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Summary

Industry shares the general concern of society for high standards of
environmental protection, both for commercial reasons and because industry
is an integral part of the community. However, because of its characteristics,
which include particular skills and responsibilities, industry may sometimes
differ from other sectors about how the common objectives are best achieved.

The requirements for environmental protection and how to meet them are
discussed from the industry standpoint under the headings of public
perceptions, relative impacts in the agricultural context, developments in
evaluation procedures, scope for further hazard assessment, product
stewardship and regulatory requirements. Contributions from industry to
improving evaluation procedures and reducing environmental impact are
highlighted.

The relationship of industry initiatives and regulation by authorities
is considered.

1. Introduction

Industry is part of society. Its members broadly reflect the views and
aspirations of the community at large. This includes increasing concern to
protect the environment and ensure a sustainable future. Furthermore, industry
has good commercial incentives fora keen interest in environmental protection.
Industry depends on a healthy environment to provide the resources and
functions necessary for the conduct of its business. In addition, the costs
of inadequate environmental performance (in terms of waste disposal, loss of
business, liabilities and disaffection of customers) are substantial and
increasing. For all these reasons industry shares with other sectors in society
the now universally recognized goal of ensuring a healthy environment.

To that extent there is no difference between the "industry view" and that
of other parties and indeed industry has contributed significantly to progress
in environmental protection. However, different standpoints and differing
expertise do lead to some differences in perception about how the common
objectives should be achieved and differences in the contribution which the
various sectors can make to the environmental debate. In this connection,
relevant characteristics of industry include:-
* Managerial skills, including those relating to the identification,

appraisal and management of risks.
* Familiarity with practical and operational considerations needed to

develop, produce and market products which meet consumer needs (including
environmental concerns).

* Awareness of cost /benefit considerations needed to operate profitably in
competitive conditions.

* Scientific and technical capability appropriate for discovering and
manufacturing the products concerned.
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* A long -term view necessary to remain in business over a prolonged period.

* A need for the resources and facilities required to conduct the extractive,

manufacturing, distributing and marketing activities associated with the

business.

* An international outlook resulting from the need to face international

competition and, in many cases, to operate in many countries. This

certainly applies to crop protection products where an international

market is virtually essential to recoup the $40 -50 million now required

to develop a new product.

It follows from these features that in meeting the environmental

challenge, industry is particularly concerned to have available reliable,

cost - effective procedures for evaluating hazards and ensuring safety, a

realistic approach to risk assessment, supported by a systematic, harmonised

regulatory framework based on scientific principles: These requirements will

be discussed from the industrial standpoint under the headings of public

perceptions, relative impacts, developments in evaluation procedures, scope

for further hazard assessment, product stewardship and regulatory require

ments.

2. Public perceptions
Public and environmentalist concern about pesticides is of long standing. That

it remains at a high level may sometimes seem surprising to those with long

experience in the field. For it is accepted by all involved that satisfactory

safety and environmental properties are cardinal requirements for a successful

product, comparable with the requirement for efficacy against the target pest.

Evaluation procedures to ensure that these requirements are met have become

more stringent, elaborate and systematic in the light of increased knowledge,

greater experience and higher public expectations.
The reasons why concern remains high are many and complex. Undoubtedly

one factor is the ease with which minute quantities can now be detected by

modern analytical techniques: presence of a synthetic substance tends to

generate unease, irrespective of the toxicological significance. Whatever the

origins, this public concern must be respected by industry and addressed. In

doing so, it is helpful to start by recalling some fundamental features of

crop protection chemicals and the context in which they are most extensively

used, namely modern agricultural practice.
The objective of agriculture may be described as altering nature to man's

advantage. Pesticides* have become an established part of the modern farming

practice which achieves this objective. They provide a very efficient, cost -

effective, flexible and convenient method of controlling damaging organisms

and thus contribute to substantial increases in yield, quality and, notably,

reliability of production. In addition they have significantly reduced tedious

and arduous tasks such as hand- weeding.

