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ABSTRACT

PESTICIDE USAGE IN THE SOUTHEASTERN
UNITED STATES AND ITS EFFECT ON
THE AQUATIC ENVIRONMENT

The Southeast is a major agricultural region which accounts for
a significant portion of the total national production of diverse and impor-
tant crops. The pests which affect these crops are equally varied and
require multiple control methods. Pesticides are currently the most
important and extensively used controls. Unfortunately, they have not
always been wisely employed. This has led to deleterious effects, with
the aquatic environment often serving as the victim. Since undesirable
effects on lower forms of life may ultimately be carried over to man,
there has been an increasing awareness that judicious pesticide usage is
essential, Improved practices, though eagerly sought, are not always

readily evident because of gaps in knowledge.

A critical examination was made of pesticide usage and its effect
on the aquatic environment in the Southeast., This report summarizes
many aspects of existing technology, current regulatory statutes and
alternatives., Literature citations are supplemented by reports of
actual case studies. From these findings a number of conclusions are
drawn and recommendations formulated. Implementation of the recom-

mendations would have marked benefit beyond the Southeast,
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PART I, INTRODUCTION

This critical review examines pesticide usage and its impact on
the aquatic environment in the Southeast: Alabama, Florida, Georgia,
Kentucky, Mississippi, North Carolina, South Carolina and Tennessee.
The study is one of a series authorized and required by Section 5 (1) (2)
of Public Law 91-224., The southeastern United States is one of the oldest
and major agricultural sections of the country. A variety of climatic
gradations from temperate to subtropical exist. Diverse soil types are
also characteristic of this region. These characteristics allow for pro-
duction of diverse crops. Of the total national production of tobacco,
citrus, peanuts, pecans, cotton and vegetables approximately 85%, 65%,
61%, 28%, and 12%, respectively, are produced in the Southeast.l In
addition, peaches, corn and soybeans are important crops. These
crops serve as hosts and are infested by a variety of pests and conse-
quently require the use of multiple control methods for economic pro-
duction. Pesticides are currently the most important control method
and are used extensively. New hybrid varieties with high production
characteristics, monoculturing of crops and minimum tillage practices
have further increased the need for pesticides. 2 Eventually these pesti-
cides may enter the aquatic environment. It is to assess the resulting
effects, to indicate gaps in the existing knowledge, and to recommend

corrective measures that this study is dedicated.

Perhaps the most important factor determining the eventual entry
of pesticides into the aquatic environment is the application technique. 3-6
Efficient control depends upon the selection of the correct pesticide,
application at the proper time and the use of equipment that can most
efficiently place the toxicant in the microenvironment of the pest., Of

the total pesticide applied, no more than 2% is effective.3 The remain-

der is indicative of the inefficiency of existing application techniques.



Careful selection of existing application techniques would considerably
reduce the amount of toxicant required for effective pest control; with a
concommitant decrease in contamination of the ecosystem. Major bene -

fits would accrue from improved pesticide delivery systems.

An understanding of the movement of pesticides from application
to entry into the aquatic environment involves physical, chemical and
biological considerations of the pesticide, the application process, and
the air, soil and aquatic systems?"9 Overland drainage, irrigation return
flows, atmospheric transport, intentional dumping and accidental spills

are involved.7’ 10-13

Once pesticides enter the aquatic environment they may exert
short-term or long-term detrimental effects. Biological organisms con-
centrate pesticides through direct and indirect mechanisms.M’ 15 The mecha-
nisms result in biomagnification with each successive step in the food
chain. Short-term effects or acute toxicities are reflected environmentally
as "kills". The toxic concentrations required to produce kills are, in
certain instances, considerably less than laboratory established LCgg
(median lethal concentration) values. 16 Long-term effects include sub-
tle alterations in predator-prey relationships, decreased floral and faunal
fecundity and specific physiological alterations which reduce the ability of

17-19

organisms (target and non-target) to compete. Synergistic effects occur

in biological organisms when pesticides act in combination with other biolo-

20,21 .
Two or more contaminants or a

gical, physical or chemical factors.
single contaminant together with a naturally occurring material may react
to give an effect far greater than the sum of their individual effects. This
is an especially important consideration in Southeastern waters. These
waters are rich in organic matter which tends to complex with normally

insoluble chemical substances such as certain pesticides.22 The com -

plexed material is readily distributed within the aquatic environment,



This increases the opportunity for exposure to and concentration by aquatic
life forms. Eventually this constitutes a health hazard to man via contami-

nated water and food.

The degradation of certain pesticides may lead to even more toxic
reaction products .25, 2?)thers may either degrade to harmless products or
remain unaffected. The surface waters of the Southeast often contain chlo-
rinated hydrocarbons and other pesticides27 that are persistent and resist
biological or chemical degradation. Degradation of other pesticides is
affected by many factors. They may be in solution, associated with sus-
pended matter, or entrained in sediment. Each of these aquatic compart-
ments is characterized by a unique combination of biological and chemical
interrelationships which may modify the degradation process. Most avail-
able information on pesticide degradation mechanisms and rates has been
obtained, chiefly, through laboratory study. Extrapolation of such results
to field conditions is not valid because of the complicating effect of environ-

mental and other factors.

Public concern for the environment challenges the efficiency and
effectiveness of our form of legal and administrative framework. Among
the concerns is adequacy and effectiveness of existing state statutes regu-
lating the sale and use of pesticides. The provisions of the Federal
Insecticide, Fungicide and Rodenticide Act,28 (FIFRA) as amended and
the Miller Amendment to the Federal Food, Drug and Cosmetic Act, 29
as amended, provide the foundation for a comparative analysis of the pesti-
cide laws and regulations of the Southeastern states: Ala,ba.ma.;"mFlorida3,1
Georgia?ZKentucky,?’?)Mississippi?4North Carolina?SSouth Carolina?éand
Tennessee, 31 State laws regulating pesticides fall into three classifica-
tions. These are statutes:

e requiring economic poisons to be registered,

e pgoverning pesticide application and use controls, and

e providing for th- detection of pesticide residues on crops,



Four factors serve as indicators of effectiveness. These are:

e adequacy of statutory authority to control areas of potential
abuse of public health and the environment,

e relative economic burden imposed on the private sector by
the statutes to achieve compliance,

e relative ease of public administration, and

e the ecological sensitivity of present statutes,

Many methods of pest control have been advanced as knowledge of
biology, ecology and agriculture increases. Within the last three decades,
overemphasis on the use of pesticides has caused unintentional side effects
and provided only a temporary solution to the pest control problem. In
many cases pest control, with minimum damage to the environment, can
be achieved by alternative procedures. These could utilize proper agri-
cultural management, physical, genetic, biological and nonhazardous
chemical methods. Eradication of the screwworm from the Southeast
by male sterilization techniques is an example of a successful alterna-

tive.

Parts II and III summarize the conclusions and specify recommen-
dations derived from the critical review, respectively. The detailed
findings, analyses and other supporting information are contained in

Part IV. This is divided into seven study areas:

o DPesticide Usage

e Application Techniques

e Route into Aquatic Environment

e Impact of Pesticides on the Aquatic Environment
o Degradation of Pesticides

e Regulations and Laws

e Alternatives

A comprehensive bibliography is appended to each of the study areas.
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PART 1I. SUMMARY AND CONCLUSIONS

Most pesticides used in the southeastern United States are directed

towards the following major pests:

e Insects: Cotton boll weevil, cotton bollworm, tobacco bud-
worm, tobacco hornworm, scale insects of citrus, cabbage
hopper, pink bollworm, codling moth and mealy bugs.

e Weeds: Broad leaf weeds, rag weed, Johnson grass, pigweed,
crab grass, barn-yard grass, green and yellow foxtail, water
hyacinth and goose weed.

e Disease: Citrus melanose, citrus and apple scab, leaf spot
disease of peanuts, wild fire of tobacco and cotton, anthracnose
of tobacco and cotton, root rots of corn, fire blight of apple,
downy mildew of beans, and leaf spot of apples, beans and
cotton.

An accurate inventory of pesticides usage is presently not obtain-
able because distributors, sellers or users of pesticides are not required
to report specific information to any responsible agency regarding pesti-
cides sold or applied. The most recent information available from U, S.
Department of Agriculture concerning quantities of pesticides used by
farmers on a regional level is five years old (1966). Certain information
is available for pesticide usage in a few states (e.g. Kentucky and
Tennessee) where special surveys were conducted. These surveys repre-
sent only a one year compilation. Recommended application rates for

the different pesticides are available for all states.

In the Southeastern states, the most widely used insecticides are
Toxaphene, Aldrin, Chlordane and DDT. Use of Parathion and Malathion
is increasing. The most commonly used are Treflan, Dalapon, 2, 4-D,
Atrazine. Sulfur compounds, copper sulfate, Thriam, Maneb, and Zineb
constitute the major fungicides used. Insecticide applications to cotton
exceed the combined total for all other major crops. A similar situation

exists for fungicides applied to citrus.



Practically all Southeastern soils used for agricultural purposes
are subject to moderate or severe runoff and erosion. Soils in most of
Florida are an exception because lack of adequate drainage is a severe

problem,

Presently, 63 percent of all pesticides are applied by aircraft.
The remainder is applied with ground equipment. Most pesticides are
applied as sprays, either to the plant foliage or to the soil surface.
Some pesticides are incorporated in the soil. To minimize contamination
of the ecosystem by pesticides, improvement in spray application and

soil incorporation equipment is required,

Pesticide usage could be significantly reduced and still provide
an effective pest control program if the pesticides are uniformly distri-
buted and the major portion reached its intended target. The initial
problem is to atomize relatively non-volatile pesticide formulations into
uniformly sized droplets which are sufficiently numerous that the pest
cannot avoid contacting a lethal dose. The second problem involves
deposition of small particles or droplets on the target. One of the
methods that could improve deposition of pesticides is electrostatics.
The third problem involves incorporation or injection of some soil-
applied pesticides. These processes involve optimum depth considera-

tions. All of these problems merit intensive research and development,

The efficiency of a spray application is related to optimum drop-
let size, uniformity in spray coverage produced, and degree to which
drift and runoff is minimized. Ninety percent or more of spray droplets
produced by existing aerial and ground equipment are not of the optimum
size, This portion of the spray constitutes the major source of pestici-

dal pollution.

After two decades of intensive use, pesticides are found through-
out the world. They are present in the aquatic environment and in the

atmosphere, even in places far from any spraying sites, The persistent

9



nature of certain pesticides permits them to be carried from the air and
soil into the aquatic environment. There they can move from one organism

to another via the food web or be cycled in the aquatic environment.

Physical and chemical properties of pesticides govern their move-
ment from one system to another. Sorption and desorption are the pro-
cesses which limit the rate of movement of pesticides from the soil into
the aquatic environment. Specific sorption and desorption mechanisms
for each pesticide under environmental conditions are not known. These
mechanisms are influenced by the clay and organic content, temperature,
degree of cation saturation within the soil, and by climatic conditions.
These factors also influence pesticide sorption-desorption at the benthic

level of the aquatic environment.

Pesticide movement into the soil environment is influenced by
sorption, thermal and biomass characteristics, and general chemical
composition. Knowledge of the chemical and physical nature of pesti-
cides, facilitates a prediction of their fate, Common fates in the soil
environment are sorption and desorption, photo-and oxidative decompo -
sition, hydrolytic and biochemical degradation, leaching, and phyto-
assimilation. Organic matter favors sorption of both non-ionic and ionic
pesticides. The soils of the Southeast are characterized by high clay
content and primarily sorb ionic pesticides. Many of the pesticides
applied to the soil are strongly sorbed and do not percolate through the

soil. Pesticides normally are confined to the top few inches of the soil,

Pesticides in the soil are generally in contact with water. The
quantity of water may significantly alter their reactions. For example,
phytoactivity is greatly enhanced in moist soil. Solubilities, partitioning
(soil, water, and air), and interaction of these properties alter the reac-

tions of individual pesticides.

The sorption process and its binding power must be examined re-

lative to leaching. Leaching of pesticides deserves greater attention

10



because this is the process of most rapid movement from the soil into

the aquatic environment.

The direct movement of pesticides from the soil surface to a
waterway requires consideration of climatic conditions before, during,
and after application. Principal consideration should be given to volatili-
zation losses, movements into the soil, persistence at the site of appli-

cation, and movement of the remaining fraction to uncontaminated areas.

Pesticides move into the aquatic environment from the land even
though universally present in the air. Movement from land may take
several forms but overland drainage is the most significant. Good con-
servation practices reduce overland drainage. The occurrence of pesti-
cides in waterways is primarily attributed to their sorption by runoff
particles. Deposition and subsequent desorption of the sorbed particles

will provide a continuous source of pesticide to the aquatic environment.

Considerations should be given to rainfall as a climatic factor
influencing pesticide movement into water. Pesticides movement into
and over the soil is of a uniform nature during periods of low rainfall
intensity. This also occurs during overhead and flood irrigation practices.
High rainfall intensity and furrow irrigation, however, produce dispro-
portionate pesticide movements., This movement can result in waterway

contamination,

Pesticides enter the soil environment through mechanical in-
corporation or infiltration processes. Incorporation (or induced turn-
over) is favored since it reduces atmospheric and runoff contamination.

However, plant uptake and persistence of pesticides are increased.

Information on pesticide decontamination is needed. Sorption by
activated carbon is the only method presently available for removing
pesticides from water. However, suitable methods for disposal of the
sorbed materials has not been developed. Thermal, photochemical and

biological degradation are considered as possible decontamination methods
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in instances where concentrated pesticides occur. Photochemical, bio-
logical and sorption processes offer potential for removal of low-level

coi:.centrations in waterways.

Current agricultural application practices result in contamination
of 1e aquatic environment through atmospheric processes. Those pro-
cesses which contribute to contamination include volatilized fallout and
washout, drift from dusting and spraying operations, and wind-blown,
pesticide-treated soils., Other aerial or atmospheric routes include
incineration of pesticide-contaminated materials and direct application

of pesticides into the aquatic environment.

Case studies have documented that runoff, accidental spills, and
intentional pesticide dumping are prevalent means of entry into the aquatic
environment. Non-selective toxicity and subtle long-term effects can
create ecological imbalances. Therefore, there is an urgent need to use
existing and safer pesticide alternatives, to better educate pesticide
users regarding potential hazards, and to limit usage of persistent pesti-

cides.

Aquatic vegetation can sorb large quantities of pesticides. These
sorbed substances can be metabolically degraded or stored. The stored
compounds may either become part of a food web or be returned to the
sediment. Information is not available on sorption capacities and degra-
dation of pesticides by aquatic vegetation of the Southeast. Fish and
filter -feeding sedentary invertebrates sorb pesticides directly from the
water. Residue levels closely correlate with surface water concentra -

tions, which relate to seasonal agricultural practices and rainfall,

Pesticides such as DDT, Dieldrin, Endrin, Toxaphene, Mirex
and BHC are bioconcentrated. Food chain studies have been Primarily
focused on DDT without regard for other stable chlorinated hydrocarbons

Herbicides, in general, are less toxic to fauna than other pesticidal Categories
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This is attributed to the fact that these compounds degrade rapidly and
do not bioconcentrate. The effects of herbicides on nontarget aquatic
plant communities have not been specifically identified. However, it is
known that the reduction of consumer populations is accompanied by a

shift in plant species to hardier algae that are not consumed by grazers.

Considerable emphasis has been placed on testing fish for acute
toxicity. Acute toxicity levels have been established for several indivi-
dual species under laboratory conditions. These values serve only as
quantitative indices of toxicity under specific conditions and do not reflect
accurate responses under varying natural environmental conditions,

There is a need for toxicological information on lower life forms obtained
under dynamic test conditions. In such studies, continuous flow of natu-

ral waters under environmental conditions at the site, should be empha-
sized. Resulting information would be of greater value in assessing the
effect of contaminants such as pesticides than that obtained under static,
monospecific test conditions. More emphasis should be placed on the
chronic effects of pesticides. Toxicological information must be developed
for the lower and intermediate aquatic organisms as well as for fish. Popu-
lation changes in lower food chain organisms will ultimately be reflected

in the long-term stability of higher consumers, e.g., fish.

Quantitative data on residue transfers in fresh water and marine
food webs are not available. There is a lack of information on the com -
plex species interrelationships within the food web. Some forms establish

an intake, storage and elimination equilibrium.

The presence of PCB compounds in Southeastern water, its biota

and its sediment is widespread, These compounds are stable, biocon-
centrate in tissues and interfere with calcium deposition in birds. This

effect has been demonstrated with DDT,

Pesticide synergisms with such factors as temperature, water

hardness, and stage of biological development have been established in
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species native to the Southeast. Synergisms, resulting from multiple
pesticide residues, have not been investigated although many pesticides

are applied in combination to ensure control of target species.

Chlorinated hydrocarbon residues at microgram per liter con-
centration are not completely removed by standard water treatment
practices, The adverse effects of long-term, low-level, pesticide
exposure in humans is not known. Monitored pesticide residues in fish,
shellfish, and ducks are not directly useful in assessing quantities of
pesticides reaching humans via these foods. Analyses are typically on

a whole-product basis and not the edible portions only.

The most frequently occurring pesticides in Southeastern waters
are chlorinated hydrocarbons whose persistence may be in the order of
years. In general, organophosphates, carbamates, and herbicidal com-
pounds disappear from the water within a matter of a few weeks or months.
Available data on degradation rates, mechanisms, and products are very
limitced. Information is based on laboratory studies which cannot be
extrapolated to natural environmental conditions. For example, halo-
genated herbicides are readily degraded through photo-induced mecha-
nisms. How these mechanisms relate to degradation of herbicides in the

natural environment has not been established,

The sorption of pesticides by suspended material and substrates
in natural waters is an important factor in the degradation process, It
may facilitate chemical reactions and translocation of pesticides to the

estuary or to areas favorable for degradation,

Information on the occurrence and distribution of pesticides
reveals that, while no concentrations may be detected in the water, con-
centrations in the micrograms per kilogram range are found in the sedi-
ments of small ponds and estuaries, The transport of pesticides in the
aqueous medium, including that which is associated with particulate Matter

and sediments, has not been defined. Pesticides concentrations which
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reach bottom sediments may be cycled into the overlying water. Cycling
can result from fall and spring overturns following thermal de-stratifica-

tion or from the release or desorption of pesticides from the sediments.

The chemical degradation products of certain chlorinated hydro-
carbons and carbamates are many time s more toxic than the parent
compounds. Such toxicities are vital considerations of impact on non-

target organisms,

The provisions of registration statutes of the Southeastern states
are quite similar to the statutory provisions of the ‘original Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA). All states have
not kept pace in modifying their statutes to comply with changes in the
FIFRA in terms of coverage of categories of pesticides. The states
took an excessive amount of time to enact comparable legislation to the
FIFRA to regulate intrastate commerce of pesticides. Amendments

have required several years- before enactment.

There are significant differences in scope of coverage in some
state pesticide laws compared to the coverage of the amended FIFRA,
There are also considerable differences in the enforcement authorities
granted to the state adminiséering agencies. The penalties enacted for
violations are weak and are not deterrents to violations. On the other
hand, the volume of litigation does not indicate that a strong penalty

deterrent is required.

Two major loopholes exist in the present registration statutes.
First, the exemption ot officials of state and federal agencies from
registering products used in their official activities provides an oppor -
tunity for the aquatic environment to be subject to pesticide contamination,
This occurs without any possibility of assessing the type and volume of
chemicals entering the waters. Second, the registration statutes do
not provide coverage of an important consumer protection need. This
relates to the packaging aspect of pesticide containers to provide for

child safety.
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Some of the Southeastern states are ahead of the federal govern-

ment in the enactment of pesticide application and use controls, Until

recently these controls have been limited to regulation of aerial appli-

cators in only four of the eight states. There is no federal statute

governing aerial applicators despite the fact that the aircraft are re-

gulated by the Federal Aviation Administration.

Two information systems used, or which should be used, for
decisions affecting the federal pesticide program are either woefully
inadequate or warrant some improvement. Only a small number of the
incidences of pesticide poisonings which occur are being reported
(allegedly 10-15 percent) to the National Clearinghouse for Poison Con-
trol Centers. This level of reporting is inadequate to base federal or
state policy decisions. The South Carolina community pesticide surveys
for two separate years would indicate that the 10-15 percent figure for
the nation is a reliable estimate of the situation in the Southeastern

states.

One aspect of the National Transportation Safety Board's reporting
system on aerial application accidents needs improvement. This relates

to the toxicological effects on pilots,

The Southeastern states registration statutes are slightly less
adequate than the FIFRA. There are some states with application and
use controls offering limited protection of the aquatic environment, The
pesticide laws and common law principles applicable to the use of pesti-
cides do a reasonably adequate job of protecting persons and property
from injury. There is a need for improvement in the administration of
present controls. Present state registration laws are inadequate with
respect to protection of the environment. On the whole, environmental

protection is just now being written into the statutory language of the

Southeastern states in the form of application and yse laws
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Cultural methods of control (sanitation, tillage, dates of planting
etc.) along with the use of resistant crop varieties is the farmers first
line of defense against pests. These practices considerably reduce but
do not eliminate the need for other pest control’methods. For certain
pests, such as many plant viruses and nematodes, chemical treatment
is neither feasable nor economical. In such cases, physical, mechanical,
and regulatory (quarantine and certification) methods are utilized to re-

duce or prevent pest populations.

Many major economic pests in the United States have been intro-
duced from other countries without their natural parasites and predators.
In some cases importation and release of natural enemies have proven
to be effective in suppressing the pests. Broad-spectrum pesticide
applications have the adverse effect of destroying the natural enemies of
insects. This eliminates a natural check on pest populations in agricul-

tural ecosystems.

Efforts toward the development of biological control agents (virus,
bacteria, protozoa, fungi, nematode attacking insects) may result in
safer and specific pest control practices. Similarly numerous insect hor -
mones (e.g. juvenile and ecdysone) have the potential of being utilized as

selective insecticides.

Many insect attractants have been characterized and developed to
lure insects into traps containing pesticides, pathogens and chemosteri-
lants. Chemical and electromagnetic radiation (light traps) attractants
also provide for early detection and location of insect infestation. This

is an important component in integrated and pest surveillance programs,.

Eradication of selected insect species has been achieved by re-
leasing sterile males to compete with the fertile ones in the natural
environment. This method of pest eradication is successful only if the
natural insect population is low. In such cases, the sterile males ""over-

whelm'' the fertile males. Expanded use of this technique has been
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restricted by high cost and logistic factors. Sterilization of the natural
pest population by chemosterilants could reduce such time and cost

factors.

Integrated control is a pest population management system that
employs several suitable techniques to reduce pest populations and
maintain them at levels below those causing economic injury. Inte -
gration provides the best solution to a pest problem because all possible
controls are first evaluated. This approach requires ecological informa-

tion, pest threshold, and economic injury levels.

To date, public and private efforts in pest control have been
directed toward development of pesticides with little effort being directed
to alternatives. There is little inducement for industry to develop alter -
native methods until large-scale pilot studies have been proven success-
ful. Pesticides will continue to be used in the foreseeable future. Alter-
native methods, if further developed and applied, can reduce excessive

dependence on broad-spectrum pesticides.

The aquatic environment in the Southeast is being subjected to
unnecessary pesticidal pollution. In many instances, there are deficiencies
in fundamental information which preclude creation of adequate preventive
and corrective measures. Programs and practices need to be implemented
which maximize the benefits of pesticide use while minimizing its impact

on the aquatic environment.
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PART III, RECOMMENDATIONS

The recommendations derived are the consequence of a critical
review of the information available on pesticide use and environmental
pollution in the Southeast. The scope of these recommendations fre-

quently transcends regional boundaries.

The national data collection systems supporting the federal pesti-
cide program should be improved. The federal government should en-
courage legislation at the state and federal levels to make mandatory
reporting by physicians of treatment of pesticide poisonings. The U. S.
Public Health Service should promote effective diagnosis and reporting
of pesticide poisonings among its physicians and physicians at large.
The National Transportation Safety Board should cause improved re-
porting of the toxicological effects on pilots by requiring investigation
and re-submission of future reports where this data category is impro-
perly completed. The Department of Commerce should expand its
annual reporting requirements. Information should be collected from
manufacturers and distributors on the quantity of pesticides shipped as

final sales to retailers or direct to consumers by county.

The Environmental Protection Agency should expand in-house and
supported monitoring activities to identify pesticides and their metabo-
lites in the aquatic environment (surface and ground fresh waters and
estuarine). This activity should be complemented by an expanded pro-
gram of development of improved pesticide concentration and analytical
procedures. The elimination of the masking effect of polychlorinated
biphenyls in analyses of pesticides is a specific analytical need. A
coordinated surveillance system must be established to provide in-depth
pesticide information on reservoirs, lakes, rivers, and estuaries. The
results must relate the movement of pesticides to hydrological conditions.

Quantification of the amounts and types of pesticides being transported
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to the estuaries relative to climatic and seasonal factors is needed.
Rates of interchange between biological organisms and sediment, must

be established.

The U. S. Department of Agriculture through its Extension

Service, should:

e encourage growers and custom operators to use the most
advanced pesticide application equipment under favorable
meteorological conditions;

e encourage growers to use cultural and management
practices which minimize sediment loss;

e expand its educational efforts on proper selection and
judicious use of pesticides;
e increase its crop and pest surveillance services;

o discourage use of pesticides where furrow irrigation
is practiced; and

® encourage incorporation of pesticides into the soil to
minimize the effects of overland drainage and atmospheric
contamination of the aquatic environment.

In a related activity, the Soil Conservation Service should expand its
soil erosion control program to emphasize retention of pesticide-treated

soils that now enter the aquatic systems,

Government and industry should engage in the development of
improved pesticide formulations and equipment capable of delivering the
minimum quantity of toxicant needed to control the pest. An integral
need is the design and manufacture of equipment capable of generating
droplets or particulates of narrow size range. Improved methods of
pesticide impingement using electrostatics and other techniques should be

evaluated.

The Environmental Protection Agency should:

e develop water quality standards for pesticides based upon

residue tolerances of sensitive and essential members of the
food web,
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® develop water quality standards which establish strict limits
on pesticide concentrations in effluents from point sources,
industrial and municipal outfalls. State water quality control
agencies should be responsible for enforcement of the stan-
dards, and

® promote development of standard methods and procedures for
use in decontamination of highly concentrated pesticide spillage,
Practical and efficient decontamination procedures for low
level pesticide concentrations, regardless of source, should
also be expanded.
The activities of the Working Group on Pesticides, an intergovern-
mental agency organization, should be continued. This liaison minimizes
the possibility of duplication of inhouse and sponsored studies. It pro-

vides a potentially valuable forum for input to development of improved

analytical techniques and water quality standards.

A set of national priorities must be established by the U. S.
Department of Agriculture for developing alternative methods of pest
control beginning with those situations which utilize the largest quantities
of broad spectrum, persistent pesticides. The Environmental Protection
Agency should reexamine the registration of pesticides which persist in
the environment more than one year, are very insoluble in water, and
are very soluble in animal fat. Focus of the examination should be with
the view of cancelling registration if safe, effective alternative methods

are available.

There are gaps in the knowledge of the effect of pesticides that
can only be filled after appropriate research. Long-term (chronic)
epidimeological information should be developed for the effect on life
forms ranging from microflora and microfauna to man. Programs of
the National Institutes of Health should be oriented to fill this need. The
Environmental Protection Agency should:

e increase inhouse and supported research to develop infor-
mation regarding specific pesticide degradation rates, mecha-
nisms, products and toxicities in fresh, brackish and salt
water; and
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nism. Details are especially lacking on such processes involving

and aquatic bottom sediments of the Southeast.

Additional gaps in the knowledge of pesticid

es and their effects

will be filled only after field investigations produce relative, useful

information.

Field testing to improve soil incorporation techniques for
pesticides and the injection equipment should be accelerated
by government and industry.

The Environmental Protection Agency Solid Waste Manage-
ment Office should develop safe disposal techniques for waste
pesticides, and pesticide containers, when landfill and re-
cycling methods are employed. These techniques should
provide for chemical and/or biological decontamination of
these wastes.

The Environmental Protection Agency Air Pollution Control
Office should establish standards for incineration of pesti-
cides, and their containers, designed to limit atmospheric
contamination and the resultant damage to the aquatic envi-
ronment. This office should also determine the contribution
of pesticides to the aquatic and soil environment by atmos-
pheric fallout and washout.

The Agricultural Research Service of U. S. Department of
Agriculture should receive greater support for large-scale
field testing to determine the effectiveness of promising
alternative methods of pest control. Successful programs
can then be adopted regionally to eradicate, reduce or main-
tain pest populations below economic injury thresholds. Pest
control at the farmer level should be reoriented to facilitate
management programs for the entire infestated region,
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The Environmental Protection Agency and the U. S. Depart-
ment of Agriculture should jointly ascertain the long-range
effects of low-level concentrations of pesticides added to the
aquatic environment by irrigation practices.

Certain regulatory and legislative recommendations are derived

from the study.

The Southeastern states must reduce the time required to
formulate pesticide legislation, enact legislation and imple-
ment pesticide programs as technical advances elucidate the
complex interaction between man and the other factors affecting
the environment.

Annual registration of pesticide products as practiced by the
states should be adopted for federal registration.

The registration procedures on pesticides should include an
assessment of packaging adequacy from the viewpoint of child
safety.

An Executive Order should be issued by the President which
would cause all federal agencies introducing pesticide sub-
stances into public waters and onto public lands to file with
state water pollution agencies the chemicals used, the amount,
the time of use and the purpose.

The federal government should encourage state water pollu-
tion control agencies to issue regulations requiring all state
government agencies using pesticides in state waters and on
public lands to file similar statements.

The focus of the federal pesticide program should be shifted

to provide incentives for the states to enact and enforce a

high quality state pesticide program. Federal standards on
registration, inspection, and enforcement should be established.
States should be provided with federal grant assistance to oper-
ate and administer their pesticide programs which satisfy the
federal standards.

The Federal Insecticide, Fungicide and Rodenticide Act should
be amended to provide for a joint, comprehensive, federal-state
pesticide program and to grant federal officials authority to
issue ''stop-sale' and '"stop-use' orders.

The investigative function performed by the Accident Investi-
gation Section in the Pesticides Office of the Environmental
Protection Agency should be expanded.
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A. PESTICIDE USAGE

1. Introduction

The southeastern United States has traditionally grown crops,
such as cotton, tobacco, citrus, peaches and peanuts, which require
application of large quantities of pesticides for profitable production.

In the past, the Southeast has accounted for the largest share of organo-
chlorines used in the United States. ! Control of pests in cotton, alone
consumes 70% of the total DDT used nationally. 2 The use of pesticides
is an almost inevitable consequence of the development of modern
intensive agriculture. High production characteristics of new hybrid
varieties, monoculturing of crops and minimum tillage practices have

increased the need for pesticides.

The national rate of increase in total pesticide usage has
averaged more than 7% a year. For herbicides the increase is sub-
stantially higher and their usage has more than doubled over a 4 year
period (1962 -66). 3 The sales of pesticides in the USA for the 8 year
period, 1962-1969, are shown in Table A-1.

3
Table A-1. Pesticide Usage in the U.S.A.

Year Sales in millions of pounds

Fungicides Herbicides Insecticides Total
1962 97 95 442 634
1963 93 123 435 651
1964 95 152 445 692
1965 106 184 473 762
1966 118 221 502 841
1967 120 288 489 897
1968 124 318 498 940
1969 127 348 502 983

Source: Metcalf, R. L.
25



Information on principal usage, types and volumes of pesticides

sl . . . i . This
is important in this era of national concern for the environment h

is particularly vital with respect to the persistent pesticides, to

determine the extent and trends of environmental pollution.

2. Major Crops and Soils of the Southeast

A variety of climatic gradations from temperate to subtropical
and diverse soil types makes the southeastern United States suitable

for profitable production of many crops.

a. Crops

The most commonly grown crops are tobacco, cotton, peanuts,
soybeans, corn, pecans, peaches, citrus fruit and vegetables, Of the
total national production of tobacco, citrus, peanuts, pecans, cotton
and vegetables in 1969 approximately 85%, 68%, 65%, 61%, 28% and 12%,
respectively, were produced in the Southeast. 4 (Table A-2).

North Carolina and Kentucky lead in production of tobacco;
Florida in citrus production; Alabama and Georgia in production of

peanuts; and Georgia, Alabama and Mississippi in production of pecans.

For many years, the southeastern United States was the leading
producer of cotton, however, the region presently accounts for only 28%

of the total U, S. production (Table A-2),

b. Soils

The soils of the southeastern United States are generally acid

in reaction and low in organic matter, and fall either entirely or partially

. . . . 5
into 13 physiographic regions. These are as follows:
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Table A-~2: Production of Various Crops in the Southeastern States, 19694

Crops
State Tobacco Cotton Peanuts Soybeans  Rice Corn Pecans Apples Peaches Citrus * Vegetables
1000 1bs. 1000 bales 1000 1bs. 1000 bu, 1000 cwt 1000 bu. 1000 lbs. mil. 1lbs. mil. lbs. 1000 boxes tons
Alabama 800 461 285,175 14,743 17,332 36,000 50.0 109,830
Florida 26,028 9.4 85,065 4,563 13,962 4,600 180,000 1,687,680
Georgia 97,890 282 946,270 11,208 47,058 83,000 175.2 200,380
Kentucky 436,802 5.8 13,580 76,846 20.9 16.5 15,480
Mississippi 1,328 1,200 50,380 2,520 9,858 14,000 17.5 63,580
North Carolina 715,968 100 337,840 24,258 89,828 3,000 204.0 56.0 242,120
South Carolina 136,658 205 20,150 21,578 18,894 3,500 8.0 338.0 166,730
Tennessee 120,796 422 28,632 27,830 10.4 9.4 52,990
Total for the
Southeast 1,534,942 2,813.2 1,675,700 . 168,942 2,520 301,608 144,100 243.3 662.6 . 180,000 2,538,790
D. S. Total 1,806,656 10,015 2,523,399 1,116,876 91,303 4,577,864 235,600 6,721.8 3,665.4 265,070 20,441,230
% of U. 5. Total
in the Southeast 85 28.1 66.4 15.1 2.7 6.6 61.2 3.6 18.1 67.9 12.4

* Production of Crop for the growing season of 1968-69

Source:

Agricultural Statistics ~ USDA (modified)



The Coastal Plain soils - extend from South"centl:a1 Texas
to North Central North Carolina. Cotton PrOduCtlo_n 18

centered in this area and much of it is rolling 01: hilly.

Control of excessive soil loss by water erosion is 2 ma
management problem,

jor

The Southern Appalachia Plateau - comprises a series

of relatively flat-topped ridges in Northeastern Alabama
and Northwestern Georgia. The soils are developed from
sandstones and shales. Soils developed from shale tend
to be finer and shallower and present a problem of water
infiltration and erosion.

The Southern Piedmont - extends from North Carolina
Southwest through South Carolina and Georgia into Alabama.
Most of the Piedmont is hilly, Because of the steep slopes
and the erosive nature of the soils, erosion has been severe.
The surface soil has been removed in many places and
subsoils are now freguently farmed.

The Limestone Valleys - contain soils of limestone origin
and are mainly found in the Tennessee and Coosa River
Valleys in Alabama. Small areas are found in Northwestern
Georgia. The topography is level to undulating.

The Brown Loam Area - forms a belt east of the Mississippi
River flood plain which extends from Northwestern Tennessee
South across the Mississsippi to the lowlands of the Gulf
Coast. The topography ranges from level to hilly. Row
cropping has resulted in extensive erosion over the entire
area, ‘

The Black Prairie Area or Black Belt - extends from the
eastern part of Alabama to the northeastern corner of
Mississippi. The land is gently rolling and the soils are
poorly drained.

The Piedmont Subregion - includes all of North Carolina
except the nothern one-third. The land is gently rolling and
rough. Soils erode easily and the fine-textured subsoil,
which is very difficult to cultivate, is exposed. Practices
such as contour farming and terracing should be extensively
used because of the relatively high erodibility of the many
sandy soils in this area.
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® The Blue Ridge Subregion - lies mostly in Western North
Carolina, but it also includes parts of, Tennessee, Georgia
and South Carolina. Sheet erosion is a severe problem.

e The Appalachian Valley Subregion - extends eastward across
Tennessee and several adjoining states. Surface erosion on
many slopes is severe,

e The Allegheny-Cumberland Highlands - include the Cumber-
land Plateau of Tennessee and the eastern mountainous region
of Kentucky. The soils are relatively shallow and moderate
erosion in cultivated fields is a serious problem.

