal test.
These procedures are as relevant to man as any other animal procedure
presently used in the field of toxicology. They are also practical. The
dominant lethal test can be concluded in less than 3 months, whereas
cytogenetic studies and the host-mediated assay can be carried out in
a few weeks. The cost of these tests is considerably less than that of
many of the procedures currently used in chronic toxicity testing.
It is anticipated that, a testing protocol, relying on both the outlined
mammalian tests, and the ancillary procedures, should detect the
majority of mutagenic chemicals.

Since the mammalian procedures presently recommended are of
comparatively recent origin, continued improvements in these tech-
niques can be anticipated. Most important is the need for inexpensive
and sensitive tests that can detect point mutations in mammals. Par-
ticularly promising in this connection is the development of systems
in mice that combine genetically marked chromosomes with crossover-
suppressing inversions, which can be used to detect recessive, lethal
mutations.

A RECOMMENDED PROGRAM FOR MUTAOENESIS TESTING

There are several bases for choosing which pesticides are likely to
be mutagenic and which need most to be tested. Clearly, it is most
important to test those that are used on a wide scale and to which large
numbers of humans are exposed. In this context, pesticides that are
used in the home are more important than those that are used in areas
away from humans and human crops.

It is possible to make some predictions as to which pesticides are
most likely to be mutagenic. Substances which are known to be tern-
togenic, or carcinogenic, or which interfere with reproductive func-
tions are often mutagenic. Chemical structure sometimes can be a
useful guide to predicting possible mutagenicity. For example, many
alkylating chemosterilants could have been predicted to be mutagenic
in advance of actual tests.

If priorities are needed, we would put at the top of the list those
pesticides that are used in the largest amounts, with the greatest em-
phasis on those used domestically and on food crops. Particular atten-
tion must be directed to domestic exposure by inhalation of pesticide
aerosols and vaporizing pesticide strips. The possibility exists that
this may represent a major source of, hitherto unsuspected, human
exposure. It should also be stressed that labile pesticides, such as
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Captan with a half life of 10 seconds in serum, pose as potentially
serious, although perhaps less obvious, mutagenic hazards as do per-
sistent pesticides.

There are only about 400 substances commonly incorporated in
current pesticide formulations (1). It is feasible to test all of these,
using mammalian and ancillary procedures recommended in this re-
port within a reasonable period of time, say, a year.

Although we cannot foresee all contingencies, we recommend the
following as a general feasible protocol :

a. Test all compounds now use in the following :
1. Three mammalian systems, the dominant lethal, host-mediated,

and 7rr riro cytogenetics, by appropirate routes of administration, re-
flecting human exposure, and also parenterally, and at high-dose levels,
such as maximal tolerated doses.

'. In ancillary microbial systems, preferably those detecting both
single nucleotide changes and effects involving more than one gene.

The precision of testing, both in mammalian and ancillary systems,
would be such that a doubling of the control level of mutation would
be statistically significant at the 5 percent level. A pesticide is regarded
as negative if none of the tests is significantly different from its con-
trol. If one or more of the three mammalian tests shows a significant
effect, the test is regarded as positive. If only the microbial test is posi-
tive, more detailed mammalian tests are indicated.

b. If the compound is inactive in all systems, then it is tentatively
assumed to be safe. If the compound is widely used or if for any reason
there is the possibility of extensive human exposure, it is advisable that
more extensive tests be made. Those compounds which have the great-
est chance of having an effect on man should be additionally tested, to
take into account problems of possible interactions and duration and
rate of exposure.

c. If the compound is mutagenic, a reasoned decision must be made
as to whether the benefit is great enough to warrant further detailed
evaluation, with appropriate interim restrictions on use, or whether
its use must be disallowed forthwith.

d. The testing procedures recommended above must be constantly
updated and improved to reflect new techniques and new data. We
therefore recommend further that a group of disinterested, ,FAentifi-
cally- competent persons be assigned the problem of continuously re-
viewing the whole question of pesticide mutagenesis and test systems
to be employed.

crrED REF FAIENCE

(1) NEusotnicx, el al. Chemical Wrck. April 12, 1000, pp. 38-68; April 20,
1080, pp. 38-08.
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BASIC CONSIDERATIONS

Structure-activity relation.,
Most pesticides have not been designed with the aim o' attacking

the hereditary material of cells, but their activity has been discovered
by chance or they have, been designed as analogs of known metabolic
inhibitors or activators (1, 0.9). If their assumed metabolic effect is
actually responsible for their pesticide action, it should be pos:ible
to replace mutagenic by nonmutagenic compounds. The known or
presumed major mode of action of pesticides as follows:

1. Plants (herbicide*, fungicide*).
a. Inhibition of photosynthesis (triazines; substituted ureas;

carbamates; bipyridylium quarternary salts).
b. Inhibition of oxidative pliosphorylation (dinitrophenol ana-

logs, such as toluidines ; carbamates).
c. Hormone (auxin) analogs (s 4.l); 2.4h-7'; benzoic acid

analogs; perhaps maleic hydrazide).
d. Inhibitor of panthothenate synthesis (chlorinated aliphatic

hydrocarbons).
e. Inhibitor of porphyrin, hence chlorophyll synthesis (amitrol),

which also inhibits purine synthesis.
f. Unknown mechanisms (metals, sulfur).

2. Animal* (insecticide., nematocidc.).Most of these are net. %.e
poisons.

a. Inhibitors of acetylcholinesterase (organophosphates, carba-
mates).

b. Inhibitors of neuromuscular junction (nicotinoids).
c. Neurotoxicants with only partially known causes (chlorinated

or brominated hydrocarbons, pyretltroids).
An exception to the general ride are chemosterilants that are

designed to produce dominant lethal mutations in insects giving rise
to nonviable offspring (7,8). In the rnited States of America, chem.
sterilants are not registered for use as pesticides. However, the Ento
mology Division of the USDA is currently conducting experimental
field studies, in sonic of which the possibility of Irinian exposure can-
not ho excluded. More alarming is evidence of active emomercial in.
terests in chemcksterilants in Japan where extensive field tests are now
in progrm (4). It should be emphasized that chemosterilants must
never he nnployed outside the laboratory except wider rigorously
supervised conditions.

Most reactions which alter the hereditary information in a cell F44111
In he caused by a chemical or enzymic attack on DNA itself. The
major exception to this rule is the effect of colchicine which inhibits
spindle formation and causes the prodwtion of polyploids. Agents
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that niter DNA itself produce. either nmtagenic or inactivating I)NA
alterations. Mutagenic DNA alterations are minor alterations of the
DNA bases which do not prevent DNA duplication but which cause
a change in the base sequence of I)NA. Such 1)NA alterations are
induced by base analogs (2-aminopurine, 5bromoun, .i1) which nre
incorporated into DNA or by the chemical alterations of DNA. bases
such as the deamination of adenine or cystosine by nitrous acid, the
hydroxylamination of cytosine by hydroxylamine, the al kylation of
guanine by alkylating agents, or the intercalation of acridine dyes
between DNA bases. Mntagenic DNA alterations give rise to point
miff ntions.