It is important to recognise constantly, however, that the concept of man's

*[Footnote: Unless otherwise qualified, the term "pest" is used here to

describe any category of damaging organism (insect, pathogen, weed) and

"pesticide" to describe any type of control agent (insecticide,

nematicide, fungicide, herbicide etc.)].
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advantage should include environmental protection. Pesticides cannot be
completely selective; they must normally also have at least some degree of
persistence and, in many cases; mobility in the environment. They therefore
have the potential to affect non - target organisms and contaminate water and

food, either directly or via food chains. Consequently, they must be developed

and deployed in such a way that these potential adverse side effects are
minimised and the undoubted benefits are not outweighed by environmental
impairment.

In considering how to strike this balance between benefits and possible

risks, it is instructive to place impacts from pesticides in perspective by

reference to other related practices which have generally been regarded
implicitly or explicitly as acceptable by the community, recognising that the

environment can accept some impacts without damage. This is considered in the
following section.

3. Relative impacts

Agricultural practices. Agricultural activities, even those practised in
traditional and so- called "organic" farming methods can profoundly disturb

the natural environment, in many ways more severely than any impact of
pesticides. The initial establishment of farming systems through clearance

and drainage inevitably destroyed the existing ecosystem. Subsequent changes
in cropping schemes also have substantial environmental consequences ranging

from visual effects such as those associated with the proliferation of oil
seed rape in many areas in recent years to less visible consequences such as

those on soil composition and structure. Table 1 shows effects resulting from

a change from permanent grassland to arable crops observed in the classical
studies by Low (1972).

Table 1. Aggregate stability of silt soils in Lincolnshire (Low, 1972)

Aggregate Organic Total
Stability* Carbon ( %) Nitrogen ( %)

Old grassland 82.2 3.79 0.39
Old arable 0.3 1.08 0.10

*Expressed as percentage of oven -dry soil particles of diameter <0.5 mm
in water - stable aggregates of diameter >0.5 mm.

Even minor adjustments such as changing cereal varieties can disturb

ecological relationships, for example changes in pathogen races or pest/
predator ratios (Graham- Bryce, 1989).

Other routine farming operations also affect ecosystem components:
ploughing, harrowing and other mechanical treatments can depress populations

of natural micro - habitants in soil by up to 90% (Somerville, 1987)

For the most part, such effects have not given cause for concern and indeed

the production systems of which they are a part have mainly been sustainable.

Similarly, where the broad effects of repeated use of modern pesticides have

been investigated, results have been reassuring. Trials in which plots have
been treated annually with mixtures of crop protection chemicals over a long-

term period, as at the Weed Research Organisation (1983) and Rothamsted
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Experimental Station (Briggs, 1975) have shown no adverse effects on soil

fertility.
It is against this background of agriculture as a dynamic activity which

has various intrinsic impacts on the environment but does not jeopardise

sustainability that the use of pesticides must be considered.

Toxicological considerations

To be successful, pesticides must have a closely defined profile of biological

activity: high activity to the target species, minimal (preferably negligible)

activity against other potential recipients. This requirement for selectivity

has been met to a remarkable degree: in the case of herbicides even providing

specificity between related plant species. As agents designed to attack plants,

herbicides are also now normally very safe to animals as Table 2 confirms.

For most of the herbicides introduced over the last 20 years, acute toxicity

is lower than substances such as aspirin or caffeine, which are deliberately

ingested without' controversy or public concern.

Table 2. Toxicity of representative herbicides to mammals

Herbicide LD50 to rats (mg/kg)

Asulam > 5000

Chlortoluron > 10,000

Cyanazine 1200

Flamprop-isopropyl > 3000

Glyphosphate 4320

Sulfometuron-methyl > 5000

Terbacil 5000

Terbutryne 2380

[Aspirin 1750

[Caffeine 200

Furthermore, pesticides generally have a much lower carcinogenic

potential than many materials to which the population is routinely exposed

(Ames et al, 1987) . Again, such perspectives should be kept in mind when risk

assessment of pesticides is being considered.

4. Developments in evaluation procedures
Notwithstanding the considerations in preceding sections, it is essential to

continue to adopt the most rigorous evaluation procedures and to review such
procedures constantly to ensure that they are adequate in the light of new

knowledge or changed expectations. Again it should be stressed that industry

has every interest in having reliable procedures which will identify dangers

and prevent misapplication of resources in developing candidate products which

turn out to be unacceptable.
Existing procedures, which have evolved as knowledge and experience of

practical use have accumulated are essentially designed to identify:

* adverse effects on species present in the environment" (ecosystem

composition). For some species (such as humans, livestock, domestic
animals and certain wildlife). almost any effect is unacceptable.
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* adverse effects on environmental functions, such as decomposition and
recycling of natural and synthetic substances, maintenance of habitat,

providing a medium for crop and animal production.
* potential for transmission of active substances to indirect recipients,

via environmental transport processes, bioaccumulation etc.

