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Pesticides in the Environment*
- A Continuing Dilemma -

Tamim M. Younos, Diana L. Weigmann

“They came in swarms and settied over the whole country. They covered the ground until
it was black with them; they ate everything including all the fruits on the trees. Not a green
thing was left on any tree or plant in all the land of Egypt...” (Exodus 10: 14-15). The Old
Testament describes the struggle between humans and pests as harsh from the beginning,
and catastrophic from time to time, causing large-scale famines.

Many centuries ago, sophisticated agricultural societies used some type of chemicals for
pest control. For example, sulphur was used for disease and insect control before 1000 B.C.,
and the use of arsenic for insect control was advocated about 79 A.D." However, the era of
those modern synthetic organic chemicals known as pesticides began in the 1930’s and was
greatly advanced in the 1940’s during and after World War Il. The beginning of this era was
symbolized by the use of the insecticide DDT, a great success story. By 1972, the lives of
1.5 billion people were improved by the eradication of malaria in 37 countries and the re-
duction in the reported cases of malaria in 80 other countries.? The DDT success in exter-
minating the mosquitoes which served as vectors of malaria, prompted the formulation and
widespread use of other insecticides and that of two other categories of pesticides, namely

herbicides for weed control and fungicides for plant disease control.

These three major categories of pesticides have evolved at different rates. The chemistry
of insecticidal products has developed through four generations: (1) organochlorines, such
as DDT, chlordane, aldrin and dieldrin; (2) organophosphates, such as parathion; (3) carba-
mates, such as carbaryl and carbofuran; and (4) pyrethroids, such as permethrin and cyper-
methrin.

Chemical classes of herbicides include phenoxy herbicides, such as 2,4-D; triazines, such
as atrazine and cyanazine; benzoic acids, such as dicamba; acetanilides, such as alachlor
and metolachlor; and ureas, such as linuron. Several new classes of herbicides were reg-
istered in 1986. The two most important of these are the imidazolinones and the sulfonylu-
reas. These herbicides are non-oncogenic and are effective at lower application rates than
the conventional herbicides.

Fungicides registered in the 1950s and 1960s are still widely used. These early fungicides

are relatively inexpensive, are effective against a broad range of plant pathogens, are less

likely to stimulate pest resistance, and exhibit low acute toxicity. In addition, they are often
important in integrated disease management programs. These fungicides include captafol,
captan, chlorothalonil, folpet, mancozet, maneb, o-phenyiphenol, PCNB, and zineb.

Today pesticides are used not only in agriculture but for many diverse purposes such as
human and animal health protection, pest control in forest and aquatic environments, and
protection of buildings and other structures. However, more than 70 percent of all pesticides
used in the United States is applied to agricultural lands. In 1985, U.S. farmers applied about
400 million kg of pesticides to agricultural lands.? o

* An edited version of this article will be published as a feature article in the July 1988 issue
of the Journal of the Water Pollution Control Federation.
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Increased and continued use of pesticides is associated with increased risks to human
health, adverse effects on nontarget organisms, and contamination of air, soil, and water.
Less than 0.1 percent of the applied pesticides are estimated to actually reach the targeted
pests, and therefore large amounts are entering the environment and contaminating soil and
water resources.* The objective of this article is to review the current state of knowledge
about pesticides in environment, current management guidelines and methods, and future

trends.

Fate of Pesticldebs in the Environment

Sources of pesticides in the environment include those resulting from the direct application
of pesticides for a specific purpose such as pesticides used for weed and insect control in
aquatic environments, and those entering indirectly from spray drift, atmospheric precipi-
tation, runoff and erosion from agricultural lands, effluent discharges from sewers and fac-
tories, accidental spills, and volatilization. Once in the environment, a pesticide follows a
pathway determined by the pesticide’s characteristics and its encompassing environment.
Water solubility, adsorption characteristics, half-life persistence, and volatility are major
chemical characteristics determining the fate of a pesticide in the environment. The pesti-
cide formulation and method of application are also important. For example, granular for-
mulations are usually the most persistent; wettable powder and dust formulations are often
less persistent than emulsifiable formulations. Application techniques, whether aerial, sur-
face, or subsurface, introduce the pesticide into a different environmental compartment and
result in a particular interaction with the environment.