¢ The Bluegrass Subregion - consists of two separate sections
one in Kentucky and the other in Tennessee. Soil erosion
is not a problem in this area.

o The Florida Peninsula adjacent Flatwoods - include parts
of South Carolina and Georgia and almost all of Florida.
Runoff and erosion are of minor importance in this region.
Natural drainage of the soils varies from excessive to very
poor.

° The Mississippi Delta Region - is an alluvial plain of the
Mississippi Valley. At least 30 states have contributed,
through erosion, to the soils of this valley. Soil types
reflect the action of floodwater and soils vary from clay to
sand and have poor to excessive internal drainage. Most of
the land is gently rolling and erosion is a problem.

The soil types of the United States have also been classified
according to 7th Approximation which is a new system. 6 Most of the
soils of the Southeastern states, except those in Florida and Kentucky,

belong to the order ultisols and suborder udults.

3. Historical Development of Pesticide Usage

Historical development of pesticide usage in southeastern United

States closely parallels the development for the entire country.

Plant protection by the use of chemical sprays or dusts or seed
treatment did not originate in the 20th century but has been practiced
on a small scale for a long time. However, large scale farming
practices of the twentieth century have hastened the evolution of

pesticides.
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The first insecticidal materials used for insect control include

. . - . 3 i e
the arsenicals, lime-sulphur, petroleum oils and nicotine. During th

intervals between World Wars I and II , flourine compounds, Pyrethrum,

compounds) and

y of DDT

Rotenone, synthetic organic materials, (e.g. dinitro
thiocyanates came into use. Discovery of jnsecticidal activit

in 1942 led to concerted efforts by chemists and entomologists to find
These efforts led to discovery

Chlordane,

other potentially effective insecticides.
of such compounds as Benzene hexachloride, Toxaphene,

Aldrin, Dieldrin and several organic phosphates.

The history of weed control in crops began with the use of salt,
ashes, and smelter wastes. From 1887-1900, copper salt was used to
selectively kill broad leaf weeds in cereals. In the year 1900, calcium
eyanide was added to the list of selective herbicides. Ferrous sulfate,
copper salt and sodium arsenate were used before World War IL
Auxin activity and selectivity of 2, 4-D were discovered in 1942 and
1944, followed by 2,4,5-T in . 1948 and phthalamic acid in 1952, Many
other herbicides belonging to the groups such as substituted ureas,
carbamates, triazines and substituted phenols have been developed and

are presently being used.

The history of fungicides use can be divided into three distinct
eras. These are the Sulfur Era (from ancient times to 1882) the Copper
Era (1882 to 1934) and the Organic Fungicide Era (began in 1934). Dur-
ing the 19th century, however, two classes of inorganic fungicides, first
sulfur, either alone or as lime sulfur, and then copper, principally a
mixture of copper sulfate and lime in water called Bordeaux mixture,
were being applied to foliage to protect plants from disease fungi. These

developments continued and by the 1930's many of the important foliar
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diseases were being controlled by spraying or dusting with some form
of either copper or sulfur. In spite of the subsequent development of
organic fungicides, sulfur and copper fungicides are still being used.

However, the quantities of each being applied are decreasing.

Concurrently with the early development of foliage fungicides
development of chemicals for the control of seed-borne bunt or smut
fungi of cereals occurred. The use of copper sulfate soaks was for a
time popular, followed by the introduction of formaldehyde and copper
carbonate. In the early part of this century the development of organic
mercury compounds for seed treatment was initiated, the first being a
chlorophenol mercury. The nonmercury organic fungicides began in
1934 with the issuance of a patent covering a variety of derivatives of
dithiocarbamic acid. Development was slow but in the early 1940's
Thiram was introduced as a seed treatment, Thiram is also effective
on foliage but other dithiocarbamates such as Ferbam, Ziram, Zineb,
and Maneb were more fully developed as foliage protectants. The
latter two compounds are in particular being widely used for control of
a great variety of foliar diseases. They are effective and safe at
economic rates of application and have contributed greatly to the

production of quality vegetables and other crops.

4. Major Pests and Their Control

There are several dozen destructive pests of crops in the south-
eastern United States that cause heavy losses virtually every year and
are responsible for the use of most of the pesticides. These major pests
and the pesticides recommended and widely used are presented in Tables
A-3, A-4, A-5. This information was compiled from the State Agri-

cultural Extension Service Bulletins.
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TABLE A-3 Economic Weeds of Major Southeastern Crops and

Herbicides Recommended for Their Control.

CROPS WEEDS HERBICIDES RECOMMENDED
Tobacco Annual grasses, broad Pebulate, Benefin Mylone,
leaf weeds, white Vampam, Tillam, Enide
clover
Citrus Broad leaf weeds and Bromacil, Fenuron, methyl
grasses bromide, 2-4-D, Dalapon
Peanuts Broad leaf weeds, grasses Vernolate, Benefin Naptalam,
Texas millet, nut grass DCP, Nitralin, Lasso, Dynanap,Balan
Cotton Annual grasses, broad Trifluralin, EPTC, Nitralinm,
leaf weeds, crabgrass DEPA, MSMA, CIPC, Planavin,
green and yellow foxtails, Cotoran, Diuron
gooseweed
Peaches Annual grasses and broad Simazine, Dalapon, Dichlo-
leaf weeds benil
Vegetables Annual grasses, broad leaf Vapam, Bromacil, Trifluralin, Linuronm,
weeds, crab grass., johnson Benefin, Diphenamid, Randox, Vegedex
grass EPTC, DCPA
Soybeans Annual grasses, borad leaf Amiben, Vernolate, Dalapon,
weeds, ragweed, johnson grass, Lasso, Trifluralin, 2, 4-DB,
barn yard grass Tenoran, Dyanap
Corn Annual grasses, ragweed, johnson Atrazine. 2, 4-D, So,azome, Dalapon
grass, crab grass, velvet leaf Diuron, Paraquet, Linuron, Sutan, Lasso
Apples Annual grasses, broad leaf weeds

woody perennials, poison ivy

Methyl bromide, Simazine, Dalapon
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Table A-4 Economic Insects of Major Southeastern Crops and Insecticides Recommended for Their Control

CRQOP INSECTS INSECTICIDES USED

Tobacco budworm, hornworm, cabbage Carbaryl, Malathion,
lopper, bellworm, aphids Parathion

Citrus Scale insects, mealy bugs, Azinphosmethyl, Parathion,
White flies, aphids Systox

Peanuts Southern corn rootworm, Diazinon, Malathion,
corn earworm, southern Carbaryl
armyworm

Cotton Bollweevil, bollworm, pink Methyl parathion, DDT
bollworm, tobacco budworm, Toxaphene
cabbage looper

Peaches Scales, oriental fruit moth Azinphosmethyl, Parathion

Vegetables Tomato and tobacco hornworm, Diazinon, Demeton, Phosdrin,
tomato fruitworm, cabbage looper, Carbaryl, Methoxychlor
aphids, imported cabbageworm,
root maggots

Soybeans Corn earworm, bean leaf beetle, Carbaryl, Methoxychlor
stink bugs, green cloverworm.

Corn Armyworm, corn earworm, cutworm, Malathion, Methoxychlor
common stalk borer, corn leaf
aphid

Apples Codling moth, leaf roller, cur- Azinphosmethyl, Parathion

culio, aphids
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Table A-5 Economic diseases of Major Southeastern Crops and Fungicides Recommended for Their Control

CROP

DISEASES

-FUNGICIDES RECOMMENDED

Tobacco

Citrus

Peanuts

Cotton

Peaches

Vegetables

Soybeans

Corn

Apples

Wild fire, anthracnose
Blue Mold

Citrus canker, anthracnose,
melanose, scab, dieback

leafspot, seed rot, seedling
blight, pod rot

Dampling off, seed decay
angular leafspot, anthracnose,
wild fire

leaf curl, blossom flight, scab,
rhizopus rot

Downy mildew, anthracnose, scab,
leafspot, fusarium wilt, southern
blight

leaf spots, wild fire, downy mil-
dew, sclerotial blight, seed
decay

Seed decay, seedling blight, seed-
ling root rot

scab, rust, mildew, fire, blight,
leaf spot

Zineb, Ferbam, Maneb,
Meltiram, Streptomycin
Sulfate

Neutral Copper Compounds,
Metallic Copper, Zineb

Thiram, Captan, Terraclor,
Zineb, Methylisothiocyanate

Captan, Maneb, Terraclor,
Terrazole

Dichlone, Captan, Ferbam

Maneb, Zineb, Tri-basic
Copper, Terraclor

Thiram, Captan

Thiram, Captan, Maneb

Maneb, Zineb, Captan, Cyprex




5. Regional and State Usage of Pesticide

Early realization of the potential acute danger to the public
posed by use of synthetic chemicals to control agricultural and other
pests led to the establishment of the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA), This act provided for registration of
pesticidal chemicals shipped in interstate commerce as well as im-

ported pesticides.

Concern for the total quantities of pesticides applied for control
of agricultural pests, and the associated chronic health hazard to the
public and the environment, is of recent origin. Consequently, no laws
exist which require pesticide manufactuers, distributors, or users
(growers) to report actual quantities of pesticides sold or applied in
the different states to any state or Federal Agency. The absence of
such regulations prohibits an accurate inventory of pesticide usage

by states,.

The Economic Research Service of the USDA published
information on pesticide usage by regions for two years. This
publication was terminated after 1966. The information published was
based on random sampling techniques and not on actual quantities of

pesticide applied by growers.

The existence and availability of inventory material and
information varies widely from state to state within Region IV. Several
states (e. g. Tennessee and Kentucky) have conducted special surveys to
obtain quantitative information on pesticide usage. Generally these
surveys provide information on pesticide usage for one year., Other
states such as, North Carolina, have very little or no information on

pesticide usage.
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A brief discussion of available inventory information for the

Southeastern states, other than North Carolina, follows.

a. Regional

Much of the information on pesticide usage compiled by the
Economic Research Service was published on a combined state basis.
In one case the information is combined for four states in Region IV
(Alabama, Georgia, South Carolina, Florida) and in another, for all
eight states. A discussion of this combined information is contained
in this section. Additionally, control of fire ants, which is a regional

problem, is also discussed.

(1) Combined States Information

In 1964 herbicide use was less than insecticides and fungicides.
Out of approximately 84 million pounds of herbicides used in the country,
the Southeast (Alabama, Georgia, South Carolina and Florida-four state
area) accounted for only 3.4 million pounds. Herbicides used in large

quantities were 2, 4-D, Dinitro, Atrazine, Trifluralin and Benefin. 10

Thirty-five million pounds of insecticides were used in the Southeast
in 1964. The Delta area (Mississippi, Louisiana and Arkansas) utilized
27 million pounds. The insecticides most frequently used were DDT,
Toxaphene, Carbaryl, and Methyl parathion. More acres were treated
with DDT in the Southeast than in any other region, 3.5 million acres or

31 percent of the total of 48 states. 10

During the same year fungicides were applied in greater quantities
than any other pesticidal group. This amounted to 73 million pounds or
44% of the total used nationally. Sulfur was the leading fungicidal

material applied (64.5 million pounds). 10
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In 1966 insecticides applied to cotton exceeded the combined

11, 12

total for all other major crops. A similar situation was observed

for fungicides applied to citrus (Table A-6).

(2) The Fire Ant Problem

Some fifty years ago the imported fire ant Solenopsis saevissima

richteri Forel entered the United States from Latin America, probably

at the port of Mobile, Alabama., 13 These ants construct large mounds,

have fiery stings and exhibit aggressive mobilization upon disturbance.

At least two species of native fire ants in the southeastern
United States so closely resemble the imported ant that it is difficult

13
and at times impossible for an expert to separate them in the field.

There have been three periods in the history of the ant's spread.
An initial period of a decade or two (1918-1932) when the ant became
established on about two or three hundred thousand acres within a
few miles of the Mobile Bay area; and natural spread peripherally
was less than one mile per year. A second period of perhaps two
decades (1932-1950) when the ant became established on about two to
three million acres within 50 miles of Mobile Bay area, and natural
spread was moving peripherally at a rate of one to three miles per year,
A third, seemingly explosive, period was during the last two decades. 13,14
By 1957, these ants had spread over large land areas in Alabama,

Mississippi, Louisiana, and Florida, as well as small areas in

Texas and Georgia.

There is very little conclusive evidence that the ant actually
harms other insects, plants, or birds and wildlife. But it inhabits

open areas such as fields, where its large mounds inhibit use of farm
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Table A-6 Pesticides Used on Major Crops of the Southeastern United States,
Federal Region IV, 1966 11,12

Pounds active ingredients

Total
Herbicides : Insecticides :Fungicides : Other : pesticides
—————— - —===—===1,000 pounds~—~—==mmm—m— e
Citrus-—--—-—- : 288 2,355 1,502 411 4,536
Cotton—---—-- : 2,542 32,786 50 1,294 36,672
Tobacco----- : 15 3,330 20 12,134 15,499
Peanuts—---- ;2,892 5,529 55 6,150 14,626
Corn——---—--: 3,643 428 2 44 4,117
Soybeans———~: 1,395 2,712 4 49 4,160

Source: Eichers, T. R. (modified)
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equipment. Its wasplike sting causes a great deal of pain and
inconvenience to livestock, farmers, laborers, picnickers, and

schoolchildren. 15

Results of research begun in 1949 on control of the insect in
Alabama indicated good control with 2 pounds of Heptachlor or Dieldrin
or 4 pounds of Chlordane per acre, when broadcast as granules, for a

period of 3 to 5 years, 16, 17

Aerial application of 5% or 10%
Heptachlor at a rate of 2 pounds of technical material per acre was
equally effective for control of this insect. Bait containing 0. 075,
0.15, or 0.3% Mirex applied at rates of 3, 5 or 10 lbs. per acre

respectively, all gave excellent control of ants in Mississippi.

Mirex was hailed on its introduction as ''the perfect pesticide"

because it is quite precise in killing its target organism.

Mirex is a delayed-action bait. A first spraying is almost
entirely picked up by worker ants who take it back to their nests. There
it then kills the queens and ultimately destroys most of the colonies.
Two more sprayings aimed at killing off the remaining ants were
included in prior practice but this carries the risk that the bait, left
untouched by the now-sparse fire ant population, will be ingested by

other insects or birds or will flow into neighboring streams.

The use of Mirex has been critized because, in some field tests,
it has been toxic to shrimp, crabs, and other species of ants, such as
the carpenter ants. A final question arises because, like DDT and mer-
cury Mirex is highly persistent in the natural environment. It could
pass along the food chain to become concentrated in higher organisms.
Current methods of Mirex bait application attempt to limit these

hazards. Mirex is aerially sprayed at 1,7 grams of Mirex chemical
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and 1 1/4 pounds of corncob grits and soybean oil per acre. This is

equivalent to about two thimblefuls of Mirex chemical per acre.

Despite the minute quantities applied, Mirex ranks as the
19

fourth most abundantly found pesticide in Southeastern water.

b. Alabama

Cotton, peanuts, soybeans, corn, pecans, peaches and vegetables

are the most important crops produced in Alabama.

The most commonly used herbicides, in the state in 1970, were
2, 4-D, Atrazine, Treflan, Planavin, Cotoran, DSMA, MSMA, Dinitro,

Balan, and Lorox (Table A-7). 20-24

Cotton receives applications of both pre-and post-emergence
herbicides. The most commonly used herbicides are Treflan and
Planavin (preemergence) and DSMA and MSMA (postemergence).
Since much of the total cotton acreage receives application of both
pre-and post-emergence herbicides, the figures for acres of cotton
treated exceed the total acres planted. 21 Approximately one-half of
the corn acreage receives applications of preemergence (Atrazine

and 2,4-D) and post-emergence herbicides (2, 4-D). 22

The dollar value of insecticides used shows an increase from
1965 to 1969 but declines slightly in 1970 (Table A-8), Of all the crops,
cotton and peanuts were the major users of insecticides. Mirex has

been used extensively in attemps to control the fire ant. 25-30

Quantitative information on fungicide usage in the state is

presently not available.
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Table A-7: Herbicide Usage (acres treated with various herbicides)

for the Major Crops Grown in Alabama, 1970

20-24

Crop Acres Planted Acres Treated Preemergence Treatment Postemergence Treatment
Herbicide Acreage Treated Herbicide Acreage Treated Remarks
Ceotton 550,000 846,068 Treflan alone 165,328 DSMA or 118,530 Acres treated "over the
or ‘MSMA top" 58,679
Planavin alone
Treflan and 95,107 MSMA and 50,260 Layby - acres-89,089
Cotoran Cotoran treated with Karmex,
Cotoran, Lorox
Planavin and 35,627 MSMA and 20,050
Cotoran Karmex
Cotoran alone 58,780 MSMA and 17,415
Herban
Others - Others -
Total Pre- Total Post-
emergence 475,362 emergence 222,938
Corn 694,000 306,923 Atrazine 189,429 2, 4-D 46,837 Acres treated preplant with
butylate - 12,912
Lasso 16,659 Atrazine 39,478
- Others - Others - -
Total Pre-~ Totél Post-
emergence 215,124 emergence 91,799
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Table A-7 (Continued)

Herbicide Usage {acres treated with various herbicides) for the Major

Crops Grown in Alabama, 1970

Soybeans

609,000 242,000 - 24,200 - 9,680 Acres - 58,080 treated
preplant with some planavin,
some vernan

Sorghum 7,218 Propazine 3,788 Atrazine 4,300
2, 4-D 2,918
Sorghum 2,870
Sudan , 4=D
Coastal 8,546
Bermuda Simazine
Cracking time
Peanuts 190,000 253,486 - 37,750 Dinitro alone 14,850 Acres treated preplant 78,370
with Balan, 29,800 with Balan-
Vernan, others -
Total 114,861
Dinitro and
Falone 18,175
Dinitro and
Diphenamid 16,775
Total Cracking
Time 58,025
Source: Burns, E. (modified)
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Table A-8: Insecticide Usage on Crops, and Beef and Dairy Cattle

in Alabama (1965-1970)

25-30

A. Cotton 1965 1966 1967 1968 1969 1970
1. Total acres planted 816,604 559,733
2. Acres dusted 113,645 89,209 90,220 79,951 47,075
3. Acres sprayed 319,268 273,884 336,262 354,802 310,953
4. Non-treated acres 10,430 113,304 206,797
5. Systemlic insecticides
treated as:
a. seed treatment 96,995 91,950 115,866 139,827 170,125
b. furrow treatment 47,176 59,781 742,752 121,336
B. Peanuts
1. Total acres planted 201,792 194,099
2. Acres treated with
systemic insecticides 50,045 59,975 67,090 77,865 84,690
3. Estimated cost of control
programs $455,400 $352,074 $312,643.50 $281,941 $270,293 $12 per acre
4. Estimated value $1,918,200 $2,100,110 $1,510,804 $934,359 $1,013,509
C. Soybeans
1. Total acres planted 280,987 316,195
2. No. of acres requiring
insect control 194,262 177,815 191,305 273,370 245,102
3. Estimated cost of control
program
4., Estimated value 506,050 $2,899,250 $1,462,160
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Table A-8 (Continued)
Insecticide Usage on Crops, and Beef and Dairy Cattle in Alabama (1965-1970)

1965 1966 1967 1968 1969 1970
D. Stored Grains 2,907,500 2,065,100 7,692,200 7,523,500 7,360,000 1,527,800
No. of bushels of all grain
in form storage funigated and/or
treated with a protectant
E. Other crops (acres treated)
1. Commerical crops 91,822 81,106 72,344 74,795
2. Peacan trees 444 19,540
3. Peaches 8,026 2,777
4, Apples 1,779 1,807
5. Cloves 17,430 20,349 14,540 12,485 5,645
6. Alfalfa 2,840 1,575 1,523 1,455 660
7. Corn 170 1,248 1,820 4,055 21,550
8. Grain Sorghum 9,950
9. Temporary grazing crops 74,415 42,275 45,060 61,825
F. Beef Cattle
1. Beef cattle treated
for all insects 1,221,300 746,170 787,060 750,680 761,150 786,600
2. Estimated value of control
program $3,098,850 $3,760,500 $4,032,500 $4,027,750 $4,411,500 $4,352,300
G. Dairy Cattle
1. Dairy cattle treated 161,741 122,415 115,395 114,023 113,657 401,940
for all insects
2. Estimated value of control
‘ prcgram $1,499,185 $1,343,656 $1,339,295 $1,293,450 $2,233,400 $1,840,625
3. Dairy barns in which an
effective fly control program
was conducted 1,402 1,134 967 925 856 804
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Table A-8 (Continued)

Insecticide Usage on Crops, and Beef and Dairy Cattle in Alabama (1965-1970)

1965 1866 1967 1968 1969 1970
Acres treated with mirex
fire ants control 226,397 578,711 585,716 278,681 180,205 273,890
Amount of insecticides used
in all aspects of insect control
(dollar value) $12,854,500  $16,737,500 $17,717,500 $17,289,723 $21,473,500 $19,355,700

Source: Ledbetter, R. J. (modified)



c¢. Florida

A wide variety of field crops, fruits and vegetables are grown
in Florida. Control of pests in these crops requires extensive use of

pesticides.
Available information on herbicide usage indicates that Treflan,
Lasso, 2, 4-D, Hyvar X, Atrazine and Randox are the most commonly

used herbicides (Table A-9). 31 Yerbicides are also employed for aquatic
weed control (primarily water hyacinth) which is a serious problem in
Florida., It has been estimated that aquatic weed control measures are
needed on 2.8 million acres of inland water. Presently only 10% of this

‘area is treated with herbicides,
Quantitative information on pesticide usage is lacking, particularly

with respect to insecticides and fungicides.

Projections on future use of pesticides in Florida indicate the

following:

e Herbicide usage will reach approximately 5. 5 million
pounds by 1975 and about 6 million pounds by 1980,
Increased acreage under treatment as well as use of
more than one chemical or application per crop will
be responsible for these increases,

e Fungicide usage will also increase considerably. Over
32 million pounds of fungicidal chemicals will be utilized
annually by 1975 and 40 million pounds by 1980. These
projections were based on chemicals which were available
in 1969. Should new fungicides with improved efficiency
become available the figures for projected usage will
probably be lower.

e Projected usage of insecticides and miticides, other than
oil and sulfur, will be approximately 17 million pounds
in 1975, and will reach approximately 19 million by 1980.

® The projected usage of fumigants and non-fumigant nematicides
for 1975 are about 6.2 and 5.2 million pounds, respectively.
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TABLE A-9 Herbicides Usage on Various Crops in Florida, 1971

31

Crop Acres Planted % of acreage treated Herbicides used
in decreasing order

Corn 357,000 20 Atrazine, 2,4-D,
Sutan, Lasso

Soybeans 204,000 40 Treflan, Lasso, Dyanap
Tenoran

Peanuts 53,000 80 Balan, Lasso, Premerge,
Dyanap, Vernan

Tobacco 11,000 20 Tillam or Enide

Cotton 12,000 90 Treflan, Organic Ar-
senicals (MSMA, DSMA),
Lorox

Vegetables Randox, Vegedex, Diphe-
namid, Treflan, Eptam

Citrus 800,000 70 Hyvar X, Casoron, Sinbar,
Paraquat

Woody Paraquat, Herbicide 0Oils,

ornamentals 10,000 40 Simazine, Treflan

Source: Currey, W. L. (modified)



d. Tennessee
Some of the most important crops grown in Tennessee are

cotton, tobacco, soybeans, corn, fruits, and vegetables.

The pesticide market in Tennessee is relatively large. A
survey conducted in 1965 by the Tennessee Agricultural Experiment
Station indicated that over 17.3 million pounds of pesticide materials
valued at more than $16. 6 million, at the manufacturer's level, were
utilized., This represented 4. 6% of the total U,"S., sales for that year.
Of total pesticide sales, 56% were for insecticides, 28% for herbicides,

7% for fungicides, and 9% for rodenticides and other pesticides.

Another survey was conducted by the Tennessee State Department
of Agriculture in 1970, In this survey, acreage figures for various
crops were taken from the reports of the cooperative Federal-State
statistics on agriculture. Crops represented in the survey are, for
the most part, the major crops of the State's agriculture, Total
acreage of crops surveyed in the state represented more than 90% of the
cultivated acreage. Information obtained by the survey on acreage and
pesticide usage by crops were projected against the total acreage in the
State to arrive at a prediction of total pesticide usage by crops. The
information indicated that herbicides were used more widely and in
greater amounts (67% of total) than all other pesticides combined.

Insecticides accounted for 30% of total usage and fungicides only 3%. 34

Use of preemergence herbicides for weed control in corn, cotton
and soybeans increased from 1966 to 1970. (Tables A-10, A-11, A-12),
A similar situation existed for use of post-emergence herbicides on

cotton and soybeans. However, a slight decrease was observed for post-

emergence treatment in corn.
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Table A-10 Acreage of Corn Crop Treated with Various Herbicides,
in Tennessee, 1966-1970 33

6t

1966 1968 1970

Total acres planted 1,018,000 783,000 722,000
Preemergence Herbicides
Alachlor (Lasso) 12,205
Atrazine (AAtrex) 234,278 294,350 353,452
Atrazine (AAtrex) +
butylate (Sutan) 20,870
Diuron (Karmex) 11,930 6,130 2,375
2, 4-D 40,382 31,841 20,507
Others (Paraquat, and

Simazine 9,002 26,749 3,960
Total acres treated with
preemergence herbicides 295,592 359,070 413,369
% of acreage treated 29 53 65
Postemergence Herbicides
Atrazine 12,691 20,790 10,452
Linuron 6,305 4,905 1,625
2, 4-D 80,469 53,811 35,595
Other (Evik) 250
Total acres treated with
postemergence herbicides 99,465 79,506 47,922
% of acreage treated 10 12 8

Source: Hadden, C. (modified)



Table A-11 Acreage of Cotton Crop Treated with
various Herbicides, in Tennessee,

199-1970 35
1966 1968 1970

Total acres planted 410,000 392,462 425,000
Preemergence Herbicides
Diuron (Karmax) 158,382 70,440 63,520
Fluometuron (Cotoran) 45,914 115,815 144,811
Nitralin (Planavin) 34,710 48,414
Prometryne (Caparol) 8,000
Trifluralin (Treflan) 104,985 92,262 129,669
Others (DCPA, and Norea) 11,345 19,840 3,834
Total acres treated with
preemergence herbicides 320,626 333,067 398,248
% acreage treated 78 94 96
4
Postemergence Herbicides
Herbicidal 0il 3,755 6,600 750
DSMA or MSMA + Surfactant 74,275 93,640 155,051
DSMA or MSMS + Karmex 23,800 28,300 63,182
DSMA or MSMA + Caparol 2,100 3,000 45,700
DSMA or MSMA + Cotoran 6,750 17,515 32,010
DSMA or MSMA + Herban 6,750 2,100
Total acres treated with
postemergence herbicides 110,680 155,805 298,793
% of acreage treated 22 44 72
Lay-By Herbicides
Diuron (Karmex) 15,500 6,496
Fluometuron (Cotoran) 6,275 5,750
Linuron (Lorox) 5,050 2,100
Total acres treated 26,825 14,346
% of acreage treated 8 4

Source: Hadden, C. (modified)
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Table A-12 Acreage of Soybeans Treated with Various
Herbicides, in Tennessee

1966-197035

1966 1968 1970

Total acres planted 933,000 1,268,000 1,293,000
Preemergence Herbicides
Alachlor (Lasso) 27,395
Amiben 33,275 70,985 67,870
DCPA (Dacthal) 1,007
DNBP (Dinitro) 12,585
DNBP + Napatalam (Dyanap) 72,893
Linuron (lorox) 14,345 115,840 161,756
Naptalan + Chlorpropham (Solo) 24,470 58,025 11,700
Nitralin (Planavin) 65,155 94,681
Trifluralin (Treflan) 85,850 109,808 186,777
Others (Paraquat, Naptalam

+ Chloropham (Alanap) 223 29,495 .1,250
Total acres treated with
preemergence herbicides 158,163 449,308 637,914
% of acreage treated 17 41 50
Postemergence Herbicides
Chloroxuron (Tenoran) 6,740 87,399 131,950
Herbicidal 0il 9,484 8,530 50
DNBP (Dinitro) 6,750
Linuron (Lorox) 5,275
2, 4-DB 95,858 85,098 159,154
Oother (2, 4-D) 10,050
Total acres treated with
postemergence herbicides 112,082 181,027 313,229
% of acreage treated 12 17 25

Source: Hadden, C. (modified)
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e. Kentucky

The major crops grown in Kentucky are corn, tobacco, soybeans,

hay and small grains. The overall agricultural gross product increased

approximately 350 million dollars during 2n eight year period (1960-1968).

Much of this increase is attributable to pesticide usage.

A survey of pesticide usage and sales was conducted in 1968 by the
Division of Environmental Services of the State Department of Health,
Information obtained by this survey indicated that a total of 2, 850, 734
pounds of pesticides were sold during that year. (Table A-13). Of the
total,herbicides accounted for 56, 1%, insecticides 31. 4%, and fungicides

12%. The remainder (. 5%) was rodenticides.

Of the total sales of insecticides, chlorinated hydrocarbons
accounted for 69. 4%, organophosphates 16, 8%, carbamates 9. 0%

and miscellaneous 4. 7%.

The use of DDT ontobacco in Kentucky has been banned as is
the case for other states. Additionally, the state has banned the use

of Aldrin-fertilizer mixture on tobacco.
f. South Carolina

The major crops grown in South Carolina are cotton, peaches,

peanuts, soybeans, corn and vegetables.

Estimates on herbicide usage on cotton, corn, soybeans, small
grains and pastures are given in Table A-14, This information is based
on herbicide usage surveys conducted in various counties and districts

37
in 1968 by the State Extension Service.

A majority of the cotton crop and approximately one-half of the

corn was treated with pre emergence herbicides. (Table A-14),
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Table A-13 Amounts of Various Pesticides
Sold in Kentucky in 196836

Pesticides Amount used in pounds
INSECTICIDES
CHLORINATED HYDROCARBONS
Product
DDT 151,015
Chlordane 127,778
Aldrin 101,079
Rothane (TDE) 94,449
Methoxychlor 46,967
Toxaphene 29,881
Dieldrin 26,979
Endosulfan (Thiodan) 21,393
Ke lthane 8,898
Lindane 4,025
BHC 3,456
Heptachlor 2,347
Tedion 1,407
Endrin 500
Total 620,174
ORGANO-PHOSPHATE
Product
Malathion 51,467
Diazinon 20,728
Parathion 19,799
Di~syston 18,858
Dibrom (Naled) 14,800
Guthion 11,899
Systox (Demeton) 6,000
Ethion 1,975
Ciodrin 1,347
Korlan (Ronnel) 984
Cygon (Dimethoate) 871
Phosdrin 720
DDVP (Vapona) 536
Miscellaneous Organo-Phosphates (5)
- 394
Total 150,378

% Pesticides of less than 500 pounds are grouped under miscellaneous.
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Product

Warfarin

Arsenic Trioxide
Zinc Phosphide
Prolin

Table A-13
{continued)

RODENTICIDES

Miscellaneous Rodenticides (4)

Product

Methyl Bromide

MH (Maleic Hydrazide)
Atrizine

2, 4-D Amine & 2, 4-D LV
Sodium Chlorate
Diphenamide (Enide)
2, 4, 5-T

Dalapon

Trifluralin (Treflan)
Alanap (NPA)

Eptam

Amiben

Calcium Methanearsonate
Vernolate (Vernam)
Sodium Arsenite
Linuron (lorox)

DCPA (Dacthal)

CIPC

Simazine

Solan

DSMA

Paraquat

Sutan

Sodium Metaborate
Picloram (Tordon)
Dinitrocresol
Chloroxuron (Tenoran)
Planavin

Casoron

Vorlex

Hyvar (Isocil)

Total

HERBICIDES
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9,482
2,916
1,270

699

232

14,599

431,788
352,956
200,679
142,248
99,047
49,359
38,356
30,079
22,001
22,794
19,373
18,224
16,670
15,845
14,580
14,376
13,513
10,420
11,498
9,090
8,294
7,184
6,387
4,711
4,030
3,532
3,369
2,500
2,454
2,440
2,400



Product

Carbaryl (Sevin)

Lead Arsenate
Pyrethrims
Piperonyl Butoxide
Rotenone

Product

Sulfur

Copper Sulphate
Captan

Zineb

Maneb

Ferbam

Lime Sulphur
Phaltan

Cyprex

Dithane (Nabam)
Polyram (Metiram)
Botran

Thiram

Table A-13

{continued)
CARBAMATES
Total
MISCELLANEOUS
Total
FUNGICIDES
Total
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80,704

80,704

31,467
3,076
3,025
2,254

(1,952

41,774

126,180
107,772
38,590
20,620
20,527
8,010
6,062
5,905
3,210
1,168
1,168
1,200
760

1,523

342,695



Table A-13
(continued)

(Herbicides Continued)

Metham (Vapam) 2,118
Balan 1,614
Banvel-D 1,600
Dazomet (Mylone) 1,600
Silvex 1,240
Diuron (Karmex) 1,200
Monuron (Telvar) 1,200
Aninotriazole 1,006
CDAA (Randox) 890
Endothall 600
Miscellaneous Herbicides (21) 7,145

Total 1,600,410

Grand Total 2,850,734

Source: Moore, E. E. (modified)
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Table A-14 Herbicides Usage (acres treated) on

Important Crops in South Carolina

(1968)37
Crop & Treatment Total Acres Acres Treated % Treated
Planted
Cotton 326,585
Preplant (incorporated) 295,141 90
Preplant (incorporated
plus premergence)
Treflan or Planavin 48,380 15
Postemergence (early and
mid season) 158,690 47
Lay-by 73,900 23
Total Acres Treated 576,111
Corn 378,200
Preemergence~Atrazine 168,508 45
Postemergence 126,333 33
294,841
Total Acres Treated
Sovbeans 1,001,000
Preplant (incorporated) 409,234 41
Treflan or Planavin
Preemergence 56,588 6
Postemergence-Tenoran 160,485 16
2,4,D-B 193,426 19
Total Acreas Treated 819,733
Small Grains 252,250
Postemergence 108,840 43
Permanent Pastures 749,880
Postemergence 217,465 29
Coastal Bermuda
Simazine 13,234 5

Source: Nolan, C. N. (modified)
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Additionally, most of the soybeans and much of the acreage planted to

small grains also received application of herbicides.

