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EXECUTIVE SUMMARY

This paper was prepared by the European (ECPA) and CropLife 
America in response to the growing need to seek a harmonised 
approach to Ecological Risk Assessment (ERA). This is of 
particular concern in the context of the registration and use of 
crop/plant protection products (CPPs or PPPs) such as 
herbicides, insecticides and fungicides since regulatory decision-
making is outpacing the development of ecological risk 
assessment tools that determine appropriate levels of safety.

A variety of ERA schemes have been developed recently, but all 
are different since they did not use identical starting points or 
input criteria in their development. CropLife America and ECPA 
recognize it is not possible, nor desirable, to have one globally 
harmonized ERA for PPPs, but it is of considerable value to set 
forth a set of guiding principles to be used as a framework for 
the construction of ERAs. A framework approach provides the 
much needed value of flexibility, allowing users to adapt risk 
assessment procedures to local needs and conditions without 
the loss of a sound, scientific approach to ERA.

The ERA framework described in this paper and shown on the 
next page establishes an iterative and flexible process that uses 
increasingly specific data to achieve more precise understanding 
of the nature and degree of ecological risk. Within each iteration, 
there is consideration of information on effects and exposure 
that leads to the characterisation of risk. There is an assessment 
of the risk's ecological significance, and, often ignored by other 
schemes, there also is a parallel evaluation of benefits stemming 
from the use of PPPs.

The framework originated from ERA schemes proposed 
independently by the United Nations Food and Agriculture 
Organization and the U.S. Environmental Protection Agency. 
These two schemes were combined to form a new scheme that 
focuses on:
-	 the identification of issues,
-	 the characterization of risks and benefits, and
-	 the evaluation of risk, its refinement, and its management.
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The first phase, issues identification, is the all-important first 
step of determining what issues are of concern so that the risk 
assessment is designed properly to meet the right needs. This 
includes a discussion within the regulatory agency and with 
stakeholders to determine what goals and objectives are 
relevant to the risk assessment and also meet the needs of the 
risk manager or environmental decision maker. A core dataset 
often specified in a formal regulatory document (such as the EU 
Council Directive 91/414/EEC or USEPA Federal Regulations 40 
CFR part 158) can be used to highlight specific concerns and 
narrow the focus of the ERA objectives and subsequent risk 
assessment activities.

The next phase deals with the characterization of exposure and 
effects, the characterization of risk, and the characterization of 
benefits, so that all may be merged ultimately to identify what 
ecological risks might be possible and how those risks compare 
to benefits. The process is an iterative, tiered approach, 
beginning with an initial Tier 1 assessment that typically makes 
conservative estimates of exposure and effects so that it serves 
as a screen to narrow the focus of subsequent "risk 
refinements" at the higher tiers.
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"Risk refinement" has been used in several ways in the context 
of PPP, environmental, and ecological risk assessment. In the EU 
the term "further evaluation" is often used in guidance 
documents. In this paper risk refinement refers to the following:
	 A scientific investigation, interpretation, and evaluation 	
	 performed to characterize in more depth the potential 	
	 risks arising from an agricultural chemical use pattern 	
	 once a preliminary (Tier I) risk assessment has indicated 	
	 an issue may need to be addressed.

Risk refinement activities can be directed towards regulatory 
purposes and/or internal company product stewardship. It may 
involve further environmental fate or toxicity research, simulation 
modeling and/or monitoring studies, and may be performed at 
many levels of complexity. Higher tiers of refinement utilize 
probabilistic (e.g., Monte Carlo) modeling techniques in order to 
identify a "likelihood" of impact on ecological systems and thus 
aid decision-makers to put the impact into perspective. Highest 
levels of refinement can take a landscape approach, which 
correlates temporal and spatial distribution/co-incidence of 
exposure and toxicity factors to the actual agronomic practices 
and geographies of specific regions.

One important component of risk characterization at each tier of 
assessment is that of uncertainty. At Tier 1 uncertainty is higher 
than in other tiers because numerous conservative assumptions 
are made to maintain the simplicity and screening nature of the 
initial tier. The uncertainty arises from an incomplete knowledge 
of the ecological system being assessed and from the system's 
inherent natural variability.

Uncertainty analysis attempts to identify and quantify the 
uncertainty at each stage of the ERA. The analysis is usually 
descriptive at lower tiers; sensitivity analysis and more complex 
model (Monte Carlo) simulation are usually reserved for higher 
tiers. Uncertainty analysis increases the credibility and 
confidence in ERA through explicit descriptions of the magnitude 
and impact of the uncertainties on the ERA conclusions. It 
should be a part of the ERA process.