Pesticides in Aquatic Environments

Aquatic environments are rivers, streams, lakes, reservoirs, marshes, estuaries, and oce-
anic waters. The quantity of a pesticide moving with runoff and sediment to an aquatic en-
vironment depends on a number of factors. These include topography, intensity and
duration of rainfall or irrigation, soil erodibility, land management, and cropping practices.
Persistence of the pesticide in soil, a variable factor depending on the soil environment, is
an important element that affects movement of a pesticide to the aquatic environment. Pi-
cloram, for example, has been reported to effectively disappear from the soil in as short as
50 days or as long as 6 years, but its persistence under moderate conditions is generally

about 1.5 years.®

Some of the important properties of aquatic environments that affect the magnitude of pol-
lution include surface area and depth, hydraulic properties, and geographic location. Al-
though severity of pesticide pollution in an aquatic system varies according to those factors,
-in general, the highest pesticide residues are observed in rivers, lower residues occur in
estuaries, and the least is found in the oceans. The magnitude of pollution in lakes and
reservoirs depends on their location in an agricultural or industrial setting.

When a pesticide enters an aquatic environment, it may volatilize, remain dissolved in the
water, stay in suspension as microcrystals, adsorb onto particulate matter in the water, be
deposited in the bottom sediments, or accumulate in living organisms. Therefore, in an
aquatic system, residue from pesticides may occur in water, mud, sediment, plankton and
suspended material, fish and other animals, and plants. The dynamics of pesticide inter-
action in an aquatic environment are quite complex and are influenced by a combination of

physical, chemical and biological processes.
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Physical processes include dilution and mixing of the pesticide’s concentration in an aquatic
environment. Dilution may be caused by the dispersion or diffusion of the pesticides in the
water body, its transport with water currents or eroded bottom sediments, and its movement
to the atmosphere through volatilization from the water surface. Also, large amounts of
pesticides are transported or diluted physically by the migration of fish or drift of insects
because these organisms accumulate and concentrate pesticides in their bodies.

Chemical processes within the aquatic environment include aqueous ionization, hydrolysis,
chemical oxidation, and photolysis. The environmental behavior of some pesticides are
substantially modified by ionization in aqueous solution and subsequent formation of bound
residues. Hydrolysis reactions are a major factor in the environmental degradation of some
pesticides. These are generally second-order reactions, with the reaction rate highly de-
pendent upon pH. Oxidation reactions occur through the interaction of substances that have
naturally occurring free radicals in water. Photolysis in an aquatic environment is a domi-
nant degradative pathway for many pesticides. The rate at which a pesticide is photode-
graded is a function of the properties of the chemical and of the environment.

Biological processes in an aquatic environment inciude microbial transformations and bio-
accumulation. Some pesticides are biodegraded by the action of heterotrophic microorgan-
isms ubiquitous to aquatic environments. Environmental conditions, such as dissolved
oxygen concentration and temperature, influence the number of microorganisms and the
rate of microbial degradation of pesticides in natural waters.

Many pesticides can accumulate in the tissues of aquatic animals and plants by direct uptake
or bioconcentration. Bioaccumulation is associated with the accumulation of the chemical
in the organism through adsorption, absorption, and ingestion. Environmental factors af-
fecting bioaccumulation are temperature, dissolved oxygen concentration, and food avail-
ability. Organismic properties influencing bioaccumulation include size, surface
area/volume ratio, lipid content, growth rate, and age. The properties of a pesticide affecting
bioaccumulation include the pesticide’s susceptibility to metabolic degradation and its rela-
tive affinity for lipids versus water, which is estimated by octanol/water partitioning. In
general, organochlorine-type compounds, which are more hydrophobic, bioaccumulate more
than other pesticides.