€

The herbicides used in large quantities during 1968-70 were

38
Treflan, Atrazine, 2,4-D, DSMA, MSMA and Tenoran (Table A-15).

Quantitative information on pesticide usage, particularly with

respect to insecticides and fungicides, is lacking.

g. Georgia

The important crops of Georgia which are extensively treated
with herbicides are cotton, corn, peanuts, soybeans and pastures., The
most commonly used herbicides for weed control in these crops were
Treflan, Planavin, Cotoran, Karmex, CIPC, DSMA, MSMA, Lorox,
Caparol, Sutan, Atrazine, lLasso, 2,4-D, Banvel D, Vernam, Balan,

Sesone, DNBP, Amiben, 2,4-DB, Dyanap, Tenoran and 2,4,5-T. 39,40

Herbicide usage survey data indicated that the acreages of all
crops treated with herbicides increased considerably from 1965-1971,
(Table A-16). Prior to 1971, information on acreage of corn and soy-
beans which received herbicidal treatment but no tillage, was not

reported. 39,40

Presently, no information is available on the quantities of

insecticides and fungicides used in the state.

h. Mississippi

The most important crops grown in Mississippi are cotton,
soybeans and corn. Some of the commonly used herbicides for weed
control in cotton and soybeans were Treflan, Planavin, Cotoran Karmex

’ ’

Telvar, Lorox, herbicidal oil, MSMA + Karmex, MSMA, Amiben Dyanap
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Table A-15 Amounts of Major Herbicides Used

38
in South Carolina During 1968-1970

Pounds of Active Ingredient

Herbicide 1968 1969 1970

Treflan 245,000 265,000 295,000
Planavin 15,000 35,000 56,000
Atrazine 190,000 195,000 260,000
Simazine 10,000 15,000 20,000
Karmex 30,000 30,000 25,000
Cotoran 25,000 35,000 40,000
Herban 15,000 25,000 30,000
Tenoran 115,000 135,000 140,000
Lorox ‘ 80,000 85,000 100,000
2,4-D 240,000 250,000 250,000
2,4-DB 20,000 30,000 40,000
Banvel, 2,4,5-T etc. 15,000 15,000 20,000
Dyanap & Dinitro 20,000 45,000 55,000
MSMA & DSMA 160,000 175,000 185,000
Lasso & Amiben 10,000 ' 10,000 20,000

and others

Total 1,190,000 1,345,000 1,530,000

Source: Nolan, C. N. (modified)
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39,40
Table A-16 Acreage of Various Crops Treated with Herbicides in Georgia (1965-1969)

Crop and Treatment Acres treated with herbicides
1965 1966 1967 1968 1969 1971

Cotton

Preplant and preemergence 403,117 347,625 292,875 356,247 372,460 483,415

Postemergence - 62,883 67,402 180,829 -168,732 263,614

Total 403,117 410,508 360,277 537,076 541,192 747,029
Corn

Preplant and preemergence 164,332 162,831 272,482 309,847 412,309 536,514

Postemergence 2,389 199,754 347,971 380,489 373,655 478,916

Total of preplant, preemergence &

Postemergence 166,721 362,585 620,453 690,336 785,964 1,015,430

No Tillage (Atrazine + paraquat) 6,962
Peanuts

Preplant 66,797 151,514 273,652 387,039 430,503 515,359

Pre or post emergence 229,575 259,862 180,369 107,007 173,667 319,012

Total 296,372 411,376 454,021 494,046 604,170 834,371
Soybeans .

Preplant and preemergence 17,832 95,395 191,020 190,065 236,858 333,655

Postemergence 11,495 45,467 42,696 49,583 142,855

Total 17,832 106,890 236,487 232,761 286,441 476,510

No Tillage (Paraquat) _ 10,980
Pastures \

Postemergence 252,216 311,324 342,515 350,816 325,465

Fence rows or noncrop land - 29,010

#1970 data not available
Source: Swann, C. W. (modified)
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Lasso, Solan, Dinitro, Tenoran, 2,4-DB, and Wax bar,

Cotton and soybeans acreages treated with herbicides increased

each year from 1968-1970 (Table A-17). This trend in herbicide usage

is similar to that observed for most of the other Southeastern states.

Information on insecticide usage for 1970 indicated that

1,371, 000 acres of cotton were treated for control of cotton bollworms

42
and boll weevil. The major types and quantities of insecticides applied

were as follows:

Toxaphene - 8,5 million pounds at an average rate of 2 1lbs.
per acre.

Methyl parathion - 5.5 million pounds at an average rate
of 0.5 1b, /acre

DDT - 3 million pounds at the rate of 1 1b. per acre.

Presently, no information on insecticides and fungicides is

available.

6. Conclusions

Most pesticides used in the Southeastern United State are

directed towards the following major pests:

Insects: Cotton boll weevil, cotton bollworm, tobacco
budworm, tobacco hornworm, scale insects of citrus,
cabbage lopper, pink bollworm, codling moth and mealy
bugs.

Weeds: Broad leaf weeds, rag weed, johnson grass, pigweed,
crab grass, barn-yard grass, green and yellow foxtails,water
hyacinth and goose weed.

Disease: Citrus melanose, citrus and apple scab, leaf spot
disease of peanuts, wild fire of tobacco and cotton, anthracnose
of tobacco and cotton, root rots of corn, fire blight of apple,
downy mildew of beans, leaf spot of apples, beans and cotton.
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Table A-17 Cotton and Soybeans Acreage Planted, and Treated with
Herbicides in Mississippi (1968-1970)%1

Crop & Treatment 19¢€8 1969 1970
Cotton
Total acres planted 1,120,079 1,151,552
Total acres treated
(preemergence) 1,232,036 1,548,084 1,335,432
Total acres treated
(postemergence) 1,359,215 1,857,323 2,127,899
Soybeans
Total acres planted 2,214,360 2,292,425
Total acres treated 964,050 1,866,550 1,637,795
(preemergence)
Total acres treated 683,625 1,374,135 1,539,288
(postemergence)
Source: Anderson, K. L. (modified)
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An accurate inventory of pesticide usage is needed to determine
present trends and provide a basis for making future projections on
pesticide usage. Additionally, inventory information is required to
determine the extent and trends of environmental pollution by pesticide
usage. This is particularly important with respect to the usage of

persistent pesticides.

Information on pesticide usage (quantities used and acreage
treated) is presently not available mainly because distributors, sellers
and users of pesticides are not required to report specific information

regarding pesticides sold or applied, to any responsible agency.

The most recent information available from U. S, Department
of Agriculture concerning quantities of pesticides used by farmers on
a regional level is five years old (1966). Certain information is
availabe for pesticide usage in a few states (e.g. Kentucky and
Tennessee) where special surveys were conducted, These surveys
only represent a one year compilation. In most of the Southeastern
states herbicide usage surveys have been conducted more regularly
than for any other group of pesticides. Herbicide usage, on various
importnat crops of the Southeast, has increased considerably during

the past few years,

In the southeastern United States, the most widely used
herbicides are Treflan, Dalapon, 2,4-D, Atrazine, Planavin, Cotoran,
DSMA, MSMA, EPTC, Dinitro, Balan, Lorax, Simazine, Methyl bromide
and Maleic hydrazide.

Most commonly recommended and used insecticides in the
Southeast are Toxaphene, BHC, Parathion, Malathicn, Disyston,
Systox, Carbaryl, Methyl arathion, Diazinon, DDT anc Chlordane.
DDT has been used extensively to control insects in cotton, tobacco and

other crops. However, its use is decreasing, while that of Toxaphene,
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Parathion, Malathion and Methyl parathion is increasing. Mirex has

been very extensively applied to control fire ants in the Southeast.

Insecticide applications to cotton in the Southeast exceed the
combined total for all other major crops. A similar situation exists

with fungicides applied to citrus.

The most commonly recommended fungicides in the Southeast
are Sulfur, copper sulfate, Captan, Zineb, Maneb, Cyprex, Dithane,

Botran, Thiram and Ziram.

Practically all Southeastern soils used for agricultural purposes
are subject to moderate or severe runoff and erosion. Soils in a large
portion of Florida are an exception because lack of adequate drainage
is a severe problem. Soil erosion and runoff problems could be

reduced by proper management practices.

7. Recommendations

1. A national and state reporting mechanism for documenting, as
accurately as possible, the total quantities'of pesticides used should

be established. Initially, the reporting procedure should be established
at primary and secondary levels to provide a cross reference. Pesticide
manufacturers would represent the primary level while state or county

pesticide distributors could represent secondary level.

2. The Economic Research Service of the U,”S. Department of Agriculture
should reestablish its program of compilation and publication of
information on use of pesticides. However, the information should be

published on a state as well as regional basis,

3. Growers should be encouraged to use less persistent pesticides as

they become available,
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4. The U S. Department of Agriculture through its Extension Service
should encourage growers to use cultural and management practices
which minimze loss of sediment. Special emphasis should be placed

on areas in which most pesticides are applied.
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B. APPLICATION TECHNIQUES
AND
TYPES OF PESTICIDE

1. Introduc ti(_)_l’_l

Economic control and safety have been twin objectives of pest
control for many years; however, both goals have been elusive. The
failure of the pest control profession to establish reasonable economic
thresholds and reticence of farmers to accept those available have led
to many problems associated with the use and misuse of insecticides.

The problems relative to resistance, disruption of natural control, and
pollution have proven much more difficult to evaluate., The price of
ignoring ecosystem contamination has been high. ! It appears clear

that steps must be taken to reduce the contamination by pesticides of soil,

water, and air as well as on non-target organisms and man.

Efficient pest control using pesticides depends upon selection of
proper pesticides, application at the proper time and the use of equip-
ment that can efficiently place the toxicant in the microenvironment of
the pest. Of the total pesticides applied, no more than 2% is effective. 2
The remainder is indicative of the inefficiency of the existing application

techniques,

Careful selection of existing methods would considerably reduce
the amount of pesticide required for effective pest control; with a
concomitant decrease in contamination of the ecosystem, Major benefits
would accrue from improved pesticide delivery systems. The answer
to the past problem, therefore, does not lie in increasing still further

the use of pesticides. It lies in increasing the use of safe pesticides and
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in increasing the efficiency of application techniques.

2. Pesticide Application Methods and Equipment

Pesticide formulation is an important factor in selecting the mosi
appropriate method of application. Pesticide formulations can be grouped
on the basis of physical state as solid materials, liquids (common 'spray"
materials) and gases, Dust, granules, baits and seed dressings are the
most common forms of solids, Sprays are formulated as solutions, wettab’'e
powders and emulsions. Gases are generally used in confined spaces such
as greenhouses, seed storage areas, or for soil fumigation. A fumigation
effect is also created by foggers which produce effects similar to gaseous

forms of pesticides.

Pesticides may be applied as a broadcast, in narrow bands, individual

spot treatments, or directed to a particular part of the plant,

a., Sprays

A major portion of pesticides (herbicides, fungicides and insecticides)
are applied as sprays. In 1964, 46% of the farmers in the southeastern
U. S. owned power-driven sprayers compared to 23% who owned dusters.

Since then custom spraying, primarily by aircraft, has increased.

Sprayers are classified as high volume sprayers, low volume (LV)
sprayers and ultra low volume (ULV) sprayers. High volume sprayers
apply from 30 to 500 gallons of spray per acre; low volume sprayers from
one to 30 gallons per acre; and ULV concentrated formulations in amounts
less than two quarts per acre. 4 Most spray equipment utilize pumps,
nozzles and booms to produce the different types of spray. Some examples

of ground-operated sprayers are the following:
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Hydraulic sprayers in which the liquid mixture is
forced through a spraying system and released onto
the target area,

Multipurpose sprayers which are designed to operate
over a range of pressures varying from very high to
very low and are primarily used for orchard spraying,

Conventional low pressure, low volume sprayers
which are equipped with a boom and with nozzles that
are suitable for LV and ULV sprays,

High pressure, high volume sprayers which are
employed for thorough coverage of plants having
dense foliage (e.g. bushes, vines, and truck crops), and

Air blast sprayers which utilize a blast of air to propel
sprays in LV, Small droplets are created.

Improvements have been in ground equipment used to apply vLV

sprays.,

The major problem was the inability to adequately regulate the

flow rate of the pesticide, This problem was solved by using drilled

discs or small metering valves mounted in the insecticide lines.

Stainless steel or plastic tanks were used to hold the insecticide and,

in some models, filters were installed to help eliminate nozzle stoppage.

Aerial application of pesticides, either from fixed-winged planes

or helicopters, utilizes a modification of conventional low-volume, low-

pressure hydraulic spray, dust, or granular application techniques. The

most common dispersal apparatus used on aircraft is the pump, boom,

and nozzle spray system., Spray-deposit patterns are adjusted by shifting

nozzle locations on the boom. Droplet size can be varied by changing the

pump pressure, the orifice size in each nozzle, or the nozzle direction

in the slipstream of the aircraft. The application rate is changed by

increasing or decreasing nozzle size or number of nozzles in the boom >

Some types of aerial spraying equipment are:

o

Fixed wing aircraft of single or multiengine types, equipped
with boom and nozzles used mostly to apply spray in LV o
ULV range, 5 and
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e Helicopters which utilize air blast of the rotors for
increased droplet impingement.

One of the more serious shortcomings of fixed-wing aircraft
as a pesticide applicator is that the underleaf coverage may be less than
with ground application or helicopter applications. Rotor downwash of the
helicopter ensures that there is a minimal drift of materials to adjoining
fields. 6 Helicopters have the advantage over fixed-wing aircraft in
maneuverability and landing and consequently less time is lost in
ferrying. Theyare better suited in small fields. Helicopter operators
cannot increase their speed of application without sacrificing, uniformity
in coverage. The necessary low speed coupled with the low capacity is
a disadvantage from the cost standpoint where large areas are involved, 7
These advantages and disadvantages must be weighed in determining the

most effective, economical system,

Improvements in nozzles and booms are directed toward reducing
the volume of spray required for effective pest control. Recently developed
rr;icrofoil booms produce droplets of nearly uniform size and reduce drift,
Spinning-disc or screen-cage nozzles, such as the Mini-Spin and Micronair
nozzles, have a similar capability. 8,9 Hydraulic nozzles with flat fan tips,
also produce droplets of acceptable sizes, and are relatively :'Lnexpensive.l
However, problems exist with the degradation of the diaphragms and
erosion of the tip orifices. Another type of nozzle, the hollow-cone, produces
droplets larger than those produced by nozzles previously discussed.1
Air curtain nozzles have been developed to be used in conjunction with the

techniques of electrostatic charging of the spray droplets. 1

b. Dusts

The development of dusting equipment is less advanced than that of

spray equipment, Dusting appliances operate on the principle of emitting
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a blast of air in which the dust particles are airborne. Rotary-type
dusters, in which dust is fed onto fan blades, are used for ground
application, Aerial dusting, which was extensively employed for many
vears in the Southeast, is decreasing.12 Aerial dusters are categorized
as follows:

° Standard dusters which consist of hopper, wind-driven

agitator, a feed control gate and a spreader suspended
below the fuselage,

) Breeches-type duster in which the lower part of the
hopper leads to the shutters and the dust is emitted into
emission tubes located on either side of the corner of
the fuselage, and

e Suspended tank-type dusters in which the dust is stirred
by a windmill type of agitator and emitted through gates

consisting of crosswise matching slots operated from the
cockpit.
Many problems inherent in the use of dusting as a method of
pesticide application restrict its use, Drift hazards, inefficient
deposition of active ingredient on the target, agglomeration and poor

settling are a few examples of the problems.

c¢. Granules

Granule applicators are designed to place in the target area pesti-
cides impregnated on a suitable carrier, such as corncob, clay minerals
»

5
or walnut shells. = Although variations in design occur, basic granular

applicators consist of a hopper for the pesticide, a mechanical-type

agitator at the base of the hopper, and a metering device, usually a slit-

type gate, to regulate the flow of the granules, Granules may be applied
as a broadcast or band treatment, before, or at a Planting time, ang ked
’ worke

into the soil; as a postplant, side-dress application through drop tubes
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and fertilizer shoes; or from the air, to penetrate foliage., The last
procedure is used to apply Mirex, a slow-release pesticide used for

fire ant control in the Southeast.l3

d. Foams

Foam delivery is one of the recent additions to pesticide application
methodology. The system which produces the foam varies with the
application. Land-based equipment generally consists of a water pump,
an air compressor, foam generator and regulation module, Various
chemicals are utilized to improve wettability and penetration of the spray.
Aerial foam application equipment has also been developed. This may be
mounted on fixed-wing aircraft or helicopters. Depending upon the need,
foams can be generated in a pattern varying from 1/16" droplet size to
continuous cover similar to that dispersed by an aerosol shaving cream
dispenser. Foam application is still in the experimental and trial stage
but the properties of the foam makes this, a desirable technique. Foams
have larger volume, higher viscosity, better structural strength (cohe-
siveness) and greater clinging ability against runoff than conventional sprays.
Additionally, foams have rcduced evaporation characteristic and drift
hazard. Weeds, insect and disease control by foam application shows

considerable potential,

e. Soil Incorporation

Many preemergence herbicides, some insecticides, and fungicides,
are applied to the soil, For improved efficiency they may be incorporated
or injected into the soil, Conventional tillage equipment (discs, harrows,
rotary tillers, etc,) are used to incorporate surface-applied pesticides
to varying depths.15 Spray sweeps are used to pressure inject many
volatile herbicides, either in bands or in uniform swaths, Limited

developmental effort has been vested in improvement of soil incorporation

equipment.
75



3. Efficiency of Pesticide Application

The ecological impact of widespread use and dissemination of

pesticides warrants renewed consideration of the efficiency of spray

application methods.

The efficiency of pesticide application equipment lies in its
ability to deliver a dose capable of killing or damaging the maximum
number of pests with the minimum amount of material., It is possible
to reduce pesticide usage significantly and still provide an effective
pest control program by generating critical droplet size and uniformly
distributing these so that the major portion of the pesticide reaches its

target.

An increase in the efficiency of application equipment with

commensurate reduction in the quantity of pesticide required would

reduce environmental contamination,

The following factors are considered in determining the efficiency

of pesticide application methods:

e Optimization of the pesticide droplet size for a target,
° Uniformity of coverage and impingemeﬂt characteristics,
) Persistence of residue in the microenvironment of the pest, and

® Reduced drift, runoff and ecosystem contamination,

Methods of application, droplet sizes, and volumes of spray are
examined in an attempt to define these factors which might serve to

improve the efficiency of applied pesticides.

a. Spraying and Dusting

Highly toxic pesticides make effective pest control possible with
minute quantities of toxicants provided the application method delivers

a continuous film of minimum thickness. The manifestations of inefficj
iency
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in pesticide application are deposition of thick deposits, the existence of
gaps between zones of deposit, or in some cases, both. If the gaps are
of sufficient size, the pest will escape contact and/or ingestion will

not occur. For example, stomach insecticides intended to control white
pine weevil must be aimed to cover feeding areas which are only 0.8 mm

in diameter.

Foliar applied dusts have the advantage that formulations emitted
from the machine do not evaporate., Water-based sprays evaporate
quickly before reaching the target and are inefficient in dry, hot climates,
This shortcoming may be corrected by using oil as a carrier. 16 In such
climates soil incorporated dust applications are better than wettable

17 ] .
powders, However, some disadvantages are also associated with

dust applications: 7, 18,19

e Insecticidal dusts, when emitted from a blower, consist
of a mixture of discrete particles, with agglomerates,
which may consist of as many as 20 to 300 coalesced
particles, This factor of agglomeration leads to wide
variation of settling characteristics even in a dust
of uniform fineness of grind.

e In addition to size, the shape and specific gravity of dusts
are important in deciding their settling characteristics.
Particles of high density such as barite or lead arsenate
show good deposition on foliage, whereas Derris and
Pyrethrum dusts, whose particles are light and angular,
give poor deposits. Cryolite dusts deposit poorly because
they show little agglomeration. The fractionation of
dusts during the settling process may also separate the
insecticide from its diluent. Dusts are deposited better
on foliage nearer the blower than at greater distances,
and more permanent deposits are produced with a strong
air blast,

o Comparatively dust formulations drift more than the sprays.
e The dust particles do not adhere to the plant as long as

spray deposits. The efficiency of pesticidal sprays is
superior to dusts.
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Improved efficiency of spraying over dusting is attributed to:

e Less drift and better deposition. Consequently a spray
achieves equal results with two-thirds as much pesticide
and a single spraying may produce the control equivalent
to as many as four dust applications.

e The capability of adjusting dosage rate, droplet size,
and formulation at any time which is not possible with

dusting.
Generally the efficiency of pesticidal spray exceeds that of
dusting. However, a potential still exists for major improvement in

spray methodology.

Spray conditions have been determined empirically because no
technically-based alternative has been available. In spite of years of
investigations, the physical factors critical in pesticide spray delivery
are still largely undefined. Measurement has posed one problem. There
has been no way to monitor pesticide spray droplets delivered to the
target until the recent development of the fluoresent particle tracer
method.ZOResults from the application of pesticide sprays were difficult
to correlate with the conditions existing at the time of application. Such
results are based mainly on the biological evaluation of pest levels over

intervals of days, weeks, or even months after the pesticide application.

Despite these problems, progress has been made in pesticide
application technology. This has involved Primarily ULV application

techniques, optimum droplet size and improved impingement,

b, Ultra Low Volume Spray

The development of the ULV method ranks as one of the most
significant improvements in spray methodology. Application of an

undiluted pesticide in volumes of 1/2 gallon or less Per acre is referred
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to as ULV. A pesticide is considered undiluted if nothing is added

after it leaves the ma.nufa.c'curer.4 Actually, ULV is a relative term
reflecting the progress primarily of aerial spraying since its initiation
during World War II. At that time, the generally accepted application
rates varied from 30 to 40 gallons per acre. Eventually, as pesticide
formulations improved, the application rates were reduced to as little

as one gallon per acre. FEach incremental reduction in the total gallonage

was referred to as "low volume' spraying.

For many years, pest control officials contended that at least
one gallon of spray per acre was the absolute minimum that could be
applied by aircraft and still adequately cover the area regardless of
the vegetation involved. Thus, when the one gallon per acre barrier

was broken, it was logical to refer to this as ULV spraying.

Advantages of ULV application of pesticides over higher spray

volumes are that:

° It makes possible spray application with most droplets in
the 5-50 p diameter range. These were once considered
to be beyond the range of commercial reality, 2,4,10,21

® To some extent, ULV spray reduces the amount of toxicant
applied, and the potential hazard to the total envircn -
ment, 10, 16,22,23
e ULV-applied insecticides have more residual toxicity than
water -diluted s%)rays and are more resistant to washoff
5

by rainfall, %

o Savings result from the reduction or elimination of
diluents. This is a major factor in reduced aerial
application costs. 10,23,

® Relatively nonevaporative quality of the undiluted ULV
pesticides has permitted aircraft to fly higher, makin

it possible to double and triple effective swath widths.%'?' 28
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Weather conditions are especially important in ULV applications
because the slightest wind carries minute amounts beyond the intended
area. 10,29 A hazard exists to the applicator who is handling concentrated
pesticides under these conditions because of the increased degree of
exposure, Sufficient research has not been conducted to fully exploit
the ULV technique. Aircraft spray dispersal and pesticide formulations

must be improved. Hazards to nontarget organisms from pesticides

applied by ULV also need considerable delineation.

c. Droplet Size

The optimum size for pesticide spray droplets that must be
generated is one of the most elusive of all the factors which affect the
efficiency of insecticide sprays. The optimum size for pesticide
droplets is that which gives maximum control of the target pests with
minimum pesticide and minimum ecosystem contamination. 2 It has
been hypothesized by one investigator that the ratio of recommended
dose to that needed for insect control would be the order of 1, 000:1
if droplets of the optimum size were used, 16 Current practice requires

much lower ratios.

It is generally believed that spray droplets of 50 diameter or
smaller are the most effective for the control of i:nsec‘cs.30 Such small
droplets are subject to atmospheric transport and diffusion but they
effectively penetrate the microenvironment of the pest. Spray droplets
of 50-100 have marginal efficiency. Droplets larger than 100p
are the least effective in insect control programs because they do not
become airborne and are simply deposited on the ground or on
peripheral foliage. These are critical locations for potential entry

into the ecosystem and are of little use in pest control, 2 Table B-1
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TABLE B-1 Spray Droplet Size as a Factor in Ecosystem Contamination.

Range of droplet

Range of 7 by mass in an

Point of deposition
in ecosystem

Potential for Major
ecosystem .contamination

diam (n) avg commercial spray
220-340 29
100-220 63
41-100 7
10-40 0.14

(usually less
than 1-5%)

Ground, ground forage,
peripheral foliage,
target area crops

Ground, ground forage,
peripheral foliage,
drift to adjacent
areas, Crops

Throughout most foli-
age, smaller size
range effective in
deep foliage penetra-
tion drift to adja-~
cent areas

Maximum contact with
target insects dis-
tributed widely by
atmospheric trans-
port and diffusion

Extremely high by in-
gestion and washing pro-
cesses into watershed

Extremely high by in-
gestion and washing pro-
cesss into watershed

Wide distribution of
minimum volume of de-
posit minimizes major
entry into arthropod
and vertebrate eco-
systems

Minor component of most
insecticide sprays. Re-
presents minimum amount
of insecticide

Source: Himel, C. M.



28

TABLE B-2 The Effect of Atomization on Coverage, 19

broplet Droplet
Diameter, Volume, Number of droplets
)] (cu p) per sq in.2
10 525 1,148,100
20 4,200 143,190
50 65,520 9,224
100 525,000 1,164
200 4,200,000 142
300 14,175,000 43
500 cecrecnaas 9
Source: Brown, A. W. A.

aNumber of droplets per unit area for an application of 1 gal/acre.



gives ecosystem contamination as a function of spray droplet size,

The number of spray droplets available from a given volume of
liquid spray is an inverse function of diameter cubed. A better
understanding of the discussion of small droplet compared to large
droplets can be obtained from Table B-2. The number of droplets
falling on a unit area decreases from about 10, 000 per square inch when
their diameter is 50 to only 40 when their diameter is 300 .
Proportionally, the volume of pesticide (Table B-2) carried in a droplet
increases considerably as the size of the droplet increases. This is

the major reason for the undesirability of large droplets.

The optimum droplet sizes for insecticides used to control
many major pests in the Southeast have not determined. 31 Only a
few pests (house flies, mosquitoes, boll weevil, cotton bollworm,
cabbage looper and spruce budworm, etc.) have been studied in this
regard. For house flies, it has been determined that the optimum
droplet diameter for maximum economy of the insecticide is 22

32
Smaller droplet sizes are required for mosquitoes,

The droplet deposition on the cotton insects studied in Georgia
provides an interesting analysis (Table B-3). The maximum-sized
droplet of 4331 measured on 139 boll weevils was one of 63
diameter. These boll weevils were in a highly protected environ-
ment during spraying (9 a.m, Aug. 1, 1967 at Tifton, Ga.). 33 A
free-flying insect like the boll weevil should have been subjected to a
significantly higher probability of contracting droplets of the larger

18
size ranges existing in the distribution.

Regardless of the initial droplet size distribution, an
examination of target species reveals that only a critical droplet
size range has been effective, This is exemplified by two case studies

from different parts of the country and on different target species.
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In 2 complex mountain-forest biophysical system relatively fewer spray
droplets were found on spruce budworms than on cotton insects

(Table B-3). The diameters of the maximum-size spray droplet in the
spray droplet spectrum, Dma.x. of the spruce budworm and cotton insect
sprays were 350 p and 950 p , respectively. In each of these foliage
systems, droplets greater than 120y diameter were found on peripheral
and ground level foliage, or on artificial targets placed in open areas.
Large droplets did not reach the target insects. The question raised

is whether large droplets ( > 100u diameter) play any essential part in
the control of insects which live in a foliage environment? Yet these
larger droplets constitute 90-95% or more of many insecticide sprays.
The answer is the key to devising more efficient insecticide application
techniques, to reducing the amount of spray drift, and to reduce
contamination of the ecosystem. The data, summarized in Table B-3,
demonstrate that the limiting maximum diameter for efficient insecticide
spray droplets for diverse types of insects is less than 50 . There

is no evidence that 100u droplets have any substantial effect because

the majority are unlikely to reach the target,

Droplets smaller than 100 mass median diamter (MMD) of all
herbicidal formations tested were markedly more inhibitory to all weeds
than were droplets larger than 300 MMD.34 The greater effectivness
of small droplets may be ascribed to more efficient absorption and
translocation of herbicide. Large droplets of high concentration probably
become physiologically isolated. Their profound effects on the leaf cells
occur only at the point of direct contact. A larger number of contact
points are produced on the plants for the same application rate by the

more numerous smaller droplets. This means that more susceptible

tissue (e. g; the stem growing point) comes in contact with the herbicide
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TABLE B-3 Effect of Environment and Application Variables. 34

Nominal Max Max size
height of diam droplets Avg no.
Nominal applica- spray on insects droplets/ % of droplets of indicated diam(n)

Insect gal/acre tion (ft) () () insect 20-50a 50-100 100
Spruce budworm 1 300-400 350 100 3b 98.0 2.0 0
Boll weevil 1 30 950 63 31 99.8 0.2 0
Bollworm 1 30 950 114 122 99.8 .2 0
Cabbage looper 1 30 950 114 96 99.4 .6 0

2 Under the conditions used, the (Fluorescent Particle) FP method does not identify droplets smaller than
the range of 20 p.

0f a total of 1113 spruce budworm larvae killed by the spray and collected from random sampling areas,
23% had no FP's, indicating that they had been killed by a lethal dose of insecticide delivered by spray drop-
lets smaller than 20 u diam.

Source: Himel, C. H. and Moore, A. D.



than in the case of the large droplets.

Components of a fungitoxic material must be closely spaced
over the leaf surface and deposited during weather periods suitable
for spore germination, if infection by causal fungus is to be prevented,
Continuity of the foliage deposition pattern and close spacing of the
particles of the fungicidal ingredients are considered essential to
good disease control. Toxicity to fungicide increases as particle size of
the active ingredient decreases. 19 Exceptions to this general rule
have been reported. For example, droplets as large as 400 p
were claimed to produce essentially as good a disease and insect
control as did others of 100 to 150p MMD when applied to a number of

TOW Crops.
d. Impingement and Uniformity of Coverage

The first problem in applying pesticide sprays is that of
distributing a small quantity of active material over a large target
area. The uniformity and extent of the distribution required depends
on the type of pest to be controlled and the mode of action of the
toxicant. A patchy distribution may be satisfactory for control of
mobile insects or to apply systemic pesticides to foliage. For static
pests and contact pesticides, a more uniform spray deposit is required,

36

The degree of distribution attained depends on:

e The effective area of the target surface,

° The shape of the target,

] The method of spray application,

° The volume of spray applied to the target surface,

e The droplet size distribution of the spray,
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e The extent to which the spray is capable of spreading
over the target surface, and

e The extent to which the deposit is subsequently
redistributed by rain or dew

The first two factors are invariable, while the next three can
be varied by the spray operator. The formulator can manipulate the
last three on this list. The size of the droplet can be controlled to
some extent by both the applicator and the formulator. In the latter
instance this is determined by modification of the physical properties
of the formula.tio:n.36 For improved distribution, understanding of
the effect of operating parameters on the droplet 8ize is essential,

It is unlikely that such comprehension exists with most applicators.

Pesticide impingement and uniform coverage are closely
related to droplet size and to drift, Small droplets of 100 p diameter
or less tend to become airborne. They have a higher probability of
impinging on the target during low to mild conditions, For example,
with a droplet of 70 p  and a wind of three miles per hour, the
probablity is 10 times greater of its landing on a vertical surface
than on a horizontal surface. 16 Since most crops grow vertically,
this drift phenomenon is utilized to achieve better impingement or
covérage. However, as wind velocity increases (approximately,
above 5 miles per hour) the probability of the droplet striking non-
target areas is increased. In addition, the very small droplets are
subject to undersirable upward movement via convective currents
(Table B-4)., Under certain meteorological conditions, the ideal
droplet size for effective insect control may need to be adjusted if
the pesticide is to be delivered into the microenvironment of the pest,

There is another control on the application system. This is a lower
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TABLE B-4 Drift Pattern in Relation to Particle Size,

Distance in ft. Particle

Drop Would be Carried by a 3-
Diameter (n) Particle Type mph Wind While Falling 10ft.
400 Coarse aircraft spray 8 1/2
150 Medium aircraft spray 22
100 Fine aircraft spray 48

50 Air carrier sprays 178

20 Fine sprays and dusts 1,109

10 Usual dusts and aerosols 4,436

2 Aerosols 110,880

Source: National Academy of Sciences,
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limit to the size of droplets for deposition on vegetation, weeds or
the food of the pests. If the droplets are too small they do not have

enough momentum to impinge upon the target surface.

For an aerosol to kill mosquitoes, in forested areas, the
droplets must be smaller than 30u in diameter; this prevents
excessive filtering by the foliage. 18 For penetration through thick
jungle, it has been deter,mined that the droplet size should be below
10p . If, however, the aerosol is applied to fores{t from aircraft
with the aid of downdraft of the wing airfoil, it will penetrate and
impinge so long as the droplet diameters do not exceed 50
When emitted from generators on the ground, droplets of more than
40 p diameter do not remain airborne for a sufficient distance to be
useful. An increase in wind speed enables the larger droplets to
make better contact with the target. When penetration into coniferous
forest is required, the wind speed in the open should not be less than

19

five miles per hours.

It is apparent that the proportion of the spray occurring as
small droplets (50 or less) is of paramount importance in pest
control. Knowledge of the in-flight behaviour of small droplets and
of the mircrometerological factors affecting them would allow
delivery of small droplets to the target and reduce drift potential
from agricultural spray operations. The overall plant coverage and
deposition of small dust particles and spray droplets can be improved,
Two approaches have been advanced. Surface-active agents are
commonly used and the charging of aerosol particles has also been
considered for improvement in plant coverage. Adjuvants and surface-
active agents added to pesticides improve their deposition, activity

and disperal. This is particularly useful for herbicide application.
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37,38
Examples are:

0 Wetting agents. These reduce interfacial tension and
bring the liquid into intimate contact with an object,
The addition of wetting agents to a pesticide, therefore,
increases its adherence to the pest.

e Emulsifiers. These tend to prevent tiny droplets from
coalescing.

. Penetrating agents. These may solublize the waxy
cuticle or membrane of the pest so that penetration
of pesticides is more readily achieved.

e Dispersing agents. These reduce cohesion between like
particles which aids in pesticide dispersal.

e Spreaders. These increase the spread of the droplets and
thus form a uniform coverage on the plant surface, and

9 Stickers, These prevent runoff of pesticides.

A number of studies concerning the efficiencies of the
charging and deposition process of the electrostatic pesticide application
method have been conducted over the past two decades, 11, 39-42
These field and laboratory studies reported indicate that the electrostatic
processes are effective. The equipment is reliable under all weather conditions
under which pesticide application might be considered, provided
properly designed equipment is used and satisfactory operational
procedures are followed. Dielectric nozzles were superior for inductive
sprayhag.39h1ductive spray charging significantly increased the spray
coverage of the bottom side of cotton leaves. An average increase of
3.8 times the quantity of pesticide per unit area for the same
application rate was achieved over uncharged sprays. This difference
was measured on the leaf bottoms which is the critical area, The

bottom area hosts the majority of pests. In another test electrostatic

charging enhanced deposition 2.7 times that of uncharged spray. 40
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Direct application of electrostatic charging to agricultural sprays using
high applied voltages similar to those for charging paint sprays has

not been tried. This is because safety, portability, and reasonable size
are difficult to achieve for equipment requiring high voltages, such as

50-100 KV, under field conditions.

Electrostatic deposition of dust requires a different nozzle
than those previously described for spray applications. The nozzle

found most efficient for electrostatic dusting is of the air curtain type. 1

Air curtain nozzles give higher deposits per unit area of a more
uniform distribution than any of the commercial nozzles evaluated.
The average deposition efficiency of charged dust is more than double
that of the uncharged dust. However, this efficiency varies with the
properties of material and the operating conditions. The major variation
in performance of the electrostatic dusting equipment has been
attributed to variations in the electrical resistivities of the dust

4
formulation, and to the relative humidity at the time of dusting, !

The efficiency of any pesticide spray and the degree of control
obtained is a function of the ultimate point of deposition of each of
the pesticide spray droplet produced. Although the initial justification
for electrostatic charging of pesticides was primarily a matter of
economics, the need to reduce environment pollution has become an

increasingly important additional consideration.

e. Soil Incorporation

Soil application of pesticide is an essential agricultural
practice, It is required to control weeds prior to their emergence,
to reduce injury to crops from soil-borne diseases (root rot, seedling
diseases) and by insects active in the soil environment (corn borers,

cut worms.) Improvements in methods of application have been made
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to increase the effectiveness of soil-applied pesticides, Soil
incorporation is one of the most prominent of these methods. Injection

(subsurface spraying) is used to a lesser degree.

In a study conducted in Georgia, incorporation of pesticides into

the soil surface by rototilling caused a tenfold reduction of Lindane and
43 .
Dieldrin losses in run-off water. Greater loss occurred from soils

where the Aldrin was left on the soil surface following an emulsion

application. Increased persistence occurred after grazzles had been

incorporated into the upper 4 to 5 inches of soil layer. This
suggests that where high levels of pesticides are present on a soil
surface, the possibility of harmful water pollution from the area could

be greatly minimized by incorporating the pesticides into the soil.