In contrast, inactivating DNA alterations have more drastic effects
on 1)NA, since they inhibit the duplication of DNA across the Filtered
side. Such alterations nrise when n DNA has is removed or the DNA
backbone is broken as n consequence of treatment by al kylat ing agents,
radicalproducing agents, or base analogs which inhibit the duplica
tion of DNA. Many inactivating DNA alterations can 1* repaired by
special cellular enzymes. Different organisms differ in the extent and
the specificity of repair mechanisms. DNA alterations that have not
been repaired lend to chromosomal breaks which are usually lethal
to the cell. if more Ilinn one chmmosome break occurs within one cell.
large heritable chromosome aberrations cnn be produced (deletions,
translocations, inversions, etc.). Most, if not all, agents which induce
inactivating DNA alterations or chromosome breaks in riro linve also
been found to induce mutations, cancer, and tern togenic effects, tam
examined in the proper test system (1.3,5).

llost compounds affecting DNA pmduce both mittagenic and in-
noivnting DNA niter:100ns but the relative frequeticy of these two
effects 'litters up to one million fold for different compounds U..1). A
miltagenic test system which is very sensitive for one compound, I .9..
trnnsition type point nmIntions, may therefore meal no mutations
with another compound that produces only other types of millstimis,
r.yinrge cluomosome ellerations, There is aim' nn correlat ion between
toxic and mulagenic effects 'peva low soave highly mittsgenic com-
pounds, r.1.. retie in base analogs, are rely toxic, whereas some highly
toxic comp ounds. such as cyanide, Are hardly imitagenic.

On the basis of theoreticn1 extraifolat ion from available data, pest i-
rides luny Ise classified in three mnjor gnmps by chemical structure:

A. Conq known to niter DNA dioly in slime biologicn1 sys-
tem or compound.; having chemical st linrA 1Ind Are ktRovn to alter
DN.t : alk3 lating agents, rallical-pamIncing agents, inhibitors of 1)NA
spit hesi . Irrespective of any further tests, on these cOniponink, ex-
treme (-pre nitli revect to human cep osome is recommended.
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B. Compounds which by their structure may possibly affect DNA
either directly or after enzymic activation into reactive compounds.
Among these are mercurials, some of which are known mutagens, and
carbamates, so. I which may be converted by plant and animal
systems into N 'mycarlxtmates that produce chromosome breaks.
Due to problem.: . uptake, enzymic activation or inactivation, and
accumulation, it is not possible to make any safe prediction of the muta
genicity of these compounds in mammals. But, thorough testing is
necessary.

C. Not suspected to produce genetic alterations because their
chemical reactivity with DNA or their mutagenicity have not been
tested and their structure does not suggest such activity. Among the
unsuspected chemical structures are cyclopropane rings, as found in
pyrethrins, triazines, 2,4-D and other auxin analogs, and those
chlorinated hydrocarbons which do not belong to group A or B
(e.g., DDT). Nevertheless, our general ignorance concerning meta-
bolic conversions makes it desirable that all these compounds be also
tested for mutagenicity. Some triazines e.g., Ariridines also have
alkylating groups and for that reason belong in group A.

Chemical structures known or suspected to affect DNA and
pesticides having these structures are indicated as follows:

A. ampounde Awing chemical structures that are known to affect
DNA. Any compound /wing such a structure skuld be proven to be
karmic.. before AUM(1118 are exposed to it

a. Atkylating agents, induce both point mutations (transitions)
and large chromosome alterations.

/ / 1. Epoxides (Ethylene oxide, En-
c c drin, Dieldrin).

2. Ethyleneimines (Aziriclines,
\c/ \ / such as Apholate, TEPA,
/ thio-TEPA, METEPA).

0 3. Sulphates (Aramite).

4. 4. Certain Bromides and Chlorides
(Brotnomethant, Bromopro-
pane, Dkhloroethane, Ethyl-
ene dibtomide, Propargyl-
bromide).
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b). Radical producing agents, induce large chromosome alterations
but not point mutations.

NN
N or 0=0/ \0=0NN /

/ /

1. Hydrazines or hydrazides
(Ma leic hydrazide, known
to break chromosomes).

2. Bipyridylium quarternary salt
(Diquat, Paraquat). Known
to produce radicals and to

cc/ kill plants in the presence of
oxygen (presumably via per-
oxide radicals affecting
DNA).

8-Fluorouracil, fluoroorotic acid;
both DNA synthesis.

B. Compounds suspected to affect DNA or to be conrwled enzymatically
into effertitv compounds. Mete paticides mutt be tested for their muta-
genicity in higher organisms.

a). Unsaturated rings with -011 or S11 groups. Some phenols and
cresols are known to produce chromosome breaks perhaps due to
radical formation in presence of oxidizing groups.

(Ioxynil, Niacide, Orthophenyl-
phenol, PCP, eta.)

6) Oarbamales and Thfooarbamalts
(Barban; Bux Ten; Carbsryl;

Carbofuran; Cartel; CDAA; Di-
metilan; Metham; Mobam; Pro-

X=0 m * pachlor; 2,3,8 TBA; Temik;
Thiram; Vapam; Ziram; and
many others).

Ethykarbamate and several other carbatnates are well-known to
produce chromosome breaks, cancer, and teratogenic effects. They
do not affect DNA directly but their enzymic products, such as
N-hyclroxycarbamatts and other intermediates which in turn product
radicals, cause inactivating DNA alterations; thus, chromosome
breaks and large chromosome alterations, but not point mutations,
can be induced. Whether or not a particular minimale is mutagenic
depends therefore on the presence of the N-hydroxylation (or other)
enzymes in the cells.

c). Base analogs
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c. Lima

\N-CX/

X=0 or S

(Chloroxuron, DCU, Diuron,
Fenuron, Linuoron, Norea,
etc.) These compounds also
alterations if they are activated
N-hydroxylation).

d. Compounds haring 2 or 3 nitrogena connated. If they should be
known to produce alkylniing agents (certain nitroso compounds) or
radicals, they should be placed in Group A.

0
0

/C

e. A ((rear ids

'friazoles (Amitrole)

Benzotriazines (Azinphosethyl,
Azinphosmeihyl)

Diazo compounds (Dexon, also
Alkylaiing?)

(Elcide, hmmi, Ethylmercury
chloride, Panogen, Ceresan,
Bemoan Bel, and others)

Some mercurial: are known snutagens, presumably owing to their
content of Hg.

f, Organophovhat4

X 0 i
le- 0-, rt X:<

Thee compounds are pfluophate
44. Although not tested. wine
transalkylation.
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(Parathion, Nlethylparathion,
Malftihion, Demeter', Disulfo-
Ione, Dimet horde, NMPA
Phorate, Phosphantidone, Cy-
°lane, Ditnefax, Monitor,
Huelve and many others).

trieslers which are labile to hydroly.
of them may react with DNA by



g) Other reactive compounds
(Acrolein, Allyl alcohol, Acryloni-

trile [known to react with 4
uridine, inosine, t-RNA))

h) Chlorinated cyclodienes having an unsaturated group in a ring
attached to the chlorinated one.