Several fish species such as rainbow trout and fathead minnows, and invertebrates such as
rotifers and daphnids are used for bioaccumulation studies. Bioaccumulation is considered
an important tool for water quality monitoring in aquatic environments. Data on pesticide
residue in water tend to vary markedly with season, the degree of water turbulence, and the
amount of suspended particulate matter. Fish are often considered a better indicator of
pesticide pollution than water samples because the residues in fish tissues are several or-
ders of magnitude higher and are much easier to analyze.

in general, highly water-soluble pesticides are more easily diluted and tend to be less per-
sistent in water. By contrast, water insoluble pesticides are not readily leached into aquatic
systems, but once there they are rapidly bound to living or dead organic matter or fractions
of the bottom sediment. In terms of pesticide type, persistence in the total aquatic system
is greatest for organochlorine insecticides, intermediate for organophosphate and carbamate
insecticides, and least for herbicides. However, some soluble herbicides that reach surface
water, such as atrazine, display a tendency to remain in solution for long periods. But most
herbicides are less likely to bioconcentrate and are less toxic to fish.

-3-
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Pesticide Movement to Groundwater

The movement of pesticides from the soil surface through the soil to the groundwater is a
complex process. Factors which influence the movement of pesticides to groundwater in-
clude pesticide formulation, pesticide chemical properties and method of application, land
forms (topography, slope length, drainage pattern) plant factors (type of crop, stage of
growth, root system), and seasonal groundwater elevation. Pesticides move through the soil
with infiltrating water, and the amount of pesticide transported from the soil into groundwater
is governed by pesticide retention, transformation, and volatilization.

Retention refers to adsorption of pesticides within the soil system. Adsorption is a revers-

ible process involving attraction of a chemical to the soil particle surface and the retention
of this chemical for a certain period of time. The mechanism of pesticide adsorption is
complex but its intensity is generally correlated to the soil mineral and organic matter con-
tent. The extent of adsorption of pesticides to soils is usually determined by the ratio of
distribution of the chemical between the soil water and soil solid phase and is expressed
as K,

Pesticide transformation refers to changes in the chemical structure or composition of a
pesticide due to degradation within the soil system. The kinetics of pesticide degradation
are affected by the pesticides properties and its availability in soil water, the presence of
microorganisms or enzyme systems capable of degrading the pesticides, the activity level
of the microorganisms as affected by available nutrients for microbial growth, and environ-
mental conditions such as temperature, moisture, aeration, and various soil properties.
Biodegradation is most significant in the root zone because of the higher concentration of
organisms in residence, decreases below the root zone because of lower biological activity,
and occurs at a much slower rate in the deeper unsaturated zone as well as in groundwater.
However, anaerobic decomposition may take place in deep soils and aquifers under appro-
priate environmental conditions. Degradation potential or rate of dissipation of pesticides
from a soil-water system is expressed as the pesticide’s half-life, the time required for half
of the chemical to dissipate from a particular system. Hydrolysis half-life is obtained under
controlled conditions in the laboratory. Soil half-life which represents field conditions in-
cludes losses due to hydrolysis, microbial activity, volatilization and other factors. As dis-
cussed later, half-life values, K, values, pesticide solubility and results from environmental
fate studies are used by the U.S. Environmental Protection Agency (EPA) to determine
leachability of pesticides to groundwater.

A pesticide’s movement to groundwater is also influenced by its volatilization from the root
zone. Volatilization is a function of the vapor pressure of the pesticide and is affected by
pesticide concentration, soil-moisture content, soil adsorption characteristics, diffusion rate
in soil, temperature, and air movement. The volatilization of pesticides from the soil occurs
in two stages. The first stage is the upward movement of dissolved or soluble pesticide in
water with evaporation from the lower soil profile. The second stage involves the escape
of pesticides from the soil surface to the atmosphere.

A 1986 EPA report lists 17 different pesticides detected in the groundwaters of 23 states
(Table 1). The concentrations of these pesticides in groundwater range from trace amounts
to several hundred parts per billion. These detections of pesticides in groundwater can be
attributed to advancements in monitoring and analytical techniques. Although widespread
contamination of groundwater by pesticides has not been observed, the public is concerned
about potential groundwater contamination from the increased use of pesticides during the
past two decades. Widespread public concern has led to increased support from govern-
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mental agencies and industry for initiating and implementing groundwater monitoring pro-
grams and researching the fate of pesticides in the groundwater. Measures to prevent
contamination include evaluation of applications to register new pesticides for their potential
impact on groundwater and re-evaluation of licenses for continued use of older pesticides
during reregistration or when changes to approved use are requested. Also, techniques
such as DRASTIC have been developed to identify the relationship between pesticide appli-
cation and groundwater vulnerability factors.®