From the standpoint of agronomic practices and environmental
considerations, the following advantages can be obtained by soil
incorporation methods rather than surface applications of pesticides:

e Increased herbicidal effectiveness by dispersal in the root
and emerging shoot zone, increasing the possibility of
contact with weeds and other pests, 5-49

e Reduced loss of herbicide through incorporation to appropriate
depths and maintainance of a lethal concentration in the sur-
face soil for increased residual action. Incorporation decreases
runoff and drift and increases residual action for prolonged
weed control, 7 °Y"

° Decreased variability in the results from area to area and
from season to season have been clearly demonstrated.
Results with most surface applied chemicals are highly
dependent upon soil and climatic conditions. Several
investigators have shown that exposure to sunlight or
ultraviolet light plays a major role in decomposition of
herbicides on the soil surface, and the chemical volatility
and }}igh temperature greatly affects the break down of
certain chemicals. Reduced variability in the performance
of a herbicide under varying soil and climatic conditions, 33 an4
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e Decreased volatilization, runoff and drift, >

The efficiency of weed control with soil-incroporated herbicides
is affected by many factors. These include soil conditions (moisture,
temperature, texture and structure), physiochemical properties of
herbicides and environmental conditions (sunlight, temperature and
rainfall). Depth of incorporation and the tools utilized have been shown

to affect the herbicidal efficiency. -0 40, 54-58

The development of herbicides requiring soil incorporation
created the need for a device capable of uniform incorporation. However,
incorporation tools presently available do not provide the desired soil
placement. Development requires methods of evaluating these devices
with respect to uniform distribution of the chemical in the soil and
depth of mixing. Several investigations have used a traceable material
as a substitute for the herbicide. These included radioisotopes,
granules, magnetic particles and dyes.59A fast and efficient method of

evaluating soil incorporators utilizes a fluorescent dye.

Because of the strong sorption of many pesticide residues to soil
particles, pollution by pesticide occurs through the transport of pest-
icides-laden soil particles to the aquatic environment. Erosion control
combined with soil incorporation provides a means of drastically

reducing surface runoff and volatilization losses.

4, Conclusions

Presently, 63 percent of all pesticides are applied by aircraft,
The remainder is applied with ground equipment. Most pesticides are
applied as sprays, either to the plant foliage or to the soil surface.
Some pesticides are incorporated in the soil. Consequently, any

research program designed to minimize contamination of the ecosystem
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by pesticides must include improvement in spray application and soil

incorporation equipment,

Pesticide usage could be significantly reduced and still provide
an effective pest control program if it is uniformly distributed and the
major portion reached its target. The initial problem is to atomize
relatively non-volatile pesticides formulations into uniform-size drop-
lets which are sufficiently numerous that the pest cannot avoid contacting
a lethal dose. The second problem involves deposition of small particles
or droplets on the target. One of the methods that could improve
deposition of pesticides is electrostatics. The third problem involves
incorporation and injection of soil-applied pesticides. These processes
involve optimum depth considerations. All of these problems merit

intensive research and development,

Spray efficiency is related to optimum droplet size, uniformity
in spray coverage produced, and degree to which drift and runoff is
minimized. Ninety percent or more of spray droplets produced by
existing aerial and ground equipment are not of the optimum size,
This portion of the spray constitutes the major source of pesticidal

pollution,

5. Recommendations

1. The program of the Agricultural Research Service of the U. S.
Department of Agriculture (USDA) to determine the optimum droplet
size range for major pests should be expanded, Research on improved
methods of pesticide impingement through the use of electrostatics and

other techniques should also be increased.

2. Government and industry should jointly engage in the development of
improved pesticide formulations and the design of equipment capable of

producing the desired droplet size.
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3. Government and industry should expand research to improve soil

incorporation and injection equipment.

4, The Environmental Protection Agency and USDA should jointly
sponsor studies on the comparative efficiency of methods of pesticide

application to minimize contamination of the environment.

5. The Department of Agriculture, through its Extension Service,
should encourage growers and custom operators to use the most

advanced pesticide application equipment under proper meterological

conditions.
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C. THE ROUTE OF PESTICIDES INTO AQUATIC ENVIRONMENT

1. Introduction

Pesticides may enter surface waters as a result of agricultural,
commercial, and domestic applications. They are used for diverse
purposes such as control of pests in agricultural products, stored food
and fabrics, structural material, parks, golf courses, home lawns and
gardens, etc. Other sources of pesticidal entry into the aquatic
environment are industrial waste discharges; pesticidal applications
directly onto water surfaces; drift from aerial applications; overland
drainage;intentional dumping; cleaning of contaminated materials and
equipment; incinerator and open burning gaseous and particulate

discharges; wind-blown, treated materials; and accidental spills.

Agriculture is the chief consumer of pesticides in the Southeast.
Their fate after application is complex. It may involve biological and
photo-degradation, chemical oxidation and hydrolysis, direct volatilization,
and migration into adjacent areas, translocation into plants, and sorption
onto airborne particulates and soil materials. It is difficult to accurately
determine the quantity of pesticides transported into the aquatic
environment from time and place of such applications. A more thorough
understanding of the physicochemical nature of the pesticide, as well
as the associated ecological system, will be necessary to comprehend

their route into the aquatlic environment.

Soil is an important terrestrial sink for pesticides. It controls
the movement of the chemical through leaching and/or vaporization.
Transport into and within the water media is likely to involve parti-

culate matter and sediments via processes as yet not been well defined.
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Information is not available to describe the role of natural hydrologic
dynamics in controlling the movement of pesticides through the aquatic
environment. There is well-documented evidence that certain chlorinated
organic pesticides are rather widely distributed and persistent in the
environment and are accumulated in the aquatic food chain, Intensive
systemic research is required to provide a more complete understanding

of the interaction between pesticides and the water environment.

2. Properties of Pesticides

The nature of pesticides is one of the most important factors that
governs their movement into water courses. Like other chemicals, they
obey physical and chemical laws. By defining their behavior and
properties, a better understanding of their effects in the environment
will be realized. The relevant physicochemical properties of pesticides
include the dissociation constant, molecular structure, size and
configuration of molecules, water solubility, and dipole moment. These
and other properties appear to influence the movement and retention of
pesticides in, through, and from soil surfaces. The dissociation constant
indicates the degree of acidity or basicity. This is an important factor
in the sorption and desorption of the pesticide in soils, The electronic
distribution within the molecule establishes its properties and will be
affected by the nature of aliphatic and aromatic substitutions onto the
parent molecule., In turn, these affect the ease of hydrogen bonding.

Van der Waals forces increase with increasing molecular size ang

especially with increase of the number of double and triple bonds. The

nature of functional groups further influences inter-and intra-molecular hydrogen
bonding and affects the affinity of the molecule for the sorbing surfaces,

Sorption may be precluded through steric hindrance as a result of

molecular configuration. Water solubility will influence the partition
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of the pesticide among the liquid, solid, and vapor phases. This affects
transport of the compound from the area of initial application. The
degree of polarity of the pesticide affects its solubility in water and its
affinity for sorbing surfaces. Thus, the dipole moment may correlate
with the retention and movement of pesticides in soils and in aquatic
environment. Molecular chemical properties are closely related to the
functional groups and strucuture of the pesticide molecule. It is known that
the sulfur atom in the alkyl chain of an organic compoundcan be easily
oxidized in the atmosphere to sulfoxide or sulfone. Thimet and Temik,
organic phosphorus and organic carbamate pesticides, respectively, are
examples, They become more toxic when they are oxidized. Purely
chemical reactions taking place between pesticides and soils have been
reportedz. A detailed analysis of the chemical properties of pesticides

is beyond the scope of this report,

Organic phosphorus pesticides hydrolyze with comparative
rapidity. Although Parathion is long-lived (50 percent hydrolyzed in
water in 120 days), most of this class are hydrolyzed over intervals of
hours to a few days3. An unusual case of persistence of Parathion has
been reported4. About 0.1 percent of the total Parathion applied to soil
remained 16 years after application. Parathion may have dissolved into
lipids of the soil organic matter and thus have been protected from
bacterial degradation and hydrolysis. Degradation of Parathion occurs
either via hydrolysis or by reduction to its amino form. The latter
alternative depends upon the population of soil microorganisms. In
soils of low moisture content and low microorganism activity, Parathion
persists over longer periodss. Carbamate compounds are less persistent

. .. 6
and disappear in rivers within 8 weeks of application .
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Chlorinated hydrocarbon pesticides exhibit a very high photo-
and biological-resistance. Technical Aldrin, Chlordane, Endrin,
Heptachlor, Dilan, Isodrin, BHC, and Toxaphene remained in Congaree
sandy loam soil up to 14 years and were measured at 40, 40, 41, 16,
23, 15, 10, and 45 percent of initial application, respectively,7 Thirty-
nine percent of the DDT remained in three types of soil up to 17 years.
No measurable degradation nor chemical change was observed for BHC,
DDE, DDT, DDD, Dieldrin, Endrin, and Heptachlor epoxide after 8 weeks
in river wateré. The high stability and long persistence of certain
organochlorine pesticides in soil have been reportedgnlz. Persistence
of these compounds is influenced by soil type, moisture, temperature,
and mode of application. DDT, Aldrin, and Lindane persist longer in
muck soil than in Miami silt loarnlo. The persistence of Aldrin is
affected by soil moisture. Water, apparently, causes a displacement of
the Aldrin from the soil particles and enhances evaporization of the
compoundg. Aldrin and Heptachlor persist longer in soils of low tempera-
ture than in soils of high temperaturelo. Incorporation of Aldrin and
Heptachlor into the soil increased the persistence of these compounds by

a factor of tenlz.

Interaction between herbicides and soil microorganisms has
. 3,14
been studied . It was demonstrated that various phenoxyacetic
acid herbicides are more inhibitory to microorganisms under acid
conditions than under neutral' or alkaline conditions and they disappear
more rapidly from soils under conditions favorable for microbial
14 .

development . Photo-and biological-stability are inherent properties
of individual pesticides and important in determining their persistence

in the environment, Organic herbicides in water may be completely

destroyed by exposure to intensive high energy radiation1
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Picloram could not be detected in a solution which originally contained
an initial concentration of 1 milligram per liter (mg/1) after 30 minutes
or less exposure to high intensity ultraviolet irradiation. Enzymatic
conversion of chloromaleylacetic acid to succinic acid has also been
reportedlé. In order to understand the route of pesticides and their by -
products into the aquatic system, these and other processes must be
considered. For example, photo-and biological-detoxification of
pesticides determine over what distance and time they effect the
aquatic environment. There is also an urgent need to develop effective
pesticidal decontamination methods suitable for use in various aquatic
environments. Activated carbon treatment of potable supplies is the
only established process3. No comparable treatment of natural systems

exist,

3. Sorption-Desorption Phenomena

The principal source of water pollution by pesticides today is
runoff from the land. To ascertain directly the transport mechanism of
pesticides by overland flow, it is necessary to understand fully the
sorption and desorption of chemicals on soil and aquatic sediments.
Clay minerals are the major components of Southeastern soils and
complexation onto their surfaces is an important factor. Sorption
and desorption of organic pesticides by soils are closely related to
soil type and constituents, moisture, temperature, cation exchange
capacity and surface area, and the physiochemical properties of the
pesticide itself. Organic components of the soil appear to possess
s . s 1,17, 18
the greatest sorption potential for cationic and molecular pesticides "~
The clays, especially montmorillonite and vermiculite, play an

important role in sorption because of their high cation exchange capacity

and relatively large surface area. The oxide and hydroxide components
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of the soil may also contribute to the total sorption capacity through

high anion exchange capacity and large surface area.

The forces involved in sorption may be coulombic (chemical
sorption), Van der Waals (physical sorption), or hydrogen bonding.
Isotherms have been measured for a series of herbicides sorbed onto
clays and found to be highly dependent on pH and electrolyte concentration
The organic content is usually very low in many of the coarse-textured
soils of the Southern United States. In this situation the clay fraction

assumes a greater importance as sorption sites for pesticides.

Biodegradation markedly affects the stability of dilute organic
clay complexes in solution. If this is not recognized then misleading
information can result from sorption studieslg. Clay particulates are
usually negatively charged in aqueous solutions. Sorption is attributed
to the charge attractive forces between the negatively charged clay

surface and the positively charged organic ions Unionized organic

molecules and organic anions are either not sorbed or are very weakly
sorbed because of competitive sorption of the more polar water molecule
and the repulsive force between the organic anions and clay surface
Sorption by organically treated clay indicates that the solubility of the

organic sorbate mainly governs the extent of sorptionZI. This organo-

clay is often hydrophobic in nature.

Pyridine sorption onto kaolinite and montmorillonite is described
by the empirical Freundlich relationship (amount sorbed per unit weight
is an exponential function of the equilibrium concentration of the sorbate)zz
Significant sorption occurs in less than 17 minutes and is attributed to a
cationic exchange process. The amount sorbed depends on the aqueous

solution pH and temperature. Maximum sorption occurs at PH 4.0 and
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5.5 for sodium montmorillonite and sodium kaolinite, respectively. In
the case of desorption, pyridine desorption is directly related to the
number of stages and/or the volume of solution, with maximum
desorption occurring at pH 1 and 11. Desorption is much slower than
3, These

carefully-controlled studies must be repeated with many of the pesticides

sorption at a comparable pH and clay to organic ratio

if the processes affecting persistence are to be understood, Many of
the published results are suspect because adequate experimental

controls were not maintained.

Huang, et. al. reported that the sorption of DDT, Heptachlor,
and Dieldrin by kaolinite, illite, and montmorillonite is very rapid
and exhibits Freundlich type isotherm524’ 25, These investigators
concluded that the primary mechanism of the sorption of these pesticides
by clays is through the formation of hydrogen bonding and other strong
forces of interaction. Only Van der Waals forces contribute significantly
to the sorption of Dieldrin. These findings may be in error., Because
of the nonpolar nature of the chlorinated hydrocarbon, it is very
unlikely that they are retained by the pure clay particle via any of the
aforementioned sorption forces. In fact, these pesticides tend to
associate with or accumulate in the organic fraction of the crude clay.
The clays used in many studies are not properly characterized or
prepared to assure that they are not organo-clays at the outset. In

nature, they may be converted to organo~clays but the nature of these

converted materials is not known,

It has been reported that the sorption and desorption of Dieldrin
by montmorillonite sediment are not significantly affected by either
26
temperature (10°C to 30°C) or salt concentration (0.03 to 3.0 percent) .

The investigator also stated that soluble organic matter, such as glucose,
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alanine, and stearic acid, did not exert an effect on the rates and
equilibria of the sorption of Dieldrin, DDT, and Heptachlor by
montmorillonite and illite. These investigations are not scientifically
acceptable as reported. There is no specific description of the
physicochemical characterization of the clay or the experimental

21, 28. The nature of saturating cation, source and purity

techniques
of the clay minerals employed, clay particle size and surface area,
and the pH of the aqueous system are important factors which will
affect the sorption properties of the clay. These must be reported if

the results are to be meaningful,

The sorption of dithio-carbamates (fungicides) by/clays is
reported to be the result of coulombic forces because of the ionic
nature of the compound in solution”. The ethylene dibromide ( a
fumigant) and organic phosphorus insecticides may be retained at the
clay surface through external hydrogen bonding. This is because of
the noncharge nature and unequal distribution of charge of the

respective molecules

The sorption of 2, 4-D by Bentone 24{an organo-bentonite) is
rapid and considerable but sorption of the chemical by untreated bentonite
was below detectable limitszg, Greater sorption was found in more
concentrated sorbate solutions or under more acidic conditions. Sorption
is directly proportional to the organic fraction of the clay. Thus,
reports that clays sorb negatively charged molecules (such as 2, 4-D)
may be attributed to a mechanism not readily appreciated by those
making the studies. The clays complex organic molecules, such as
amines, cationic detergent, etc., from aqueous solution and the
resulting organic clay surface then sorbs the 2, 4-D. The physical
and chemical nature of the organo-clay surface determines the extent

of subsequent sorption of other organics such as pesticides.
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It has been reported that clay minerals (illite, kaolinite, and
montmorillonite) sorb very little 2, 4-D or Isopropyl N- (-3 Chlorophenyl)
carbamate (CIPC)IS’ 30. Hamaker, et. al. found that organic matter
and hydrated metal oxides are principally responsible for the sorption
of 4-Amino-3, 5, 6-trichloropicolinic acid on soil3. The poor sorption
of this compound's anionic species by clay minerals and the strong
sorption by hydrated metal oxides would appear to be consistent with
a process of replacing the hydroxyl ions from the metal oxide surface.

The greatest sorption of the acids, 2, 4-D, and 2, 4, 5-T was observed
onto soils containing a high percentage of organic matter and for red

and acidic soils31

Freundlich type isotherms were measured for sorption of a number
of herbicides onto montmorillonite32, Regardless of the chemical
character of the sorbent, sorption occurs to the greatest extent on
highly acidic H-montmorillonite (a homoionic clay) as compared to the near
neutral Na-montmorillonite, The degree of sorption of organic compounds
with widely differing chemical characteristics is governed by the degree
of water solubility, the dissociation constant of the sorbate and the pH
of the clay system. The surface acidity affects the sorption of basic

organic compounds by the clay.

The organic content of the soil is the major factor influencing

retention of chlorinated hydrocarbon pesticides in soil. For example,
. .33
dieldrin retention is related to the organic content of the soil ~and the
immobilized residues of herbicides-derived chloroanilines are chemically
.. 34 .

bonded to humic substances of the soil” ., However, as stated earlier,
the organic content of many of the coarse textured soils in the Southern
United States is {rery low. In these states,the clay fraction of the soil

is likely to be the principal factor involved in sorption of pesticide.
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Within the aquatic environment, it has been established that bot-
tom sediments exhibit higher pesticide concentrations than surface wa-
ter35, 36, For example, 0.02 to 3.58 parts per million (ppm) of DDT and
its metabolites and O to 2. 47 ppm of Toxaphene were found in the bottom
sediment of selected Delta Lakes in Mississippi?’s, Lake waters are
generally low in pesticide residues. It has been found that the sorption
of both Endrin and Dieldrin by bottom sediment is time-dependent and
pH sensitive36. The sorption of Dieldrin occurs only at a low pH.

If the pH is adjusted above 7, Endrin will not remain associated with

the bottom sediments for an extended period of time. Similarly at pH
greater than 8, the sorption of Dieldrin is negligible. The sorption of
"Endrinis salinity-dependent, but not so, in the case of Dieldrin. Because
the pesticidal concentration is maintained by a dynamic equilibrium,

the desorption of pesticides from bottom sediment may occur as a
function of changes in physical, chemical and biological stresses.

This provides a potentially continuous supply of these chemicals to

the aqueous solution. This tends to extend the potential contact time of

the pesticides to aquatic organisms and affects the aquatic food chain.

The aquatic organism can magnify many-fold the pesticide doses
originally introduced into the ecosystem. The dose is passed along and
concentrated in the aquatic food chain. Eventually it may reach man
or recycle in the aquatic environment. It has been determined that flora
and fauna contain DDT and its metabolites nearly 1, 000 times as great
as the concentration present in the water37. Residues of DDT gnd its
metabolites, and Toxaphene in the flesh of fish from selected Mississippi
Delta Lakes 3hsa.ve been found to be 0.15 to 10.60 ppm and 0 to 20 ppm,
respectively . The median concentrations of Endrin and Dieldrin in
oyster samples were determined to be less than 10 PPmM in the lower

36
Mississippi River . It was found that DDT accumulated in lake trout38
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and in marine phytoplankton39, Toxaphene concentrates in aquatic

plants and fish40. The biological magnification capability of aquatic

life significantly increases the hazardous and destructive potential of
pesticides originally present in the water. It also serves to localize these

materials and modify their transport within the aqueous system.

Pesticidal contamination is found on plants and agricultural
products grown on pesticide-treated soils. These pesticides are
apparently first sorbed by the root system and then translocated into
the plant. Aldrin and Heptachlor residues have been found in cucumbers

. s 41 . .
and alfalfa grown on pesticide-treated soils . Similarly, residues of

43,44

Endrin or DDT have been detected in turnips42, soybeans and

H

’

peanuts and tobacco leaves grown in soil treated with these
pesticides. Cotton plant leaves accumulate different amounts of
Dimethoate under different light and humidity conditions. Both high
humidity and darkness greatly reduce Dimethoate accumulation in the
1eaves46. Five kinds of carrots were found contaminated with various
amounts of Aldrin or Heptachlor. This was a result of considerable

difference in rates of sorption47. DDT, BHC, and Parathion are

translocated to root crops and cause decreased yields48,

It can be concluded that sorption and desorption processes are
the major factors influencing pesticide movement into aquatic environ-
ment after application. Sorption is affected by soil type, clay and
organic content of the soil, soil temperature, physicachemical nature
of the pesticide, the degree of the saturating cations on the colloid
exchange site, and pH of the ecosystem. Bottom sediments, aquatic
organisms and plants grown in pesticide-contaminated areas accu-
mulate large amounts of pesticides. Sorption capacity and desorp-

tion processes for various types of soil need investigation under varying
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field conditions, such as rainfall intensity, pH, temperature, etc. Less

persistent pesticides may be necessary at certain times. Appropriate

concentration and application techniques must be evolved.

4. Movement into Water

Water solubility, although important in the physical transport
of the pesticide from the area of application, is not considered to be
the major factor in leachability. A very water-soluble compound will
not leach if it is irreversibly sorbed and an insoluble compound will
leach readily if it is not sorbed49. The moisture content of the soil
as well as the intensity and frequency of rainfall affect the overall
movement of pesticides in the soil. A low moisture content favors
retention of the pesticide in soil because it lowers total solubility and
enhances the competition of the pesticide for an adsorption site. Bailey
reported that a lower rainfall intensity resulted in greater removal
of a herbicide from the upper surface horizons than did less frequent
rainfall 1. Certain pesticides are leached in greater amounts and to
greater depths under lower rainfall intensities. Weather patterns may
be as important as total rainfall in determining the movement of herbicides

in soill7,

With readily available soil moisture, phytoactivity may be

enhanced. This action likely results from increased susceptibility

of a plant to the herbicide, increased transpiration, and/or increased
availability of the herbicide49_ Laboratory data showed that penetration
of Dieldrin into the soil is dependent on both soil type and moisture level
at the time of application. Thus, distribution in the soil may vary from
a thin layer of concentrated insecticide to a relatively thick layer of
less concentrated insecticide. Field penetration of Dieldrin was found

lowest in arid soils and highest in wet soils50

112



The movement of water into the soil from the surface is known
as infiltration while the movement of water through the soil is known
as percolation. The infiltration of water into the soil depends on the
soil's initial moisture contentSI. The forces of gravity, capillarity

and hydrodynamic factors cause the movement of water soluble pesticides

down through the soil. Soil texture will affect the movement of pesticides1

Pesticides leaching is greater in soils of light texture.

. . 1 ... .
The three major means of pesticide transport within soil are:

° Diffusion in the voids of the soil

e Diffusion in the soil water

° Downward flowing water

The first and third are important in the movement of volatile and
nonvolatile pesticides, respectively, Pore size and pore size distribu-
tion affect the rate of water passing through the soil as well as the

extent of downward spreading motion of the pesticide.

If no appreciable attenuation occurred, a pesticide could pass

through the following parts of the environment in sequence

e Soil Surface

e Zone of aeration or the zone between the soil
surface and the water table

° Zone of saturation or the zone of groundwater
] Stream course

® The sea.

In some cases, pesticides extend through the zone of aeration

into the zone of saturation where they tend to spread laterally.

The depth of the zone of aeration varies from near zero in

swampland to several hundred feet in arid regions. The zone of

113

18



saturation may extend to a cons iderable depth, but as the depth increases,
the accompanying weight of the overlying soil and material tends to close
pore spaces and, thus, relatively little potable water is found at depths

of more than 2, 000 feet. 53 In the zone of aeration the moisture may be
present as gravity water in transit to large pore spaces, as capillary
water in small pores, as hydroscopic moisture adhering to a thin film

on the grains of soil, and as water vapor.

The movement of water vapor in the soil is related to tempera-
ture, i.e.,vapor movement is from high to low temperatures. However,
for the most part temperature gradients are usually small and the quan-

tity of moisture moved is negligible.

Groundwater, in its natural state, is constantly moving and this
movement is controlled by established hydraulic principles. Darcy's
law is used to express the movement through aquifers, most of which
are natural porous media. The measure of the ease of flow through the

porous media is known as permeability,

Sorption and retention of cations on the surfaces of aquifers are
dependent upon the fine silt, clay, and organic fractions of the aquifer.
The principal cations involved are sodium, calcium, and magnesium.
The soluble products of soil weathering and erosion add salts to the
groundwater during its passage through soils. Irrigation water, perco-
lating to the water table, contributes large quantities of salt. This is
primarily the result of the drainage water salts being concentrated by

the evapotranspiration process. 54

Generally, the chlorinated hydrocarbons, such as DDT, persist
in the soils and do not move in appreciable concentrations through the
soils and into the drainage effluent as groundwater, 2> Pesticide resi-
dues do not penetrate deeply enough into the soil to obviate g biological

hazard. Downward movement is aided by cultivation, The preponderance
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of residue accumulations appears to be confined chiefly to the top one
foot of soil, and within this depth most residues -are found within the
cultivation layer (4 to 6 inches). In the fire ant control program, most
Heptachlor residues have been found within the top inch of soil., Humus

56

layers fall within the zone in which most residues occur.

The movement and distribution of DDT in a heavy clay soil has
been studied by several investigators. For example, Swoboda, et. al.
found that most of the DDT remained in the top 12 inches of soil but that
some DDT was found at the lower profiles probably as the result of
leaching. 57 Breidenbach, et. al. reported that percolate water, inter -
cepted below the rooting depth at 2, 44 meters (8 feet) contained no
Methoxychlor and only trace amounts of 2, 4, 5-T fourteen months after
application. The total amount of 2, 4, 5-T found in the percolate was so
small that it did not indicate significant contribution to groundwater con-
tamination. 28 A major portion of the applied pesticide was removed from

the soil by overland drainage. >8

The movement of micron-size particles through a sand bed has
been investigated using radiochemical tracers. 59 The transport rate
of the finer particles was essentially the same as that of the cations in
solution,while the rate of the coarser particles appeared to be signifi-
cantly slower. Sodium humate, a common soil constituent, can solu-
bilize insoluble pesticides such as DDT in water, thereby,facilitating
the transport of the pesticide. Swoboda, et. al. suggest that the move-
ment of pesticides in soil in the Southern states is primarily caused by
leaching, movement with soil particles, and volatilization (because of

high soil temperatures). 31

A mathematical model has been developed to describe the move-
ment of DDT and its decomposition product, DDE, in an ecosystem.
Some predictions of the consequence of adding DDT to the environment
are possible and are based on its transport, accumulation, and concen-

tration, within ecosystems. 60
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It can be concluded that a major portion of the applied pesticide
is removed from the soil by overland drainage.” Movement of pesticide
through the soil by infiltration and percolation is small and it contributes

in only a minor way to groundwater contamination.
a. Direct Application

Many organic pesticides are added directly to water to control
aquatic insects, trash fish, and aquatic plants. Examples include:
Dieldrin for control of sand fly larvae; Toxaphene and Rotenone for con-
trol of various species of fish; and phenoxy acetic and propionic acid for
aquatic plant control. 6l In these cases, direct water contamination re-

sults,

It has been found that Fintsol can be used more effectively than
Rotenone under a wider variety of conditions for controlling sunfish in

catfish pounds. 62 Aquatic weeds (Parrots Feather, Needlerush, Pitho-

Ehora sp., Potamogeton sp., and Microcystis sp.) have been controlled

by the application of herbicides (2, 4-D, Aquion, Karmex, copper sul-
63

fate and Kuron) in conjunction with fish production. High rates of 2,
4-D application for water milfoil control in Tennessee Valley Authority
reservoirs have not produced adverse effects on aquatic fauna or water

quality. 64

In a sand fly eradication program, it was reported that during
1955, 2, 000 acres of salt marsh in St. Lucie County, Florida, were

treated with 1 1b/acre of Dieldrin. 3,65

Twenty to thirty tons of fish, an
estimated 1,117, 000, representing some 30 species, were killed and re-
production was not observed for four weeks. Crustaceans were virtually
eliminated; however, fiddler crabs survived in areas missed by the spray

treatment.

The presence of tree roots in sewer lines creates a major pro-
blem in urban areas. Control has been achieved by the flooding technique

for addition of herbicides such as Metham and Dichlobeni], 66 However
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this practice does not take into account that these herbicides will be intro-

duced into the sewage system and may then present a major contamination

problem,

To eliminate harmful side effects on non-target species,direct

application of pesticide to waters should be minimized and alternative

controls devised wherever possible.
b. Overland Drainage

Not all of the pesticides applied to land end up in a waterway,
but it is likely that almost all pesticides in streams result from storm
runoff or overland flow. L, 52,55, 67, 68 The pesticides are initially sorbed
onto particulate matter and then transported as complexes to the water
course.! Chlorinated hydrocarbon pesticides have been found in bottom
sediments in 126 locations of the Mississippi River. These deposits are
attributed to agricultural sources. 69, 70 Since chlorinated hydrocarbon
pesticides are only slightly soluble in water, they may be transported as
a film, emulsion, or in association with particulate matter. Chlorinated
hydrocarbons are found in surface waters of the Southeast. 71,72 The
number of occurrences reached a peak in 1966. Their presence has de-
clined sharply since 1967. This trend is consistent with the decrease of
production and usage of chlorinated hydrocarbons and the increase in the
use of organophosphorus and carbamate compounds,

Instances of surface water contamination with chlorinated hydro-

73

carbon pesticides have occurred in certain areas of Georgia'~, in major

river basins of the United States, in the Mississippi River and Delta

area % 12 76, in sugar cane farming areas of LOuisiana77, and in farm
ponds. 78,79 surface runoff from fields was the main source of these

pesticidal contaminations. For example, Toxaphene and BHC were de-
tected in all samples taken from a stream in northern Alabama from the
summer of 1959 through the winter of 1963. Analyses of treated and un-
treated drinking water showed that purification processes failed to com-

pletely remove these two compounds. 80
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(1). Soil Erosion

The transport of pesticides into the aquatic environment and
their persistence presents a complex problem. 8l 1t has been established
that there is a relatively long persistence of certain chemicals which
have been in use since 1945. Eroded soils previously treated or incorpo-
rated with pesticides are major sources of surface water contamination.
It has been estimated that the gross sediment eroded each year in the
United States is around 4 billion tons. This loss occurs by the processes
of sheet erosion, gullying, and a stream channel erosion. 82 Entrain-
ment, transportation, and deposition of sediments depend on the proper-
ties of the sediment and the hydraulic characteristics of the waterway,

The seven principal sources of streamborne sediment are:83

e Sheet erosion, the removal of surface soils by
overland flow without the formation of channels
of sufficient depth to prevent cultivation or
crossing farm machinery;

e Gullying, or the cutting of channels in soil caused by
concentrated runoff;

e Erosion of stream banks and channels;
e Mass soil movements, such as landslides;
e Flood erosion; and

e Erosion associated with development, such as roadway
construction.

The modes of sediment transport may be classified as: 82

e Bed load, rolling or sliding of sediment along the
stream bed;

e Suspended load, suspension of sediment in the moving
water; and

e Wash load, fine particles carried into and through the
channel with no relation to the stream bed material,
An investigation of Atrazine associated with runoff and erosion

was made using simulated rainfall and surface applications to soil. It
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was found that greater losses resulted when the rain was applied imme-
diately after the herbicide application. The Atrazine content was highest
during the early stages of runoff as might be expected. Concentrations
in the soil fraction of the washoff (water-soil mixture) were higher then
in the water fraction. 84 Simulated rainfall intensities and storm dura-
tion were used to investigate 2, 4-D contained in washoff from cultivated
fallow Cecil sandy loam soil. 85 Concentrations of 2, 4-D in the washoff
were positively correlated with the application rate and were greatest

at the beginning of each storm. The iso-octyl and butyl ether ester for-
mulations of 2, 4-D were far more susceptible to removal in washoff
than the amine salt. 85 For Dieldrin-incorporated soils, losses were

appreciable when erosion occurred and reached 2.2 percent of the amount

applied. 86

Effects of soil cultivation on the persistence and vertical distribu-
tion of pesticides were investigated over a ten-year period. 11 After treat-
ment, DDT and Aldrin were rototilled into the soil. First one-half of
each plot was disked to a depth of approximately 5 inches for 5 consecu-
tive days each week for a 3-month period. The other half served as a
nondisked control. While only 26 percent of the applied DDT was lost in
a 4-month period from the nondisked portion, 44 percent was lost from
the disked portion. For Aldrin, 53 percent was lost in the nondisked and
70 percent in the disked plot. No difference in the distribution of the resi-

due in the soil layers was found between disked and nondisked soils.

Chlorinated hydrocarbon insecticides applied to the soil to con-
trol subterranean termites have moved through the soil very slightly
after 10 to 20 years of weathering in open fields in southern Mississippi.
There was only about 1 foot of vertical movement and only about 20 inches

of horizontal movement of DDT under the soil surface in 2 decades. 817

Aldrin and Heptachlor were applied either to the soil surface or
incorporated into the soil by rototilling to approximately 5 inches, 12

Recoveries of these pesticidal residues ranged from 2.7 to 5.3 percent
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of the applied dosages. Measurement was made 4 months after a soil-
surface application. However, incorporation of the pesticides into the
upper soil layers increased the persistence of the residues by a factor
of 10. One year after treatment of the upper soil layers, 90 percent of
the recovered residues were located within the upper 3 inches of the
soil. The highest concentration of the insecticides was found within the
second inch of the soil layer. A deeper penetration and a more equal

distribution of the residues was noticed 3 years after the soil treatment.

A field study examined losses of Dieldrin that had been disked
into a silt loam soil to a depth of 7.5 centimeters. In general, the
amount lost in the runoff water was a very small fraction of the quantity
applied. At most, this amounted to 0.07 percent of the original dosage
in the first season, with the largest losses occurring in the first 2 months
after application, Highest Dieldrin concentration in the water was 20
micrograms per liter (ug/l) soon after application. Concentration was

always less than 2 pg/l in the second year. 86

Soil cultivation is one of many factors that affects the disappear-
ance of insecticides from soil. It must be cautioned that the disappear-
ance of the pesticides from soil does not mean its removal from the envi-
ronment., After the application of the pesticide to a soil, a partitioning
among soil, water, and air takes place. Distribution of the pesticide in
the environment is controlled by many variables including temperature,
soil properties, soil water content, and the nature of the pesticide. The
increased loss of pesticides from cultivated soils can be partially ex-
plained by the continued exposure of new surfaces. However, other fac-
tors such as soil moisture, organic content, and temperatures will affect

the loss rate. 88

The possibility of DDT accumulation in soils from spraying is
more likely in orchards and with crops where the green plants are turned
under and incorporated into the soil after each harvest, Pesticide move-

ment downward is aided by cultivation and rainfall and other natural
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In some newly developed irrigation fields it was found that after
irrigation began, use of organophosphates and carbamates increased
greatly. 94 The results indicate that irrigation water carries away some
of the applied pesticides which results in the need to increase pesticide
applications to compensate for the loss. Results also showed that there
was little vertical penetration of pesticides from surface applications

(penetration did not exceed 12 inches),

It is concluded that pesticides removed by irrigation runoff in
either the liquid form or settleable silt were only a small percentage of
the amount applied. Ground water contamination by pesticides perco-
lating through the soil from irrigation can be considered very slight.
Irrigation practices do not constitute major problems for the aquatic
environment with respect to contamination by pesticides. However,
factual assessment of this situation will only be obtained after thorough
investigation. Information is needed regarding pesticidal residue distri-
bution, magnitude, and persistence in the ecosystem resulting from irri-
gation practices. Such information will permit long-range evaluation of
the effect of these chemicals and anticipate harmful environmental effects

before they occur. No such problem has been identified in the Southeast.
c. Atmospheric Processes

Pesticidal compounds may enter the atmosphere in several ways
and in various physicaly states and then be redeposited directly or indi-
rectly in the aquatic environment. Direct drift from spraying operations
contributes particulate or’ globular matter at concentrations which are
likel'y to vary inversely with the distrance from the site of application.
Such effects are usually local but the possibility exists for a more exten-
sive influence. Several organochlorine insecticides volatilize from
treated soils, thus adding a slow but long-term contribution to the atmos -
phere, 95 Effluents and vapors from industrial processes, such as pesti-
cide manufacturing or moth-proofing of garments, also contribute. Quan-

tities may accrue from the use of domestic aerosol insecticides and
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thermal vaporizers and the dust from treated soil, clothing, and carpets.
The concentration of these compounds in air is lower by a factor of 10

95

to 100 times that in rainwater.