(Aldrin, Isodrin, Heptachlor)

These compounds are known to be converted into epoxides that are
found in body fat.

i) Base analogs
(Ben late, Isocil, Lenocil, Lavozil,

Bromacil, Terbacil)
Some of these compounds may possibly inhibit DNA aysnthesis.

j) Arsenates, Caeodylic Acids, inhibit phosphorylation
k) Potential Intercalating Compound.

(Anthraquinone, Morestan, Phe-
nothiezine)

Some of these compounds may act similar to ecridines and intercalate
between DNA bases.

1) Certain antibiotic.
(Oriseofulvin)
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liRage peak rots(

The expected increased need for pesticides in the next years will
result, in the greater use of currently registered chemicals. New prod-
nets are also being rapidly developed and will no doubt replace it num-
ber of widely used pesticides. The enclosed summary lists the major
categories of pesticides that predominate the market.

Ilerhicidcx.Preemergence herbicides, such as atrazine
derivative), trifluaralin (a dinitrotoluidine), niniben (benzoic acid
derivative), lead the use of herbicides and are expected to continue to
grow over the next several years.

Postemergence herbicides, such as phenoxyacetic acid derivatives
(i.e., 23.D, 2,4?-1), contribute greatly to the use of pesticides and
represent a major use category.

inxectichtcx.For years DDT, along with other chlorinated hydm-
thons, dominated the insecticide market. However, due to their per-

sistence and potential ecological and human hazards, they will prob-
ably he phased out of agricultural use in the U.S. ill the early future.
1In Whim, a phosphate insecticide, will likely increase in usage over
the next several years and represents n major class of insecticides in
use. Carbaryl, a carbaniate insecticide, is expected to continue to grow
in use and is now a major insecticide. Similarly, the systemic hive-
ticides, su <h as earbofuran, dimethoate, disnlfoton, methyl-demeton,
phorate, phosphamidon, are major products in use today.

Based on U.S. sales At manufacturing levels, the following materials
can be considered the most widely used in agriculture:
Ilerbfri4c*:

Metallic Propathlor, tA and related
Tritinralin prodocta
Atniben and related pnnlud Piclorarn
2,4-11 Paraquat
2,4AT Inestniqt
Sltralin

/a*refielics:
cartiorrl Aalnithonntethyl
Mats Mon ChforIlane

Itelitathlor
inatinon 14,1111'0ton
Tosni4iene flora to
151ST Xellhane
Methyl iornthh,0 Itos Ten
Parathion P.tdrin

rwmplehlto:
NI blocs rbania fen
Pap( an
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Finotiganta:
Methyl bromide

Of these agriculturally important materials, several should be given
extra consideration because of their widespread usage in household
formulations. Among these are chlordane, DDT, and its analogs, IIIIC
and other chlorinated hydrocarbons, including the cyclodienes, and
certain organophosphates such as Malathion. In addition, a number of
other products are used particularly for household purposes, especially
in aerosols and vaporizing strips, and should consequently be con.
sidered as priority compounds for mutagenic evaluation. Included in
this group are the pyrethroids wid their synergists, i.e., piperonyl
bntoxide, Dichlorros, and such commonly applied insect repellents,
such nsdiethyltolnamide, ai.d ethylhexatiediol. Some of these materials
are particularly important, because human exposure occurs largely
through inhalation via aerosol sprays or vaporization or skin absorp
tion, and to a lesser extent also by ingestion.

LITERTVRE SVMMART

General considerations. Approximately 400 chemicals are now ivied
in the control of weeds, insects, nematodes, rodents and plant
diseases(/,. In the present literature search, more than WO published
papers on the mutagenicity of pesticides have been located. Many of
these papers refer to compounds which are not currently in common
use in the United States, but which in some cases are used elsewhere.
Therefore, they represent a potential hazard to the population of the
United States, either as contaminants in imported foodstuffs, or
through future registration in the United States. In this preliminary
manual literature search, we located 42 papers referring to mutagenic
testing of some compounds in a recent listing (1). In total, 31 of the 32
compounds tested showed mutagenic activity in at least one system.
It should be stressed, however, that this represents a group of corn
pounds preselected as likely to be mutagenic. We have no doubt that
a more extensive search among the literature already in Environmental
Mulsgen Information ('enter (EMI(') ales would reveal that many
more of the commonly used pesticides dos sem mutagenic activity.

It is apparent from the literature that there has been no large scale
testing of pesticides for 'mango& activity. Existing report 3 are there.
fore sporadic. Most of the tests for mutagenic activity of pesticides
have been done on plants.

A detailed summary table of literature reviewed is given in the
appendix. The following examples AM inrsented for illustration only

a. FirmiyanikThese are generally used in restricted areas. The
compounds will only rostch the human populst:on if they are persist-
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eat. As fumigants are often highly reacti,.e, it is likely that their
breakdown products may reach the general population. For examide,
ethleneoxide is a highly reactive nlkylating agent which has been
shown to be mittngenic in many systems, If chlorine ions are present in
fumigated material, ethylene chlorohydrin will be formed. This com-
pound, stable enough to persist in marketed material, induces point
imitations in Noeratpoto rmAxa.

Several other fumigants which have shown mut ngenic action include
formaldehyde, active in Neurovoto and ProAophila, and ethylene di-
bromide, net ke in Neuroxpora.

b. ileiretry pentich1ex.Twelve of the MT pesticides in a recent
listing (1) contain mercury. Eight hundred thousand pounds of mer-
cury, representing 15 percent of the total amount of mercury marketed
psi. annum in the U.S., are used in the piodnet ion of pesticides. Most
of the remaining $ I percent is used in mildew-resistant paints. In
nature, most or..renrial conmounds am finally converted into methyl-
mercnry. This accumulates in fish and shellfish. !Inman consumptio
of such seafood may lend to acciumilntion of methylmercury to even
lethal levels. Methyl mercury causes nondisjuuction in Draroph//o;
high levels of chromosome aberrations have been found among heavy
fish eaters in Sweden (2). In Japan, deaths and teratologienl effects
have been directly attributed to the intake of mercury containing sea-
foods (.1). It is known that mercurial residues can persist up to 100
years in polluted lakes. The use of ninny inerenry pesticides is now
prohibited in Sweden,

c. Organophovhde hoeclicideit.Many are triesters of phos-
phoric acid, and as such might be alkyl:it ink The simplest Inkster is
trimethylphosphate, while not, however, it pesticide, can induce point
mutations in No/cy/Tons rr+rexa and is highly active in the dominant
lethal mouse test (4).

1..1tlfrcl induces chromosome rearrangements
in rats and point mutations itt NircinApoto ciatAa. Match' hydrnzide
breaks chromosomes in many plant systems, nIthongh inactive in the
dominant lethal test in the monse. Lindnne is nlso similarly active in
many plants systems.

Conch/Aion.Although only information on IL- nmtngenie
action of commonly used pesticides exists at present in the literature,
it is likely that automated provedues will be required to keep up with
an expanding literature.

CITED REFERENCES

f l u No I U11 ma. J. tl et. f nsk-al Ilsette April 12. peon. 1q ,;S,$ Gs: April 20.
it' 5$ as.

