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1. Introduction

The regulatory control of pesticides has developed over the last 40 years during which time
major changes have occurred, not only in the scientific basis of risk assessment but also in the
socio-political perception of pesticides and of the agricultural and chemical industries.
Traditionally, and logically, the registration of pesticides has been based on a pre-marketing risk-
benefit assessment but changes have occurred in the relative importance associated with the two
elements of this assessment. These potential risks have assumed a greater importance as has the
acceptability of such risks. By contrast the benefits of using plant protection products to increase
agricultural productivity and production has assumed less importance in the light of perceived
agricultural surpluses, at least in the Developed Countries.

This paper will consider current and future regulatory requirements for pesticides and identify
some of the key areas which are of importance to the Plant Protection Industry. It will also
discuss initiatives, by both the Industry and Government, aimed at ensuring the safe use of plant
protection products, how such initiatives are likely to impact on new product developments and
the consequential effects on global food supplies.

2. The registration of pesticides and key issues of risk assessment

It is worth stating at the very outset that the pesticide industry is one of the most heavily
regulated and that data requirements for registration or re-registration are amongst the most
demanding. Pesticides are therefore comprehensively tested both with regard to the quality and
the quantity of data. Standards continue to increase within the industry in response to scientific
advances and the increasing demands of Good Laboratory Practice (GLP) requirements. Data
are generated to enable the potential risks to users, consumers of treated food, domestic animals,
third parties, wildlife and the environment to be assessed. These data therefore cover a broad
spectrum of scientific disciplines including physico-chemical, analytical and residue chemistry,
plant and animal metabolism, mammalian toxicology and toxicokineties, environmental
toxicology, environmental fate, and biology.

The extensive and comprehensive data required by Regulatory Authorities to support the
application for a new pesticide (or to re-register one already on the market) may take up to 7 years
to assemble and represents a considerable financial investment on the part of the Company.

Because of the costs of developing a new crop protection product (an estimated 50 million dollars
when the cost of unsuccessful compounds is taken into account) development can only be
justified on the basis of a global market or, at least, a significant proportion of that market.
Consequently the data base has to satisfy a large number of different Regulatory Authorities
throughout the world. Often the evaluation of this common data base leads to different
regulatory decisions and by implication to different assessments of the risk associated with the
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proposed use of the product. Whereas in some cases differences in local factors such as climate,
agronomic practices, etc, may need to be given different considerations in the risk assessment
process, the variability in regulatory decisions more often reflects differences in the basic
assessment of the data.

A number of examples will serve to demonstrate this point as well as to identify areas of concern
to Industry in relation to perceived and actual risks. Thus:

2.1 Toxicology

Toxicological data requirements have developed over the years until by today they have reached
a fairly stable plateau, although there are indications that additional demands for data relating
to neurotoxicity and immunotoxicity may be forthcoming in te future. During this development
period the emphasis has clearly changed from initially a concern with acute toxicological effects
to the current preoccupation with longer-term effects and, in particular, carcinogenic potential.
Long-term studies are conducted in the rat (for chronic toxicity and carcinogenicity), in the
mouse (for carcinogenicity) and in the dog (for chronic toxicity). This combination of studies thus
provides data on chronic toxicity in two species (rat and dog) and carcinogenicity, also in two
species (rat and mouse). These studies are both expensive and time consuming. For example, a
2-year study in the rat may, when account is taken of the time needed to complete the extensive
histopathology and report writing, take up to 3 years to complete and will cost about 650,000
at UK prices. The aim therefore is to complete one study which will satisfy all Regulatory
Authorities and which will incorporate any special protocol requirements of individual
Authorities. As the USA is one of the world's major markets a prime objective with most
pesticides is therefore to meet the requirements of the US Environmental Protection Agency
(EPA) and in this respect the Agency's strict adherence to the concept of the Maximum Tolerated
Dose (MTD) is of particular importance in the risk assessment process. Without going into the
technical details of the MTD requirements, suffice to say that test animals must be dosed at the
maximum level which will be tolerated without compromising the life span of the animal. In very
many cases this requirement leads to dose levels which bear no relationship to the potential
human exposure which will ensue from the use of the pesticide. It can therefore lead to
biological, biochemical and toxicological effects which are difficult to interpret.