Pesticides can be transported by wind and deposited in water far
from an area of application., Even a trace of precipitation may deposit
unusually large amounts of pesticides on sites far from the source of the
contamination if it falls through windblown dust clouds. Pesticides are
now considered to be universally present in the air. Their distribution
to sites remote from application areas depends on prevailing patterns of
wind circulation and deposition rates. The potential for atmospheric con-
tamination and subsequent transport during field application of pesticides

is high.

Since many variables are involved in aerial applications of pesti-
cides, no limited study will elucidate all factors or permit accurate pre-
diction of this mode of pesticide contamination, 96 Atmospheric degra-
dation is enhanced by a highly dispersed particulate or droplet state.
Moisture, light and oxygen are factors in determining the rate of hydro-
lysis, photodegradation and oxidation, respectively. The danger of inha-
lation is greater with stable pesticides. To minimize atmospheric con-
tamination, the development of less persistent and less volatile pesticides
is needed. Pesticide application techniques must be improved to effect
maximum delivery efficiency of minimum quantities close to the target

under metereorologically suitable conditions.
{1) Volatilization

Pesticide residues may enter the atmosphere by codistillation

26,97, 98

from water surfaces » by vaporization from plants and soilsgf)’

and by aerial drift during application. The DDT residues in precipitation

in south Florida averaged 1, 000 parts per trillion at four sites between
100

June, 1968 and May, 1969. Based on precipitation content (80 parts

per trillion), some have estimated that one quarter of the tota] annual
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production of DDT could eventually be transported to the ocean. Volati-
lization can be a significant factor contributing-to the net loss of a pesti-
cide applied to a crop or to a soil surface. 12, 86,101 Field experiments

involving Endrin application to sugar cane showed that atmospheric con-

centration reached a maximum of 540 nanograms per cubic meter (ng/m3)

during the next three days. This concentration decreased rapidly to

30 ng/rn3, 77 days later.

A water budget for Birmingham, Alabama indicates that during
the months of July, August, and September a deficit in soil moisture will
usually occur with the rates of actual evapotranspiration being very high, 88
Thus, the top soil layers will tend to be dry. It has been reported that the
rate of volatilization from a soil decreases with a reduction of moisture
content in the soil. As would be expected, the volatilization of pure pesti-
cides increases with temperature, 102" 5ne would expect to find a much
higher pesticide vapor pressure at the elevated ground temperatures found
in the Southeast. However, there is experimental evidence that increasing
the temperature results in a decrease in the relative vapor pressure. 8
This may be attributed to the formation of a stronger sorption force soil

for pesticides in dry and less competition from water molecules for the

sorption sites of the dry soil.

Experimental evidence,in conjunction with known meteorological
date for the Southeast,suggests that during those months when the tempera-
tures are high and soil moisture is depleted, the amounts of pesticide

78
volatilization is reduced.

The major source of DDT residues in soybean plants was found to
occur through vapor movement from contaminated soil surfaces. In contrast
the presence of Dieldrin, Endrin, and Heptachlor resulted primarily from
root uptake and translocation through stems to leaves and seeds. 103 The
amount of DDT sorbed after vaporization from surface-treated soil was

found to be 6. 8 times greater than that obtained through root uptake. DDT
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losses were at the rate of about 2 pounds per acre per year in summer
and about 0. 3 pound per acre per year in winter. 104 The implication is that
about half the DDT applied to field cfops may enter the atmosphere. The
soil moisture content and its influence on volatility was not considered in

the study.

A direct relationship between the initial DDT concentration (below
100 pg/1) and the DDT codistillation rate has been reported. 98 At the
highest concentration tested (1, 000 pg/1), the codistillation rate was as
much as six times greater than anticipated by theoretical dissemination
equations. This finding is in agreement with DDT's great affinity for the
air-water interfaces, which facilitates the high codistillation rate. How-
ever, the results of this study are subject to criticism since DDT solu-
bility is in the order of 1 pg/l. A non-homogeneous solution results when

greater pesticide concentrations are attempted at room temperature.

Experimental studies of the volatilization of soil-applied DDT and
DDD (incorporated into commerce silt loam) from flooded and nonflooded
plots showed that within the first two days, the atmospheric concentration
of DDT at 10 centimeters dropped from a maximum value of 1977 to 58 ng/m3
above the flooded plot and from 2041 fo 100 ng/m3 above the nonflooded plot.
Corresponding levels of DDD decreased from 405 to 30 ng/m3 and from
575 to 92 ng/m3, respectively, It is evident that the flooding treatment
effectively retarded the volatilization of both pesticides. Major changes
in the atmospheric concentrations of both pesticides above the nonflooded

plot apparently are related to certain climatological factors., 105

An investigation of the volatilization of Lindane and DDT from four
types of soils shows that neither pesticide was volatilized at 30° and 55°C
when the soils contained less than a monolayer coverage of water. The
rate of pesticide loss was constant for each soil in ‘the moisture range of

1/3 to 15 bars and the pgsticides volatilized over a longer period of time

1

from the finer textured soil than from the coarser textured soils. For
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Lindane and DDT at 30° C, the rate of volatilization from soil was in
descending order: Valentine loamy sand, Hand loam, Raber silty clay
loam, Promise clay, 106 It was assumed that an equilibrium existed
between the vapor phase and nonvapor phase of the pesticides. The
vapor density was independent of water content until the water content

in the soil approached a monolayer. Vapor density increased with
increases in pesticide concentration and increases in temperature, but
decreased with increases in surface area. In order to explain the dif-
ferent vapor densities between moist soils, one must consider factors
regulating the equilibrium between solid and solution phases as well as
diffusion in both the vapor and nonvapor phases., Neutral pesticides pro-
bably are held to the mineral fraction of the soil by weak physical forces.
One would expect more retention of the pesticide by the organic fraction
of the soil than the mineral surfaces. Both types of pesticide sorption

increase as surface area and organic matter content increases.

Aldrin and Dieldrin disappeared rather rapidly from agar in glass-
covered petri dishes. 107 1n most instances, this disappearance was con-
siderably retarded by inoculation with either fungi or bacteria. Thus,
volatile compounds which are low in water solubility may be lost to the
atmosphere under sterile conditions but this loss may be reduced by the
presence of microorganisms which consume, react, with or physically

cover the compounds.

Vapors are given off from Aldrin-, Heptachlorphorate-, Lindane-,
Heptachlor epoxide-, and Dieldrin-treated soils. 108 A increase in the
rate of Aldrin volatilization from the soil resulted from increases in
insecticide concentration in the soil, soil moisture, relative humidity
of air passing over the soil, soil temperature, and the rate of air move-
ment over the surface of the soil. A decrease in the rate of Aldrin vola-
tilization was noted in dry soils containing increased amounts of clay
and organic matter and in wet soils containing increasing amounts of

organic matter. Vapor loss of Trifluralin from water was found to be
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proportional to concentration, with losses being greater during a 12-hour

period than during an 8-hour period. 109 placement of the herbicide below
the soil surface (0.5-inch) resulted in a very low vapor loss for both

moisture regimes.
(2) Dusting and Spraying

Fallout from aerial pesticide application is a principal source of
water contamination. 68,100, 110, 111 High levels of the atmospheric contam-
nation by pesticides (DDT, Toxaphene, Parathion, and organophosphate)
have been measured in the agricultural areas of the Southeast including
Dothan, Alabama; Orlando, Florida; and Stoneville, Mississippi. Higher
pesticide levels were found when pesticide spraying was reported than

when no spraying was in progress, li2

Aerial pesticidal sprays usually reach the target in amounts equal
to or less than 50 percent of the quantity distributed. 111 During practically
every spray operation, many nontarget organisms are killed, Many of
these may be predators of the organism that the spray attempts to control,
DDT residues may travel great distances once in the atmosphere, and
eventually enter the aquatic environment through precipitation or dry fall-
out processes. Pesticidal drift from Mississippi cotton field applications
has killed a large number of fish, snakes, frogs, turtles, and some egrets. 1

Aerial spraying of organophosphate pesticides on farm land has caused se-

vere poisoning of a farm worker and the death of a 16 year old boy. 13

Spray drift from agricultural sprays is influenced by many factors
such as sprayer design, spray pressure, fluid properties, and meteoro-

logical conditions. Spray drift potential has been evaluated, 114

Spray techniques and droplet size are closely related to the over-
all control of pesticide residue passage to the waterways. An account
has been presented describing methods used, estimation of the spray cover -
age, and the size of spray particles. 115 Experimental results showed that

150 microns mass median diameter spray drops provided the most efficient
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swath pattern for forest spraying. 116 A review of findings between 1954 and
and 1961 showed that larger mass median diameter drops (500 micron)
required lower pressure, and usually lower dosages, than smaller drops

(100 micron mass median diameter) with essentially equivalent results. n7

It is necessary to further explore the significance of droplet size
on the effectiveness of pesticide spray applications. There is a need to
define the significance of droplet size on potential contamination of the
water resources. Spraying must be based on using the proper chemical
on a given crop in the right amount at the right time. Applications should
be terminated prior to harvest to prevent excessive residues on food and

fiber.
(3) Windblown Materials

Wind can sweep away surface soil to which pesticides are sorbed.
These particles can be deposited into the aquatic environment by rain or
by settling processes. 55 High winds have created dust clouds from which
precipitation has deposited an unusually large amount of contaminated soil.
In this case, selected samples showed l. 3 parts per million of total chlo-
rinated hydrocarbon. Pesticides detected were Chlordane, Heptachlor
epoxide, DDE, DDT, Ronnel, Dieldrin, and 2,4, 5-T.118 Deposits of
Malathion and Azinphosmethyl following aerial application were measured
at various wind speeds and flight altitudes. These pesticides were detected
as far as 800 meters (1/2 mile) downwind of application. Estimated re-
coveries from the adjacent areas, into which the spray drifted, ranged

from 18 to 96 percent of the amount applied. 96

DDT residues have been found in the Antarctic. 119 The analytical
results and the estimated snow volume (2.4-3.0 x 1016 cubic meters) were
used to project total DDT accumulation at 2.4 x 109 grams. Concentra-
tions of chlorinated hydrocarbons in airborne dust, carried by the trade

winds from the European-African land areas to Barbados, range from
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less than 1 to 164 part per billion. The lower limit of the average concen-

e -14 120
tration in 1 cubic meter of air is 7.8 x 10 gram,

Analysis of rainwater and dust have revealed the presence of
chloroorganic substances in all samples examined. Proof that pesticides
can be transported to earth by rainfall was obtained from a deposit of
dust on the Cincinnati, Ohio area on January 26, 1965. 121 1¢ is reasonably
certain that soil is constantly being picked up by winds, transported at
high altitudes over long distances, and deposited elsewhere either by
sedimentation or by rain. In order to minimize pesticidal losses from
the application area and possible inhalation hazard due to wind-blown
treated soil, less persistent pesticides are preferable and applications
should be avoided on windy days. Soil conservation practices are also

quite important.
d. Disposal Processes

The problem of the final disposition of pesticides falls into two
categories:
e Disposal of pesticide residues and wastes and

o Disposal of pesticide containers,

Mississippi State University has conducted studies with an over-
all view of the pesticide disposal problem. 122, 123 The waste problem

is classfied into three general catagories:

o Disposal by land burial,
e Disposal by chemical and thermal methods, and

¢ Recycling of waste and containers.

Mixtures or formulations were more biodegradable than single
pesticides, provided that at least one or two of the pesticides in a mix-
ture were relatively easy to biodegrade. 122 However, biodegradation in
soil may result in the suppression of soil bacteria and favor growth of

Streptomycetes and fungi. If the bacterial populacion is suppressed for an
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extended period of time, important processes such as nitrification, nitro-
gen fixation, sulfur transformation, and others are endangered. Thus,

the burial of pesticides presents problems beyond the contamination of

water.

Chemical and thermal disposal methods were compared and it was
shown that incineration was superior to chemical methods. 123 Incineration
at 800 to 1, 200° C for five minutes is the most effective method for the
disposal of pesticide wastes. However, the process in itself is not entirely
satisfactory. Incineration without the entrapment of pesticides in the re-
sulting gases represents an environmental threat through air pollution.
Volatile pesticides and their degradation products could conceivably en-
danger the surrounding countryside. Another serious problem arises from
the residue that remains after incineration. The quantity of residues can
be considerable and the residues may retain other toxic elements, such

as arsenic, If pesticide residues are to be disposed by burning, it is pos-

sible that further chemical treatment will be needed.

Little is known about pesticides released from incineration
municipal and industrial wastes and treatment plant sludges. Because of
the large atmospheric releases could be sig-

nificant and widely dispersed.

Disposal of pesticide containers presents a particular problem.
These containers retain substantial residue. If the container, such as a
metal drum, is recycled, this problem is lessened. However, if these
containers should be disposed by dumping, the buildup of toxic material
could be significant and the material could subsequently be transported to

other areas by water movement.

The magnitude of the problem can be illustrated by an example.

The number of containers reportedly used in the state of Mississippi in

1969 were:124

e 55-gallon drums--=-=--=-----=--------=-----oeoo-s 65, 750

129



e 30-gallon drums ---=--=--=---=-==--=---=---=------c- 16,000

e 5-gallon drums -----==---=--=------~ e 240,000
e l-gallon cans ---=-=-=-------==----------------oes 401, 000
e 0.5-gallon (glass, metal, and plastic containers) -- 35,000

e 0.25-gallon (glass, metal and plastic containers)-- 80, 000

A 1970 survey of 75 counties in Tennessee indicated that 3, 332

124
empty pesticide containers were discarded as trash,

Much remains to be accomplished with respect to the safe dispo-
sition of used containers with pesticide residues although industry is de~
veloping guidelines. 125 A nationwide disposal system should be initiated
as soon as possible. Open burning should be prohibited, even in rural
areas, because of air contamination. Research is needed specifically in
the following areas:

© Recycling techniques for pesticide containers,

o Chemical and biological decontamination methods, and

© Thermal degradation with special emphasis on

incineration research,

5. Case Studies

A number of documented cases reported in the Southeast

of either intentional or accidental nature have been reviewed.
a. Intentional

A Parathion and Methyl arathion manufacturing plant in Alabama
dumped its effluent into a creek when its treatment plant failed in 1961. 67
Fish, turtles, and snakes died along 28 miles of the stream. Traces of
Parathion residues were recovered from the Coosa River into which the
creek entered. Lesser fish kills were reported 90 miles down the Coosa

River.

Five pesticide-formulating companies dumped waste materials into

city sewers; channels and sloughs near their plants; and onto city and
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private dumps where they could be washed away by rainfall. 70
Pesticides residues (Dieldrin, Aldrin, Endrin, Isodrin, Chlordane, Lin-
dance, and DDT analogs and metabolites) varied in concentration from less

than 0.5 ppm in river bottom muds to thousands of ppm in the vicinity of

the industrial plants in the lower Mississippi River basin.

Dieldrin is used as a fungicide in an Augusta, Georgia, wool scouring
plant., This plant discharges the chemical into the Savannah River. A simi-
lar plant previously used and discharged Dieldrin into the Ogeechee River

near Statesboro, Georgia, but an alternative is now used. 126

Drums containing chemical wastes have been found in and along the
North Sea. The wastes were analyzed and found to contain lower chlorinated
aliphatic compounds, vinyl esters, chlorinated aromatic amines and nitro-
compounds, and the insecticide Endosulfan. 127 This could occur in the

Southeast where pesticidal wastes and containers require disposition.

A fish kill took place in Indian Swamp, North Carolina, on or about
June 10, 1971, This occurred when a person deliberately discharged about
two gallons of Chlordane solution into the surface waters. On June 14 and
15, 1971, Indian Swamp waters exceeded from 2 to 10 times the recognized
toxic limits of Chlordane.?8 Another fish kill occurred on July 6, 1971 in
Bear Swamp Creek at S. R. 1301 and was caused by spent pesticide jugs. 129
The jugs, containing Endosulfan, were thrown onto the bank and allowed

Endosulfan to enter the creek.

Over -aged Parathion bags (15 percent dust) were dumped into the
Peace River near a bridge one mile upstream from the municipal water
intake of Arcadia, Alabama, a town of 6, 000 people. 67 All but 8 to 12 bags
were eventually recovered. Subsequent analysis showed less than lpg/l

concentrations in the local water distribution system.

Disposal of waste containers and discharge of pesticides into the
aquatic environment endangers the aquatic life and results in damage to

fishing operations. Measures must be taken to stop this practice. Proper
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methods for disposal of un-used pesticides, pesticide wastes, and pesti-
cide containers have been described. 122:130 joint federal, state, local,
and industrial regulatory effort is requisite as it concerns safe disposal

of empty pesticide containers, wastes, over-aged and unwanted pesticides.
b. Accidental

Accidents, caused by spills of pesticides in the Southeast, have
been reported. Studies of Parathion and Azinphosmethyl residues from
accidental and deliberate (research) spills showed that these compounds
do not break down as rapidly as expected. 8l The soils studied were
silt loam with high organic content and pH of about 5. 0. The plots were
exposed to weathering and routine sprinkler irrigation. In the top one
inch of soil, Parathion and Azinphosmethyl concentrations were reduced

-

by 46 and 10 percent, respectively, over a two-year period.

A comprehensive examination has been performed on a shallow
farm well contaminated with persistent pesticides. 131 The well was lo-
cated less than 25 feet from a site previously used for flushing an insecti-
cide sprayer, Pesticide levels in the water have been monitored for more
than 4 years, during which time a gradual decline in concentration has
occurred. Soil core samples indicate a relatively high surface contami-
nation but very little downward percolation. Sediment samples from the

bottom of the well exhibit the highest concentration of all samples,

Surveys of the chlorinated pesticide levels in South Atlantic and
Gulf of Mexico oysters, occasionally exhibit high concentrations of chlori-
nated pesticides. 132 This indicates a possible future problemi.e., contami-
nation of shellfish-growing waters. These waters should be kept under

surveillance,

The fire ant control areas of the Southeast, whether treated with
Heptachlor or Dieldrin, reported disastrous effects on aquatic life. In
Wilcox County, Alabama, most adult fish were killed within a few days

after treatment. Fish from ponds in a treated area of Florida were found
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to contain residues of Heptachlor and a derived chemical, Heptachlor

expoxide, 133

Mirex has been used extensively since 1962 in the Southeast to com-
bat the fire ant. The United States Department of Agriculture contemplated
a full eradication program. Mirex was to be applied aerially over 126 mil-
lion acres. The project was to require twelve years and cost an estimated
200 million dollars, 126 Mirex is highly persistent in the natural environ-
ment and has been shown to be moderately carcinogenic in laboratory
mice. 134,135 In short-term field tests, Mirex has been shown to exhibit
a relatively low acute toxicity to marine crustaceans. However, subse-
quent long-term studies have demonstrated delayed toxic effects on crabs
and shrimp. Eighty percent mortality in shrimp and 60 percent mortality
in crabs occurred when they were exposed to only 0.1 mg/l of mirex in
water for 15 days. 136 Because it is very insoluble in water and very solu-
ble in animal fat, the chemical moves rapidly from water into aquatic
species and up the aquatic food chain, Current spraying techniques involve
Mirex impregnated corn cobs. This is a risky practice because the un-
touched bait may eventually be carried into waterways by runoff. Incorpo-
ration of the bait into the soil may solve this problem. A national survey
of 5,000 oysters and other shellfish has demonstrated that Mirex is the

136 It was also reported

fourth most commonly found pesticide residue.
that Mirex contaminates shellfish in estuarine drainage areas of the

Southern states.

During the summer of 1950, insect infestation was unusally great
in northern Alabama and some 80 to 95 percent of the cotton farmers began
heavy applications of Toxaphene. 3,6L,133 Ap acre of cotton was sprayed
with 63 pounds of Toxaphene. Frequent and heavy rains washed the pesti-
cide into nearby streams and caused extensive fish kills in 15 tributaries of
the Tennessee River. Two of these streams are municipal water supplies

but no harmful effects to humans were reported.
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Fish kills occurred in Choccolocco Creek and in the Coosa River
near Anniston, Alabama, during May, 1961.l Parathion and/or related
organic phosphorus compounds were accidentally released by a local
chemical company. The pesticides entered Choccolocco Creek via the

Anniston city wastewater treatment plant,

In March, 1965, 2,500 to 3, 000 pounds of 5 percent Chlordane
wettable powder were spilled from a truck passing through Orlando, Florida.
As much as possible was salvaged from the street. From 1, 300 to 1, 700
pounds were lost into the street's storm drainage system from which it
passed into a dry creek bed near one of the city's lakes. When the poten-
tial danger to the lake was realized, the concentrated water and soil were

disposed. 67 The study did not cite the means of disposal,

On September 4, 1967, a truck lost a drum of Malathion in Cordele,
Georgia. 126 The Malathion spilled in the street, The local fire department
was called to clean up the street as a traffic safety precaution. The Mala-
thion was washed into the storm sewer system which discharges into Gum
Creek, a tributary to the Flint River impoundment, known as Lake Blackshear.
A 0, 32 inch rainfall occurred that night. The next day a massive fish kill
was reported in Gum Creek. On November 2, 1969 another fish kill was
reported on Gum Creek, 138 By November 4, fish were dying over a three
mile reach of the stream below the Cordele wastewater treatment plant.
Approximately 1, 500 fish were killed. The fish kill was likely the result of
Malathion entering Gum Creek through the city wastewater treatment plant.
In August, 1971, a minor fish kill at a state fish hatchery near Cordele was
evidence of indiscriminate spraying by a local duster. 139 Two fungicides,
Benlate and Isobac 20, were being sprayed on an adjacent 90-acre peanut

field.

Three fish kills are reported for the state of North Carolina. The
first and third were caused by pesticides that washed into the stream by

heavy rainfall from cultivated fields. The first occurred in Symonds Creek
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beginning in May of 1970, The water was found to contain less than

0.001 mg/1 of Preforam. Significant concentrations of insecticides such

as Toxaphene were measured in the bottom samples and in the flesh of the
fish samples, 140 The second occurred in Hyde County between August 27,
1970 and September 2, 1970, and was caused by aerial overflights of crop-
spraying aircraft applying DDT, DDD, DDE, Parathion, Thiodan, Toxaphene,
and Sevin to soybean fields in the area. These aircraft were observed to be
discharging pesticides into the surface waters. !4l The third occurred in

Lake Junaluska on November 21, 1970. It was caused by Endrin and the kill
continued until the latter part of March, 1971, 142

On June 20, 1971, a fire of about ten hours duration occured at an
agricultural chemical warehouse in Farmville, North Carolina. 143 The
warehouse contained a wide assortment of hazardous chemicals including
pesticides. Water was used to extinguish the fire. Dikes were constructed
to retain these waters until they could be pumped to polyethylene -lined pits.
This particular incident points out the need for a rapid response program for

unusually hazardous situations.

An aerial application of 30 pounds per acre of 10 percent Dieldrin
was made near Spring Creek, Hardeman County, Tennessee on March 24,
1961. Approximately 3,400 acres were treated. Various species of ter-
restrial animals, fish, reptiles, and crustaceans were found dead as a re-

sult of this treatment.144

On February 2, 1962, 1,500 acres in and near the
north end of Bradley County, Tennessee, were treated with 10 percent
Dieldrin at the rate of 30 pounds per acre by airplane dusting to combat an
infestation of white fringe beetle., Various kinds of fish and animals were

found dead as a result of this treatment. 145

On May 22, 1962, approximately 800 acres in the Crandull area of
Johnson County, Tennessee, were sprayed with 10 percent Dieldrin at 2
pounds per acre. Fish mortality began downstream from the treated area on
the first day after application and continued to be heavy for the next four

days. As a result of the nearly complete decimation of the resident fish
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population and the possible public health hazard, Beaver Dam Creek was

closed to public fishing for the remainder of the 1962 season. 145

A heavy fish kill was reported on or about August 21, 1969 in the
lower 11, 4 miles of Beans Creek near Elora, Tennessee. The cause was
Endrin and Methyl parathion associated with runoff from cotton fields.

An estimated 73, 712 fish were killed, }46

Although awareness of safety in handling pesticides is increasing,
the task gets more complex as new chemicals are developed. Educational
efforts must reach the entire population including scientists, regulatory
officials, educators, industralists, and the users of pesticides. The rea-
sons for accidents are preoccupation, clumsiness, forgetfulness, disre-
gard, inattention, unpreparedness, distraction, and in general, a common
denominator-lack of awareness. 130 The goal must be complete protection
of the food supply from pesticide residues, protection of the aquatic envi-
ronment from pesticide contamination and total elimination of pesticide
accidents. 147 gafe handling procedures in pesticidal application must be

followed by all users to prevent future accidental spills. 125,147, 151
6. Conclusions

After two decades of intensive use, pesticides are found through-
out the world. They are present in the aquatic environment and in the
atmosphere, even in places far from any spraying sites. The persistent
nature of certain pesticides permits them to be carried from the air and
soil into the aquatic environment., There they can move from one organism

to another via the food web or be cycled in the aquatic environment,

Physical and chemical properties of pesticides govern their move-
ment from one system to another. Sorption and desorption are the pro-
cesses which limit the rate of movement of pesticides from the soil into
the aquatic environment, Specific sorption and desorption mechanisms
for each pesticde under environmental conditions are not known, These

mechanisms are influenced by the clay and organic content, temperature
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degree of cation saturation within the soil, and by .climatic conditions.,

These factors also influence pesticide sorption-desorption at the benthic

level of the aquatic environment.

Pesticide movement into the soil environment is influenced by
sorption, thermal and biomass characteristics, and general chemical
composition. Knowledge of the chemical and physical nature of pesti-
cides facilitates a prediction of their fate. Common fates in the soil
environment are sorption and desorption, photo- and oxidative decompo-
sition, hydrolytic and biochemical degradation, leaching, and phyto-
assimilation. Organic matter favors sorption of both non-ionic and ionic
pesticides. The soils of the Southeast have a high clay content and sorp-
tion of mostly ionic pesticides is anticipated. Many of the pesticides
applied to the soil are strongly sorbed and do not percolate through the

soil. Pesticides normally are confined to the top few inches of the soil.

Pesticides in the soil are generally in contact with water., The
quantity of water may significantly alter their reactions. For example,
phytoactivity is greatly enhanced in moist soil. Solubilities; partitioning
(soil, water, and air); and interaction of these properties alter the reac-

tions of individual pesticides.

The sorption process and its binding power must be examined re-
lative to leaching., Leaching of pesticides deserves greater attention
because this is the process of most rapid movement from the soil into

the aquatic environment,

The direct movement of pesticides from the soil surface to a
waterway requires consideration of climatic conditions before, during
and after application. Principal consideration should be given to volatili-
zation losses, movements into the soil, persistence at the site of appli-

cation, and movement of the remaining fraction to uncontaminated areas.

Pesticides move into the aquatic environment from the land even

though universally present in the air, Movement from land may take
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several forms but overland drainage is the most significant. Good con-
servation practices reduce overland drainage. “The occurrence of
pesticides in waterways is primarily attributed to their sorption by run-
off particles, Deposition and subsequent desorption of the sorbed par-
ticles will provide a continuous source of pesticide to the aquatic en-

vironment,

Considerations should be given to rainfall as a climatic factor
influencing pesticide movement into water. Pesticides movement into
and over the soil is of a uniform nature during periods of low rainfall
intensity. This also occurs during overhead and flood irrigation practices.
High rainfall intensity and furrow irrigation, however, produce dispro-
portionate pesticide movements., This movement can result in waterway

contamination,

Pesticides enter the soil environment through mechanical in-
corporation or infiltration processes, Incorporation (or induced turn-
over) is favored since it reduces atmospheric and runoff contamination.

However, plant uptake and persistence of pesticides is increased.

Information on pesticide decontamination is needed., Sorption by
activated carbon is the only method presently available for removing
pesticides from water. However, suitable methods for disposal of the
sorbed materials has not been developed. Thermal, photochemical and
biological degradation are considered as possible decontamination methods
in instances where concentrated pesticides occur. Photochemical, bio-
logical and sorption processes offer potential for removal of low-level

concentrations in waterways.

Current agricultural application practices result in contamination
of the aquatic environment through atmospheric processes. Those pro-
cesses which contribute to contamination include volatilized fallout and
washout, drift from dusting and spraying operations, and wind-blown,

pesticide-treated soils. Other aerial or atmospheric routes include
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incineration of pesticide contaminated materials and direct application

of pesticides into the aquatic environment.

Case studies have documented that runoff, accidental spills, and
intentional pesticide dumping are prevalent means of entry into the aquatic
environment. Non-selective toxicity and subtle long-term effects can
create ecological imbalances. Therefore, there is an urgent need to
use existing and safer pesticide alternatives, to better educate pesti-

cide users regarding potential hazards, and to limit usage of persistent

pesticides.

7. Recommendations

1. Federal and state pesticide control programs should be expanded
to promote the development of more selective, less persistent,

less volatile pesticides, and more efficient application methods,

2, The Environmental Protection Agency should coordinate with
other governmental agencies, e, g, USDA, U. S. Army Corps

of Engineers, and state environmental agencies, to:

) Strengthen the present air, soil, and water monitoring
programs, Specifically, improvements in planning,
sampling, analytical testing and reporting are needed
and additional intergovernmented cooperation is required; and

. Upgrade the educational training programs for the general
public to increase the awareness of the hazards of pesti-
cides to the aquatic environment,

3. The Environmental Protection Agency Pesticides Office should

sponsor research to:

® Reexamine the registration of pesticides which persist
in the environment more than one year and those that
are soluble in animal fat, Registration should be can-
celled if safe, effective alternative methods are available;

° Define the details of persistent pesticide sorption and de-
sorption processes in relation to the specific soils and
aquatic bottom sediments of the Southeast, The competi-
tive relationship of water and pesticides for the sorptive
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sites on organic and inorganic substrates should be
determined., Other dynamic forces contributing to
physical movement of pesticides-should be elucidated
under natural environmental conditions;

° Ascertain the concentrations of pesticides added to
the aquatic environment through current irrigation
practices; and

° Determine the contribution of pesticides to the
aquatic soil environment by atmospheric fallout and
washout,

The Environmental Protection Agency Water Quality Office

should:

° Promote development of standard methods and pro-
cedures for use in decontamination of highly concentrated
pesticide spillage., Practical and efficient decontamina-
tion procedures for low-level pesticide concentrations,
regardless of source, should also be expanded.

® Develop water quality standards which establish strict

limits on pesticide concentrations in effluents from
point sources, industrial and municipal outfalls, State
water quality control offices should be responsible for
enforcement of the standards.

. Undertake an educational and training program through
state agencies to train selected local government per-
sonnel in emergency procedures to protect the aquatic
environment from pesticide spills.

The Environmental Protection Agency Air Pollution Control

Office should:

. Establish standards for incineration of pesticides and
their containers,

® Promote investigations into thermal degradation of
pesticides,

The Environmental Protection Agency Solid Waste Management

Office should develop safe disposal techniques for waste pesti-

cides and pesticide containers when landfill and recycling
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7.

9.

methods are employed. These techniques should provide for

chemical and/or biological decontamination of the wastes.

The Department of Agriculture should:

° Encourage the incorporation of pesticides into the soil
to minimize the effects of overland drainage and atmos-
pheric contamination of the aquatic environment; and

° Examine the use of pesticides where furrow irrigation
is practiced.

The Soil Conservation Service should expand its soil erosion

program to emphasize soil retention on pesticide-treated

fields,

Federal and state governments, in collaboration with industry,
should expand their research programs to improve application
techniques. The studies should determine optimal droplet size
and area coverage relationships, while considering vaporization

and drift effects.
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D. THE IMPACT OF PESTICIDES ON THE AQUATIC ENVIRONMENT

1, Imtroduction

The use of pesticides affects a great variety and number of
organisms. Benefits derived from pesticides are measured by their
effectiveness in reducing populations of pest species. Conversely,
detriment is equated to adverse effects on nontarget species. ! Because
pesticides are rarely applied in such a manner that only the target
species are exposed, nontarget species mortality will continue to be
expected., Long-and short-term effects on nontarget organisms,
occurring through specific pesticidal usage in the Southeastern region,
are discussed. The movement of pesticide residues through the aquatic
food chain is considered, Physical, chemical and biological synergisms
associated with pesticides in the natural environment are examined.
Finally, the occurrence of low-level concentrations of pesticides in

drinking water is evaluated relative to human health.

2. Movement of Pesticides by Aquatic Organisms

An aquatic organism may be exposed to pesticides through several
mechanisms: direct entry of pesticides into the habitat, movement of
an organism into areas previously contaminated by and retaining pesticides, trans-
portation of pesticides from contaminated habitats via suspended material
or other organism ''carriers'', or a combination of these. Uptake of
pesticides by aquatic organisms may be direct or indirect. Direct uptake
refers to ingestion or absorption either from direct contact with the
pesticide or from various abiotic, pesticide-contaminated attributes of

1
the aquatic environment., Indirect or secondary exposure results from



oral ingestion of organisms previously contaminated by pesticides.
For example, such exposure occurs as pesticides and their metabolites
are passed from organism to organism in a food web. The pesticides

involved in this process are relatively stable.

a. Direct Uptake

The distribution of pesticides in water influences the pathway of
biological uptake. Algae, higher plants, and invertebrate and vertebrate
animals sorb large amounts of pesticides from the water and the sediment.
The quantity accumulated by each biological entity is dependent upon the
physiology and behavior of the organism, the chemical characteristics
of the pesticide, and the seasonal periodicity in tﬁe quantities of pesticide

available within a given aquatic habitat,

(1) Plant

Algae are the primary proéucers in the aquatic environment,
Grazers and higher consumer organisms depend upon algae as a food
source, either directly or indirectly. Therefore, any accumulation of
a toxicant by algae constitutes a potential hazard to consumer organisms.
Axenic algal uptake of DDT has been shown to be related to specific
partitioning coefficients between a species of organism and seawater.

The need to view accumulation of pesticides in biological material as

a partitioning mechanism has been emphasized. > This implies that an equi-
librium is established between ambient and internal concentration of pesticides,.
Experimental measurement of the pesticide-absorbing ability of diatoms

has been performed, 6 In doing so, unnaturally high concentrations of
pesticides were employed. 4 Erroneous estimates of ‘upt)ake may be

obtained since it has been shown that high concentrations may affect the
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partitioning coefficient of an organism for DDT residues in water. 7

Axenic cultures of three species of phytoplankton, Syracosphaera

carterae. (a coccolithophorid), Amphidinum carteri (a dinoflagellate),

and Thalassiosira fluviatilus (a centric diatom) were used to determine

DDT uptake. 4 Sixteen to 54 percent of the pesticide was removed

the media by the algal cells. An expected value of 30 ppm (parts per
million) DDT residue was obtained. This was based on an estimate of
1.9 x 105 for a relative partitioning coefficient estimate of DDT con-
centration in whole seawater at 15 ppt (parts per trillion). This predicted
value was found to be within the 95 percent confidence interval of
analytical values obtained by electron capture detection, gas-liquid
chromatography of the phytoplankton samples. This report, however,

is open to criticism since it does not present the times required for

each algal species to attain equilibrium uptake,

Filamentous algae are capable of accumulating very large amounts
8
of chlorinated hydrocarbons., The accumulations of Dieldrin by communities

of benthic algae dominated by Stigeoclonium subsecundumin early stages

and later by Synedra ulna, Epithemia sorex, Cocconeis placentula

euglypta and Nitzschia sp., have been studied in laboratory streams.

The influence of current velocity, light intensity and difference in algae
community structure was considered. 3 Dieldrin concentrations ranging
from 0. 05 to 7.0 ppb (parts per billion) were maintained in the laboratory
streams of natural water for periods of 2 to 4 months. Algal samples
were found to contain Dieldrin concentrations ranging from 0.1 to 100
milligram per kilogram {mg/kg). Algal concentrations of Dieldrin were
as much as 30, 000 times those occurring in the water. The physical
factors studied had little effect on Dieldrin accumulation but did, however,

exert a strong influence on the species composition of the algal communities.
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This indirect influence can affect accumulation, Communities
dominated by filamentous algae accumulated greater amounts of .
Dieldrin that did those in which unicellular diatoms were dominant.
Extensive pesticide sorption by select algal communities constitutes

contaminated food source for animals which feed on these forms.