Determining Pesticide Leachability to Groundwater

The EPA requires all pesticide registrants to submit a data package containing information
on pesticide properties (solubility, K, vapor pressure, water-air ratio, and octanol-water
partition coefficient) and the results of environmental fate studies performed according to
EPA guidelines. In general, a complete package of environmental fate studies requires data
on hydrolysis and photolysis; aerobic and anaerobic metabolism; leaching properties; field
dissipation in soil, sediment, water, and forests; and accumulation in crops, and fish and
other non-target aquatic organisms. The environmental fate data required to determine a
pesticide’s potential to reach groundwater include results on hydrolysis, photolysis in water
and soil, aerobic and anaerobic metabolism in soil, aquatic metabolism, leaching, and field
dissipation. A pesticide is categorized as having a potential to reach groundwater if, based
on a review of the environmental studies, the pesticide meets at least one of the following
criteria: \7.8

1) Water solubility greater than 30 ppm; 2) K, <5; 3) hydrolysis half-life greater than about
25 weeks; or 4) soil half-life (field) greater than about 2 or 3 weeks. Designating a pesticide
as a potential leacher, based on only one criterion may appear to be an overly conservative
approach. However, Creeger’ noted that EPA’s criteria are based on extreme conditions.
For example, a chemical is subjected to a heavy rainfall or irrigation soon after its applica-
tion, causing its immediate leaching through the topsoil into the deeper soil layers, where
it may persist and become available for further leaching into groundwater. Applying the
above criteria, EPA has banned or restricted the use of several pesticides such as DBCP,
EDB, oxamyl, and aldicarb.

Establishing Toxicity Effects

All pesticides are toxic and may adversely affect humans and other organisms. Their degree
of harmfulness to humans and other living organisms depends on the pesticide character-
istics, the amount or dosage of the pesticide, and the duration of exposure or contact time.
Therefore, a major question to be answered in establishing toxicity effects of a pesticide is
“what is the risk of receiving a particular dose of a pesticide over a given period of time?”
These risk assessments are based on dose-response studies performed in the laboratory,
natural ecosystems, and mesocosms (experimental pond and in situ enclosures). The eco-
nomic benefits from the use of a pesticide should not outweigh its potentially negative health
and ecological effects. Results of environmental fate studies required by the EPA for pesti-
cide registration include results for toxicological tests. The two major categories of toxico-
logical tests are 1) those that determine a pesticide’s toxic effects on mammals such as
rabbits, rats and dogs and these results are extrapolated to human beings, and 2) those toxic
effects estimated for various aquatic organisms such as fish and invertebrates.

Toxicity tests on mammals provide a database that can be used to evaluate the hazards and
assess the risks associated with the use of a pesticide. Major categories of mammalian
toxicity studies include acute, chronic, and mutagenicity tests.

-5-
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The purpose of acute toxicity tests is to establish the median lethal dose (l.Ds¢), the dose
required to kill 50% of the population of test animals. LDso is expressed as mg/kg of the
animal’s body weight and is the most reproducible response that can be estimated with the
highest statistical confidence. The smaller the LDso value, the more toxic the chemical. For
example, pesticides with LDso values of 1 to 50 are highly toxic (dinoseb, aldicarb, carbofu-
ran, demeton, phorate, endrin), and those with LDso values of greater than 15,000 (ferbam)
are considered relatively harmless (Table 2). The majority of pesticides are slightly to
moderately toxic. Acute toxicity effects from ingestion, inhalation, and skin and eye contact
are determined over a two to three week post-exposure observation period.

Chronic tests measure effects of long-term exposure to a pesticide. The EPA requires that
the highest dose tested in these studies must be the maximum tolerated dose (MTD) or one
that produces some toxic or pharmacological effect in the experimental animals. A lower
dose level which produces no evidence of toxicity also must be used. This is called the
“no observed effect level” or the NOEL.? In practice, NOEL determined from chronic studies
of the most sensitive species is used as a criterion. A safety factor of 100 is commonly used
to extrapolate animal test results to a safe dose for human consumption. However, carci-
nogenic and mutagenic pesticides have no threshold dose or applicable safety factor. In
these cases, mathematical models are used to estimate risks and the probability of tumor
occurrence in humans.’

