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Pesticides by definition are dangerous substances, since they are designed to kill, mitigate, or
control some type of pest - whether it is plant, animal or microbe - and unlike most other
chemicals in commerce, they are deliberately released into the environment in large amounts by
direct application to land, water or air. High-level exposure may be encountered by persons
applying pesticides and those around treated materials as well as by non-target organisms on
land and in water following pesticide treatment. Chronic and widespread but low-level exposure
occurs in the general population from the consumption of pesticide residues on treated foods.
Considerable benefits occur from pesticide use including such things as the production of a
wholesome, plentiful and inexpensive food supply; the sterilization of medical instruments; the
treatment of homes for termites; and the application of insect repellents. Thus, pesticides are
agents that have both significant benefits and significant potential risks to humans and the
environment.

In recognition of potential risks, all pesticides distributed and sold in the United States must
fulfil extensive registration requirements for the Environmental Protection Agency (EPA).
Registration is a licensing procedure where industry must submit data to demonstrate the safety
of pesticidal substances and products before they can be used commercially. The regulatory
control of pesticides is unique among chemicals in the U.S. in that testing beyond initial
registration may be imposed by the Agency throughout the commercial life of the chemical, as
long as there is adequate justification. Registration requirements are gauged to the nature of
potential exposures. For instance, more data are generally needed for food use registrations than
for non-food uses because of direct consumption of treated foods by the whole U.S. population.

Unlike pesticide practices in many countries and authorities, as in the European Community
where agricultural pesticides, non-agricultural pesticides and genetically engineered microbial
agents are handled by separate directives, all pesticide activities are covered in the U.S. by the
Federal Insecticide, Fungicide and Rodenticide Act. This statute covers pesticide uses on foods
and animal feed and a number of non-food applications like forest and horticultural uses,
residential lawn care, in-home applications, and disinfectants/sterilants. Traditional inorganic
and organic chemicals are covered, as well as biological agents like pheromones. Naturally
occurring and genetically altered microorganisms also come under the definition of pesticides,
but multicellular animals are exempt from regulation as pesticides.

Pesticide registration in the U.S. as in many other countries may be a long-term, resource
intensive undertaking. Not uncommonly the process from beginning to complete registration
may take 4 to 10 years and cost about $10 million. To meet the responsibilities of reviewing
studies, overseeing 400 active ingredients and 35,000 products, and implementing other aspects
of the statute, EPA employs about 900 people.

Unlike the approval process and actions to cancel pesticides in some countries, in the U.S. they
are generally much more transparent. The need for specific test guidelines and the nature of the
protocols are debated in the scientific community. Test data adequacy is evaluated according to
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objective criteria, and study findings are reviewed using standard evaluation procedures and
risk assessment guidelines that have been through public comment. Agency risk concerns for a
registered pesticide are vetted at a meeting of its Scientific Advisory Panel, a group of technical
experts outside of government, where the potential risk case is reviewed and discussed. The
meeting is open to the public with opportunity for input from industry, public interest groups,
and other parties. Formal Agency regulatory proposals to cancel registered pesticides are
published for public review and comment, and there may be several rounds of public
involvement before a final decision is reached. Even after a regulatory decision has been made,
and unless a settlement has been reached, the Agency is often sued by an environmental group
or industry that questions the EPA position; in such situations, the case is then transferred to the
court for deliberation.

Risks are evaluated for a host of different effects by the pesticide program: acute and chronic,
human health and ecological. For illustration, the assessment of cancer and aquatic ecological
effects is presented.

Cancer assessment

For about the last 20 years pesticidal chemicals have been evaluated for potential carcinogenic
effects. The Agency has developed risk assessment guidelines that serve as a basis for judging
the evidence for human carcinogenicity and the means of estimating cancer risks. The hazard
classification is patterned after the one that was originally developed by the International
Agency for Research on Cancer. At the heart of our determination is the premise that cancer
effects in animals serve as a sentinel for potential effects in humans. When EPA first started
making estimates of cancer risk, it used scientific information available at the time which
indicated that carcinogens were reactive molecules (or were metabolized to such molecules) that
interacted with the DNA of cells, caused mutations and commenced the carcinogenic process.
Since these mutagenic events might occur after single chemical-DNA interactions, it was posited
as a worst-case scenario that cancer dose-response relationships could be linear.

On the one hand, from evaluations of laboratory animal cancer studies on numerous different
chemicals in the 1980s, it became apparent that many laboratory animal carcinogens were not
reactive mutagens as had been thought previously. This led some scientists to conclude that
linear dose-response relationships would not be applicable. Instead, tey felt that sub-linear or
threshold considerations would apply in these cases. On the other hand, statisticians argued that
if a chemical carcinogen worked through mechanistic processes that occurred in the absence of
chemical treatment, then the effects of the chemical would add to the background processes and
cancer incidence and lead to low-dose linearity. In the mid-1980s, the U.S. government and the
EPA espoused linear extrapolation of cancer risk for cases which the carcinogenic mechanism
was unknown.