Thus a major problem which often arises from complying with MTD requirements is that
tumours occur at these high doses because of biological mechanism initiated by such doses -
mechanisms which often have no parallel in either other species or man. These problems are
further exacerbated by the Agency's application of complex mathematical models to the data
thereby arriving at a highly conservative estimate of the carcinogenic potency of the test
compound. Regulators then assign a degree of accuracy to these predictive estimates which the
models do not justify but which nevertheless seem to offer a black and white decision-making
process, i.e. exceed a fixed limit and no registration is possible. The weight of evidence, the
qualitative nature of the effects and the use of the pesticide are thus relegated to matters of
secondary consideration and instead the compound is invariably classified as a "possible" or
even worse a "probable" human carcinogen. This in turn can cause regulatory problems in
those countries which look to the USA for guidance but do not fully comprehend the subtleties
or idiosyncrasies of the EPA's risk assessment process.

Perhaps from a public point of view this concern with the carcinogenic potential of pesticides
is understandable as cancer, as a disease, still holds a certain dread about it. More and more
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people are perceived as dying from cancer whereas in reality, if lung cancer due to smoking is
excluded, the actual incidence of other cancers in most countries is either static or declining
(Ref 1). Certainly there has been no drastic increase in incidence since the 1940's when the
modern pesticide industry first started. The whole area of the carcinogenicity of pesticides has
been reviewed by Bruce Ames in a series of publications often aimed at the comparison between
4 4synthetic" pesticides and toxins naturally occurring in plants, e.g. aflatoxin, hydrazines,
estragole, etc., few of which have been investigated to the extent that pesticides have. Ames has
concluded that pesticide residues in food and water are likely to be of minimum concern relative
to background levels of natural substances and that the intake of what Ames describes as
"nature's pesticides" is likely to be 10,000 times higher than man-made pesticides (Ref 2 3.

Despite significant support in the scientific community for Ames' views the perception of
carcinogenic risk arising from the use of pesticides remains unchanged.

2.2 Residues

Residues in food, domestic animals and animal by-products, have assumed a very high
importance since the very early days of pesticide registration. In this respect little has changed
except, of course, technological advances in analytical chemistry have resulted in dramatic
improvement in methodology and sensitivity. Cynically one might argue that the increase in
levels of detection have contributed to public concern and regulatory control in this area. The
concept of parts per million or billion means little to the man in the street - if you can measure
it, it must be dangerous!

Over the years a vast amount of residues data has been accumulated and includes not only those
results published in the literature, which in itself is substantial, but also the large body of data
which has been generated by companies in support of registration and which remains
unpublished because it shows the absence of residues. All this information clearly indicates that
the large majority of analysed samples, and I would guess this could be as high as 98%, do not
contain any detectable residues. Of the remainder then the detected levels are of no real
toxicological concern. Nevertheless Regulatory Authorities continue to demand large amounts
of residue data to support an application for the registration of a new pesticide or for a new use
of an already registered pesticide. Data must often be "locally" derived despite the availability
of relevant data from other countries indicating the absence of residues of any toxicological
significance. It is as if Regulatory Authorities are constantly seeking reassurance that there
really is no problem.

2.3 The environment

In contrast to the data requirements in the residues and toxicological areas, those in the
ecotoxicological and environmental fate areas have increased dramatically over the past few
years. This is clearly indicated by the comparisons made in Tables and 2 which illustrate the
differences between present data requirements and those required some 30 years ago.
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Table 1: Eotoxicological data requirements

1950's 1990

Birds: acute toxicity Birds: acute oral toxicity 2 spp)
Fish: acute toxicity Birds: 8-day dietary toxicity 2 spp)
Bees: acute toxicity Birds: Reproductive effects

Fish: acute toxicity 3 spp)
Fish: early life stage tests
Fish: hioaccumulation
Daphnia: acute toxicity
Daphrda: reproduction study
Shrimp: acute toxicity
Algae: acute toxicity
Bees: acute toxicity
Beneficial insects: toxicity
Soil fauna: effects
Earthworms: toxicity
Soil micro-organisms: effect

Table 2 Environmental fate requirements

1950's 1990

Soil: residues Soil: Adsorption desorption
Soil: Leaching
Soil: Lysimeters
Soil: Photodegradation
Soil: Metabolism
Water: Metabolism
Water: Photolysis
Water: Hydrolysis
Soil/Water: Sediment studies
Soil/Water: Biodegradation rate