(2) Invertebrates

Daphnia magnais a planktonic organism and is considered to

be among the first animal links in the aquatic food chain. . Daphnia
concentrated DDT by a factor of 16, 000 to 23, 000-fold during exposure
to 8 ppb for 24 hours. ? Uptake was principally through the carapace
and was initially rapid. The DDT level in the living Daphnia reached

75% of its final value within one hour.

The direct uptake of pesticides from the sediment by shrimp
and crabs is associated with feeding habitats, Oysters continously
pump water through their valves during respiration, Simultaneously
extraction of food occurs. The organisms can in this fashion accumulate
pesticide-contaminated particles. These are important food chain

intermediates and commercial food products.

Organic particulate matter, occurring in estuaries, is an
important food source for benthic organisms. In areas where the bulk
of the primary production occurs through the slow bacterial-decomposition
of plant materials such as marsh grasses, rushes and mangroves, there
may be a release of pesticide residues to the substrate. As this decaying
plant detritus is utilized by other microorganisms it becomes an

enriched food source. DDT and its metabolities in the Carmans River
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10
marsh of New York were found to be most abundantly associated with
particles of 250 to 1000 micron diameters, Detritus particles of this
size are ingested by consumer organisms and, in this way, enter

diverse food webs, The mud-dwelling fiddler crab, Uca pugnax, was

shown to concentrate DDT residues in its muscle tissues after consumption

of detrital food material from sediment.lo Similarly, polychlorinated
biphenyls, PCB, are biologically mobilized. Aroclor 1254-contaminated
sediments from Escambia Bay, Florida, were placed in separate aquaria
containing local, uncontaminated populations of the adult pink shrimp, Penaeus

duorarum, and shore burrowing fiddler crabs, Uchugilator.llBoth species

accumulated Aroclor 1254 in their tissues by ingesting contaminated -
sediment particles or by absorbing the leached chemical through the gills.
The amount of Aroclor 1254 in individual crabs in sandy silt sediments
averaged 80.0F 25, 0 mg/kg (wet wt. ) while the hepa.topamcreamsl2 of the
shrimp averaged 60.0 mg/kg (wet wt.). These tissue concentrations were
found to be directly related to the amount of Aroclor 1254 contained within
the sediment (61. 0 ppm, dry wt.). Greater concentrations of Aroclor 1254
residues were accumulated by shrimp exposed to sandy silt sediments than
from contaminated silt sediments., This was attributed to the chemical
leaching from the sediments, followed by direct absorption through the

gills from the aqueous phase,.

Oysters efficiently store trace amounts of pesticides. A
study of uptake rates and retention by 4 different mollusc, showed that

the Eastern Oyster, Crassostrea virginica contained 26 mg/kg; the

hooked mussel, Brachidontes recurvus, contained 24 mg/kg; the European

oyster, Ostrea edulis contained 15 mg/kg and the Crested Oyster, O.

equestris, contained 23 mg/kg aftev exposure for 7 days to 1.0 mg/1

. 13 . .
(micrograms per liter) DDT in flowing water. The European Oyster is
extremely sensitive to changes in trace-level concentrations of chlorinated

hydrocarbons. For several years it has been used as an estuarine
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monitor organism by the Bureau of Commercial Fisheries at Gulf
Breeze, Florida.l4 High-river stages and seasons of maximum pesticide
usage in drainage basins correlate with peak residue levels in oysters.
Oysters provide a sensitive indes of the initiation, duration and extent

of chlorinated hydrocarbon pollution in an estuary. The ability of oysters
to concentrate or eliminate residues is dependent upon the level of
pollution, the water temperature and the position relative to the water
flow. DDT residues of 150 mg/kg may require 3 months or longer to

be eliminated while residues of less than 0.1 mg/kg may disappear in
about two weeks. Fresh water mussels and crayfish are filter- and
substrate-feeders, respectively, and are capable of concentrating high

levels of pesticides.

It can be concluded that:

o Daphnia, an important fish-food organism, concentrates
DDT rapidly upon exposure to low concentrations in solution,

o DDT and its metabolites are associated with organic
detritus especially in particle sizes ranging from 250 to
1000 microns.

o Detritus feeders concentrate DDT and PCB's from the
sediment., PCB's biologically accumulate in concentrations
approximately equal to sediment concentrations,

o Shrimp are capable of accumulating greater PCB
concentrations from sandy silt sediments than sand
sediments because of leaching of the compound from
the sediments,

o Pesticide monitoring of certain sedentary, filter-feeding
organisms is useful in assessing the degree of chlorinated
hydrocarbon pollution in a given habitat,

160



(3) Vertebrates

Tests have been conducted on several freshwater fish native to
the Southeast to determine the pathway of Endrin entry into fish, The

mosquitofish, Gambusia affinis and the black bullhead, Ictalurus melas
16,17

demonstrated the ability of accumulate Endrin directly from solution.
G, affinis assimilated 10.48 mg/kg during 40 minutes of exposure in a
solution containing 250 ug/l1 Endrin. The principal mode of entry into.

I. melas was found to be via the gill surfaces.

The ability to accumulate and eliminate pesticide residues has
been demonstrated to occur in certain freshwater and estuarine fish.

Small bluegills, Lepomis macrochirus, and goldfish, Carassius auratus,

were exposed to 0.03 mg/l concentrations of C14-tagged DDT, Dieldrin
and Lindane for 5 to 19 hours, The fish were rinsed with uncontaminated
water following exposure and placed in pesticide-free aquaria. Lindane
was eliminated from both species of fish within two days. More than 90
percent of the Dieldrin was eliminated in the first two weeks, Less

than 50 percent of the DDT was eliminated after 32 days, The DDT and
Dieldrin were shown to be readily transferred from contaminated to
uncontaminated fish in the recovery aquaria, Similar experiments were

performed using pinfish, Lagodon rhomboides, and croakers, Micropogon

undulatus, collected from an estuary near Pensacola, Florida. 19 FEach
species was exposed to p, p'-DDT at 1.0 mjg/1 for two weeks or 0.1 mg/1
for five weeks under dynamic test conditions. In the latter case, the fish
were placed in pesticide-free water for eight additional weeks after
exposure to establish elimination rates. Pinfish and croakers exposed to
0.1 pg/‘l DDT accumulated a maximum DDT concentration of 10, 000 to

38,000 times the aqueous concentration in two weeks. This concentration
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remained constant thereafter, After eight weeks in pesticide free water,

pinfish lost 87 percent and the Atlantic croakers 78 percent of DDT.

There was no increase or decrease in body concentrations of the

metabolites DDD or DDE. However, fish from the estuary usually
contained as much DDD and DDE as DDT. This indicates that fish
from the estuary obtained the pesticide after it had been metabolized

and passed through the food chain or that DDT was rapidly metabolized
within the fish,
The uptake, retention and release of organophosphates and

herbicides by fish has also been studied. Malathion can be directly

. 20
absorbed by carp, Cyprinus carpio. Uptake from exposure to 5 mg/l

of Malathion was time dependent for a period up to four days. Subsequently,
equilibrium conditions were established. The equilibrium concentration
was 28 mg/l. The greatest Malathion concentrations were found in the
liver. The compound degraded within a week following exposure. Uptake

took place primarily through the gills,

The uptake and release of the herbicide, Simazine, by green sunfish

(Lepomis cyanellus) were measured after exposure to contaminated

water and f.ood.21 Fish absorbed Simazine in amounts directly proportional
to the concentration in the water, i.e., 0.95 and 2.29 mg/kg total

residue were measured after three weeks exposure to 1,0 and 3.0 mg/1,
respectively. Simazine residues were eliminated from fish after seven
days in freshwater. Little or no Simazine was found in the tissues of

fish 72 hours after feeding. The residue which was detected, occurred

in the viscera,

It can be concluded that fish can readily take up pesticides via
the gills. An equilibrium is established between the body and water
concentrations. Simazine can be accumulated in higher concentrations

through direct absorption than through contaminated food pathways.
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Chlorinated hydrocarbons and organophosphates can be absorbed and
concentrated to levels much greater than that of the aqueous phase,
DDT metabolites, measured in fish taken from estuaries, are at much greater
concentrations than those in fish exposed to DDT within the laboratory.
This indicates that substantial quantities are acquired from food chain
organisms, Chlorinated hydrocarbon residues are stored, whereas,
organophosphates are metabolized within a few weeks to a month,
Species differences reflect varying storage ability. For example,
pinfish stored 2.4 times as much DDT as croakers when both were
exposed to 0.1 ug/1 DDT. The elimination of stored pesticides from
previously contaminated fish moving into uncontaminated waters,

renders these residues available for uptake by uncontaminated fish.

b. Indirect Uptake Through Food Chain

Organisms may obtain pesticides directly from the environment
or indirectly through the foods they consume. Lower members of a

food chain may accumulate these compounds and, subsequently, pass

them on to consumers.

(1) Plant-Animal Chain

The primary producers in aquatic food chains are bacteria,
phytoplankton, periphyton and aquatic macrophytes. They can accumulate
pesticide residues. They provide food for herbivorous animals. Thus,
the pesticide residues become biologically transferred and are magnified

as they are passed from plant to animal.
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Bacteria are nutrient regenerators which serve as food for
filter -feeding aquatic organisms. A common shallow-water marine

bacterium, Pscudomonas piscicida, was subjected to various levels of

DDT and Malathion. 2 The bacterium exhibited no alterations in growth
rate or morphology when exposed to 10 mg/l labelled DDT or 100 mg/1
of Malathion. DDT uptake was rapid in a medium containing 1. 0 ug/1
(90 percent uptake in 24 hours). The DDT was found localized in the
cell wall, whereas, the metabolites DDD and DDE occurred in greater
concentration inside the cell, An artificial food chain has been
established using this bacterium as the primary link. In addition,
filter -feeding oysters and pipefish represented higher consumers.. DDT
was converted to its metabolites, DDD and DDE, during progression
through this chain of organisms., The parent compound is less stable
than the degradation forms. Conversion of the parent compound to its
metabolites is significant since may explain the high levels of DDE
occurring in terminal food chain members (birds and mammals) of
natural ecosystems. A similar conversion with metabolite storage
could occur with other chlorinated hydrocarbons. However, such

metabolites have not been identified, '"'in situ''.

Malathion has a half-life of 55 days in water at pH 6 and four
to five days at a pH of 8.2 P. piscicida maintains a high pH (9. 5) in its
surrounding microenvironment. It was proposed that Malathion was
rapidly hydrolyzed in this fashion. Rapid degradation was checked
by allowing the bacterium to hydrolyze Malathion in phosphate-free water
for 48 hours. After that period, the bacteria were removed and algal

cells (Chlorella sp.)were introduced. .An untreated Malathion solution

served as a control, Twenty-five percent more algal cells were noted
in the bacterially-degraded solution than in the solution containing

Malathion alone. The increased algal growth was considered to have
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resulted from phosphate fertilization provided by the hydrolysis of Malathion,

Other phytoplankton organisms have shown varying responses to

. 22
chlorinated hydrocarbons. Four species, Dunaliella tertiolecta,

Coccolithus huxleyi, Skeletonema costatum and Cyclotella nana, were

subjected to short-term exposures (24 hours) of _C14—1abe11ed DDT,
Dieldrin, and Endrin in concentrations varying from 0.01 to 1, 000
pg/l. Seven-day exposures to DDT and Endrin were performed to
determine the effects on cell division. Dunaliella was not affected by
any of the three insecticides in concentrations up to 1, 000 pel/l.

14
The rate of C ~ (photosynthetic carbon) uptake by Skeletonema and

Coccolithus was reduced by each insecticide in concentrations above

10 ng/l. DDT added daily at 100 g/l stopped cell division in

Skeletonema but had no effect on Cocc;olithus. Endrin had little effect

on cell numbers of Skeletonema, although the rate of growth was

slower. Cyclotella was inhibited by all three insecticides in
concentrations above 1 ng/l. These pesticides could affect natural
popuwlations of food chain organisms through inhibition of cell division,
photosynthesis and growth, Concomitantly, this reducéd food source

would be reflected in reduced consumer populations.

The gonads of the marine phytophagus fish, Mugil cephalus, or
mullet, sampled in Florida, have been found to contain concentrations of
DDT ranging from 3 to 10 mg/kg. The bottlenose dolphin, Tursiops
truncatus, feeds extensively on mullet and might be expected to further
concentrate the pesticide. Blubber samples of beached, dead dolphins
were found to contain up to 800 mg/kg DDT confirming accumulation,

23
Whether DDT was the cause of death was not determinable,
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The transfer of persistent pesticides from plants to animals is
of importance in an ecosystem. There may be direct toxicity to the
primary producers or indirect toxicity to consumers. The latter occurs
as a result of feeding on producer organisms within which pesticides
have accumulated. Either form of toxicity will reduce consumer
populations, Eventually decomposers convert the biological material
of higher trophic levels into inorganic products. These products then
become available for production of organisms. Persistent pesticides

could be recycled in this fashion for many years.

(2) Animal - Animal Chain

Certain aquatic organisms assimilate pesticides directly from
and establish an equilibrium concentration with the environment, Oysters
establish equilibrium with the water concentration and eliminate body
concentrations of DDT when placed in waters free of DDT, Similar

24
observations have been recorded with freshwater fish.

The body concentration does not decline in organisms continuously
exposed to chlorinated hydrocarbons once equilibrium has been established.
The organisms pass the stored pesticides on to their consumer. The
actual quantity accumulated varies with the pesticide, Daphnia containing
DDT or Methoxychlor were fed to guppies to complete a food chain.

DDT was rapidly concentrated in the fish to about 8 mg/kg in 20 days while
Methoxychlor never rose above 0. 17 mg/kg. Similar results were

reported as a result of feeding midge larvae and tubificid worms, containing
accumulated Dieldrin, to the reticulate sculphin. 25 Methoxychlor appears
readily degradable in certain fish. Snails metabolize neither DDT nor

Methoxychlor but accumulate both to high levels. 24

The food chain pathways and biodegradation of persistent pesticides
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(DDT, DDE, DDD, and Methoxychlor) have been studied in a model
2

ecosystem., Terrestial and aquatic components were involved.

Sorghum was the terrestial factor to which DDT was applied . Food

chain pathways for the labelled pesticide in the system were:

Sorghum—+ Estigmene larva (salt marsh catepillar)

Estigmene (excreta)—rOedogonium (alga)

Oedogonium—Physa (snail)

Estigmene (excreta)—diatoms (4 species)

diatoms-—+plankton (9 species)

plankton—+Culex (mosquito larva)

Culex—-Gambusia (fish)

The fate and conversion of DDT to stable and persistent DDE
has been assessed. The application rate of C14-labe11ed DDT
corresponded to 1 pound per acre (1 lb/acre). Omne month after
application to Sorghum, 52 percent of the radioactivity in the snail,
58 percent of the radioactivity in the mosquito larvae, and 54 percent
of the radioactivity in the fish was DDE. This indicated that DDT had
been metabolized to DDE, In the fish, DDE was present at a concent-
ration of 110,000 times and DDT at 84, 000 times the water concentration,
respectively. These accumulations by the fish occurred in three days.
Methoxychlor was rapidly degraded with very little reaching the fish.
However, the snail Physa, stored large amounts indicating that it was
unable to metabolize Methoxychlor. Biomagnification of DDT and its
residues, DDE and DDD, have been substantiated in natural ecosystems,

27,28,29
food chains and food webs,

The occurrence of persistent pesticides in estuaries has been
reported. During the period 1964 to 1966, a total of 133 samples of

coastal oysters from South Carolina, Georgia, Florida, Mississippi,
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Louisana and Texas were analyzed for pesticide residues, Ninety -
four percent of the oysters contained one or more pesticides; 89. 5 per-
cent contained two or more; 8l. 2 percent contained three or more; 63.9
percent contained four or more; and 31.9 percent contained five or more,
The most frequently observed pesticides were DDE (123 of 131 samples),
DDT (117 of 131 samples), DDD (81 of 81 samples), BHC-lindane (55 of
133 samples) and Dieldrin (54 of 115 samples). The concentration of

the individual pesticides was low. The median values ranged from

0. 01 mg/kg for Aldrin, Chlordane, Endrin, Heptachlor, Heptachlor
epoxide and Methoxychlor to 0. 08 mg/kg for Toxaphene, when present,
BHC-lindane had a median value of 0.0l mg/kg. The median values for
DDD, DDE and DDT were 0. 02 mg/kg. Although not stated, the total
concentration of the combined pesticides could have been important,
The presence of pesticides in the oysters correlated with spraying

operations in areas adjacent to the estuaries.

The fate of pesticides in the estuary has been assessed.
Estuaries are the primary breeding ground and nursery areas of many
oceanic species. Any pesticide accumulated by these species during
their inshore activities will subsequently be carried to the ocean. Fish,
e. g., menhaden and sardines, feed in the estuary, and then move offshore
where they become subject to predation by pelagic fish and birds. In
this way coastal dwellers can pass substantial concentrations of pesticides

to higher trophic forms of the open ocean,

The movement and magnification of persistent pesticides (DDT,
DDE, and DDD) in the food chain have been documented., These
studies have involved species associated with estuarine environments.
Studies involving inland water species have been limited and mainly
confined to the laboratory. Quantitative information is needed on rate
of transfer and accumulation of other pesticides within food chains and

food webs in each aquatic environment, i.e., lakes, ponds, rivers,

estuaries, and oceans.
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3. Impact of Pesticides on Aquatic Populations

Populations of aquatic organisms exhibit both short-and long-

term effects upon exposure to ﬁesticides. Short-term effects include:
immediate kills, reduced activity, loss of equilibrium, and paralysis.
Long-term effects include: population resistance, elimination of prey

or predator organisms competitive ability and alteration of breeding

patterns.

a. Short-Term Effects

Organomercurial fungicides in concentrations as low as 0.1ug/l
have been shown to reduce photosynthesis in lake phytoplankton isolates

33 :
from Florida. Merismopedia sp., Navicula sp., Crucigenia sp.,

Staurastrum sp. and Ankistrodesmus sp. were exposed to four different

commonly used organomercurial fungicides in concentration varying
from 0 to 50 pg/l. Diphenylmercury was least toxic. One ug/l of
Phenylmercuric acetate; Methyl }nercury dicyandiamide; and N-
Methylmercuric-1, 2, 3, 6-tetrahydro-3, 6-methano-3,4,5,6,7, 7-
hexachloropfhalimide (MEMMI); caused a sighifiéant reduction in
photosynthesis and growth of each culture. At 50 pg/l, uptake of
inorganic carbon ceased. The tentative proposed dr:‘u?king water quality
standard for mercury is 5.0 ug/l. 34 This is conside;‘ably higher than
the 0.1 pg/1 effective level for phytoplankton. 33

The green alga, Scenedesmus quadricaudata, has been treated

with Diuron; Carbaryl; 2, 4-D; DDT; Dieldrin; Toxaphene; and Diazinon.
Diuron and Carbaryl induced the most pronounced effects. Dramatic
reduction in cell numbers and biomass occurred at conéentration of 0.1 mg
Cell density was reduced in four days a{'fter treatment with 0.1 mg/1 of 2,

4-D. DDT, Dieldrin and Toxaphene reduced cell numbers at all treatment
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levels (0.1-1.0 mg/l) within two days of application. Diazinon was the
only compound tested which had no effect on cell numbers, biomass or

35
carbon uptake.

Four species of coastal oceanic phytoplankton, representing
four major classes of algae, were subjected to doses of DDT ranging
from 1 to 500 pg/l, Photosynthetic activity of diatoms was measured
by carbon uptake. All species exhibited reduced carbon uptake with
exposure to less than 10 ng/l of DDT. Complete uptake inhibition

occurred at approximately 100}Jg/1. 36

In South Carolina, the marine diatom, Cylindrotheca closterium,

has been exposed to the polychlorinated biphenyl, Aroclor 1242, The
diatom absorbed and concentrated the chemical to levels 900 to 1, 000
times that of the water, This PCB inhibited growth at 0.1 mg/l.

6
Decreased levels of RNA and chlorophyll synthesis were observed.

The herbicide, 2, 4-D, reduced the cell density of the green

35
freshwater alga, Scenedesmus. The Gulf Breeze Laboratory in

Florida measured no alteration of photosynthesis in 7 of 9 species of
unicellular, marine algae when exposed to concentrations of 0.1 to

10 mg/1 of purified 2, 4-D. 31 In 2 of the 9, photosynthetic enhancement
was observed, Therefore, different algal species respond differently
to specific pesticides., Information is needed to determine whether this
is a result of different environmental conditions or is a basic genetic
difference. Even in very small doses, the quality and the quantity of

the basic food chain populations, (the phytoplankton) were adversely

affected by pesticides.

Tetrahymena pyriformis cultures have been exposed to DDT

from 0.1 to 10 mg/1. 38 Growth decreased with increasing concentrations
of DDT. Populations were reduced by 13, 8 percent at 0.1 mg/1, 20, 2

percent at 1. 0 mg/l, and 25.7 percent at 10 mg/l. T, pyriformis is more

sensitive to DDT than Paramecium multimicronucleatum and P, bursaria.
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The latter cilitates have been reported insensitive to 1 mg/1 DDT over

a period of seven days. During this exposure, P. multimicronucleatum

accumulated DDT 264 times greater than the medium concentration and

P, bursaria accumulated it 964 times the medium concentration. 38 This

also demonstrates a wide range of DDT tolerance in ciliates.

Information has been compiled regarding specific pesticides and
their respective lethal concentrations to marine invertebrates (crab,

3
9,40 The chlorinated hydrocarbons are toxic to

shrimp and oyster).
fish and mollusc at concentrations as low as 0. 001 mg/l. Organophos-
phates have a pronounced effect on crustaceans at equally low levels.
Insecticides, as a group, are more toxic in low concentrations than
are other pestizides, with two exceptions. The fungicide, Delan and

an experimental antifouling arsenical, ET-546, are extremely toxic

to oysters at 2.1 ug/1.

Mirex has a delayed effect on crabs and shrimp. Juvenile blue
crabs and pink shrimp exhibited no adverse symptoms during a 96-hour
exposure to 0.1 mg/l technical Mirex.4 These crustaceans, however,
became paralyzed and died within 18 days. Similar paralytic effects
have been demonstrated in freshwater crayfish. 4z Juvenile

Procambarus blandingi and P, hayi, of Louisiana and Mississippi were

exposed to 1 to 5 pg/1 Mirex for periods varying from 6 to 144 hours.

After exposure the organisms were transferred to clean water and observed.
Mortality reach 100 percent within 5 days for P. blandingi following a

144 hr. exposure tol ng/l of Mirex. Exposure of P, blandingi to 5 ug/l

for 6, 24, and 58 hours, yielded 26, 50, and 98 percent mortality,
respectively, 10 days after initial exposure., A greater sensitivity of

Mirex was observed in P, hayi than P, blandingi. Delayed mortality

was apparent in all tests,
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The polychlorinated biphenyl, Aroclor 1254, is an industrially
valuable chemical which eventually becomes a pollutant. It merits
attention because it is simijlar to chlorinated hydrocarbons in its
persistence and lethality to certain aquatic organisms once it enters
waterways. Laboratory studies in Florida have demonstrated that
juvenile shrimp are killed upon exposure to 5.0 ug/l of this PCB. 42

Adult shrimp taken from an estuary were found to contain a maximum

of 2.5 mg/kg of the PCB. Gammarus oceanicus, exposed to 0.001 and

0.01 mg/1 of the PCB for 150 hours died and were found to have severely
necrosed branchiae,

Acute toxicity of herbicides to aquatic crustacea is an important

consideration since they are used in direct applications to control

aquatic weeds and algae in lakes, ponds and waterways. Assessment

of the impact of herbicidal treatment on the microfauna of natural systems
has been neglected. Microcrustaceé are significant in the diet of young

and adult fish in the temperate regions. Daphnia magna was exposed to

16 aquatic heribicides to determine toxic levels. 45 Dichlone, Molinate

and Propanil were extremely toxic to Daphnia over the concentrations range
of 0.014-4.8 mg/l. Thirty-one herbicides have been bioassayed to
determine toxicity levels in microcrustacea. 46 Test animals included

the scud, Gammarus fasciatus; glass shrimp, Palaemonetes kadiakensis;

sowbug, Asellus brevicaudus; crayfish, Orconectes nais; daphnia, Daphnia

magna; and the seed shrimp, Cypridopsis vidua. Dichlone was most toxic

to these six species. The 48 hour 'I’L50 (the concentration in water which
causes 50% of the test population to exhibit a specific response at a given
time) ranged from 0. 025 mg/l for D. magna to 3.2 mg/1 for crayfish,
The least toxic herbicide to D.’ magna Was 2, 4-D. No adverse effects
were noted at a concentration exceeding 100 mg/l. The first sign of
toxicity was observed as irritability or excitability. This was followed

by loss of equilibrium and coordination, immobilization, and death.

Toxicity patterns (immobilization and equilibruim loss) in natural
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environments would make affected species more susceptible to prey-
predator pressures. The amphipod, Hyalella', was found to be highly
sensitive to Diquat. 47 The 96-hour mean TLm value was 4. 8 ug/l.
Immature stages of aquatic insects; dragonflies damselflies, tendipedids,
mayflies, and caddisflies had variable 96-hour mean TLm values. They

were respectively, > 100, >100, >100, 33.0, and 16.4 mg/l.

The DDT susceptibility of Daphnia magna and the seed shrimp,

Cypridopsis vidua, have been measured in terms of TL50. D. magna

and the seed shrimp were completely immobilized within 48 hours by
4 and 54 pg/l of DDT, respectively. 48 The TL__ values for the damselfy

50
(Ischnura verticalis) and the scud (G. fasciatus) were 22.5 and 3. 6 mg/1,

respectively, in 48 hours. The TL50 for the fathead minnow, Pimephales

promelas, was 24,6 mg/l in 24 hours and that of the channel catfish,

Ictalurus punctatus, was 25.8 mg/l in 24 hours.

It can be concluded that certain members of the arthropods
(crustacea and immature aquatic insects) are acutely susceptible to
chlorinated hydrotarbons and herbicides. These organisms serve as
food organisms for other invertebrates and vertebrates (amphibians
and fish). Any alteration or depletion of their populations could seriously

affect the entire aquatic food chain,

The most obvious short-term effect of pesticide pollution in the
natural habitat is a fish kill, The Southeast Water Laboratory has
documented agriculture runoff of pesticides as a pollutional source.
Several instances of spills associated with pesticide manufacture have
resulted in fish kills. In MaLy 1961, a plant in Alabama manufacturing
Parathion and Methyl parathion accidentally diverted untreated waste
into a small stream. 48 Fish, turtles, and snakes, died along a 28 mile

reach of that stream with lesser kills occurring 90 miles downstream
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in the Coosa Rjver. A second kill occurred in the same creek in March

1966, This was traced to the same source. Periodic fish kills since

176] in the Ashley River in South Carolina have been traced to a plant
49

1nanufacturing organophosphate pesticides.
Investigations of fish kills in Alabama are made by the Water

Improvements Commission and State Department of Conservation. >0

In 1967, 21 fish kills were reported in the state, 4 of these were attributed

to agricultural insecticides. All occurred in the Tennessee River basin.

in 1968, 48 fish kills were reported. Three were caused by agricultural

insecticides; one in the Lower Tombigbee River and two in the Tennessee

River. The specific insecticides and their sources were not reported.

Information on short-term, high-concentration exposures of
freshwater and marine forms under dynamic test conditions is needed.
Acute toxicity testing of fish under static conditions has been performed;
however, the irpact on microflora and microfauna have not been considered
in detajl. Large populations of these organisms form intermediate steps
in the food chain. Higher aquatic forms, e.g., fish, can avoid large
concentrations of pesticides but the sedentary or slower forms cannot.

The latter are also more sensitive than fish to low-level pesticide
concentrations. Therefore, short-term exposure may reduce or
eliminate the food source of fish. If so, fish population reduction or

elimination would follow.

b. Long-Term Effects

Chronic toxicological effects are elicited in an organism as a
consequence of continuous or repeated exposure to low-level concentrations
of pesticides. The time span involved may range from weeks to years.
Chronic effects are dictated by the degree of exposure and by the fate of
pesticide residues within the animal. If the degree of exposure is greater
than the capacity of the animal to detoxify and eliminate the residues,

a
toxicity hazard exists, This is particularly important when pesticide
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effects are additive or when residues are temporarily stored in tissues.
If the interval between exposures are insufficient to allow for complete
purging, then toxic effects become additive, If uptake rates exceed
those of degradation and elimination, then excess fat-soluble residues
may accumulate to high levels., Such accumulations may cause toxic
effects when fatty tissues are mobilized. Stored residues of a given
concentration may not produce demonstratable toxic effects in the
directly exposed animal but rnay induce toxic effects after being passed

and magnified at higher trophic levels.

(1) Population Changes

Long-term population and ecological changes are subtle and less
obvious than acute effects, Causal factors may be just as subtle and
difficult to identify and assess. Animal populations can be indirectly
affected by pesticides through reduction in food supply. The productivity
of phytoplankton (basic food organisms) can be reduced by exposure to
very small amounts of pesticides. Species of estuarine phytoplankton,
isolated in the Southeast, were exposed to chlorinated hydrocarbons in
4-hour controlled 1:est:s.51 Aldrin, Chlordane, DDT, Dieldrin,
Heptachlor, Methoxychlor,and Toxaphene,each at a concentration of
1.0 mg/1,reduced productivity by 70 to 94%. Endrin, Lindane and Mirex
reduced productivity by 28 to 64%. Exposure of plankton to herbicides
has reduned productivity to a highly variable extent according to

3 . :
published reports? Certain DDT toxicity tests of marine plankton, 21,36

32
are ecologically questionable. The concentrations necessary to induce
significant inhibition far exceeded expected concentrations in the open

. . 2
ocean and exceeded by ten times the solubility of DDT (ug/1) in water. 3
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Effects of long-term, low-level concentrations of pesticides on
plant populations are not known. Aquatic plants function ecologically by
producing food and oxygen and by serving as spawning areas and substrates
for other organisms, Increased herbicide usage poses a threat to the
stability of estuarine ecosystems which support shrimp, fish and shell-
fish. Tests have been performed in Florida.,52 to determine an aquatic
ecosystem response when rooted plants were eliminated. Two natural
coastal ponds were used. One was treated with Dichlobenil and
the other served as an untreated control. The ponds were without
tidal effects. Physical factors such as sunlight, air temperature,
wind speed and organism behavior were measured. Dissolved oxygen,
pH, nitrates, dissolved carbohydrate, salinity and chlorophyll A were
monitored. Gross algal primary production was determined by light-
and dark-bottle techniques. Both pond basins were approximately 1
meter in depth. Bottom substrata were composed of sand and fine
organic matter. Chemical and physical parameters of the two ponds

were similar prior to treatment. Chara vulgaris and Potamogeton

pectinatus were the dominant hydrophytes. Dichlobenil was injected
beneath the water surface to achieve a concentration of 1. 0 mg/l. One

month after treatment, Potamogeton and 80% of the Chara were elimi-

nated. An intense bloom, dominated by blue green algae, devéloped.
This was attributed to the release of nutrients from decomposing vascular
hydrophytes. Four genera of filamentous algae predominated during the

bloom: Oedogonium, Lyngbya, Oscillatoria and Spirogyra. Three species

of zooplankton; Diaptomus dorsalis (copepod), Keratella cochlearis (rotifer)

and Gonyaulax sp. (dinoflagellate) also increased. Homeostatic chemical

conditions were established by the algae during the period of maximal
herbicide effect on vascular plants. Concentrations of phytoplankton

chlorophyll rose to 29. 3 mg/1 after herbicide application, but fell
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sharply during the period of hydrophyte recovery. Phytoplankton
produced over 90% of the dissolved oxygen during the period of rooted
plant absence but resumed a secondary role after vascular plant
recovery. The herbicide had disappeared from the water and hydrosoil
64 days after application. Residues did not p‘ersist in the organisms
nor was the degradation product, 2, 6-Dichlorobenzoic acid, detected. >3
This study has shown that subtle ecological changes can occur when
pesticides are introduced into the aquatic environment. Factors
operating over the long-term could result in trophic population
alterations. For example, a population chanée from carnivorous to
phytophagus fish species as terminal members could result from a

shift in the populations of lower food organisms. Such a change would

be reflected in increased numbers of plankton-feeding mullet, in an
estuarine environment.

Crustacea are vital food chain organisms., FEstuarine shrimp,
fish and shellfish are comfnercieilly valuable species. However,
pesticides and other synthetic organic contaminants, transported to
estuarine basins, stress these populations.'?‘ Continuous exposure of

white shrimp, Penaeus setiferus, and pink shrimp, P. duorarum, to

low-level concentrations of DDT (0.2 ng/1) caused a 100 percent
mortality in 18 days.lz. Shrimp exposed to 0,12 ng/l died within 28 days.
The largest concentrations were found in the hepatopancreas. Residues
found in natural populations of shrimp from Texas, Florida and South
Carolina contained 0.01 mg/l of DDT and its metabolities. These field
residue levels differ from those of laboratory exposed sampvles by a
factor of 10 or 20 to1l. For example, shrimp exposed to 0.14 ng/1

of DDT accumulated 0.21 mg/kg total body residue after 13 days and
0.15 mg/kg after 19 days. Shrirr{p that died during exposure had
accumulated a minimun: of 0, 13 mg/kg. Concentrations of 0.03 pg/1 of
DDT would seriously threaten the survival of penaeid shrimp populationsl

12 ) )
in estuaries.  Concentrations of this magnitude have been detected

in certain areas of the Gulf coast.

177



Small blue crabs, Callinectes sapidus, live in shallow estuarine

waters. In these arcas, they may be exposed to chronic sublethal con-
centrations of pesticides. Test crabs fed, molted and grew for 9 months
in seawater containing 0.25 ug/l DDT. They survived only a few days at
concentrations in excess of 0.5 ng/l. This suggests that the thres-
hold of toxicity is very critical. Populations that can exist in estuarine
waters containing low levels of DDT may be seriously affected by a sudden,

moderate increase, as might occur from runoff.

In two separate chronic exposure tests, immature oysters

(Crassostrea virginica) were first exposed to 1.0 ng /1 concentration of

DDT, Toxaphene and Parathion for 48 weeks. In the second test, the oysters
were exposed for 36 weeks to a mixture of all three of the pesticides at

a total concentration of 3.0 mg/l?’(J Relatively high-levels of DDT and
Toxaphene were accumulated but only small amounts of Parathion. The
immature oysters grew to sexual maturity in flowing seawater in both

of the tests. The weights of oysters grown in the pesticide mixture were
5% lower than control oysters. There was no statistical difference in

the weights of oysters grown in solutions of the individual pesticides

and the controls. There were histopathological damages in the kidney,
visceral ganglion, gills, digestive tubules and tissue beneath the gut in
the oysters exposed to the mixture of pesticides. A mycelial fungus was
also present, indicating a breakdown in the oyster's natural defense
against this parasite. These changes were not observed in the oysters
exposed to the individual pesticides. It can be concluded that although
oysters can survive and grow in a low concentration mixture of pesticides,
subtle pathological changes can be induced. Such changes reduce the
ability of the organism to survive under competitive pressures. It was
not established in this study whether these changes were due to a
synergistic effect of all three pesticides in combination or an additive

effect.
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Chronic exposure to sublethal concentrations of pesticides has
been shown to elicit three observably different population responses in
fish: an adverse effect on population size and number, no demonstratable
effect or an acquired resistamzz._67 Adverse effects on populations
have been observed as changes in mortality or growth rates. Mortality
rates among populations of fish subjected to sublethal doses of chlorinated
hydrocarbons have been found to be proportional to the magnitude of

dose. Dichlobenil elicited numerous concentration-related responses

in the bluegill, Lepomis macrochirus. 57 Dose-dependent mortality

has also been observed in the freshwater sailfin molly (Poecilia
latiEinna) exposed to Dieldrin. More than half the experimental fish
survived 1.5 and 0. 75 ug/1 Dieldrin but showed a 10% decrease in

growth after 34 weeks. However, 0.012 mg/l Dieldrin killed all exposed
fish within the first Week.58 Similar dose-dependent mortality and
growth responses have been observed in goldfish and bluegills upon
exposure to Mirex, 59 and in spot fish upon exposure to Endrin. 60 of-

spring of a population of sheepshead minnow, Cyprinodon variegatus,

which survived chronic sublethal concentrations of DDT, were found to
be more sensitive to DDT and Endrin than were offspring of unexposed,
control fish, 61 No observable pathological changes were reported for

the continuous exposure of the spot, Leiostomus xanthurus, to sublethal

Endrin concentrations (0.05 ug/l) for 8 monthsg)O However, these
same fish were further tested to determine whether sublethal exposure
to Endrin had affected their resistance to acute toxic concentrations
(0.75 and 0.56 ug/l) of Endrin. They were less tolerant than controls
during the first 24 hours of exposure. 60 A similar increased sensitivity
of response was observed with the same fish during chronic exposure to
Toxaphene. 62 No effects on growth or mortality of the spot fish were
observed when they were subjected to 10 pg/l concentrations of
Malathion for 26 weeks. 63 This may be attributed to the rapid detoxifi-
cation of the organophosphate in seawater. One week after the

termination of the chronic exposure test, the same fish were subjected
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to lethal concentration of Malathion. However, differences in mortality
rates between control and test fish were not significant. Fish that
survived chronic toxicity testing were further stressed by placing them
under reduced salinity conditions (from 26 percent salinity to 2. 8 and

63

1.5 percent). No effects were observed between test and control fish.