The approach developed over the years by the combined efforts of industry,

regulatory authorities and academic research to address these requirements
comprises a tiered scheme which moves progressively from laboratory and
glasshouse studies, to investigations under more realistic practical
situations. The specific investigations are determined by results from the
initial tests as product development proceeds. Some features of this scheme

are outlined below, highlighting contributions from industry. It should be
stressed that evaluation of hazard and risk requires a knowledge of both
toxicological properties and environmental fate, which gives insight into
potential exposure.

It should also be emphasised that it is in the strong interests of all

parties that the essential features of such schemes should be agreed by all

sectors on an international basis. This would ensure consistent protection

of human health and the environment. It would also facilitate more cost -
effective development of new products by industry through avoiding the need

to meet overlapping but differing requirements set by different authorities.

In this connection, the development of "Uniform Principles' ' by the European

Commission is to be welcomed. Industry is contributing constructively to this

development through the agency of GIFAP (International Group of National
Associations of Agrochemical Manufacturers).

Step 1: standard laboratory tests

The starting point for assessing environmental effects must continue to be

the determination of acute toxicity to primary representative species. This

clearly reveals cases of severe hazard and equally points to cases where there

is likely to be no potential concern. Methods for determining this intrinsic

toxicity are mostly well established and accepted: they include techniques

such as topical application, feeding tests, exposure to treated solution etc.
which give reasonably straightforward results.

The parallel initial appraisal of environmental fate is based on
measurement of physico - chemical properties and stability and degradation

studies. Again, while there may be technical problems associated with, for
example, sparingly soluble compounds, there are no major conceptual
controversies associated with these measurements.

Much can be deduced from these initial measurements based on the large
body of experimental information which relates physico- chemical properties
to behaviour in the environment. Indeed, it is becoming increasingly possible

using computer models and QSAR approaches to predict physico - chemical

properties and thence broad patterns of behaviour from molecular structure,

particularly when calibrated by reference to "benchmark" chemicals (Graham-
Bryce, 1989).

Step 2 Supplementary laboratory studies

According to the results from the initial laboratory tests (which are essential
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for all candidate products) and the intended use of the product, additional
measurements will be required. These include further studies on environmental
distribution and degradation in relevant environmental compartments.

They also include tests to give a fuller picture of the ecotoxicity
pattern. These comprise further acute tests on a wider variety of organisms,
but also chronic and sub - lethal tests on growth and reproduction. An example
of industry's contribution to the advancement of such assessment methods is
the fish growth test developed by Crossland. (1988). More generally, there is
ongoing involvement of industry in the development by OECD of recommendations
for test methods.

Effects on soil micro- organisms have been particularly difficult to
assess. Despite extensive investigations, it has been extremely difficult to
draw reliable conclusions from studies on microbial populations because of
soil variability and lack of reproducibility and the resilience and complexity
of the soil microbial ecosystem. Emphasis has thus tended to be more on activity
of soil micro - organisms, thus addressing some of the key functions in soil.
Industry has been prominent in developing methods for soil microflora which
are now embodied in legislation (Anon, 1989).

Step 3 Simulated field and field (small plot) studies.
These include replicated studies in barriered plots, artificial ponds, streams
etc. to determine persistence, redistribution and effects on various species
under realistic conditions. They also include further tests on key functions
such as leaf litter breakdown.

The devèlopment of, for example, artificial ponds and streams is a further
example of pioneering work by industry (Crossland and Wolff, 1988, Mitchell
et al., 1992). Results from these experimental facilities, together with
observations in natural water bodies have demonstrated very clearly how acute
toxicity observed in simple laboratory tests may be modified by other factors
in the natural environment which influence exposure. Thus, in the laboratory,
the pyrethroid insecticide cypermethrin shows high acute toxicity to fish and
aquatic invertebrates. However, it is readily metabolised, has a very low water
solubility, a low value for Henry's law constant and a high octanol /water
partition coefficient. In line with these properties, when experimental ponds
were oversprayed, only 5% of the dose was found dissolved in the pond water.
The remainder was lost to the atmosphere or sorbed by vegetation and sediment.
Hence the practical hazard to aquatic organisms was substantially reduced
(Crossland, 1982). This has been confirmed in field experiments (Shires and
Bennett, 1985).