The biological response of aquatic organisms to a chemical concentration is expressed as
the median level concentration, LCso, the estimated concentration in water (mg/l) which will
kill or immobilize 50% of the test organisms in a predetermined length of time. The LCso is
expressed as the length of time required to produce the desired response, for example,
96-hr LCso. Smaller LCso values indicate higher toxicity. The L.Cso value for DDT, endrin, and
paraquat are 0.002, 0.0002, and 400 mg/|, respectively (Table 2). Usually rainbow trout or
bluegill sunfish in static water tests are used as standard indices of fish toxicity. Other fish
species used in acute toxucny tests include goldfish, killifish, spot, mullet harlequin fish,
catfish, and fathead minnows.

Three categories of toxicity tests are commonly used to predict the chronic effects of toxic
chemicals on aquatic organisms.'® \Life-cycle toxicity tests measure the effects of chronic
chemical exposure on reproduction, growth, survival, and other variables over one or more
generations of organisms. The effects of chronic chemical exposure on the survival and
growth of the toxicologically most sensitive life stages of a species, such as, the eggs and
larvae of fishes, represent the second category of toxicity test. Functional tests, the third
category, measure the effects of chemicals on various physiological functions of individual
aquatic organisms. The data from all three categories of tests are used to estimate chronic
toxicity threshold concentrations (Table 3).

Pesticide Regulations

Federal regulation of pesticides began with the Federal Insecticide Act of 1910. However,
the act was only concerned with offenses such as adulterating a product and not with safety
of pesticides. In 1947, Congress approved the first version of the Federal Insecticide, Fun-
gicide, and Rodenticide Act (FIFRA). This act authorized the U.S. Department of Agriculture
(USDA) to enforce all pesticide regulations, but again the act only protected consumers from
ineffective products. In 1970, jurisdiction of the FIFRA was passed from USDA to the newly
formed EPA. In 1972, FIFRA was amended to change its focus from efficacy to safety. The
Federal Environmental Pesticide Control Act of 1972, PL 91-516, provided the format for cur-
rent pesticide regulations and is still referred to as FIFRA. The 1972 amendments introduced

-6-
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the concept of risk evaluation and required EPA to consider environmental risks before reg-
istering a product. According to the amendments, EPA must re-examine, or reregister pro-
ducts approved for registration before 1972. Pesticides that fail to meet EPA’s standards or
that pose unreasonable adverse effects are denied registration or cancelled. FIFRA requires
EPA to consider not only the risks posed by a pesticide, but also, economic, social, health,
and environmental benefits. The most recent amendments of 1978 addressed EPA’s prob-
lems with reregistering old pesticides. These amendments allowed EPA to group the pesti-
cides by active ingredients and register them on a generic, rather than individual product
basis. :

FIFRA Reauthorization Bill

Each year since 1980, Congress has considered legislation to revise the federal regulatory
program for pesticides. The reauthorization bill would give EPA the legislative mandate and
funding to accelerate and complete the reregistration of about 600 pesticide active ingredi-
ents in 10 years rather than 30. Other relatively non-controversial sections of the legislation
would increase the penalties for violating FIFRA (the present maximum is $5,000); allow
more public access to EPA information on pesticides provided by registrants; and give the
agency greater enforcement power.! However, acceptable sources of funding for the im-
plementation of reregistration program and reimbursements for cancelled pesticides are
major obstacles to pass the reauthorization bill.

A number of interest groups have joined the reauthorization bill debate, complicating the
situation. The agricultural chemical industry, environmental organizations, labor unions,
consumer groups, the farm bureau, and smaller pesticide manufacturers are lobbying Con-
gress to protect their diverse positions and interests. Any compromise leading to the pas-
sage of the reauthorization bill will most probably not occur until after the 1988 elections.

Regulations for Pesticide Waste Disposal

Wastes containing pesticides originate from several sources: the manufacturing, testing, and
formulation of pesticides; the empty containers; wastewater from rinsing commercial aerial
applicators; and old and cancelled pesticides which must be disposed of. Numerous dis-
posal and treatment technologies are applied to pesticide wastes. These include land dis-
posal, incineration, open burning, physical/chemical treatment, and biological treatment.
The application of these methods to pesticide wastes is regulated by the provisions of FIFRA
and the Resource Conservation and Recovery Act (RCRA) of 1976.