Development of resistance to chlorinated hydrocarbons, following
long-term exposure, has been domonstrated by freshwater fish.6 Once
resistance is acquired by fish, the level remains unchanged for several
generations if they are reared in insecticide-free environrnents.64
Resistance to high pesticide concentrations were first noted in mosquito-
fish, G. affinis, localized in heavy cotton producing areas of the
Mississippi Delta. Two thousand-fold levels of resistance have been
acquired by fish in this area.65 Resistant populations of G. affinis,
Notemigonus cyrsoleucas, L. cyanellus, L., macrochirus have been

64, 66-68
obtained from pond and ditch areas in the Mississippi Delta. T

hese
areas bordered large cotton plantations and are subject to contamination

62, 64

by run-off, spray drift, and possibly, direct application. Resistance
was demonstrated when the fish were exposed to the 36-hour TLm con-
centration of DDT, Toxaphene, Aldrin, Dieldrin and Endrin. The fish
from the Twin Bayou area of the Delta, as compared to control populations
taken from non-agricultural areas, were resistant to all test insecticides
except DDT. 4These fish exhibited resistance to Endrin, considered to

be the most toxic insecticide to freshwater fish, at levels approximately
50-fold greater than those which would affect controls. The fish com-
munities from which these populations have been taken are represented

by large numbers of a few species. Top-level carnivores, such as large

mouth bass or crappie were absent. Blood analysis of resistant and non-

resistant strains of N. cyrsoleucas, revealed a 64-fold greater concen-

tration of Endrin in the former than in the latter.
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Population resistance is not limited to fish, 69 Freshwater

shrimp, P. kadiakensis, from 3 areas of the Mississippi Delta were up

to 25 times more resistant to 7 chlorinated hydrocarbons, 3 organo-

phosphates and 1 carbamate than were non-resistant control shrimp.

Pesticide resistance and accumulation by non-target organisms
in the aquatic environment has caused community structure imbalance.
Top-level carnivores, such as the largemouth bass, egrets, and gar,
are absent in waters supporting pesticide-resistant populations. Resistant
strains of the mosquitofish, G. affinis, can tolerate a body burden of
214. 28 mg/kg after two weeks exposure to 500 pug/l Endrin. These fish
released Endrin in sufficient concentration when placed in fresh tap
water to kill green sunfish in 15.5 hr. 7 Adaptive physiological mecha-
nisms that produce resistance in fish and shrimp have not been identified.
Resistance in a species may occur via alteration of membrane permeability,

increased fat content, or altered metabolic pathways.

(2) Physiology and Reproduction

. 72,73
Organophosphate pesticides inhibit the enzyme, cholinesterase.

This enzyme is functional in nerve-impulse transmission and ion transport
processes. Tests have been performed on the sheepshead minnow which
relate acute toxicity of Diazinon, Guthion, Parathion and Phorate to in vivo
inhibition of brain cholinesterase. 72 Agdult minnows were exposed to acute
doses which killed 40 to 70 percent of the fish in 24 and 48 hours, respec-
tively. The enzymatic activity of exposed fish was compared to that of
control fish. The number of fish killed by each organophosphate was pro-

portional to cholinesterase inhibition. The average level of cholinesterase

inhibition in the brain of fish does not always correlate with the percentage

72,74 .. et
of fish killed by a particular pesticide. Diffexences within and among
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populations of fish indicate that cholinesterase activity of a species
fluctuates with time. 4 Some organophosphates increase in toxicity with
time. For example, Parathion can be converted in the liver of certain

fish to the more toxic Paraoxon, thereby increasing toxicity.

Specific physiological modes of action by chlorinated hydrocarbons
are not known. It has been shown that DDT impairs osmoregulation
and active membrane transport. m These mechanisms require cholinesterse
(ATPase) enzymes. Chlorinated hydrocarbons, including DDE32 and
PCB, 8 induce mixed-function oxidase enzymes. These enzymes are
functional in metabolizing steroid hormones, such as estrogen and
testosterone. Numerous general observations on the impairment of
motor and sensory systems by sublethal concentrations of chlorinated

66, 67,79 Symptoms indicate central

hydrocarbons have been reported.
nervous system disorders including convulsions, loss of equilibrium,

increased ventilation rate, hyperactivity and hypersensitivity to stimuli.

Although exact mechanisms of pesticide toxicity are unknown,
certain structural abnormalitites in tissues and organs are associated
with pesticide presence. Nimmo and Blackman, 80 of the Gulf Breeze
Laboratory, have shown that exposure of pink shrimp to a sublethal
concentration of DDT (0.1 pg/l) produces blood protein effects. Prelimi-
nary studies demonstrated a decrease in serum protein levels of up to 41%
after 45 days of exposure. Follow-up experiments are being conducted
to determine if a "threshold" concentration is reached prior to this
observable gross effect, Blood changes have been reported for marine
puffer fish, following chronic pesticide exposures. 81 Endrin caused an

increase in serum sodium, potassium, calcium and cholesterol.

Chronic exposure to chlorinated hydrocarbons induces systemic

lesions and other structural disorders. @Gill changes in goldfish, characteriged
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by swollen filaments, appeared 112 days after an initial concentration of

. . 5
1. 0 mg/1 Mirex was applied to a pond. Chronic exposure of spot fish

to 0. 075 pg/l Endrin for three weeks produced systemic lesions throughout
the brain, spinal cord, liver, kidneys and stomach. 60 Lesions of the
central nervous system, kidneys and stomach were attributed to primary
effects of Endrin. It was probable that necrotic liver lesions were also
attributable to Endrin. Loss of hepatic fat and glycogen was considered
secondary to systemic toxicity. The appearance of lesions offers an
opportunity for bacterial and fungal infections. 56, 82 Exposure of pinfish
and spot fish to sublethal (5 ug/l) concentrations of the PCB, Aroclor 1254,
over a maximum of 45 days produced fungus-like lesions on the body. 82
These were pronounced and hemorrhagic around the mouth. The affected
spot fish usually ceased feeding, became emaciated, and developed frayed

fins and lesions on the body. These exposure-associated changes could

significantly reduce long-term viability of a species.

Dichlobenil caused karyolysis of hepatocytes and an increase in
connective tissue stroma in the liver of bluegills. 83 Chronic exposure
of bluegills to 2. 4-D caused rapid shrinkage and loss of vacuolation in
parenchymal cells and a depletion of stored glycogen in the liver. >7 These
fish also exhibited a reduced circulation and simultaneous depletion of
liver glycogen. Blood stasis resulted from congestion of larger blood
vessels in the central nervous system, gills, liver and kidneys. Conges-
tion was caused by amorphous, eosinophilic deposits of serum protein pre-
cipitates. Histopathological damage, induced by chronic pesticide expo-
sure, may or may not be related to function of a particular tissue. There
is inadequate knowledge in tissue-effect mechanisms of pesticide toxicity.
Until these mechanisms are resolved, the effects of pesticide-induced
histopathologies on survival of species in the natural environment cannot

be understood.
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Survival of a species depends on its ability to reproduce efficiently
and maintain population size. Pesticides are known to interfere with
this process. 57, 66. 84 However, specific factors contributing to repro-
ductive failure and the frequency and extent of their occurrence are not
known. These factors can create subtle changes in population behavior.
Exposure to 5 and 10 mg/l of 2, 4-D for 5 months caused L, macrochirus

. 57
to spawn two weeks later than individuals in pesticide-free water.

Exposure to 1000 ug/l solutions of Dursban for a period of time sufficient
to kill 50 percent of the test population, caused female mosquito fish,

G. affinis, to prematurely terminate gestation. 66 Mosquito fish abortion
has been induced by several chlorinated hydrocarbon insecticides.
Exposure to Dieldrin in concentration of 0.075 and 1.5 pg/l for 34 weeks,

caused the sailfin molly, P. latipinna, to produce fewer numbers of young.

Populations of guppy, Poecilia reticulata, showed a change in size-class

distribution after 7 months exposure to 0. 0018, 0.0056, and 0.0l mg/l of
Dieldrin. The greatest increase was in the number of young. This was

attributed to decrease in cannibalism of the young by the parent fish. 84

The presence of pesticide in an estuary could adversely affect
the breeding behavior of resident crustacea and fish populations. 85 In
addition, breeding and migratory behavior of fish which spend only a
portion of their life cycle in these fertile nursery grounds could be affected.
For example, fish may avoid pesticide contaminated water and, thereby,
be unable to reach proper spawning grounds. Some fish in Tennessee Valley
Authority lakes moved out of the area when 2, 4-D was applied for the
control of Eurasian water milfoil. 86 Avoidance behavior was demonstrated

by the estuarine sheepshead minnow (Cyprinodon variegatus). 87 These

were subjected to water containing DDT, Endrin, Dursban, 2, 4-D,
Malathion and Sevin. Concentrations ranged from 0. 000l to 0.1 mg/1 for
DDT, 0.00001 to 0. 01 mg/1 for Endrin, 0.0l to 10 mg/l for Dursban, 0.0l

to 1. 0 mg/1 for Malathion, 0.1 to 10,0 mg/1 for Seven, and 0. 01 to 10. 0 mg/l
for 2, 4-D. The fish avoided four (DDT, Endrin, Dursban and 2, 4-D)

of the pesticides at the concentrations tested. They avoided neither

Malathion nor Sevin. The fish did not appear to differentiate between
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differences in lower concentration of the same pesticide but did display
the ability to seek water free of pesticides. Therefore, a prerequisite for
avoidance in nature would be a reasonably distinct boundary between clean
and pesticide-contaminated water and free access for migration. Estuaries
are often characterized by conditions that create such boundaries or inter -
faces. 87 There is evidence to suggest that DDT in estuaries may affect
the migratory mechanism of certain fish. The greater the DDT concentra-
tion, the greater the preference for high salinity. 88 This could interfere
with spawning behavior since it suggests a tendency of fish exposed to pes-
ticide pollution to return seaward.

The reproductive organs of aquatic organisms are major storage
sites for chlorinated hydrocarbons, 7,31, 89 The gonads of the oyster,

Crassostrea virginica, stored approximately twice as much DDT as the

digestive tract and other organs. 89 The residues accumulated in such
organs could directly affect gamete maturation and viability, cell cleavage,
and vitality of the developing larvae, 89 Fish store chlorinated hydrocarbons
in the gonads and in the egg yolk. 23 Pinfish and Atlantic croaker populations
of Pensacola Bay lose an estimated aggregate of 1/2 1b. of DDT and meta-
bolities during egg deposition. 31 The DDT concentration of speckled sea-
trout in some areas of the Gulf average about 8 mg/kg. 23 The specific
mechanisms of pesticide influence on egg development and viability of

young of aquatic Southeastern species have not been defined.

Chlorinated hydrocarbon residues have seriously affected repro-
duction of adult water fowl. Eggshell thinning and consequent population

90, 91 DDE

decline have been attributed to chlorinated hydrocarbon residues.
concentrations as high as 2, 500 mg/l1 have been found in the yoke portion
of eggs with the thinnest shells. 9 Dieldrin, PCB's and Endrin were also
found in lesser amounts. DDT and DDE have been included in the diets of
mallard ducks in controlled experiments. Thin eggshells and reduced

hatching success were abserved. A nationwide survey was conducted

to determine the chlorinated hydrocarbon residue levels in the mallard

185



and the black duck. 92 Alabama recorded the highest average level of

DDE in the survey (2.17 mg/kg in wing samples}. Dieldrin, Lindane,
and Endrin were also found in varying amounts. Raptorial birds, such

as the herring gull, Larus argentatus, the bald eagle, Haliaeetus

leucocephalus, and the peregrine falcon, Falco peregrinus, feed on birds,

rodents, mammals and fish. Their populations are suffering a decline

in correlation with observed eggshell thinning. 93 In 1967, herring gull
eggs were collected from five states including Florida. ? The shell
thickness had decreased from 1947 to 1952 values while chlorinated hydro-
carbon residues had increased., Brown pelican eggshells from Florida
and South Carolina94 have shown significant thinning (16-17% decrease) as

compared to pre-1947 indices and a related decline in local populations.

Transport of ionic calcium across membrances of the shell gland
in birds is an energy-requiring process dependent upon ATPase, 90 Inhi-
- bition by DDE could account for certain concentration-effect correlations
(DDE concentration vs. shell thickness) obtained for eggs of the brown
pelican and herring gull. 90 DDE, and PCB's have been found to inhibit
carbonic anhydrase. 90 The enzyme is functional in deposition of calcium
carbonate in the eggshell and for maintenance of pH gradients across
membranes such as those of the shell gland. Associated with eggshell
thinning is the problem of increased egg eating by parents, decreased
clutch size and increased embryonic mortality. 95 Unknown is the impor-

tance of PCB's to observed reproductive failures in species of birds

known to accumulate high concentrations of these substances.

In summary, low level pesticide contamination of water systems
produces subtle and complex changes of aquatic life as a result of chronic
exposure. Physiological changes of individuals are reflected as long-term
changes in biotic community structure. In nature, such changes usually
go unnoticed until climatic damage occurs. For example, elimination

of species considered desirable by man. Waters of the Southeast are

186



contaminated with pesticides and the extent depends on seasonal fluctuations.
Concentrations are often greatest in estuaries during the spawning season
. . 31

of certain crustacea and fish. The level and persistence of DDT in Gulf
estuarine fauna suggests that commercial species of shrimp may be endan-

. . . 7
gered in certain sections.  Information is needed regarding ecological
alterations induced by chronic stress from pesticides in fresh and estua-

rine waters.,

4. Synergestic Effects

Synergism occurs when the simultaneous action of separate factors,
operating together, produce effects greater than the sum of the effects of
the separate factors. Through synergism, a pesticide may act with other
pesticides or with other physical, chemical or biological factors to cause
an adverse effect at concentrations far less than the toxic level of that
substance acting alone. Anomalous laboratory results and field observa-
tions suggest that many interrelationships and mechanisms of synergism

56, 96

remain unexplained.
a. Physical Synergisms

Temperature and pesticides may combine in a synergistic manner
to adversely affect aquatic organisms. For each 10°C increase in tempera-
ture, the metabolic rate of an organism can be expected to double. As
temperature rises, dissolved oxygen concentration of the water decreases.
Temperature effects may combine with pesticide action to increase toxicity.
In Florida it has been demonstrated that oysters are more sensitive to
DDT and Endrin at the same concentration during the summer than during
the winter. 89 The reverse is true of organophosphate compounds which

can be explained by the reduction in the rate of hydrolysis in colder water.

Trout and bluegill have been exposed to the presence of pesticides
and varying temperature. 97 Increased susceptibility was noted with most
compounds as temperature increased. Exceptions were noted for bluegill

susceptibility to Lindane and Azinophosmethyl. They were unaffected by

187



b. Biological Synergisms

Mirex has been found to affect juvenile and adult crayfish
differently. 42 Mortality from treatment with 1 to 5 pg/l of Mirex for
6 to 144 hours increased with time and was inversly related to animal
size. Juvenile crayfish exhibited higher mortality rates than did adult
crayfish. Juveniles at a length of 1.5 cm. showed a 55 percent mortality
3 weeks after consuming one granule of Mirex bait while adults of a
3.0 cm length showed no mortality. Increased toxicity to juvenile
forms over a period of time was attributed to delayed toxic effects of
Mirex. Juvenile forms of other crustacean species frequently display
greater mortality factors than do adult forms. This has been, and will
continue to be, increasingly significant in the nursery areas of estuaries.
More information is needed regarding toxicity levels of specific pesti-

cides to immature stages in the life cycle of aquatic organisms.

Amitrole, Dalapon, lEndothall, Fenuron, Dichlobenil, Dimethylamine
salt of 2, 4-D, isooctyl ester of 2, 4-DP, and the potassium salt of
Silvex at various concentrations over varying lengths of time had no
appreciable effects on hatching of fish eggs (bluegill, green sunfish,
smallmouth bass, lake chub-sucker and stone-roller). 102 However,
the fry were found to be more susceptible to the toxic action of some
herbicides than were fertilized eggs. Concentrations greater than 5 mg/1
of Silvex and 10 mg/1 of Fenuron reduced the number of fry produced
from fertilized eggs. Different formulations of some herbicides showed
different toxicities. Endothall did not affect the fry at concentrations
of 10 and 25 mg/l. Carp eggs have been exposed to DDT, Chlordane,
Dieldrin, Endrin, Diazinon and Guthion at a concentration of 1. 0 mg/1. 103
Embryo development was stimulated and the incubation time was reduced

by one-third,
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temperature increases to 23. 8° C from 12, 7C in the presence of Methoxychlor.
Susceptibility decreased as the temperature increased. This anomaly could
be the result of decomposition of the pesticide at higher temperatures.
Similar experiments have been performed in Mississippi with mosquito

fish, golden shiner, bluegill and green sunfish. They were exposed to

DDE, Endrin, Aldrin, Dieldrin and Toxaphene at different seasons of the
year, 64 Higher tolerance levels were measured during March and April
than during June and July. For example, green sunfish tolerance to Endrin
over 36 hours declined from 575 to 160 ug/l. Seasonal sensitivity to lethal
concentrations of DDT and Endrin has been noted in sheepshead minnows of
Florida. Sensitivity to 15 mg/l of DDT decreased during colder months,

March to June, and increased during warmer months, August to September, 61

Salinity has been tested as a synergist. 98 Salinity-tolerant mos-

quito fish, Gambusia affinis were acclimated at 0.15, 10 and 15 parts per

thousand (ppt) salinity, DDT, DDD or DDE were introduced. A salinity
of 15 ppt reduced the amount of DDT, DDE and DDD accumulated. DDT
uptake was less than either DDE or DDD. DDT has been shown to impair

76 .
the osmoregulatory system of the marine eel, Anguilla rostrata, This

effect may explain reduced DDT uptake with increased salinity.

The fathead minnow, Pimephales promelas, was exposed to Endrin

or DDT under static and dynamic conditions. 99 Comparative 48- and

96 -hour Endrin exposure indicated a slightly higher LCg, value during
static as compared with dynamic tests. The higher toxicity of Endrin
under static conditions was not explained. However, the sharp increase

in toxicity of DDT in static conditions as opposed to dynamic was attributed
to decreasing oxygen concentrations and/or synergism with fish-produced
metabolites (e. g., ammonia or CO). Assessing toxicity of pesticides,

under static test conditions, can result in significant error. The
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pesticides could interact synergistically with numerous and varying
physical and chemical factors of the aquatic environment. A greater
emphasis must be placed on dynamic bioassay testing under natural

conditions.

Certain chemical compounds have been shown to increase the
toxicity of specific pesticides. Copper sulfate pentahydrate (CSP) has
been applied in conjunction with Diquat to control hydrilla, egeria
and Southern naiad. 100 This combined treatment yields better control
than does individual application. Submerged plants absorbed more
copper from pools containing both substances than from pools containing

only CSP.

Pesticides can synergize with pH. This could be a result of pH
induction of hydrolysis products that are more toxic than the parent
compound. The fathead minnow has been exposed to Malathion under
varying pH conditions. 1ol When Malathion was introduced under high
pH conditions, the metabolic product, Diethyl fumarate was formed. The
metabolite was found to be more toxic in the presence of the parent
compound than either substance acting alone. More information is
needed on synergisms between parent compound and degradation products.
Oysters exposed to a mixture of 1. 0 pg/1 each of DDT, Toxaphene and
Parathion showed less growth and developed tissue pathology. 56 Changes
were not evident in organisms reared in 1.0 pg/l of either DDT, Toxaphene
or Parathion. The results suggest that the effects may have been caused

by a synergism among the three toxicants.

In summary, the abiotic environment can alter the effect of a
pesticide by either increasing or decreasing biological uptake and
activity. Physical and chemical factors of the environment must be

considered in conjunction with pesticide usage.
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The egg stage of an animal can be relatively resistant to pesticides.
The yolk material nourishes the developing embryo. Oxygen and water
are obtained from the external environment, The offspring may not be

exposed to pesticides until the yolk material has been depleted and/or

hatching occurs.

Fingerling mosquito fish have been grouped into size-class and
exposed to 41 ppt concentrations of DDT, 104 The smaller fish were
more efficient in DDT uptake than were older fish within a 48-hour period.
This was attributed to increased surface area to volume ratios in the

smaller fish relative to those of larger fish. This relationship may

be another factor that acts synergistically to alter toxicological effects.

Pesticide synergisms with such factors as temperature, pH,
other pesticides, and stage of biological development have been estab-
lished to species native to the Southeast. Synergisms, resulting from
multiple -pesticide usage, have not been investigated thoroughly. Static
bioassays are likely to result in limited toxicity information that do
not recognize synergestic effects. The results would be of little use
in predicting the effect in natural systems. Dynamic, carefully-designed

tests are needed.

5. Health Implication of Pesticide Contaminated Water

The routes of pesticides from the contaminated-water environment
directly to man are limited. Potable water is the most obvious route.
Less obvious is the route through consumption of pesticide-contaminated

food such as crabs, shrimp, fish and waterfowl.
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a. Contamination of Potable Water Supplies

DDT residues were found in the Tennessee and Chattachoochee
Rivers, while Dieldrin was reported in the Savannah River during
1962, 105 A 1964 survey of 56 U. S. rivers revealed that 44 were con-
taminated with chlorinated hydrocarbons in concentrations ranging
from 0, 002 to more than 0. 118 ng/l. 106 Dijeldrin occurred in 39 rivers,
DDT or DDE in 25 rivers, and Endrin in 22 rivers. Between 1964
and 1967 water samples were obtained from 10 selected municipal
water supplies and analyzed for chlorinated hydrocarbons.lo Raw water
sources for these systems were either the Missouri or Missippi Rivers.
The only sampling site located in the Southeast was at Vicksburg, Mississippi.
Of the 41 samples obtained at this site in 1964, four were positive for
Aldrin, 29 for DDE, 28 for DDT, 23 for Dieldrin and 34 for Endrin. The
survey was expanded to monitor 5 additional pesticides in 1965,
Lindane was present in 4 of 6 samples, BHC in 5 of 6, Aldrin in 3 of 45,
Heptachlor in 1 of 24, HCE in 6 of 37, Chlordane was not detected in 6
samples. Ingestion of at least 9 known pesticides was involved in con-

sumption of this water,

The Flint Creek basin of Alabama was monitored for pesticides
between 1959 and 1962.108 The entire 400 square mile basin is located
in a predominately cotton producing area. Flint Creek and the West
Fork of Flint Creek are the principal streams of the basin. A water
treatment plant is located downstream from the junction of the forks and
serves Hartselle and Flint, Alabama. Pesticide analyses of treated and
raw water samples at the treatment plant revealed chronic contamination
by Toxaphene and BHC. Treated water contained pesticide concentrations
comparable to the raw water. DDT was not found although it was used
extensively within the basin. BHC contamination was attributed to crop
dusting in the basin. The concentration of pesticide reaching the public

via drinking water was less than 1 ng/l. Such levels go unnoticed by the

consumer,
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Five municipal wells in Florida were found to be contaminated
. ) 100
with 1 pg/1 of Parathion. Canal water in the area contained Parathion
as a result of extensive agricultural use. It was postulated that the

09

wells were contaminated by percolation of ground water. !

Chemical and biological evidence indicates that surface waters
of the United States are contaminated with chlorinated hydrocarbon
insecticides. In localized areas, surface waters are polluted with
herbicides. Organic pesticides can contribute tastes and odors to
potable water, 110 Several organic triphosphates and 2, 4-D produce
tastes and odors far below toxic levels. Establishing standards for
selected pesticides in drinking water based on taste and odor levels

could offer a margin of safety to consumers in those specific cases.

Once pesticides reach water treatement plants, removal through
conventional coagulation and sand filtration becomes selective. 111 This
is attributable to variations in solubility and adsorption. In one case,
DDT at a concentration of 10 pg/l was effectively removed while Lindane
and Parathion were not. The latter was presumably a result of greater
water solubility. Chlorine treatment did oxidize Parathion to its toxic
derivative, Paraoxon. Potassium permanganate at 1 to 5 mg/1 and
ozone at dosages up to 38 mg/l were ineffective. Powdered activated
charcoal was of limited effectiveness. Lindane reduction from 10 to
1 ng/l, required 29 mg/l carbon. Percolation through a bed of granular
carbon was the most effective means of treatment. More than 99 percent
of the applied DDT, Lindane, Parathion, Dieldrin, 2, 4-D, 2, 4, 5-T ester,
and Endrin concentrations were removed. Recent information indicates
that occasional high pesticide concentrations may be reduced to acceptable
levels by standard water treatment pratc:tices.112 However, chronic, low-
level concentrations are difficult to remove by current practices. At
present, removal of pesticides from large bodies of water is economically
unfeasible. 113 Therefore, long periods will be required for renovation

by natural processes. As persistent pesticides are replaced by more
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readily-degradable compounds will be facilitated.

Increasing population growth and industrialization of the Southeast
has resulted in more intensive use of available surface waters. Major
supplies in this area are contaminated with persistent pesticides.
Removal of low-level concentrations is not accomplished by conventional
treatment practice. Hence, pesticides become available to humans in
their drinking water. These low-level concentrations, if accumulated,

may constitute health hazards.

b. Ingestion via Food Products

The main source of general population exposure to DDT and Dieldrin
occurs via ingestion of residues in food. 114 Residues of DDT and its
metabolites have been reported in processed fisheries products (fishmeal,
oyster, and shrimp). These residues ranged from 0. 02 to 0. 063 mg/l.115
Nine of fifty river monitoring stations in the United States are located in
the Southeast. 116 Game fish from these stations have been shown to
contain chlorinated hydrocarbons. Channel catfish of the St. Lucie
canal in Florida and largemouth bass from the Tombigbee River in
Alabama contained 58 mg/l and 10 mg/l of DDT and its metabolites,
respectively, These levels were greater than those generally reported
for other species of fish in other locations. Thes® results were
obtained from whole body samples and not exclusively from edible
portions. Chlorinated hydrocarbons accumulate in the fatty tissues of
fish. Once fish are processed for consumption, the pesticides generally
remain with discarded visceral portions. Shrimp primarily accumulate
pesticides in the non-consumed hepatopancreas. Oysters concentrated
pesticides in their tissues to levels thousands of times greater than the
water concentration. These tissues normally rid themselves of pesticides
within a short period if placed in uncontaminated water. Where oyster-
harvests are contaminated by pesticides, they can be decontaminated prior

to marketing by placement in clean water,.
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Six of seven pesticide residue levels in domestically-processed
seafood for the years 1964 to 1969 exceeded those of imported products.117
BHC was the exception. Domestic fish products contained 74. 4 percent
of chlorinated hydrocarbon residues compared to 56. 1 percent for
imported varieties. DDE was present in 66, 3 percent of the domestic
varieties at an average of 0.49 mg/l. It was present in 49,1 percent
of the imported varieties at an average of 0. 06 mg/l. Heptachlor,
Heptachlor epoxide, Aldin and Chlordane were not found in imported
shellfish products., DDE ranked highest in terms of incidence and
averaged 0. 005 mg/l. Forty-eight percent of the domestic shellfish
products contained chlorinated hydrocarbon residues compared to 16. 8
percent for imported products. More agricultural pesticides are used
in the United States than in any other country. Runoff amounts are
deposited in streams and rivers. These are eventually deposited, in

part, into estuaries and become available to estuarine organisms.

The effect of human ingestion of DDT over a two-year period
has been determined. 118 Ninety men were divided into three groups:
one group received no DDT, another received 3.5 mg/man/day, and the
last received 35 mg/man/day over the two years. The dosages were
established at 20 and 200 times the normal dietary intake level for DDT.
The highest dosage was chosen to represent one-fifth of the smallest
amount known to cause mild, transient sickness in man. Careful
physical examination and laboratory testing failed to establish clinical
evidence of adverse effects., DDT was confined to the body fat and was
proportional to dosage. About one year was required to establish constant
tissue storage levels of 234 to 340 mg/kg. Tissue biopsy examination
revealed no further increase in storage level once equilibrium was
attained. DDT release from body fat was found to be a much slower

process than its deposition. The storage form was DDE,
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Prolonged occupational exposure of an individual to DDT has
been reported. A storage level of 64.8 mg/kg of DDT and its metabolites

was established. 118 The individual exhibited no adverse effects.

Autopsies were conducted of 146 persons accidentally or violently
killed in Dade County, Florida. These examinations included measurement
of Dieldrin storage in the adipose tissue. A range of 0.19 to 0.24 mg/kg
was obtained when samples were grouped according to age, race and sex. 119
This level was not statistically different from results obtained in other
parts of the world. Worldwide distribution fell into a range of 0. 15 to
0.29 mg/kg. However, a value of 0,03 mg/kg was reported in India. 120
It was concluded that Dieldrin storage does not vary significantly
according to age, race, and sex, This contrasts with the significant

differences calculated for concentrations of DDT and DDE associated with

these demographic variables in the same fat samples.

Individuals ingesting persistent pesticides establish storage con-
centration relative to the amount ingested, i.e., storage is proportional
to dosage. Information regarding the time required to establish equilibrium
storage of DDE is not available. Pesticide concentrations in excess
of storage levels are excreted in the urine. Amounts in fresh-water fish
and marine shellfish are below storage levels. Continued monitoring is
essential to maintaining low-level concentrations in the aquatic environment
and resources derived therefrom. Low-level exposure of healthy adults
to certain pesticides over periods of two-yearslls, did not show obvious
hazard. Such studies must be extended to provide a sound epedemiological

basis for defining safe chronic exposure limits.
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6. Conclusions
D e

Aquatic vegetation can sorb large quantities of pesticides. These
sorbed substances can be metabolically degraded or stored. The stored
compounds may either become part of a food web or be returned to the
sediment. Information is not available on sorption capacities and degra-

dation of pesticides by aquatic vegetation of the Southeast.

Fish and filter-feeding sedentary invertebrates sorb pesticides
directly from the water. Residue levels closely correlate with surface
water concentrations, which relate to seasonal agricultural practices

and rainfall.

Pesticides such as DDT, Dieldrin, Endrin, Toxaphene, Mirex and
BHC are bioconcentrated. Food chain studies have been primarily focused

on DDT without regard for other stable chlorinated hydrocarbons.

Herbicides, in general, are less toxic to fauna than other pesti-
cides. This is attributed to the fact that these compounds degrade rapidly
and do not bioconcentrate, The affects of herbicides on nontarget aquatic
plant communities have not been specifically identified. For example,
the reduction of consumer populations is accompanied by a shift in plant

species to hardier algae that are not consumed by grazers.

Considerable emphasis has been placed on testing fish for acute
toxicity., Acute toxicity levels have been established for several individual
species under laboratory conditions. These values serve only as quantitative
indices of toxicity under specific conditions and do not reflect accurate

responses under varying natural environmental conditions.

There is a need for toxicological information on lower life forms
obtained under dynamic test conditions. In such studies, continuous
flow of natural waters under environmental conditions at the site, should
be emphasized. Resulting information would be of greater value in
assessing the effect of contaminants such as pesticides than that obtained

under static monospecific test conditions..
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More emphasis should be placed on the long-term (chronic) effects
of pesticides. Toxicological information must be developed for the
lower and intermediate aquatic organisms as well as for fish. Population
changes in lower food chain organisms will ultimately be reflected in

the long-term stability of higher consumers.

Quantitative data on residue transfers in fresh water and marine
food webs are not available. There is a lack of information on the com-
plex species interrelationships of food webs. Some forms establish an

intake, storage and elimination equilibrium.

The presence of PCB compounds in Southeastern water, its biota
and its sediments is widespread, These compounds are stable,biocon-
centrate in tissues and interfere with calcium deposition in birds, This

effect has been demonstrated with DDT.

Pesticide synergisms with such factors as temperature, water
hardness, and stage of biological development have been established in
species native to the Southeast. Synergisms, resulting from multiple
pesticide residues, have not been investigated although many pesticides

are applied in combination to ensure control of target species.

Chlorinated hydrocarbon residues at microgram per liter con-
centration are not completely removed by standard water treatment
practices. The adverse effects of long-term, low-level, pesticide

exposure in humans is not known.

Monitored pesticide residues in fish, shellfish and ducks are not
directly useful in assessing quantities of pesticides reaching humans via
these foods. Analyses are typically made on a whole-produce basis and

not the edible portions only.
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7. Recommendations

1. The Environmental Protection Agency should expand in-house and
supported monitoring activities to identify pesticides and their metabolites
in the aquatic environment (surface and ground fresh waters and estuarine).
This activity should be complemented by an expanded program of develop-
ment of improved pesticide concentration and analytical procedures.

The elimination of the masking effect of polychlorinated biphenyls (PCB)

in analyses of pesticides is a specific analytical need.

2. The Environmental Protection Agency should expand in-house and
supported toxicological measurements of the effect of pesticides on
aquatic flora and fauna. Emphasis must be given to dynamic rather
than static test procedures. Under these conditions the simultaneous
effect of multiple contaminants and environmental factors can be deter-

mined,

3. Long-term (chronic) epidimeological information should be developed
for the effect on life forms ranging from microflora and microfauna to
man. Programs of the National Institutes of Health should be oriented

to fill this need.

4, The Environmental Protection Agency should sponsor the development
of water quality standards for pesticides based upon residue tolerances

of sensitive and essential members of the food web,

5. The activities of the Working Group of Pesticides, an intergovern-
mental agency organization, should be continued and expanded if necessary
This liaison minimizes the possibility of duplication of in-house and
sponsored studies. It provides a potentially valuable forum for input

to development of improved analytical techniques and water quality

standards.
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E, THE DEGRADATION OF PESTICIDES
IN THE AQUATIC ENVIRONMENT

1. Introduction

Surveys show that most of the surface waters of the U, S.
contain chlorinated hydrocarbon insecticides and certain herbicides.
These pesticide residues and their degradation products are of
particular concern because of their potential toxicity to many aquatic
organisms. Subsequently, they could exhibit adverse effects on man
through his drinking water and food. Before it is possible to
adequately protect the aquatic system it will be necessary to assess
the effect of current pesticide practices and to adjust efforts accordingly.
There are gaps in the knowledge. A large number of variables are
associated with the fate of pesticide residues. Many are only poorly

defined and others must be identified and evaluated.