Step 4 Monitórinq

If uncertainties remain, field monitoring is the appropriate final step. This
is normally based on commercial scale applications to allow the assessment
of contamination and biological effects in terrestrial and aquatic habitats,
together with determination of chemical residues. Details will depend on the
type of application envisaged but the studies could include beneficial insects,
wild birds and mammals and inhabitants of ponds and streams. Where appropriate
such monitoring would continue in different countries and crops, during early
commercial use.
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The sequence of this tiered approach and its relationship with the general

development of a new product are shown in Figure 1.

5. Scone for further hazard assessment
The step -wise approach outlined above represents a logical and systematic
mechanism for identifying toxicological hazards to species in the environment,

effects on environmental function and fate and behaviour. It should therefore

reveal any potential significant direct effects in the environment and point

to any indirect effects requiring further study. Most would acknowledge its
benefits, but inevitably there is interest in the scope for further
improvement. In seeking this further improvement it should also be recognized

that, however necessary, the present procedures are already elaborate and
costly. It is important to keep in mind the balance between benefits and risks

and to ensure that any additional deployment of resources genuinely contributes

to improvement of human health or the environment.

Aspects of behaviour in the environment which do appear to merit further

attention include transport to water bodies. The occurrence of some persistent

chemicals in groundwater, albeit usually at concentrations of no toxicological

significance suggests that better understanding of processes such as run -off,

percolation through soil and especially behaviour of chemicals in the lower

soil and groundwater is needed. Although outside the scope of this paper,
reference should also be made to residual problems of soil contamination
arising from past practices associated with manufacture and storage considered

acceptable at the time. The development of economic, reliable in -situ clean-

up techniques for such situations should be encouraged.

In the area of toxicology, as approaches to assessing direct effects have

become established, increasing attention has turned to indirect and ecological

effects. Appraising such effects is much more difficult and uncertain,
requiring consideration of not only lethal but also sub -lethal effects at the

population, community and ecosystem levels. Postulated effects of pesticides

must be assessed in relation to any other factors affecting population
dynamics. The impact from a pesticide can only be regarded as significant if

it produces an adverse effect on ecosystem structure or function which is

additional to and beyond the range of normal biotic and abiotic factors, taking

into account the sustained modification of the natural ecosystem imposed by

agricultural practice. Since the operation of these biotic and abiotic factors

can produce large fluctuations in population size, the identification of
significant effects in either field trials or monitoring can be highly
problematical.

The issues involved are clearly demonstrated in several studies on broader

ecological aspects of pesticide use. Examples in the U.K. include the Cereals

and Gamebirds Research Project of the Game Conservancy (Oliver - Bellasis and

Sotherton, 1986, Nebischer and Potts, 1990) and the Boxworth project (Hardy,

1986). These projects have provided much valuable information while also
bringing out the problems of experimental design and interpretation.
Ecological considerations dictate very large plots which reduces the scope
for replication and makes the investigations very demanding in terms of land,
manpower and other resources.

Such studies should be encouraged to improve understanding of underlying
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principles. However, it is simply not practicable to incorporate them into

the routine evaluation of products. More pragmatic unambiguous indicators are

required, for example effects on key species or alteration of predator /prey

relationships, particularly those shown to be important in integrated pest,

disease or weed management (IPM) . A good example is work on apples by Cranham

'et al. (1984). These studies led to a scheme for classifying pesticides

according to their relative effects-on the spider mite (Panovchus ulmi) and

its important predator, Tvoholodromus ovri, which is capable of regulating

the pest to non - injurious levels.

In considering the scope for further refinement in evaluation procedures,

brief reference should also be made to the products of biotechnology.
Drawing

on experience with conventional pesticides, the regulatory framework for these

products is being developed in parallel with the development of the technology.