One issue however which is currently of major regulatory importance and which clearly
demonstrates the conflict between political objectives and scientific principles is the impact of
the European Community Drinking Water Directive (80/778/EEC). This Directive set limits on
the amount of pesticides in drinking water, namely 0. 1 ttg/litre (0 I ppb) for individual pesticides
and 0.5 itg/litre for total pesticides. It is acknowledged by all concerned that these limits have
no scientific basis and bear no relationship whatsoever to toxicological risks to consumers. What
they reflect is a political decision that the mere presence of pesticides in drinking water is not
acceptable. The only acknowledgement to science is that the limits were not set at zero! The
implementation of this Directive has caused much debate and coincidentally much unnecessary
concern to consumers, but to date there seems little chance of amending either the limits per
se or of amending the Directive to reflect a more pragmatic and scientific approach to the
potential presence of low levels of pesticides in drinking water. Indeed rather than an
improvement in the situation what we are actually witnessing at present is an exacerbation as the
limit of 01 ttgffitre is extended beyond water consumers to include the environment in general.
Thus we are seeing these limits being applied to all water sources, i.e. both ground-water and
surface water, when considering the registrability of new or indeed the continued use of existing
pesticides. In my opinion the Directive also serves to illustrate how not to undertake a risk
assessment unless, of course, one assumes that the objective of the Directive was to establish a
zero risk in this area.
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3. Harmonization of data requirements and of risk assessment

The harmonization of data requirements and of the subsequent risk assessment based on these
data are, in my opinion complementary although I would suggest that the former, albeit difficult
in absolute terms, is easier to achieve than the latter.

The harmonization of regulatory data requirements is by no means a new concept and attempts
by, for example, the Council of Europe and FAO have spanned many years. Whereas some
degree of uniformity has no doubt resulted from discussions at these fora, full harmonization of
data requirements has proved extremely difficult to achieve in practice. Indeed even within the
European Community itself where harmonization is a political cornerstone, initial attempts by
the Commission failed to succeed. The influence of the Single European Act has undoubtedly
added a political impetus to achieving the harmonization of pesticides and it would be gratifying
to report that moves in this direction had been approached on a sound scientific basis.
Regrettably this has not been the case and the EC Directive (91/414/EEC) on the Community
harmonization of pesticide registration (due to be implemented in July 1993) has initially focused
its attention on the procedural aspects of pesticide registration. The data requirements which
are currently under discussion have, in turn, concentrated on data for the formulation and
proposals for requirements for the active ingredients are not expected until the end of 1992.
Similarly proposals currently under discussion for the harmonization of the interpretation of
these data are most advanced in relation to the product. In effect these proposals aim to ensure
that Community Member States adopt a common approach to their risk assessment of crop
protection products. The basic approach is to lay down certain criteria with regard to
toxicological, ecotoxicological and environmental properties which if exceeded precludes the
possibility of registration unless a subsequent risk assessment indicates that registration is still
possible. As an example a pesticide which has a soil half-life of more than 3 months would not
be registered unless it could clearly be demonstrated that accumulation in soil does not occur,
that unacceptable phytotoxic effects on, or unacceptable residues in succeeding crops do not
occur, and that there is no unacceptable impact on non-target species.

This "cut-off" criteria approach to the registrability of pesticides is one which causes Industry
considerable concern in that it once again detracts from the weight of evidence approach to
evaluation and overall risk assessment.

Whatever the outcome of the ongoing discussions it is clear that a harmonized data base will
eventually emerge for the European Community. This is however only the first step towards
achieving global harmonization. Industry however welcomes initiatives by the OECD to aim
towards this objective and thus extend the concept of global harmonization so as to include the
USA, Japan, Australia, etc. Clearly this will be a major and long-term undertaking.

4. Impact on new compound development and industry safety initiatives

There can be no doubt regarding the advances made in crop protection chemistry over the last
thirty years or so; dramatic reductions in rates of application and increased target specificity are
but two examples of the areas where significant improvements have been achieved. This period
of intensive development has been accompanied by an equally intensive escalation of the
regulatory control of pesticides, as escalation which indeed still continues.
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Thus the discovery, development and marketing of a successful new crop protection product has
become increasingly more difficult and also more expensive. This is most dramatically
demonstrated in the decreasing number of innovative companies active in this area of business
and in the fact that such companies must synthesize some 25,000 active ingredients so as to
obtain any chances of success in finding that elusive new compound.