Benefits characterization is not directly a part of risk 
assessment, but it is an essential part of the overall risk 
assessment framework since it provides critical information for 
the management of risk. Risk management involves decisions 
often based on non-scientific criteria (e.g., economic, social, and 
political) with a goal of achieving "acceptable" risks. Therefore, it 
is essential that possible risks resulting from the use of a 
particular PPP are measured against potential benefits that 
accrue due to the use of the product, and that this information 
be considered during the risk management process.
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In the final phase of ERA, all activities are brought together so 
that risk is evaluated from standpoints of ecological significance 
and risk versus benefits. It is determined what aspects of risk 
refinement could be undertaken to define risk in a more realistic 
and specific fashion, and attention is turned to the management 
of risk through possible modifications to PPP usage pattern and 
general agricultural practices for purposes of risk reduction.

A key driver in the risk evaluation process has to be the 
ecological significance of impact(s) identified during an ERA. To 
identify the significance of an impact and thus put its risk into 
proper perspective, the risk evaluation has to differentiate 
between transient effects of no ecological consequences and 
long-term adverse effects which may not be acceptable. In 
determining significance these effects need to be compared to 
ecological variation due to natural causes and the impact of 
other human activities.

All of the above needs to be considered when determining the 
"acceptability" of an ecological impact. "Acceptability" underpins 
PPP regulatory programs in many countries. The legal definition 
is vague, but in ecological terms several approaches have been 
developed, usually defining "unacceptable" rather than 
"acceptable". The USEPA characterizes "unacceptable" as  
"widespread and repeated mortality in the face of minor 
economic benefits to society". German regulatory authorities 
utilize the principle of population recoverability as criteria of 
acceptability for soil microbial impacts, and they have proposed 
that PPP effects on other organisms be compared to 
fluctuations occurring naturally.
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1 INTRODUCTION

This paper has been prepared on behalf of GCPF by the 
European (ECPA) and American (ACPA) Crop Protection 
Associations in response to the growing need to seek a 
harmonised approach to Ecological Risk Assessment (ERA). This 
is of particular concern in the context of the registration and use 
of crop/plant protection products (CPPs or PPPs) such as 
herbicides, insecticides and fungicides where regulatory decision-
making is outpacing the development of ecological risk 
assessment tools to determine appropriate levels of safety.

For many years the impact of a PPP in the environment was 
considered primarily through effects assessment, based upon 
the intrinsic toxicity of the product. As our knowledge of both 
the structure and function of ecological systems has increased, 
so have we developed appropriate tools to assess/predict the 
relative impact of PPPs taking into account relevant exposure 
concentrations. This accounts for the likelihood of an 
unacceptable event occurring and therefore brings into play the 
concept of ecological risk.

Several ERA schemes have been developed over the past 10 
years but all exhibit differences from one another. This is 
primarily due to the fact that, invariably, they do not use the 
same starting points or input criteria at similar stages in the 
process. It is recognised at the outset that it is neither possible, 
nor desirable to have one globally harmonised ERA for plant 
protection products as their varied use patterns give rise to 
different levels and degrees of exposure, and therefore to their 
consequential effects. Rather, the approach to ERA developed 
by ACPA/ECPA and presented in this paper is in the form of a 
set of principles that may be used as a framework for the 
construction of specific risk assessments.

From a global perspective this has one important asset --- 
flexibility. The framework allows for the different levels of 
resources and data available in a particular situation because it 
does not prescribe what is needed as building blocks at specific 
points. It therefore enables the user to apply the framework in a 
way that meets local needs and circumstances.

This is not to say that there are not types of data/information 
that may typically be appropriate for different levels of an 
ecological risk assessment of Plant Protection Products (PPPs), 
where use pattern (generally based on good agricultural practice) 
is a pre-requisite. However, there is no reason why the principles 
embodied within the framework may not be applied to other 
chemicals and scenarios.
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2 ECOLOGICAL RISK ASSESSMENT IN 
AGRICULTURAL SYSTEMS

The rapid development of agriculture and mechanisation of 
farming techniques has transformed the landscape and changed 
forever the ways in which food is produced. During the past 50 
years improvements in cultivation methods, harvesting 
techniques, irrigation, crop nutrition, and seeds technology have 
increased both the quantity and quality of foodstuff, while at the 
same time reducing their cost. A major contributor to this 
success has been the development of effective PPPs that have 
controlled weeds, insect pests, and diseases.