A balance should be maintained which will allow the substantial potential

benefits of biotechnology to be realised while ensuring appropriate

environmental protection. This can be achieved by the generally supported

phased approach in which initial work under contained conditions in the

laboratory can be followed by glasshouse and small plot studies and

subsequently larger scale field investigations, with monitoring and controls

at each stage.

6. Product Stewardship
It has been increasingly recognised by manufacturers of crop protection

chemicals that a producer must consider
environmental aspects of his product

throughout its life. This recognition has found expression in the concept of

Product Stewardship which can be defined as:-

"The responsible and ethical management of a product during its progress

from inception to ultimate use and beyond."

Attention must be given to ensure that products are developed, produced,

packaged, stored, marketed, used and disposed safely without damaging the

environment. Examples from the many pragmatic and practical initiatives by

GIFAP and other industry bodies to contribute to these objectives include:

Training programmes, for example the GIFAP Education and Training

Programme. Development of protective clothing for use in the tropics Guidelines

on the disposal of obsolete stocks Broadly based "safe use" initiatives in

developing countries Pictograms to facilitate provision of information on

pesticide properties and use.

Work on improved application may also be included under this heading. It

has been long recognized that the occurrence and redistribution of pesticides

in the environment would be substantially reduced if application could be

concentrated more precisely on the intended target and application rates

correspondingly reduced. While much valuable work has been done by other

sectors, industry has responsibilities and special capability to contribute

to the relevant fields of formulation and application technology.
Substantial

improvements in efficiency of utilisation can be and have been obtained by

methods such as seed treatment and the development of electrostatic
spraying.

A well -known example of the latter approach which was coupled with

complementary development of formulation and dispensing systems is the ICI

"bozzle" system. This concept has an additional advantage in that it
eliminates
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the risk of accidental spillage during mixing, thus providing greater
protection for the operator.

Protection of the operator and the often related issue of reducing waste
remain among the highest priorities for attention. Improvements do not
necessarily require highly sophisticated approaches. For example, modified
drums can reduce risks of contamination from waste material by reducing amounts
left in the drum after pouring out the contents. The risk of spillage and hazard
to operators can be further decreased by development of closed systems for
transferring pesticide from product container to spray tank (Lavers, 1989).

Reducing the unnecessary or unproductive introduction of pesticides into
the environment must continue to be a prominent objective, calling for action
across a broad front. Improved application as discussed above should be seen
as one component of integrated pest, disease and weed management, a concept
which is strongly supported by industry and which involves activities such
as forecasting and monitoring of populations, identification of treatment
thresholds and complementary employment of different control techniques.

7. Regulatory reauirements

The considerations outlined above illustrate the truism that environmental
protection is best achieved by a combination of regulations and voluntary
actions by industry in the spirit of responsible care. It has been emphasised
that industry strongly advocates a systematic, harmonised regulatory
framework based on scientific principles. It is important that the evolution
of this framework genuinely leads to improvements in the quality of life and
in protection of human health or the environment. It can be questioned whether
some recent regulatory developments satisfy these requirements. Examples
include requirements for arbitrary reductions in pesticide usage and the EC
Drinking Water Directive (No. 80/778 /EEC) . This directive stipulates a maximum
allowable concentration of 0.1 Ag /1 for any one pesticide and 0.5 µg /1 for
the total of all such compounds. The directive gives analytical problems
because these levels are at or below the limit of detection for some products.
As with the arbitrary reduction it also has no relationship to toxicological
significance and thus departs from previous approaches which have served
society well, such as those advocated by the World Health Organisation.
Furthermore these developments apparently fail to take into account risk/
benefit considerations and the substantial contribution to the quality of life
which crop protection products, properly developed and managed, can bring.

It is important to preserve an appropriate balance between providing
additional reassurances and maintaining a climate of innovation, which is in
itself a very fruitful route to better, safer products.

Recognition of these considerations is of importance not only for
industry, but also for society which is adversely affected if options are
unnecessarily reduced and resources deployed on illusory goals.

We thus come full circle to the starting point that the objectives of
industry and society are fully compatible. Industry must continue to direct
its expertise at environmental protection. It must also be fully prepared to
work with authorities, to be more open and to listen more in order to ensure
reliable environmental safeguards, sound regulations and greater public
confidence in its practices and products.
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