The term "degradation' is used in a broad sense and will
refer to any measurable chemical change in a pesticide under natural
environmental conditions. Degradation may be '"complete degradation'
to inorganic end-products or 'partial degradation' to intermediate

organic products,

2. Degradation Mechanisms, Rates and Products

The rates at which pesticides and their by-products degrade
under natural conditions are the first consideration in examining the
effect on the aquatic environment. A compilation of 58 potentially
waterborne pesticide compounds for which degradation rates and
product information are available is presented in Table E-1. The
great majority of these results were obtained under laboratory

conditions. A wide variety of procedures and test conditions were
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HERBICIDES

Table £ 1 212

CLA?SE?% gﬁ‘ll"ION USAGE DEGRADATION (SPECIFIC CONDITIONS)
AND PRODUCTS ACCUMULATION AND/OR LONGEVITY
1 INORGANIC
1) Sodium Arsenite To remove filamentous algae and rooted
aquatic vegetation in fish farm ponds Oupree (1960) - Removal from sater phase by bottas
oud -- but desorption back fnto
Organic Arsenicals Used extensively in cottop farming as te :
selective post-emergence herbicides ::":Pm::":oz:izﬁ?;ztm i
2) Copper Sulfate Rlgae control in water Increase copper uptake when (SP applied with diquat. 215 Large percent of applied quantities acsorb
muds. Residue readily uptaken hyg;I:n:.:. onta bottom
11. CARBOXYLIC AROMATICS

A. Phenoxy Herbicides

1) 2,4-0 (Ester form
and Na-Salt)

2) 4-(2,4-08)

Used to control aquatic vegetation in
water systems; also broad-leafed cereal
grain crops and military defoliant

Aquattic weed coatrol

1) 2,4-0 (acid) ohotolyzed 1n aquecus solution under lab
canditions to humic acid

2,4-0 (acid) —»Z,4-0ichlorophenol —4-Chlorocatechol 216

1,2,4-8Benzenetriol w

{1ight-independent)
Rap1dly Atr Oxidized

{to very
small extent)

2-Hydroxy- Hixture of Polyquinoid humid
4-Chlorophenoxy=- acids (insoluble)
acet1c Acid

Accompanying decrease in pH during degradation due to
the production of 2 moles HCL/ 1 mole 2,4-D degraded

2} Esters of 2,4-0 Ev._'ﬂ;;_‘%}:d_"zﬂ,z.é-mchlorophenol

« Accompanytng ¢H decrease from 7 to 3

- Rate of decompoiition increasing with pH increase
being much faster at pH 9 thanph 4 or 7

- Degradation of Phene) form much faster at pH ¢
than 4 -- biological degradation of Phenol form

- 2,4-D biologically decomposed in relatively short
time in lake bottom mud

4) Strong 2.1 unit decrease in pH within two weeks of
application. HNormal pH after } month. Control of
plants up to and over 1 year, depending on flow rate
of water

1) 4-(2,4-oicn)amphen>xyhutyric) acid____Blyegd (Fish]
2,4-p *—j 217

Bluegllls = Lepomis gibbosus
- Linear increase in 2,4-0 production with time
- Ko toxicity as result of conversion

-{2,4-08}
2) Based on 2,4-D as wodel for Phenoxy herbicides, 4 {2,
) predicted to undergd photodecomposition to yield Phenols

2) Sorptian of the sodium salt form of the three
2,4-0 Ester forms onto Bentonize, [11ite and
Kaolinite is small and considered insignificant 218

2,4-0 persisted up to 120 days in lake water zero-
bically incubased in lab.

Pheno) may persist much longer in low pi, 02
conditions.

Removal of 2,4-D fron water by Qa- or Mg-
precipitation unlikely

3) 2,4-0 spray on watershed at 4 Ib/acre shawed
1,800 ppb in water 2 days after and only 40 ppd 216
21 days after spray. ¢

4) DMA 2,4-D removal by water treatoent plants,
tittle, 1f any 18€

- Dimethylamine salt of 2,4-D appears to be ,
noa-cumylative

- Within 24 hours - 100X 2,30 that was in water
column was adsorbed onto Plamkton ard retatred
it for 5 months.

| hour after treatment - 37 vg/t detected in
3 water column; Jess than 1 ug/t prasent after
8 hours. However, 0,14 og/kg to 56.8 2g/kg
present in mud samples - lasting up to 14 185
months after application.
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CHEMICAL
CLASSIFICATION

USAGE

DEGRADATION (SPECIFIC CONDITIONS)
AND PRODUCTS

ACCUMULATJON AND/OR LONGEVITY

3) ¢,4,5-T

44 S{lvex

B. Pnthalic Acid
Compounds

1) Endothal Deri-

vatives (Disodium
Endothal and TD-47)

C. Benzofc Acid
Compounds.

1} Amiben

D. Prenylacetic Acid
1) Fenac

LI, ALIPHATIC ACID
HERBICIOES

1) pcp

2) Broroxynit

3} Dichlobenil

ise9 most effectively on woody plant
species and such Crops as hay, rice,
pasture and Sugar cane

Effectively used against woody plants
and soybeans

tontro} of aquatic vegetation in
tishery habitaty when water
temperatyre > 60°F

- Also used as preesergence herbicide
to prevenl weed garmination

Soi1 sterilant used on Soybeans,
tomato plants and other vegetable
crops

Used in agriculture, aguatic weed
control 2nd rignt-of-way weed control

s an insecticide, moluscicide,

terbicide, fungicide and bactertcize.

Com:rols termites. ~203 insects,
snails. Used as weed biller, cotton
defoliant and wood preservative

Treatment for broagleaf aged:

Freccrgerce rerbicide effe:t g
ARG mRny cubrerged aguatic
weeds - not filamantou, elgae -
-ontrols elfeife weeds

1) Predicted photodecorpsition In aguecus solutions to Phenol
products, similar to 2,4-0

1) Photodecomposition to Prendl products
2} In water and water-segizert systens, PGBE ester produced.

Pate of PG3E degradation cependent on finitial concentration
st corpletely degraded.

1) Decemposition of T lowered D.0. to sufficientiy low
concentration to kill fish (~4)

- Higher Ca-concentrasion tended to reduce toxicity
- Increased temperature - increased toxicity

- Degradation of TD-47 1r acuaria 1s rapid in first week. Rate
is direct furziion of ti-e and cencentration

- Imediate absorption b, plants after application. Endothal
amines released

1) {Sheets, 1963 ara Crosdy, 1966) - Report rapid ghotolysis
by sunlight in aqueocus <plutions

- Pnenolic degradatior procucts detected
2) Arrben and its Metnyl ester pnotolyzed in daylight to

dark color ndicating bydrelys)s and dechlorination.
Products recosered were not identified.

3} (Isensee,

sg1cds actisity dicinishes during
irradtatior. -

2ariaative is sore lignt stable.

1} frreziation of Ma-5a1t by UV lignt yields micture acidic
HERSSHE c.nds  Majer 1dentifred p-sluct s 2,5-
LiTmes 3¥257c%, U~ and Trichlorabenzalden,des probadle

Simnr prodites tnemse) ses 2re photolabile (Crosby, 1966)

- lrraau:\:n ¥ one 0F tre more $irpic constituents of
Fenac, Vorscrisesznan,tazatic acid

Banzgl Alusra’ o Zarzzldensdz + O-Chlorobenzaldenyde

ars,
- hizlen eolires Solutrer | Matce prodiits cia tified 33
:-l;r_'r\—h» rizelorg-5. 12 -rydron,. 3",

Y%, B 26Cay -C-2en2o frtrane

21.r et 2¢ter ) dayS: 1n 47 ¢o 73%F

50N atte o . .
JESRIOn atir 1me fur nuertebrstes - sysgected

wlatiun

TramflES denrstition rate.  In 77 to 29°F

AT4CITILION N water - =aasuradle

220

216

222

216

216

223

216

225

2) Applied at rate of 4 b/acre to watershed,
680 ppb 1n water after 2 days: 90 ppb after
21 days 219

2) Silvex concentrations continuaily decreased
for 5 months 229

Effective control of weeds for 1 month

- Endothal (amines) residues may concentrate in
organic matter associated with bottom muds

- Some residues found 1n fish food organisms 3
weeks after application

- 10 ppm residues required 25 days to disappear

1) Dichlobentl precent in bottom sediments of warmer
pond after 312 days and after 166 days in colder
pond (due to mode of application) 2

- Residues in fish reduced to negligidble levels
in 2 months

2) Residves found 1n water, hydrosoil and organisms.
After 14 days, hydrosoi) contained larger amounts
than water; oresent in water and soil 64 days
after treatment but not in organisms. The
metabol{te 2,6-Dichorobenzoic acid never detected.
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CHEMICAL
CLASSIFICATION

USAGE

DEGRADATION (SPECIFIC CONDITIONS)
AND PRODUCTS

ACCUMULATION AND/OR LONGEVITY

I¥  HETEROCYCLIC RITROGEN
DERIVATIVE HERBICIDES

A. $-Triazines

Weed control among vegetable crops

Low water solubility

1) Sunfish absorb amounts dip

21 days - A sygmficant portion being tost after 3 days.
- Loss may be degradation or adsorption

i H i Holinate,
- rity of the 16 chemicals )isted: Dichcane,
;'v:gp:‘ralﬁ. N‘:—Arsemte. Diguat, Dichiobemi}, Paraguat, A:;:;;;Dl:é
Amtrole T, €adothall, Divron, Silvex, Fenac, Honuran . s n”;m
2,4-0 have been found to readily decompose in aqueous, Su
solutions (Crosby, et al, 1965}

ectly propartional to
1} Simazine Used to cantrol weeds (n maize. solution concentration - Pesid
Also, effectively used to control 1) SHght degradation evidenced after 21 days 226 Viscera - Released after 7 di‘/‘fl:oggﬁ :I“
aquatic weeds in ponds, lakes, Ko storage e
and fish hatcheries.
vV ALIPHATIC ORGANIC
RITROGEN HERBICIDES
K. Substituted Ureas
1} Monuron Agricultural herbici i
! s%er‘llanzs erbicides and sofl 1) In river water, pH 7.2 (1ab conditions}, complete degradation
m_a weeks, Suspected this compound would hydrolyze to fts
amine and Dwmethy} ¢z -bamic acid. 18]
2) One identifled photolysis, aqueous product §s 3-(4-Chloro-
2-hydroxyphenyl )-1,1-uimethylurea {Tang and Crasby, 1968), 216
2) Fenuron Agricultural herbicide 1} In river water, pi 7.0 (1ab conditions), complete degradation
n 8 weeks. Suspectec hyrolysis to 1ts amine and dimethy?
carbamic acid, 181
3) Ofuron Soil sterilant action 1} Partial detoxificatior by bacterial organisms 193
4) Linuron Agricultural herbicide After 2 months of sunlight, aquecus exposure, 13% 3-(3-Chloro-4-
hydeoxyphenyl )-1-mehtoxy-1-methylurea, 10i 3,4-Ovchloro-phenylurea
and 2% 3-(3,4-Dichlorophenyl)-1-methylurea (Rosen, et al, 1969) 216
5) Metabromuron Agricultural herbicide Irradiation in aqueous solution for 17 days yielded - 80% original
parent composition+i5i 3-(p-hydroxyphenyl)-i-Methoxy-1-Methylurea+
3-(p-bromophenyl )-1-methy turea+p-bromopheny turea+unidentified
products (Rosen and Strusz, 1962) 216
3. Carbamates Agriculture - most effective Refer to insecticide chart for individual compounds
1" preemergence application
1v.  MISCELLANEOUS
1. Herphos Defoliant In river water, ph 7.3, lab conditions, merphos converted within
{organcphasphate) 1 hour via oxi1dation to DEF - 100% conversion. However, after
1 week, only 50% of DEF was recavered; after B weeks, less
than 5% was recovered,
< (al
P (Cy Hy 31y — 3 PO [Cy Hy )y 181
2. Pichloram Brush %iller and aquatic 1} Photodecomposition in aqueous scjuticn ylelds nanphytotoxic
herbicide products 223
2) Products of pntolysis in water not isolated by suspected hydroxy!
replacement of chioride (Redemann, et al, 1968) 216
3} More persistent than 2,4-D or 2,3,5-T residues
! of 6 gﬂb lasted up to 180 days after soray inte
shallow pond
- LM
3. Dursban Very swmilar to pichloram 1) In aqueous solution, ¢h 8.0, 3,5,6-Trichlora-pyridinol rapidiy
Y 7 3 ! degrgded ~ All chigrires Tiberated - 14 products detected 216
(Smith, 1968)
4. Diquat Aquatic herbicides 1) At 3 ppm application, negligible residues were detected after
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CHEMICAL
CLASSIFICATION

USAGE

DEGRADATION (SPECIFIC CONDITIONS)
AND PRODUCTS

ACCUMULATION AND/OR LONGEVITY

5. Paraguat

Aguatlc herdiinde

223

3) Very water soluble - dacarposes above pH 9~ colored products

- Strongly adsorbs on?> clay. Photedegradadle

223

1) Yore stable tran diquat

2) Diquat, upon contact with sediments, {s
wmediately and completely in activation.
(Fundburk and Lawrence - 1964) Reported
rapld adsorption and concentration of
diquat by plants 40 to 60 times amount in

water

1) Very strong adsorption onto clay
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CLASSIFICATION

USAGE

DEGRADATINN (SPECIFIC CONDITIONS)
AND METABOLITES

ACCUMULAT {Oh AND/OR LONGEVITY

CHLORINATED HYDROCARBONS

Used as 5011 insecticide for
control of ants, cutworms,
grubs, bectles and cotton
pests

Contro) 1nsects which infest
vegetable ang fruit crops -
general soil nhabiting pests
primary use is for termite
contral

Broad spectrum - cotton, soybean
and geanut gests; also, timber,
wndustrial and mosquitoes

4 Aurobic ang anzeroiic dugrad
2ludge conditians liantl, areater than gerobic - nerther temperature

b} Photolsorar
Photedielarin, whick can te further converted to more toxic lipophilic

Frotsiscrerization te phyt
Vipophahic betoney,  Pnots:
igronryantsey

igrin - can be convected o rore teric
1£3tion produced by sunlight or

. Piser dater - pH 7.3
A -—-——-r.—_..L____, i
¢} Aldrin ToxidatTon Oieldrin

< Lama an distilled Ha0

tion of Aldrin - rate under anaerobic

I

(uewenn 20° ta 3u L) nor sialegical activity significantly oltered
rate (pH 7.3)

¥1 o FoLude s hot 1tiof viz sunbight {Phetoaldrin 11 tiwes mare toxic

than Adriny

1) Ho chev1cal converivon in riser water - pH 7.3 - o in distilled aeter

=¢ [in water .3 Lunlight - may be microorganisms) to

ketanes {Photedizlarin 11 Limes more toxic to vert tham Gieldrin)

¢} Under diiute 2erobic gludge and anaerobic sludge, at pH 7 to 3, temperature

20°C and 35°C - no degradation

s Bacterial degradation ¢t drenlorediphenyimethane, a 00T metabolic product

- Hidrouenononys » 00T —=-
pechlor -

b pt 2E WAL Uree oiriipal product (also kaown as 00D)

D7 ~KOTORYTINS o o05 gn intermedrate of 0DT

¢) 00T, 00D, ODE underwent mo <hange in river mater, ¢h 7.3
- no change 1n distilled «rter

1) ooT M%—;—:—:‘-‘“—’Nus—»oens {bath nighly acridal)
ake w; r

ODE also detected Greate: UONS percentage 1n eutraphic witer

£} Under gnaerabic corditiens
A _aerogenes pH 7 190 SDOE
Y-«-—————L"L A
” ? (0t
-

Dechlorinatign dug te reduced (Fell) cytochrome oxidase

N
. 00T converstan requards

trout intestinal mcrofiora poC ~» 008

1 DDV —oGopenient on aver3ble food sugely

DOT -+ 007 —»00E
203 conversion after 7 days

- 1n higher amnaly, but not MFCFAOTYINTSTS

]

b

c}

"

d

b)

b)

<

Farsisting residues ray te cagnified b
r 2agni€ congen-
tration of 1ipaphilte retahglites in fzad (_::ms 187

Floc-forming bacteria can remove - 100
i . PErcen
Aldrin from solution \n 20 alautes §n river u:\'.er 178

Conversion 80 percent corplete after 8 ie.e-

complete conversion possible 181

Anaerobic half-1ive aopranicatels | weer 1n blo-
Tagically active wastewater sludge 172

For 2 weeks, no conversion 181 |

Very persistent, residuss =3, L2 ~3jnrtfes t,
concentratign of lipeohilve “wt.t3lites in tose

chains 157, 183

¥ery persistent uynder dersbic-anaerobic and
microbial activity 172

Sedirent sorption, 1aitial serption (0 to 26 per-
cent) rapid within pH range 3 to 9 0, ¢ecreas?

with tira, After 7 diys, pH > 8, sorbed Disldrin = G,
pH decreased

~ lUptake of Dieldrin 3y szai-2nt ti-a-cepencent,

salinity 1ndependent 184
DOT - very perststant, =inimelly 7 years 196
flo change after § weeis 181

Detroit River W/l perient seciranted oils ‘.-:w'.-vzcigg
DOT conceatration near | pie

Cytochrany aevdgse-Fe 2514 :hs::c
and 02, this somplex is feiiesed 728
dechioriastivn of BOT, 73
vt COT ip s2dirents

 pErsISIanes g0

24

Ho metabalic bragklean of Z0p after !
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DEGRADATION (SPECIFIC CONDITIONS)

206

ACCUMULATION AND/OR LONGEVITY
CHEMICAL USAGE AND METABOLITES ¢
CLASSIFICATION
7 b Anaerobic conditions had little effect on
h) Anaerobic conditions: at H dissimilation 201
ooa o BETOGENES L roy_o0zN—0SF - rost Mighly degraded product reported
1) Metabolic fate of DOT believed dependent on exo-
1) ppT L 2eroaenes o gop_yopu—e DOKS —» OO ~» 003 03P genous energy source )
7o = Conversions DDT = 0DD in minera) media with
or DIT—&3DE tyrosine compiete in 100 hours and apparently 202
serotyc conditigns produced considerably less conversion than anaerabic direct tinear function of teaperature
1) Under diologically active, anserobic conditions,
3 l1n waste -ster slodge, DDD had half-life ¢ 1 week 173
2rsgrotic conortiens:
1-reduzing cofactor
ot Y ta 2 da¢8 boo
. sicrobiel actysity preduced rapid conversion
AETLEIC LENIITIONS
ho J3T conversion 4t 13°C - but some cegradlrisn at 35°C
k) Rate of DOT - DOD conversion inversely related 20
to 0y concentrations 3
1) Decay time of DDT {s seven years in man, birds,
insects and fish 204
B Endrin Mijpr domestic use a3 a cotton 3 hn coneersior an vuef mater, pH 7.3, or 1a sistilizy Hy@ a  After 8 weeks, no change 181
wnLegt e
b ater sludge” b} Ranking in order 4f incraasing persistence under
stle degradaticn crilucls anaerobic conditions. Lindane, Heptachlor,
Eadrin, 007, 000, Aldrin, Heptachior epoxide and
Dieldrin 172
¢ Uptske of Endrin by botlom sediment: at pB range
of 3 to 10.5, rapid initial uptake, decrease
sharply with time - after 7 days contact, pH » 7,
Endrin sorption = © 184
At sabimity 13 to 17 0/00, rapid fnttia) uptake,
after 7 days contact, Endrin = 0. Above salimty
17 0706, no Endrin sorption onte sediment
T C(hlordane Co el zones- 2 ~~ical cnlzrdare, only - and =cnlsrare 4 15 percent degradation in 8 weels of other
NORpEr. s et €5 16 r1eer aater, pH 7.3 components 181
o1l sierilant
S Peyisriirerils an Surier 205
F Endosultan Ltinn for ar : R o 1iecers. Endosulfar ©ang 1. gnth 1} Complete {somer decomposition within 8 weeks ]31
Leis, t "eCited aTinin GE e oricer sater 3t pH 7.3,
<otton pestt ang as a sgvl cirzl tzlia,zd decocpositisn product
stertlant - in drstalieq my0
E  lsedrim For sarviaitaral arg coresy 3 7231060 B0 frstneciarin 1) “Papie’ detorification 187
pEns Tamtlar use an [aelgrsr
ang Esarin
1 rEplectlor Fris,rti 5 (e 1qe - a; . sunlight s epep et anles .
i”: (uj :Wo:::)r':\r.‘i;t]c;:‘r:l_, i g ——’wr—» yLanastainles 3) Persisting Vipopmlic residues food chain ]87
or ¢iTeroral pest control t = 1-fydroxychiordens ») Cemplete conversion within 2 weeks 181
:su;lea water, howevar, by sazond At end of 4 weeks, equilibrium exists ~ (60
uce percent) 1-Hydroxychlordene and Heptachlor cpoxide
{40 percent) Heptachlor epoxide remained stable
for 8 weeks
] i:li::f" fesie Senteded ipnoanaercbic M3 serILOC mASIE water ¢} Aneercbic degradation products more persistent
5% than initial Heptachlor. Product persisted in
l Liclegically anaerobic conditions 42 days, but
covletaly degraded after 266 days ]72
) T FmT ez oY seziliaris v g - e s
Cei Fior free costitien nater wzp 994 percent in d) Luszes from wulatilization Included - can be a
"

Gquite significant amount 203
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EMICAL
CLASCSI FCATION USAGE DEGRADATION (SPECIFIC CONDITIONS)
AKD METABOLITES ACCUMULATION AND/OR LONGEVITY
Keptach!orMb 1-Hydroxychlordene + Uai entrfied Product
€ Heptachlor —Hm—b 1-hydroxychlordene -m—ssrb 1-Xeto-Chlardene
Phatoheptachlor-Ketane ﬂmﬁﬁunon — 205
Telodrin Agricultural

J  Toxaphene

K yBenzene Hexachloride

2150, Lindane

L Hirex

For control of grasshoppers,
soil pests and pests which
attack forage crops, cotton,
soybeans and livestock
ectoparasites

Wide use for control of cotton
insects and rice stem borer,
Rlso use on wood infesting
pests.

Fire ant contro}

In river water, pH 7.3, 75 peicent alteration in one week and S0
percent after two weeks
- Same results in distilled water

a} In river water, pH 7.3, no BHC degradation

b) Anaerobic degradation in thick siudge at 35°C, Lower Lindane
concentration 95 percent in 2 days.
- Rate depends on Lindane and sludge concentration
- Anaerobic degradation lemperature sensitive, at 35°C, rate of
0.3 ug/day/mi. At 20°C, very little degradation.

Under aerobic conditions nith dilute sludge at 20°C, daily small
doses of Lindane for 57 diys, had < 8 percent degradation after
117 days. Unidentifred product produced which persisted for 42
d?ys but completely remowad within 266 days wn thick 35°C anaerobic
s ludge.

t) At pH 11.5 in aqueous salistion, 98.5 percent Lindane removed 1n 6.5
hours. The first degradation product present anly few hours, replaced

by second decomposition peoduct which eventually disappeared. 06

Lindane, little, if any, degraded by microbial activity n an aerobic
environment. 1, 2, §-trichlorobene, reported in Okey and Bogan and
Metcalf, as an aikaline dachlorination product of Lindane, was also
resistant to metabolic (nicrobyal) attack.

t} Under anaerebic conditions, volatilization of degradation products,
produced 1n 2queous envirunment, accounted for loss'of 83.2 percent
of y-BMC. Walf-life calculated at 16 days. Brological mechanfsms
responsible for 1somerfzation 16.1 percent degradation at end of
2,100 hours Under aerob.c conditions, identifiable degradatien

products were:

The a-1somer of y-BHC and 5-BHC

In anaerobic conditions: o-BHC and 6-BHC but no 8-BHC. 203

ecay at differeat rates, o betng

r, the 2, § anl y isomers d
8) In ses water, the a, & Chemical degradatig) rather tham

the slowest {35 percent 1 31 days).
biological.

No degradation biologically {fish}. Chemcally (in ponds) after 284 days.

At end of 4 weeks complete} decammpost
chemically converted taa u’npeund 44 rather than ]9‘[

In & lake environment, toxaphene vertically
transported § o 15 @ in sedivent - sorption
irreversible. Oecreased frau maximm concen-

tration by factor of Z every 4 wonths 177

b) Contrary to Veith and Lee {1971), desorption of
toxaphene from sedinents produces yearly fluctua-
tions of ug/L in toxsphene concentration in the
water. Aquatic plamis significantly concentrate
toxaghene in large azguats 207

a Mo degradation after B weeks 181

Half-1ife in anaerobic microbially active sludge
was ) day; half-1ife in anaerobic non-microbiaily
active studge was - 170 days 172

d) Lindane adsorption ento lake sedments affected by
sediment suspensfon concentratian, organic catter
content, Lindane concentration, ¢lay content and
Lindane to sediment ratio. 293

) Half-life of ~ 18 kours when tested in aguaria

with fish 208

ton mature showed conséersble
f redct S0c

Stored samples o 3
1-BHC conceatration after 12 nonths 1t 20°C

High residuality, after S5 days very Titzle decredse -
in residues in mud, water and vegetatien 212

Residues up to 260 ppa fousd th scldfish 308 days
after exposure to 1 ppo for 1 day
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CHEMICAL
CLASSIFICATION

USAGE

DEGRADATION (SPECIFIC CONDITIONS)
AND METABOLITES

ACCUMULATION AND/OR LONGEVITY

11, ORGAROPHOSPHATES

k  Parathion

8 Tiodrin

€ Dtazon

D suitnton

o Malathion

Used as larvicide for mosquito
control .. direct spray entry
into water

A)s0, to control peach pests and
other fruit and vegetable pests

Agricultursl

Effective against many fruit
&nd vegetable pests

Agricultural

Used to control certain pests
of fruits, vegetables and orna-
cenlals. Alse used for public
mosquite control.

The general rule for hydrolysts in distilled Ha0 is the increase 1n rate
with decrease {n sulfur content of the organophospate ester.

s) In river water, pH 7.3, Parathion and Methyl parathion

p-Nitrophenol
M!drolzzﬁ
Diethy) and Dimethyl-o-thio-phosphoric acid

In distidled Hy0, no chang: in compound, suggesting a biological
degradation

b

-~

In sterilized sedivent syslsss, adsorbed and in solution

lethy! thiophosphoric acid
paratnion Nrdrelyzed
p-Nitrophenol

- In natural sediment, only parathion is solution was hydrolyzed.
Rate of hydrolysis 0.15 to 0.18 percent/day. Catalyzed at pH > 7.

In anaerobic, microbial envircmoent:
Parathicn—» Aainopa-athion, stabie for 150 days
In 2erobic, microbial environment:

Paratmon—d Amrnoparathion + x-compound {w/Benzenoid and
Prosphoric Acid mofeties)

d) fu c¥ 6.6 to 7.3, Paratmion present in water (0.0 ppb), 4 months
1fter Jast application

e) After & weeks in 1g.ecus telution, 82.2 percent degraded (ph 6.0}

--

W/B subtilis - under aerctic ccrditions

- Lnaple to oxidized ceth)] parathion but formed aminomethylparathion,
dimethylthiophospheric acid and aai hyl parathion. The
axing-forn was the main product.

- ¥/B subtilis - anaercbically, only amingform produced.

1) Hgdrelysis is atid-catalyzed, resistant to chemical hydrolssis
2) Mydrolysis 4s acld or base cataly i
sr b yzed, forus 2-1sopropyi-d-methyl-6-
hydroxypyrinidine, which 1s mcmbhily degndablz i Y
- Resistant to chemical hydrolysis
) 95 percent degraded after 5 wees, 15 distilled B0, ph 6.0
1 A/Bacillus subtilis - serodic degradation

2 M2lzthion can be, under aerodic conditions
95 perent n Se- unde . wicrobiatly degraded -

With aeration alone, 55 percenmt hydrolyzed in 24 hours
)

-~

fartly hdrolyzed in water abave gH 7.0

€) Coepletely cagraded in riy "
- Metabolites not identlﬂ:; water, P4 7.3, within four weeks

© Sa%e test run in distilied water, no hydrolysis

2n

180

180

180

21
180

182

181

2) Less than § percent Parathion compound remained
after fourth week 18]

10 percent Hethyl parathion remained by 2 weeks,
0 percent by fourth week

1n sediment (from lake with pH 4.7), solutions
26 percent degraded in 92 days

13

In sediment (from lake with pH 7.2), solutions
28 to 39 percent degraded in 54 days

', wfo microbtal activity, Parathion would persist
for months, while in biologically active (anaerobic
or aerobic) environments, persist only few weeks

¢) 50 percent hydrolyzed in water in 120 days 212

d) Parathion stable indefinitely in neutral and acid
solutions at room temperatyre at pH > 9, and tem-
perature increase - considerable hydrolysis

e} Most persistent of the organo phosphates 21

1) Methyl parathionand Parathion were much more
persistent in lake water than soil water.
Residues in lake water up to nine months, whereas
only 1 month in so1l water. 179

1} (Meiss and Gakstatter - 1965) Persistence depend-
ent on pH. Half-1ife {n solution of gH 6, 7, anﬁ
8 ranged from 3 months to ) week, respectively. 13




INSECTICIDES (Cancluded)

220

CHEMICAL

CLASSIFICATION

USAGE

DEGRADATION (SPECIFIC CONDITIONS)

ACCUMULATION AND/OR LONGEVITY

el

Ethion

Trithion

Fenthion

Dimethoate
Azodrin
Femitrothion (MeP)

Phosdrin

Ronne}

Oursban

Primarily used in agriculture

Primarily used in agriculture

Mosquite larvicide,
agricultural use

Also,

Agricultural
Agricultural
Agricultural

Agricultural

Agricultural

Agricultural

]

a)

91 percent degraded after 4 weeks in distilied H20, pH 6.0

Main h{drolysi.s product, Diethyl fumarate (more toxic to minnows than

parent} and dimethyl phophoredithiaic acid in basic solutians

- 1n acid salutions, degrafation products are dimethyl phophorothionic
acid and 2-mercaptodiethyl succinate. However, below pH 7. hydrolysis
will not proceed for prolonged periods. Other hydrolysis products:
Diethyl maleate and maleic acid

- Prongunced  toxic synerjism between malathion and diethy) furmarate

River water, pH 7.3, 50 percent decrease in concentration in 8 weeks
- In distilled water, no caange

approximately 95 percent degraded after 6 weeks fn distilled Hp0, pH &

In river water, pH 7.3, 90 percent reduction after 2 weeks
- Decompostition products aat identified

90 percent degradation 3fter 2 weeks in river water, pH 7.3

4-Vathyl thio-m-cresol
Believed Fennnon-Eo
imethyl-0-thio-phospharic acid

- No change in distilled #30

Residual life up to 4 days in )akes and ponds, not greatly
influenced by pH (Mulla, 1363)

18 percent degradation in 2 weeks in river water, pH 7.3
After 8 weeks in river water, pH 7.3, no change

73.8 percent degraded in 3 weeks in pH 6.0 distilled Hy0
At pH & 1n distalled water raptd hydrolysis. After 4 weeks
approximately 98 percent degraded. However, dccording to
Porter-1964, the half-life in slightly acidic solutions was
3 months.

Approximately 95 percent degraded after 1 week, in pH 6.0
distitled B0

Conversion to phosphate analag by rainbow trout but such
conversion does not occur in goldfish

n

191

181
2n

151
181

214
181
181
2h

n

an

e) Uptake from solution by carp ¢
vine - up to 5 Mg/ ¥ €2rp ts a function of

Half-1ife of metabolic residues calculated at

12 hours 213

Cooplete disappearance in four weeks

Corplete degradation by fourth week

S0 percent degradation after 8 weeks

m

A

CABAMATES

Sevin

Zectran

Matacil

Mesurot

8aygon

Broad spectrum application

3

b

a

r ]

- The phenol was also deg

In river water, pH 7.3, 95 percent reduction 1n one week

i-Raphthol, suspected degridatyon product was not qetected
after parent decouposition. perhaps rapid decomposition

Sevin and 1-Naphtho! metabclite completely degraded in lake
water after 3 days, pH 8.5
85 percent degradation after one week in river water at pH 2.3

Suspected degradacion product, 4-Didethyl-amino-3, 5-Dimethyl
Pheno!, was not detected

90 percent degradation by second week in river water, pH 7.3
- No suspected decompositicen products detected

100 percent degradation within one week 1n river water, pH 7.3

{Pethyl «arbamic acid
Decomposed to
® 4-Methy'th1o-3, 5-Durethyi Phenol

After one week in river water, pH 7.3, 50 percent hydrolyzed to
1ts phenol; after 2 weeks, 70 percent, 4 weeks, 90 perceat; and
8 weeks, 95 percent degraded

raded such that 3t was not detected after § weeks-

181

179
181

181
181

181

Canplete degradation by second week

Complete degradation by second week

Complete degradation by fourth =eer

The phenal degraded slowly, by fourth week 1T wds

not detectable
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DEGRADATION (SPECIFIC CONDITIONS)

CHEMICAL
CLASSIFICATION USAGE AND PRODUCTS ACCUMULATION AND/OR LONGEVITY
[Nt Fungictda) use, in addition Orscussed under herbicades

2. Cartasin

to its cerbici1dal use

Fir:t syntnetic fungicide

Oxtdation retarded 4t Nigh pH, Main degradation
C3lhady was carbonn'—HT-bSulfoxWe form, At
7

pH I and £, fyrtner tidation of Salfoxide o

Sulfone 227
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MISCELLANEOUS PESTICIDES
CHEMICAL DEGRADATION (SPECIFIC CO
NDITIONS)
CLASSIFICATION USAGE AND METABOLITES ACCUMULATION AND/OR LONGEVITY
fotenone Piscicide Time d h in toxicity
- Correlated to the transttion from collofd to a dissolved state.
- Toxic change proceeds at grester rate at high temperature
- Inactivation 6 to 15 days in water solution
- Unstable fn Tight, temperature fncrease increases effectiveness 192
2 Cabaryl

3 Antimycin

Used to control ghost shrimp
in oyster beds

Also used as imsecticide against
pests of fruit, nuts, vegetables,
forage crops and cotton

Piscicide - used in marine
habitats

3) In sea water, hydrolyzes to l-ttaphtho! (Karinen, et al., 1967).
1-Hapthol is quite unstable in alkaline ses water.

190
)-Naphtho) Light and Hicroorganisms, po, o ynigentified Products
{more toxic to clams
and fish than parent
compound )
- Degradation in light and dark produced different degradation
products
- Precipitate forms upon exposure to light {red color} contains
stable free radical {2/3 toxic as 1-Napthel)
- In sterile, anaerabic, }ight-exposed systems, 1-Napthel de-
creased 0.3 percent per day for 30 days
- #ith 0y, degradation rate was 1.6 percent for 40 days; its
degradation attributed to photooxidation rather than photo-
decompositicn
- Optimum stabiylity of 1-Napthol 15 pH 6.3, but-unstable at pH 8.2,
the pH of sea water
3) ODegradation by the frish water algae, Scemedesmus, suspected
hydrolysis and oxidation to form H-Methyl carbamic acid ¢ Ny
+ formic Acid 193

a) Rapid breakdown above pH 8.5, fncrease in toxicity as temperature
increases
- Degradation in fresh water directly related to hardness.
Exposure to light e¢nd warm alkaline waters, becomes sublethal
10 7 to 10 days. Cetoxification first to occur in surface waters 194

Treatment of mud flats with Cabary) failed to
recolonize with mussels for 18 months

Residuality 1n fresh water - 23 to 56 hours
(Watker, et.al. - 1964}
Residuality in s21t water « 5 days




employed in these studies. The results, though valuable, are not
readily interpretable on a common basis. Only a limited number of
field studies have been reported for the Southeastern region.
Extrapolation of the laboratory results to field conditions is not valid.
For example, discrete differences in time of persistence may occur
for a single compound because it may be degraded via several physical,
biological, chemical or a combination of these ways. The pathway
depends on such environmental parameters as temperature, oxygen
concentration and the presence of other reactive substances. To
facilitate evaluation of existing knowledge the pesticides will be

considered as chemically-related groups.

a. Chlorinated Hydrocarbons

The chlorinated hydrocarbons include DDT. This was one of
the first and most extensively used of this group. It has been of great
benefit but belatedly, concern has been expressed regarding its effect
on life systems. Certain generalized statements can be made about
chlorinated hydrocarbons subsequent to inspection of the laboratory
and field studies presented in Table E-1. The chlorinated hydrocarbons
are synthetic organic compounds of which a number are known for their
"persistence' or longevity (periods longer than one year) of residues.,
Chlorinated hydrocarbon compounds which have received considerable
public attention are Endrin, Dieldrin, Toxaphene and Mirex. In fact,
these compounds are the ones most commonly found in Southeastern
waters, 3 Persistent residues of these compounds have a low water
solubility and have strong tendencies to sorb onto soil and sediment

’

particles within natural waters. The biological persistence of DDT
is attributable to the high lipophilic