I l Le* It01111. l'rrygg41411 4161tihitihkit dem.
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(3) Main', H. W. J. Pediatrics 71: 45.1-45S, 1907.
(4) EPSM N. S. S. Unpublished data.
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SUMMARY AND CONCLUSIONS

Teratology deals with the etiology and development of congenital
malformations. Congenital malformations ale generally defined as
gross structural abnormalities of prenatal origin, present nt birth or
manifesting shortly after, which kill or disable. In a broader sense,
teratogenesis is considered to include histological, biochemical, and
functional abnormalities of prenatal origin.

Congenital malformations present obvious personal, medical, and
social stresses. Additionally, it has been recently estimated that the
costs to society of one severely malformed child, in terms of medical
and other care and depri vat ion of Potential earnings, amount to several
hundred thousand dollars.

There are row well over 400 substances that, in various forms and
combinations, are currently used as pesticides. Pesticides may repre-
sent an important potential teratogenic hazard. Therefore any tem-
logenic pest icicle to which the populal ion is exposed should 1* promptly
identified so that appropriate precautions can be taken to prevent risk
of human exposure. It is feasible to test these substances for teratogenic
effects in test animals so that potential hazatIls to human health can

evaluated.
For these and other reasons detailed in the report, we conclude that :

n. All currently used pesticides should be tested for tel ratogenicity
in the near future in 2 or snore mammalian species chosen on the basis
of the clot .s1 metabolic and phannacologic similarity to human beings
loossible. Pesticides sltould be tested at various content rat ions includii4;
lerels suihstanthilly hig'ier than those to which the human population
are likely to be exposel. Test procedures should also reflect mules
elated to human exposure. Apart from the obvious mute of ingest ion,

attention should be directed to other routes of exposure, inchnling
inhalation exposures from pesticide aerosols and vaporizing pesticide
strips used domestically and exposures from skin absorption. Parer-
tern' administration is an appropriate test mute for pest icicles to which
humans are expose(' by inhalation, or for pesticides which are sys
tonically absorbed following ingestion.

b. The use of currently registered !pesticides to which humans
are exposed and which are found to be teralogenic by suitable test pro.
ledurrs in one or more mammalian species should le immediately
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restricted to prevent risk of human exposure. Such pesticides, in cur-
rent use, include Captan; Carbaryl; the butyl, isopropyl, and
isooctyl esters of 2,4-1) Folpet ; mercurials; PCNIl; and 2,4,5-T. The
teratogenicity of 2,44), the other salts and esters of both 2,4-1) and
2,4,5-T, and that of IPC should be investigated further.

c. Pesticides found to be inactive after appropriate testing can
be considered as provisionally safe, unless other evidence of terato-
genicity develops.

d. No new pesticide should be registered until tested for terato-
genicity by suitable procedures. Any pesticide found to be teratogenic
should only be used in circumstances where risk of human exposure
is minimal.

e. Efforts should be made to improve and standardize procedures
for teintogenicity testing and population monitoring.

A scientific group or commission should be charged with responsi-
bility for continued snrveillance of the whole problem of pesticide
teratogenesis.

METHODOLOGIES FOR TERATOGENICITY TESTING

Introduction
Prior to 1963, the Food and Drug Administration did not require

evaluation of teratogenicity. As a result of the thalidomide disaster,
the need for data on teratogenicity became evident. In 1963, the Presi-
dent's Science Advisory Committee on "Use of Pesticides" recom-
mended that toxicity studies on pesticides inclnde effects on reproduc-
tion through at least 2 generations in at least 2 species of warinblooded
animals. Observations to be included were effects on fertility, size and
weight of litters, fel.] mortality, teratogenicity, and growth and devel-
opment of sucklings and weanlings. Such toxicity studies including
the threegeneration procedure were not designed primarily to detect
teratogenicity and tltus may not be appropriate.

The potential teratogenicity of chemicals may be detected by two
complementary approaches. First, chemicals or other agents may be
administered to experimental animals to determine whether they
induce prenatal damage. Secondly, and on a poll hoc basis, human pop-
ulations may be epidemiologically surveyed to detect geographical or
temporal clusters of unusual types or frequencies of congenital lull-
format ions, Combinat ions of he approaches. are likely to ensn re early
detection and identification of teratogenic hszards.

Experimentally, a complex of factors are needed to elicit teratogrnic
effects. These relate to gestation period, genotype of the pregnant ani-
inalv,, dosage, mode of administration and metabolic transformation of
teratogen. For example, teratogene may lie effective only at a certain
dose range, whether high or low, narrow or wide, below which dertkp-



ment is apparently undisturbed, and above which death in utero
results.

Most agents are teratogenic only in the developmentally labile early
period of gestation, during which active organogenesis (wctirs.
humans, this sensitive period extends aproximately from the end of the
first week of pregnancy to the 12th week. Other circumstances may
also influence the effectiveness of human teratogens, such as maternal
nutritional, demographic, socioeconomic, and cultural factors, physio-
logical states, and temporal and seasonal situations. Thus a potential
teratogen may manifest its drat only when particular conditions
conjoin.

The relationship between human exposure to a teratogen and sub -
sequent induction of congenital abnormalities is generally not obvious.
Any one teratogen may produce a multiplicity of effects and any spe-
cific effect may be produced by various teratogens. In test animals, the
teratogenetic response may differ from species to species. In. humans,
differences in genetic, metabolic, and environmental influences may
contribute to a variety of specific effects from exposure to a particular
teratogenic agent. Induced and spontaneous effects may be difficult to
distinguish. The teratogenicity of thalidomide might have been missed
had it not produced malformations rarely encountered; additionally,
only a fraction of the pregnant women who took thalidomide had
defective children.

Consequently, further data on the possible teratogenic effects of pes-
ticides in experimental nnitnals are urgently needed to provide a basis
for evaluating potential hazards to human health.
.t nrillory method*

Preliminary screening can be accomplished by the use of nonmam-
malian species, particularly the chick embryo. These tests may give
useful ancillary data prior to further testing in mammals. However,
negative results in these systems alone should not be considered proof
of safety.
I e of /owe,. mammalian Ap''k

a. Purity, composition, stability, and source of compounds under
lest should be determined.

b. At least two mammalian species should be tested. These should
be chosen on the basis of metabolic and pharmacokinetic similarity to
humans. If possible, commercially available inbred strains should be
wed: if not, int ra-si weirs %ariability must be recognized. Species com-
monly used include mice, rats, hamsters, rabbits, dogs, cats; sheep and
swine have also been used.

c. Preliminary mammalian experiments should determine the
amounts of the compound and its appropriate metabolites tte-emtry
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to produce serum levels comparable to nthges likely to be found in hu-
mans after high level accidental exposure as \veil as potential expo-
sures assuming extensive use of that pesticide. Multiples of these dos-
ages, up to the mammalian maternal should be administered to
determine the lowest, dosage causing a significant increase in fetal
death, or resorption. Dosage in this critical range should be tested for
teratogenic effects Nvith care to distinguish these effects from other
embryotoxicity and to determine dose-response relationships.