The FIFRA amendments of 1972, Section 19 state that, “The administrator shall establish
procedures and regulations for disposal or storage of packages and containers of pesticides,
and accept at convenient locations for safe disposal, a pesticide the registration of which is
cancelled under Section 6(c) if requested by the owner of the pesticide.” Another section
of FIFRA that concerns pesticide waste disposal is the labeling requirement (40 CFR 162.10).
Section 12(a)(2)(g) of FIFRA states that it is unlawful to use any pesticide in a manner in-
consistent with its labeling, and disposal has been determined to be part of the use process.

Pesticide wastes are partially regulated under the provisions of RCRA if they are identified
as hazardous wastes. Pesticide wastes are considered hazardous if they are solvent based

- and have a flash point of <60°C; are aqueous and have a pH of <2.0 or >12.5; or release

HCN or H.S upon contact with acids. In fact, toxicity characteristics of hazardous wastes
defined by RCRA (referred to as extraction procedures or EP toxicity) are based on threshold
concentrations of six pesticides (2,4-D, endrin, lindane, methoxychlor, silvex, toxaphene) and
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eight metals. Sixteen of the specific hazardous waste streams listed by EPA result from the
mantufacture of nine pesticides (cacodylic acid, chlordane, creosote, 2,4-D, disulfoton,
MSMA, phorate, 2,4,5-T, toxaphene). About one-fifth of the 375 substances listed as hazard-
ous chemicals are pesticide active ingredients.'”? The RCRA regulations also provide stan-
dards for construction and operation of certain disposal facilities. All facilities engaged in
the treatment, storage, or disposal of hazardous pesticides, must be permitted by either EPA
or an authorized state agency (40 CFR 264, 165). :

Future Directions and Needs
Since publication of “Silent Spring” in the early ‘70’s, much attention has been focused on

the fate of pesticides in the environment. Elaborate monitoring and research programs are
initiated by state and federal agencies and industry to study the fate of pesticides in surface

. and groundwaters. Regulatory requirements for pesticide registration and disposal are more

stringent than two decades ago. While FIFRA and RCRA discussed in this paper are the two
major laws regulating pesticides, the Clean Water Act Amendments of 1978 and 1987 were
passed to control nonpoint source pollution and reduce pesticide input from agricultural
fields to water bodies. The Toxic Substances Control Act (TSCA) authorizes the EPA and the
states to restrict the use of certain pesticides in particular geographic areas to protect water
from contamination. The Safe Drinking Water Act and subsequent amendments of 1986 have

established standards for certain pesticide concentrations in drinking water. Recently, EPA -

proposed a pesticide strategy directing efforts toward preventing unacceptable contam-
ination of current and potential drinking water supplies.' In the proposed strategy, the EPA
is using Maximum Contaminant Levels (MCLs), the enforceable drinking water standards
under the Safe Drinking Water Act, as reference points to determine unacceptable levels of
pesticides in underground sources of drinking water. If an MCL for a particular pesticide is
not yet available, EPA will develop interim protection criteria for use as reference values in
pesticide management decisions. These interim references will be based on EPA’s standard
toxicological assessment procedures. For pesticides that have a carcinogenic potential, the
interim reference value will be the concentration determined to pose a negligible risk.

- The EPA’s definition of a negligible risk for a carcinogen is the pesticide concentration in

drinking water that poses a one in a million (107%) increased chance of cancer occurrence
should an individual drink that water (1.0 liter per day by a 10-Kg child or 2.0 liters by a 70-Kg
adult) over a life time (70 years).

Two other laws affect pesticide management. The Endangered Species Act of 1973 restricts
the use of some pesticides on lands near the range of endangered species, and the Federal
Food, Drug and Cosmetic Act (FFDCA) regulates pesticide residues in human food and ani-
mal feed.