One might argue that the future implementation of the Registration Directive is merely another
step along the regulatory path and that Industry will adapt to its impact and implications, much
as it has done with similar changes in regulatory control at the National level. Whereas there is
an element of truth here inasmuch as Industry will learn, perhaps somewhat painfully, to cope
with the Directive in a mechanistic sense, it would be over-simplistic in the extreme to
underestimate the future impact of the Directive. This is no mere change, however significant,
at the Member State level but rather a change which will apply to the whole Community and to
the very large Western European crop protection market. Because of the difficulties and
financial risks inherent in the development of a new compound, this development must be aimed
at a world market or at least at those major parts in that market, i.e. USA, W Europe, Japan.
Regulatory barriers to the registration of new compounds within the Community could therefore
preclude the development of a new compound on a broader global basis.

In recognizing the difficulties Industry has recognized the need to change its role in the crop
protection area. Thus Industry will no longer merely "sell chemicals" but must rather market
a complete plant protection service including the appropriate technical advice, and Integrated
Pest Management Systems.

Industry would also contend that there is also another key factor in the equation relating to the
risks associated with the use of crop protection products. Thus whereas, as discussed above,
much emphasis has been placed on the risk assessment of pesticide usage, the attention given
to risk management has received proportionally less attention. Pesticide registration is
essentially a pre-marketing exercise in which the end-point can be regarded as te availability
to the user of a product wich has been fully evaluated and wich, in te form of te product
label, is accompanied by instructions for safe and effective use. The actual use of the product
however depends to a very great extent on the farmer and on his technical ability and knowledge.
Clearly a well trained and professionally responsible user can minimise any potential risks to
himself, to others and to the environment. In the United Kingdom a major part of the Control
of Pesticide Regulations introduced in October 1986 was the introduction of a legal requirement
for users of pesticides to be adequately trained. It is understood that the European Commission
are considering the introduction of a similar requirement on a Community basis. This approach
to user training is one which is fully endorsed by Industry and which has recently been extended
on to an international basis by the GIFAP (the International Trade Association for the Crop
Protection Industry) Safe Use Project.

The intention of the project is to obtain a substantial improvement in all aspects concerned with
the manufacture, distribution and use of crop protection products in the developing countries.
Recent reviews of the situation in typical countries have confirmed that current practices are
falling short of the standards required by the FAO Code of Conduct for Pesticides (Ref 4 to
which GIFAP subscribes. The Safe Use Project will be initiated in pilot countries in each region,
progressively spreading the results to other countries. The countries selected are Kenya for
Africa, Thailand for Asia and Guatemala for Latin America. In each country an experienced fun
time project leader has been appointed.
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The goal of the Project is to ensure that at all levels of involvement from manufacture through
packaging and labelling, distribution, transport, storage, application and disposal of crop
protection products, real measurable improvements are made. Progress will be monitored to
ensure this.

Conclusions

The Safe Use Project referred to above is important in another context in that it focuses
attention on the Developing Countries, most of which do not enjoy the luxury afforded to us in
the West, namely an adequate food supply.

The world population continues to increase at a rate of 200,000/day and is expected to reach 6
billion by the year 2000. It is estimated that world food supply must increase by 75 % to meet
this increase in population (Ref 5). An estimated 40,000 people, mainly children, die from
starvation every day.

It has become "fashionable" in the Western world to consume "naturally�l or "organically"
grown food. Whilst such foods have a place in the market for those who wish to purchase, and
can afford to purchase, these foods, any suggestion that organically grown food can be
implemented to meet national let alone global needs is non-supportable. The FAO has estimated
that, even with the use of pesticides, 20-40% of food production is lost annually to pests and
disease (Ref 6); without pesticides food shortages would occur on a massive scale. In this context
it is worth it to remember tat "organic" farming was the "state of the art" in Ireland in 1846
when potato blight ed to the death of a quarter of a million people.

These facts clearly support the continued need for pesticides in food production and an equally
convincing argument can be made to support their continued use in the production of non-food
crops such as cotton, rubber, etc., and in the public ealth area for the control of insect-borne
diseases and pests such as cockroaches, fleas, etc.

In conclusion therefore I would contend that food production must be the predominant factor
for the future well-being of us all. The potential risks associated with the use of pesticides must
be kept in perspective and the data requirements must likewise be founded on sound scientific
principles and not on the misconception that "more data means safer products".

Pesticides are an essential tool in ensuring an adequate food supply and we in the Western world,
from where most of the anti-pesticide movement originates, must recognize that "In the
developed world we should count ourselves lucky that the main risk to health we face from food
is eating too much of it" (Ref 7 Would that we could say this for the whole world.
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