d. Compounds should be administered, by appropriate routes,
within the critical dose range determined by preliminary tests. Paten-
teml administration is an appropriate test route for pesticides to which
humans are exposed by inhalation, or for pesticides which are sys-
temically absorbed following ingestion. Compounds should first be
tested by single administrations of a range of doses at various times
during the phases of active. organogenesis. The substance should be ad-
ministered at discrete times throughout the period of organogenesis as
various organs are developing, since some substances have specific
effects on the development of particular organs. By this technique,
t he possibility of inducing hepatic microsonial or other enzymes facili-
tating metabolic detoxification or activation of the substance is
also minimized. If no teratogenic effects are detected by this technique,
subsequent testing should be based on repeated administrations of the
substance at daily intervals or if feasible, intervals of less than 24 hours
during the entire period of organogenesis.

e. When nppropriate, metabolites should also be tested for terato-
genic effects.

f. Additional investigations slmuld include
i. Determination of nppmpriate plasma and fetal levels of

compounds:
ii. Determination of the biological half-life of the compound

in test animals;
iii. Metabolic studies to identify mechanisms of detoxification or

activation of compounds when appropriate; find
iv. Determination, when appropriate, of the possible [mien! int-

ing effects of protein deprivation or concomitant exposure to
other pesticides or of her environmental agents.
g. All procedures, including those relating to animal breeding,

housing, handling, feeding, husbandry, methods for examining fetuses
for congenital malformations, defining the onset of pregnancy, and
classifying congenital malformations should be rigorously standard-
ized. lumbers of pregnant aninuds And offspring must be adequate
for statistics) significance. All tests must be replicated on independent
occasions and with con tctni)orRI.:4-0.s eon, rots.
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Nod?, 11 Ill 11 prinlateg .
Results from lower mammalian species may warrant subsequent

testing in nonhuman primates The following considerations should be
noted:

a. Records of menstrual cycles nee essential. Primates whose repro-
ductive history is known and have previously delivered normal young
should be selected for testing. Tinting of ovulation, and therefore ges-
tation, should be accurately determined by allowing the males and
the females to be together for no more than 3 consecutive days. Vaginal
smearing, to determine the presence of spermatozoa should be avoided ;
the use of Tuliner's method for determining chronic gonadotropin
levels and rectal palpation is preferable.

b. Compounds should be carefully administered in controlled
dosages.

c. Pregnant animals should be handled only minimally.
(1. Compounds should be administered during the various phases

of organogenesis. Embryos can be obtained by laparotomy any time
after the first 100 days of gestation; the mother may be subsequently
used for other experimental procedures. Additionally, some young
should be allowed to go to term to identify possible teratogenie effects
detectable only in the neonatal period.

Population monitoring
It has been shown (see Literature Review) that some pesticides in-

duce congenital malformations in esperimental animals providing a
critical dose is appropriately administered at critical times. When
snitnal experiments indicate that n pesticide is teratogenie, Inman
effects should be retrospectively evaluated, when possible, by study of
pregnancies (luring which the mothers were inadvertently exposed to
the mticide, such as a result of farm work, accidental ingestion, or in-
dustrial exposure. Prospective epidetniologic approaches may involve
follow-hp of large numbers of people over long periods of time, and be
slow, tedious, expensive, or difficult to implement. It is not appropriate
to conduct prospect i ye epidemiological studies on human populations
with pesticides previously shown to be teratogenic by experimental
n nimal studies or retrospective human data. !finnan exposure to such
compounds must he minimized by appropriate regulatory preventive
act ion.

Prospective epidemiological approaches for peSileiliCS in current
u may provide important information, horn ever, it should be realized
that no major teratogen has yet 6141 recognized in this Way, 111C MR1-
fonnations induced by X.ray, Clef-oust* measles, thalidomide, and
ntetvtoyNlittantsta disease, were each recognized by an alert medical
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practitioner who observed a cluster of cases and then traced the cause
to its source.

What can be done to enhance prompt recognition of such clusters
should they occur from previously unsuspected teratogens in the fu-
ture? A variety of existing data resources can be used for this pur-
pose. In each, the occurrence of congenital nil rot mations in substan-
tial segments of the population is being recorded in a standard fash-
ion. The best of these resources are local, rather than statewide or na-
tional. The prepaid medical program of the Kaiser-Permanente ?los-
pitals and Clinics in the San Francisco Bay Area ate of particular in-
terest. A detailed study there of the occurrence of malformations
among 16,000 births represents n good model for additional investi-
gations. A similar study has been made by the Health Insurance Plan
of tirenter New York, but its 30 or more cooperating clinics are less eas
ily coordinated than the ICaiser system.

A citywide surveillance, known as the Metropolitan Atlanta Con-
genital Defects Program (jointly directed by Emory University
School of Medicine, the fleorgia Department of Public Health, and
the National Communicable Disease Center, USPI18), involves re-
ports on All children with congenital malformations born to residents
of the five county Atlanta area. As yet, no cluster of cases has sug-
gested an environmental influence since the program began in October,
1967.

In a substantial ntoaber of States, birth certificates contain an item
concerning congenital malformations. The completenem and accuracy
of such reporting varies considerably and depends on the physician's
interest and diligence and on the conspicuousness of the abnormality.
Birth-certificate data on malformations in New York State are more
extensive than those of many other States and have been effectively
used in several research studies. Nationally, however, no attempt has
been made to collect and evaluate all data on malformations that are
available on birth certificates.

A select committee convened by the National ('enter for Health
Statistics (NCIIS), has recommended, in An excellent but little known
report, that efforts be made to improve and use information on con-
genital malformations recorded on birth certificates (Vital and Health
Statistics, Documents and Committee Reports, NCIIS Series 4. Num-
ber 7, March 1968). Implementation of this recommendation would
be of great value, for monitoring to detect the ieratogenic effects of
newly introduced or geographically localized envimmnental chemicals
or other agents.

To enhance our ability to recognize significant changes in con-
genital malformation rates, a systematic collection of data from
concentration points should be established. Specifically, a surveil-

662



lance should be made of claims submitted to private, State, or local
agencies for the medical care of children with birth defects. Because
the Children's Bureau, DIIEW, has so much experience with these
agencies, its assistance should be sought in planning the surveillance
net work.

Data from foreign countries should also be evaluated as part of
a national effort to study possible relationships between pesticides
and congenital malfunctions.

In studying the possible relationships between exposure to pesticides
and the occurrence of diseases, statistical associations, if present, will
provide important information. However, when possible it is impor-
taut to secure additional information concerning the following:

a. Dose-response relationships.
K Absence of alternative explanations.
c. Biological plausibility.
d. Consistency with other knowledge from clinical, laboratory,

and epidemiologic research.
e. Disappearance of the effect when the presumed cause is

removed.
In particular, as clusters of specific anomalies are recognized,

through whatever resources that presently exist or may he developed,
any possible relationships to pesticides would be clarified by the use
of laboratory techniques to measure the maternal, fetal, or neonatal
body burden of suspect chemicals.

There are national units engaged in teratologic research, but each
is following a set method. There is a critical and immediate need to
establish a national or international center to study congenital null.
formations in man not by a single method but by whatever techniques
are most appropriate for testing or generating hypotheses. The cen
ter should be diversified and fast moving, ready to use local, naliond,
or international resources in order to determine the significance of
lalxmatory or elinical data.

LITtRATURE
.18;ma1 *futile*

For convenience, detailed results of the Bionetics study are pre-
sented in a subsequent section.