More recently, scientists have been developing significant data that challenge the conservative
principles that cancer in animals is generally always relevant to humans and that linear cancer
dose-response relationships apply in all cases. For instance, EPA recently reviewed the data on
the means by which chemicals produce kidney tumors in male rats via interaction with alpha-2u-
globulin and concluded this tumor was not predictive of human carcinogenicity. The Agency also
has proposed a science policy stating that thyroid tumors in animals that arise from the
disruption of thyroid-pituitary homeostasis would show a dose-response threshold at the point
where normal endocrine hormone is perturbed.
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EPA is moving to address other changes in its cancer risk assessment practices. For instance, in
the past the Agency sometimes relied upon very high "bounding" estimates of exposure to
ensure that exposures were not underestimated; we are now moving to incorporate both realistic
high end and central tendency estimates. For major food-use pesticides, we are also requiring the
development of market basket residue data to give better indication of real ingestion exposure
levels rather than relying on residue levels on raw agricultural products. In addition, a recent
policy directs Agency programs to discuss the uncertainties that accompany all aspects of risk
assessment: alternative interpretations of controversial aspects are presented, and a rationale is
required to justify selection of a given option. It is also recognized that the carcinogenic risk
assessment procedures used in the U.S. differ in some ways from those employed by other
nations. EPA is revising its cancer risk assessment guidelines and will be soliciting broad
scientific and science policy input on the proposals including parties outside the U.S.

Even with the steps that are being taken to update the carcinogen review process at EPA based
on current scientific understanding, in some cases the Agency must ban pesticides on foods that
have been shown to produce cancer. Whenever the processing of an agricultural commodity
results in the concentration of the pesticide residue, as in milling, cooking and mechanically
drying, the 1958 Delaney clause of the Federal Food, Drug and Cosmetic Act applies. This
provision prohibits the introduction of additives into the human food and animal feed supply
that have been found to be carcinogenic in animals or humans. It covers any animal carcinogen,
regardless of its relevance to human carcinogenicity and any animals or human carcinogen
regardless of how low is the exposure and anticipated risk. A recent attempt by the Agency to
challenge part of the Delaney clause and exclude animal carcinogens with estimated lifetime
upper-bound cancer risks of one in a million or less, failed in court.

Ecological assessment

Testing of pesticides for ecological effects is tiered depending upon the potential for hazard and
exposure. For instance, pesticides are evaluated for acute aquatic toxicity in an invertebrate and
in freshwater fish. Depending upon test outcomes and the ratio between expected environmental
exposure to the agent and the toxicity level, more in-depth testing may be warranted. Further
laboratory analyses may include evaluation of aquatic reproduction and growth parameters and,
in some cases, field testing is required. EPA started using field studies to confirm serious effects
seen in the laboratory because of the lack of information on how to extrapolate laboratory study
results to those expected in the environment.

In one type of field study, an aquatic niesocosin, 12 ponds of 300 in 3 volume are constructed 4
doses with 3 replicates). One set of three ponds serves as controls, while the other 3 sets receive
prescribed pesticide loadings. The middle dose is considered to be a "reasonable worst case"
exposure that would be expected to occur at least once in a growing season under typical
pesticide-use practices. The other two dosed sets are below and above that level. Each pond
receives a balanced ecosystem of plants and aquatic invertebrates and vertebrates. Pesticide
effects at the top of the ecological food chain is the monitored endpoint of concern, that is,
reduction in the biomass of finfish. Results are considered significant when adverse effects are
noted in either the middle or low-dose groups. These study results are considered to be important
because the test design incorporates real anticipated environmental exposures, dose-response
relationships, the ability to evaluate the persistence of effects over time and measurement of
direct ecological effects at the population and community levels. On the negative side, however,
the studies are long term 2 years) and costly ($1.5 million). Now that the Agency has mesocosm
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study results on 7 different pesticides, it plans to evaluate the results to determine whether 1) the
study outputs are worthy of the investment; 2 the existing results can be used to develop a model
to predict pesticide-induced effects; or 3 the present study results can be extrapolated to other
pesticides.

Opportunities for harmonization

Pesticide regulation has developed independently in many countries with little overall
coordination among most areas. With the development of the European Community it became
evident that mechanisms were needed to coalesce the pesticide regulatory procedures used by
member states. More recently Sweden took the initiative to host a meeting of international
pesticide regulators to identify areas that may be ripe for coordination through the Organization
for Economic Co-operation and Development (OECD). This seminal meeting was quickly
followed by a special session of OECD earlier this year to address some of the differences among
pesticide practices in various nations and the differences between information needs for
pesticides and those for other chemicals. Several topical areas were identified for future
development, and preliminary decisions have been reached on others. One area deals with data
requirements and test guidelines. Pesticide authorities will try to identify a core set of test data
that will be applied uniformly across countries, while leaving open the possibility of some unique
requirements under certain circumstances. Although OECD has already made major steps in
developing test guidelines that are applicable to all chemicals, it was recognized that some data
needs are specific to pesticides (e.g., environmental fate). To this end, current OECD test
guidelines will be reviewed as to their adequacy or pesticide registration, and lists will be made
of acceptable ones, those needing modification and endpoints where new guidelines are needed.

Discussions through OECD have also identified a desire to develop consistent interpretations
and use of test data across authorities for both health and ecological effects. Common risk
assessment practices need to be drawn up for consideration and approval; cancer assessment will
be the first area for review. In regard to hazard classification and communication, there is a U.S.
policy to develop a single classification system to cover all chemicals in commerce (e.g.,
pesticides, workplace, transportation); this goal has been affirmed by OECD and, more recently,
a commitment was made at the United Nations environment meeting in Brazil to implement
uniform classification systems. The International Programme for Chemical Safety will take the
lead in harmonizing risk assessment and hazard classification practices.

Another significant area for international coordination concerns pesticide reregistration.
Currently, many countries are in the process of updating their files on registered pesticides,
filling test data gaps according to current protocols and reviewing the safety of present-day
pesticide application practices. The U.S. will host a meeting of regulators this fall to begin work
on the coordination of schedules for reregistration reviews. Such efforts could result in a
significant reduction in resources, enhanced pace of outputs and consistent application of
assessment procedures across authorities. All these international efforts deserve special
attention as we move into a truly global economy.
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