Despite the regulations, many problems remain to be solved in the 1990’s and during the
next century. One major problem is the lack of a comprehensive database on pesticide use
that could be used for risk assessment studies. A recent survey by Resources For the Fu-
ture (RFF)"* reported that nine states, including some major agricultural states, have abso-
lutely no records of pesticide use. Nine other states have published reports on pesticide use
and application to agricultural crops but their data have not been updated regularly. Ac-
cording to the RFF report, only the states of Hawaii, Oregon, Ohio, and New Hampshire
produce regular up-to-date reports. All other remaining states have incomplete pesticide
use reports. :

-8-
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Despite some progress, the reregistration of old pesticides is behind schedule and of the 600
individual active ingredients under review, only a few have been cancelled voluntarily or
have been suspended by EPA. The FIFRA reauthorization bill aimed at accelerating the re-
registration process, is blocked by lobbying of interest groups and is not expected to be-
come law in the near future.

Meanwhile, over one million kg of pesticides are introduced each day into agricultural envi-

“ronments of the United States. Specialized monoculture farming systems have caused tar-

get organisms to become resistant to pesticides. Increased populations of “secondary
pests” have resulted in development and use of more new pesticides to combat the situ-
ation. In 1984, 447 species of insects and mites, 100 species of plant pathogens, 55 species
of weeds, 2 species of nematodes, and 5 species of rodents were known to be resistant in
some location to one or more pesticides used for their control.'®

In spite of advances in risk assessment, the chronic health effects of pesticide use are still
uncertain. Because of advances in biotechnology, the new generation of pesticides may
prove to be less toxic, non-oncogenic, and less persistent in the environment. However,
older generations of pesticides will tend to remain in the environment and their total impact
will be known only with the passage of time.

The development of alternative and innovative technologies to shift complete reliance from
pesticides to other methods of pest control is one answer to the continued dilemma of pes-
ticide pollution. For example, Integrated Pest Management (IPM) combines various non-
chemical techniques with judicious chemical applications. Advances in genetic engineering,
biological control, and plant breeding also may result in ultimately reducing the use of farm
chemicals. However, at present, legal and regulatory issues have significantly slowed de-
velopment and testing of genetically engineered biological control agents. Intensive re-
search and education programs, and funds to support such programs are needed for new
technologies to become available and consequently result in reduced and/or environ-
mentally safe pesticide use.



Table 1. Typlcal Positive Results of Pesticlde Groundwater
Monitoring in the U.S.*
(Cohen, et al. 1986)

/

Pesticide Use* State(s) Typical
Positive
ppb

Alachlor H Md, IA, NE, PA 0.1-10
Aldicarb I,N AR, AZ, CA, FL, 1-50
(sulfoxide) MA, ME, NC, NJ,
& sulfone) NY, OR, RI, TX,
VA, WA, WI
Atrazine H PA, IA, NE, Wi, MD 0.3-3
Bromacil H FL 300
Carbofuran LN NY, Wi, MD 1-50
Cyanazine H IA, PA - 0.1-1.0
DBCP N AZ, CA, Hi, MD, SC 0.02-20
DCPA (and acid
products) H NY 50-700
1,2-Dichloro- N CA, MD, NY, WA 1-50
propane
Dinoseb H NY 1-5
Dyfonate | 1A 0.1
CA, FL, GA, SC,
EDB N WA, AZ, MA, CT 0.05-20
Metolachlor H 1A, PA 0.1-0.4
Metribuzin H 1A 1.0-4.3
Oxamyl LN NY, RIi 5-65
Simazine H CA, PA, MD 0.2-3.0
1,2,3-Trichlor- N '
opropane (impurity) CA, HI 0.1-5.0

*Total of 17 different pesticides in a total of 23 different states.

*H = herbicide
| = insecticide
N = nematicide

This EPA finding is from a 1984 survey and shows 17 pesticides in groundwaters of 23 states
as a result of normal agricultural practices. An update has not been published at this time.
However, according to the USEPA Office of the National Pesticide Survey probably as many
as 50 pesticides are detected in groundwaters of 30 states (personal communication, Na-

tional Pesticide Survey).
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Table 2. Toxicities of Pesticides