Much of the total available literature and data reviewed by this
Panel weir methodologically inadequate to suppoit definitive con-
chisions. Additionally, the authors of many reptts tended to cni fuse
or equate embryotoxicity and other adverse effects on reprodnPtion
with teratogenicity. It is also apparent from the literal sire that in-
sufficient attention has !wen directed towards pet Iblems of interactions
in testing for terstogenesis.
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The Panel considered the following information to be of
significance ;

a. Captan and Palpet.These pesticides have been shown to be
teratogenic in chicken embryos (Verrett et al., 1969). Captnn was also
shown to be teratogenie in rabbits (McLaughlin, 1969), although other
rabbit studies yielded negatiee results (Kennedy et al., 1968; Fabro
et al., 1965). The enhancement by protein deprivation of the acute
toxicity of captan to rats (Boyd, 1068), was noted with particular
interest. The teratogenicity of captan and Folpet in mice was demon-
strated in Bionetics studies. Unpublished data on captan in mon-
keys were evaluated and found inadequate; in these studies, the dura-
tion of organogenesis was not entirely covered and controls were not
aptwopriate. However, the 3/7 abortions observed at the highest dosage
given, 25 mg./kg., may be indicative of an embryotoxic hazard due to
captan.

b. Carbaryl.This was tested at 66.7 and 200 p.p.m. in the diet of
pregnant mice (FAO/WHO, 1967). In two litters at the 200 p.p.m.
level, a total of seven instances of skeletal malalignment, nonfusion,
incomplete ossification, and one case of cleft palate and gross facial
malformation were noted, ns opposed to no malformations in the low-
level group and two cases of cleft palate in controls. Teratogenetic
findings for carbaryl are also reported in the Bionetics study. In a
study in beagle dogs fed cnrbaryl during gestational periods at levels
of 50, 25, 12.5, 6.25, and 3.125 mg./kg. body weight daily, teratogenic
effects were found nt all but the lowest dose level (Smalley, 1968).

c. 3/ercuriaix.Orgnnoinercury compounds: Various mercury
containing pesticides were evaluated under the heading "phenylmer-
cury acetate (a:al other organomercury compounds)" by the 1966
Joint Meeting of the FAO Working Party and the WT TI '',-,)ert Com-
mittee on Pesticide Residues (FAO/WHO, 1967). 'I' .f addi-
tional experimental work have been reported in th4, nations
of Some Pesticide Residues in Food. Addition a ion on'it-"Methylmercnry" was published by the Ecologic omm
tee, the Swedish Natural Science Research Cony Ilullet in
no. 4. by Govan Lofroth, where embryotoxic effei t reported
by Frolen and Ramel) were discussed along wits 1. When
given subcutaneously, in doses of 0.11 nig. on est ation,
phenylmercuric acetate was reported to cause fet: at ions in
Juice. Eye, tail, and central nervous system defects (Mura-
kami et al., 1956)..

ld. Organochlorine.Embryotoxicity in rats ' as been
reported for organochlorines including ne, and
kepone. In the absence of e'nvincing data, kelthan claimed
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to he teratogenic in mice, (An Der Lan, 1961) ; see also Bionetics
studies.

e. Organoplio8pliate8.--The cholinesterase-inhibiting organo-
phosphate insecticides, guthion, parathion, diazinon, Trithion,
and F.PN, have been shown to be teratogenic %%lien injected directly
in the yolk sac of chick embryos. The malformations were nonspecific or
common to all organophosphates 19661 It was also claimed that
these compounds are teratogenic in mice. The data reported, however,
suggested that organophosphates, like the organochlorines, act by
reducing litter size and producing etnbryotoxicity rather than by
producing specific teratogenic effects. See also Bionetics studies.

f. Thirow.Thirain was reported to he teratogenic in banisters
at 250 nig./kg. (Robens, 1069). In the Bionetics study it was not found
to be teratogenic. In a study of three generations of rats, no toxicologi-
cal effects were observed at a dietary level of 48 p.p.m. (FAO/WII0,
1967). However, Thirain should 1;e further investigated for possible
teratogenic effects.

g. Miscellaneous reproductive effects.Placental transfer of
dieldrin and incidence of stillbirths have been studied in cows (Braund,
1968) ; increased stillbirth rates have been claimed in cows fed with
PDT (Labon, 1965). The estrogenic activity of o,p'DDT has been
related to reproductive effects in chicken, quail, and rats (Bateman,
1068, Wurster, 1968 ; Porter and Wei meyer, 1969). Diminished popula-
tion size and reproductive failure have been produced in sparrow
hawks by inn and dieldrin (Porter and Wehneyer, 1969). These
resulted from a decreased eggshell thickness, increased breakage of
eggs, and increased egg eating by parent birds. Other studies of
interest include the following. Finnegan, 1949; Tauber, 1950; Fisher.
1952; Narvizzi, 1956; Swann, 1958; Cottrell, 1959; Marliac, 1964;
Baekstroni, 1965; 1 Italia way, 1967: Ware, 1067; Welke, 1967; Carlton,
1068; Keplinger, 1068; Kliera, 1968; Verrett, 1069; Legator, 1069.

llio»etie8lIniuudstudic8
Itioneties Research Laboratories of Litton Industries, during

1965-68 tinder a contract for the National Cancer Institute (NCI
Contracts l'If 43-64-57 and PI I 43-67-735), tested various pesticides
and related compounds for teratogenic effects. These studies were de-
signed as large-scale screening tests. The 13ioneties data were re-
analyzed statistically to account for litter effects. The results of this
statistical re-evaluation are presented in this section. More detailed
material on these pesticides will published in the future.

(r. Summary of fludingx from Bionetic animal studies. Tested
more extensively than other pesticides, '2,4,5-'1' was clearly teratogenic
as evidenced by production of statistically increased proportions of
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litters affected, and increased proportions of abnormal fetuses within
litters in both 1)MS0 and limey for both C57B14/6 and AKR mice.
In particular, cleft palate and cystic kidneys were significantly more
prevalent. ln addition, a hybrid strain resulting from a C5713L/6
female and AKR male showed significant increases in anomalies, in
particular cystic kidney, when administered at 113 mg./kg. of body
weight in DMSO.

Additionally, 2,4,5-T was tested in Sprague-Dawley rats. When
given orally at dosages of 4.6, 10.0 and 46.4 mg./kg. on days 10
through 15 of gestation, an excessive fetal mortality, up to 60 percent
at the highest dose, and high incidence of abnormalities in the sur-
vivors was obtained. The incidence of fetuses with kidney anomalies
was three-fold that of the controls, even with the smallest dosage
tested.

PCNB produced an increase in renal agenesis between litters,
and within litters, when administered orally from days 6-14 or days
6 -10 of pregnancy. However, renal agenesis was not produced when
PCNB was administered only from days 10-14 of pregnancy. These
effects were produced in only the C5713L/6 strain of mice.