TOXICITY

Rat, Acute Fish'
Common Name Type of Pesticide Oral LDgo Mg/Kg LCsoMg/I
Alachlor H 1200 2.3
Atrazine H 3080 12.6
Benefin H 800 0.03
Bromacil H 5200 70
Butylate . H 4500 4.2
Chloramben H 3500 7.0
Cyanazine H 334 49
2,4-D Acid H 370 >504
2,4-D Amine H 370 >153
Dalapon H 6590 >100
Dicamba H 1028 35
Dinoseb H 5 0.4
Diquat H 400 12.3
Diuron H 3400 >60
Fenuron H 6400 53
Linuron H 1500 16.0
Metribuzin H 1930 >100
Paraquat H 150 400
Picloram H 8200 2.5
Prometone H 1750 >1.0*
Propachlier H 710 1.3
Propazine H 5000 >100
Simazine H 500 50
2,45-T H 300 0.5-16.7
Trifturalin H 3700 0.1
Aldicarb I,N 0.93 -
Aldrin | 35 0.019
Azinphosmythyl I 11 0.010
Carbaryl ! 500 1.0
Carbofuron ILN 8 0.21
Chlordane | 335 0.010
Chlorpyrifos | 97 0.020
DDT | 113 0.002
Demeton LN 2 0.081
Diazinon LN 76 0.030
Dicofol | 684 0.10
Dieldrin | 46 0.003
Disulfston | 2 0.040
Endosulfon | 18 0.001
Endrin | 7.3 0.0002
Ethion | 27 0.23
Fonofos | 8 0.03
Heptachlor | 90 0.009
Malathion I 480 0.019
Methyl Parathion i ] 1.9
Monocrotophus | 21 7.0
Parathion | 4 0.047
Phorate I,N 1 0.0055
Phosalone | 96 3.4
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Table 2. Toxicities of Pesticides - Continued

e |: Insecticide
® N: Nematicide
® F; Fungicide

TOXICITY
Rat, Acute Fish'
Common Name Type of Pesticide Oral LDss Mg/Kg LCsoMg/1
Phosmet I 147 _ 0.03*
Toxaphene | 69 , 0.003
_Benomyl F >8590 : 0.5
Captafol F 500 : 0.031
Captan F 9000 0.13
Carboxin F 3200 v 2.2
Dinocap F 980 0.14
Dodine F 1000 0.9
Ferbam F >17000 ‘ 12.6
Maneb F 6750 ‘ 1.0
Metiram F 6400 ] o >4.2
Thiram F 375 ‘ 0.79
Zieneb F >5200 0.5
Ziram F 1400 1.0
¢ H; Herbicide

48 or 96-hour LCs, for bluegills or rainbow trout, unless otherwise speuﬁed

2| C,00 for goldfish

3For spot
“For Killifish

Source: Control of Water Pollution from Cropland: EPA-600/2-75-026a -
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Table 3. EPA Toxicology Data Requirements (Cardona, 1987)

Test Exposure Duration Species
Acute ‘
o Oral/Dermal/Inhalation 2 to 3 weeks Rat, Rabbit
¢ Primary Eye/Dermal Irritation Rabbit
¢ Dermal Sensitization - Guinea Pig
¢ Delayed Neurotoxicity" Hen
Subchronic
e 90 Day Feeding 90 days Rat and Dog
® 30 Dermal/Inhalation Rat
e 90 Day Neurotoxicity’ Hen
Chronic .
- & Ocogenicity® 2 yrs (rats); 18 mos. (mice) Rat and Mouse
® Chronic Feeding 2 yrs (rats); 1 yr (dogs) Rat and Dog
® Teratogenicity®
Gestation {organic development) 6 to 15 days (rats) Rat and Rabbit
6 to 18 days (rabbits)
Parturition (process of giving birth) 21 days (rats)
32 days (rabbits)
e Reproduction, 2-Generation _ Rat
Mutagenicity*

® Gene Mutation
- o Chromosome Aberration
® DNA Damage and Repair

‘Special Tests : -
o Metabolism?® Rat
s Dermal Penetration® Rat

"Neurotoxicity test is required only if the pesticide is used on food and is an organophosphate.
2This test assesses the potential of the test agent to produce malignant and benign tumors.
This test evaluates the potential fetotoxicity or birth defects in offspring.

“This test determines if the pesticide affects genetic components in the nucleus of the mammalian cell.
These assays are -also used to screen for potential carcinogens.

5This test determines the transformation, absorption, and distribution of pesticides in rats and excretion
from rats.

5This test is needed for pesticides with serious toxic effects.
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