Wier pesticides producing a statistically significant increase
in the proportion of litters containing abnormal fetuses and in the
increased incidence of abnormal fetuses within litters were: Captan,
Folpet, 2,4-D isooctyl ester, 2,4-D butyl ester, 2,4-D isopropyl ester,
carbaryl (Sevin), and IPC. These pesticides produced elevated inci-
nnd in one solvent only. The results for carbaryl and for IPC were
less consistent than for other compounds. (The pesticides 2,4,5-T,
PCNB, captan. Folpet, carbaryl, 1PC, and the butyl and isopropyl
esters of 2,4-D were statistically significant at the .01 level, for one or
more tests. This criterion is similar to that adopted by the Technical
P-nel on Carcinogenesis, Chapter 5, to identify "positive" compounds.
The isooctyl ester of 2,4-D was significant at the 0.05 level.)

Compounds inducing only an increase in the proportion of ab-
normal fetuses within litters were: a-naphthol, and 2,4-D methyl
ester. The statistical significance of these results was relatively
weak; further study is required before any conclusions can be
reached. Similarly, 2,4-D produced only an increase in the proportion
of abnormal litters during 1f165 in AKR mice. Due to the teratogcnic
activity of certain of its esters, 2,4-D should be studied further.

Carbaryl plus piperonyl butoxide did not show an overall in-
crease in nonspecific anomalies, but resulted in significantly more
cystic kidneys for doses above 10 ing./kg. carbaryl plus 100 Al./kg.
piperonyl butoxide.

It must be emphasized that failure to detect statistically sig-
nificant ineil ases of ,anomalies may be due to insensitivity resulting
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from experimental variation and small numbers of litters tested. In
addition, higher fetal mortality among sonic of the "negative" com-
pounds may be selectively eliminating abnormal fethses.

b. Methods.Four strains of mice were used; C57III4/6, AKR,
0311, and A/Ila. Most of the studies were performed with the
C57BI4/6 strain. A hybrid fetus resulting from mating a C571314/6
female with an AKII male was used to study a few compounds. More
restricted studies were also made on Sprague Dawley rats; results
of these with reference to 2,4,5-T are considered separately.

Most compounds were administered subcutaneously in 0.1 ml.
solutions of dimethylsulfoxide (D NO). Water soluble compounds
were administered in saline, and some times also in DMSO. Compounds
administered orally were given by gavage in 0.1 mi. in a 50-percent
honey solution. Groups of positive controls and untreated controls
wore included, as well as controls receiving only DMSO, saline, or
honey. While controls were run periodically throughout the duration
of the study, compounds and controls were not matched with respect
to either route or date of administration.

Virgin females were used in these studies. The onset of pregnancy
was determined by detection of vaginal plugs. Compounds were
administered daily from the sixth to the 14th day of pregnancy (15th
day for AtCR mice). Mice were sacrificed on the 18th day (19th day
for AKR mice) of gestation. On sacrifice, fetuses were examined for
anomalies. Approximately two-thirds of the fetuses were then stored
in Rouin's solution until necropsy. Remaining fetuses were stained
with alizarin red S after proper processing. Numbers of resorption
sites and dead fetuses were also scored.

c. Statistical anal pis.All analyses were performed on a per
litter basis rather than a per fetus basis, since initial investigations in-
dicated that the occurrences of anomalies among fetuses within litters
were correlated. The large litter-to-litter variation may reflect some
maternal effect, an indication of the effective dose level of the com-
pound actually reaching the fetuses, experimental variation, or, as is
most likely, some combination of the three factors.

While there were no statistically significant time trends within
the various control groups in terms of the onset of fetal anomalies in
the C57BL/6 mice, the incidence of fetal mortality was certainly time-
dependent in this strain, with 1965 being characterized by a low in-
cidence of prenatal deaths. Furthermore, there was a period of ap-
proximately 6 months, extending from the latter part of 1965 into
early 1966, during which no control animals werz tested. During this
period a change in the substrain of C57BL/6 mice used in the study
took place. Finally, among abnormal litters, as defined by litters con-
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tabling at least one abnormal fetn3, there was some suggestion that
the distribution of abnormal fetuses per litter ,.ns sl.ochastically larger
in the DNISO controls titan it was in the untreated controls. Thus, the
possibility exists of a time/strain/solvent interaction that is unde-
tectable in the controls because the level of background teratologic
activity is relatively low. This potential interaction effect could either
enhance or dissipate the effect of any given compound, depending on
the conditions under which it was administered. Thus, the data were
necessarily separated by both time period and solvent for the purposes
of analysis. Similarly, an increase in fetal anomalies in the DMSO
controls of the, AKR mice was noted after November 19G6. Thus, the
AKR data were analyzed separately in two time periods.

It should be noted that not all compounds were administered on
more titan one occasion or in more than one solvent or grain. Thus, in
general the compounds in the study eannct be compared for terato-
genie potential, since those that were tested extensively were more
likely to show some adverse effect and, perhaps, less likely to appear
consistent over time, solvent, and/or strain.

As noted, 'approximately two-thirds of the fetuses were stored in
Bouin's solution until necropsied; the remainder being stained with
alizarin red. However, in many instances the proportion of necropsied
fetuses was slightly higher for the compound under investigation than
for the corresponding controls. It is doubtful if this discrepancy could
have any appreciable effect on the conclusions since the incidence of
anomalies detectable only by necropsy among control animals was
relatively low. Furthermore, if all of the control and test mice had
been necropsied, the significance of the differences observed in this
study would be intensified. Thus, no effort was nr,7, `o correct for in-
equalities in the necropsy/stain ratio in the present analysis. Addi-
tionally, no attempt was made to correct for differences in litter sizes
or sex-ratios within litters, since both of these factors may, at least in
part, reflect effects of the compound under test.

d. Reno/Th.Data for pesticides yielding a statistically increased
level of anomalies in C5 7B14/6 and AKR mice are 1 isle(' in tables 1 and
2, respectively. The proportion of abnormal litters gives the propor-
tion of litters containing one or more abnormal fetuses, as a measure of
the prevalence of anomalies across litters. '1'lle proportion of abnormal
fetuses per litter gives a measure of the prevalence of anomalies within
litters. The proportion of abnormal fetuses per litter for litters con-
taining abnormal fetuses gives a measure of the prevalence of anom-
alies within effected litters. A significant increase of dead fetuses and
resorptions is also listed. Some tests were conducted on only one par-
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ticular day or on adjacent (lays as listed. Eye anomalies, mainly micro-
phthalinia and anophthahria, accounted for approximately 50 percent,
of the individual anomalies in C57111./6 mice. To a large extent, re-
sults in table 1 reflect changes in the incidence of eye anomalies. Yet,
when the data were analyzed excluding fetuses with microplithahnia
only, there were no striking changes in the results. In the last column
of table 1, statistically significant increase in various types of anom-
alies other than eye anomalies are listed. The positive controls, trypan
blue and ethyleneimine, table 1, and 6-aminonicotinamide, table 2,
showed elevated levels of anomalies, although the latter control (lid
not yield consistent, results over all dose levels.

Only those test conditions which resulted in statistically elevated
incidences of anomalies are listed in tables 1 and 2. Some compounds
gave no increase in anomalies (based on the overall incidence if tested
in both time periods) when tested in other solvents, strains, or dose
levels (table 3). It must be emphasized that failure to detect a statis-
tically significant increase in anomalies may only be a reflection of
experimental insensitivity due to experimental and biological varia-
ton and insufficient number of litters. Thus, compounds showing no
increases cannot be considered nonteratogenic. For example, trypan
blue in DMSO at the highest dose level tested, 37.5 mg./kg., did not
show an increase in anomalies, possibly due to higher fetal mortality.
Standard corrected 2 X 2 chi-square tests (1) were used to compare
the proportion of abnormal litters for the compound with the controls
in the same solvent. In the cases where jests were conducted in two
time periods, the results from the two chi-squares were combined (1).
The levels of statistical significance for the combined tests are listed
under the total column for proportion of abnormal litters.

The distribution of the proportion of abnormal fetuses per litter
(tables 1 and 2) for compounds were compared with the appropriate
control distribution by use of the nonparametric Mann-Whitney IT-
test (2). This test requires that the proportion of abnormal fetuses per
litter is independent from litter to litter, but requires no assumption
about the frequency distribution of these proportions. Again, where
litters were run in both time periods, the significance level for the
combined tests is given under the total column. Bracketed data include
groups which were combined before statistical tests were conducted.

STATISTICAL REFERENCES

(I) SNEDECOR, G. W. AND COCHRAN, W. G.: Statistical Methods, 6th ed. Iowa
State Univ. Press. Ames, Iowa (1(167).

(2) STEEL, R. G. D. AND TORRIF, J. Principles and Procedures of Statistics.
NIeGraw11111 Book hie., New York (1960).
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TABLE 3.-- Tests which showed no significant increase of ,anomalies
(with particular doses, soltents, or test strains)

Compound Strains Solve' t
Dose per kg.

body wt.
Increased
mortality
(C5713Li5i

Total
number
of Utters

2,4,5-T C57 DNB() 21.5 mg. 6
PCNB (days 10-14)._.. C57 Honey 464 mg. 9
PCNB AKR Honey 464 mg. 9
Captan C57 Honey 100 mg. 12

Do AKR DAIS() 100 mg. 13
Folpet C57 Honey 100 mg. 5

Do AK R DMSO 100 mg. 13
2,4-D Isooctyl ester._ C3I1 DAIS() 48 pl. 6

Do AjHa DMSO 24 A. 5
Do AKR DNISO 130 8

2,4-D Butyl Ester C57 DMSO 46 pl. 6
Do AKR DNB() 100 pl. 10

2,4-D Isopropyl Ester C57 DAIS° 46 pl. 6
Do AKR DMSO 94 p1. 6

Carbaryl. C311 D MS0 100 mg. 8
Do C57XAKR DMSO 100 mg. 6
Do AKR DAIS() 464 mg. 13

IPC C3I1 DAIS() 850 mg. 11
1PC AKR DAIS() 850 mg. 13
2,4-D Methyl Ester___ _ AKR DAIS° 106 mg. 7

Do C57 X AK R DMSO 106 mg. 5
o,p'-DDD . C57 DAIS() 100 mg. 13

I)o AKR DAIS() 100 mg. Yes 12
2,4-D C57 DMSO 100 mg. 16

I)o C57 Honey 100 mg. 12
Do C3H DAIS() 100 mg. 6
Do C57X DMSO 98 mg. 11

AK R
Zectran C57 DNISO 10 mg. 7

Do AKR DAIS° 10 mg. 7
Thiram C57 DIM() 10 mg. 8

Do AK R DAIS() 115 mg. 7
Ferbam Cali DMSO 4,64 mg. 6

Do C57 DMSO 4.64 mg. 6
Al onurcn C311 DAIS() 215 mg. 7

Do C57 DMSO 215 mg. 13
Do C57 Honey 215 mg. 9
Do AKR DNISO 215 mg. 13

Diuron C3R DMSO 215 mg. 6
Do C57 MIS() 215 mg. 6

2,4-D Ethyl Ester C57 DAIS() 86 pl 7
Do AK R DMSO 86 pl 7

Atrazine C3H DMSO 46.4 mg. 6
Do C57 DMSO 46,4 mg. 13
Do AKIt D MS0 46.4 mg. 15
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TABLE 3.-7'ests which showed no significant increase of anomalies
(with particular doses, solvents, or test strains) Continued

Compound Strains Solvent
1) ose per kg.

body wt.
Increased
mortality
(C871l140)

Total
number
of litters

Piperotly1 lititoxide____ C:311 DMS0 1000 pi 6

I)o C57 DAISO 1000 $41. 6

Do CS7 1)MS0 21.5 Pi 6

p,p'-DDD C57 1) 150 96.4 nig. 6

p,p'-DDT C57 DMS0 46.4 mg. 6

Carbaryl + Nicotina-
nilde. C57

1)MS0 100+61
mg.

10

Nicotinamide C57 IMISO 61 nig. Yes 6

CIPC C57 DMSO 1000 nig. 6

Nabant C311 DMS0 21.5 mg. 6

I)o C57 DMSO 46.4 mg. 6

I)o C57 Saline 46,4 mg. 14

Do AKIl DMSO 46.4 mg. S

Do AKIl Saline 46.4 nig. 14

Propazine C3I1 DMSO 464 mg. 6

Meryl C57 DNISO 21.3 mg. 6

Perthane C57 DMS0 10b mg. 6

Ovex AKIt DNISO 185 mg. 7

Tedion AKIl DMSO 217 mg. 6

Amitrot C57 Saline 464 mg. 13

Do
D o

057
AKII

honey
Saline

215 mg.
464 mg.

Yes S

14

Hu man studies
Epidemiologic data on possible effects of pest irides on human re-

production and teratology are grossly inadequate. Prospective studies
on this subject are difficult to design and almost nonexistent, except
for the community pesticide program of the Food and Drug
Administration.

Chlorinated hyd mcarbons.--Iii a recent review (Khera and
Clegg, 1909), no adverse human reproductive effects were attributed
to DDT and other chlorinated hydrocarbons. Studies on 240 pregnant
women indicated that 21 percent had significant first trimester pesti-
cide exposure, and that 52 percent were exposed during their entire
pregnancy. No statistical difference in numbers of patients with anoma-
lies existed between these exposed groups (Nora et al., 1967). Low
values of DDT residues have been found in a small nutnivr of human
placentas ( Rappolt et al., 1909). Sharply reduced tissue levels were also
found in 08 newborn infants (Zavon. 1969). Pesticide levels in human
milk have not shown any relation to perinatal toxicity (Lang et al.,
1951; Lofroth, 1969; Curley and Kimbrough, 1969). Studies on 152
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mothers showed transplacental passage of DDT and DDE (O'Leary,
1969). Low placental and high vernix levels were noted; fetal blood
levels were one-half maternal levels. In a similar study on premature
infants (O'Leary, 1969), high fetal leveib were noted; no relationship
between maternal blood levels of DDE and DDT and the incidence
of first trimester spontaneous abortion were found, although the num-
ber of pregnant women reported on was inadequate for firm conclu-
sions.

Organophosphates.Evidence of teratogenic potential of organ°.
phosphates in humans has been reviewed and found inconclusive
(Khera and Clegg, 1969).

/ftercurials.Consumption by Japanese pregnant women of fish
and shellfish contaminated by methylmercury produced a high in-
cidence of infantile cerebral palsy (Matsumoto et al., 1965). This con-
dition has been termed fetal Minamata disease.
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