However, it is fair to say that -outside expert circles -little 
attention was given to the possible environmental side effects of 
PPPs until the publication of Rachel Carson's "Silent Spring". 
Whilst this was to many a controversial publication, it completely 
changed the way the public viewed the benefits of PPPs in the 
context of food production and led to more rigorous 
investigations of the environmental consequences of PPP use. It 
could be argued, however, that, but for the use of PPPs, our 
understanding of ecotoxicology and the functioning of ecological 
systems would be diminished greatly. Considerable advances in 
our knowledge and capabilities to do PPP exposure assessment 
have been made as a consequence of the need to investigate 
organism, community, population, and ecosystem responses to 
PPPs in both terrestrial and aquatic environments. There is a 
tendency, however, to view the potential ecological impact of 
PPPs in isolation from farming practices as a whole.

Agriculture itself has altered, and will continue to alter ecological 
systems. With the development of modern, efficient crop 
production, a balance has to be maintained between productivity 
and the protection of indigenous flora and fauna. The days of 
excessive inputs of nutrients and prophylactic treatments of 
crops with PPPs are gone. Now we are concentrating on more 
precise measures to control unwanted pests, weeds, and 
diseases through the adoption of integrated crop management 
(ICM) and integrated pest management (IPM) schemes.

Unlike general chemicals, PPPs are placed into the 'environment' 
intentionally at known concentrations, in specific locations, and 
within a specific time window. We have a greater understanding 
of how the behaviour of a PPP may be influenced by, for 
example, cropping patterns, weather patterns, landscape 
features such as slope, proximity of water courses, hedgerows 
etc. This has, in turn, demanded a fresh look at the way 
environmental impact is determined. Now there is the 
requirement of a more detailed assessment of levels of effect 
(responses of non target organisms) and the potential for their 
exposure to the PPP under the defined conditions of use. This 
demands knowledge of, for example, the life histories of 
organisms at risk, their susceptibility to the stressor, exposure 
routes, and so forth.
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Ecological risk assessment for PPPs is typically done in 
response to a regulatory question. One of the key challenges is 
to fit ecological risk assessments into a regulatory process that 
allows for consistency in approach. Answering the questions 
"does the PPP have an effect, on what, for how long, and to 
what degree? " always requires an element of scientific 
judgement because of differing opinions as to what is or is not 
acceptable. Utilising a stepwise approach to assessing levels of 
effect has been implicit in PPP regulation for many years but 
has generally relied on prescriptive data requirements that have 
not always adequately considered either the nature of any toxic 
response or the nature of the exposure. Moreover, it is simpler 
for the regulator to regulate on whether a toxicity value exceeds 
a certain threshold than to take into account more complex data 
with associated uncertainties. However, science has and is 
developing better tools, including modeling, that enable us to 
provide ways of increasing confidence in estimating ecological 
risk that fit well within a stepwise approach to risk assessment, 
particularly in relation to the use of PPPs in agricultural systems.

3 FRAMEWORK FOR ECOLOGICAL RISK 
ASSESSMENT: PRINCIPLES

The framework for ERA that is described in this paper 
establishes an iterative and flexible process whereby, through 
the provision of increasingly specific data a more precise 
understanding of the nature and degree of risk is achieved. 
These iterations are carried out only to the extent that there is a 
need to provide more information to address the issue identified 
at the outset.

The approach requires the consideration of information on 
effects and exposure that lead to characterisation of the risk 
and an assessment of its significance. The process of re-
evaluating the risk following the addition of more information, 
often of higher complexity, is known as risk refinement.

A key element in these proposals, frequently ignored in other 
schemes, is a proper evaluation of the benefits of the use of the 
plant protection product and considering these against any 
potential ecological risk.

	 3.1	 FAO
	 In 1989 the United Nations Food and Agriculture 
Organization (FAO) (FAO, 1989) published guidelines on the 
environmental criteria for the registration of PPPs. These 
recognized the value of risk assessment as a tool for evaluating 
the risks of PPPs in the environment. This organization's 
recommendations on how ecological risk assessment should be 
carried out are reproduced in Figure 1, which illustrates certain 
key principles that must be present in an effective ecological risk 
assessment:
-	 Exposure assessment
-	 Effects assessment
-	 Estimation of potential hazard
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-	 Evaluation of ecological significance
-	 Estimation of risk
-	 Iterative process for refinement of risk
-	 Management of risk
-	 Risk/benefit analysis

	 3.2	 USEPA
	 In the United States the U.S. National Research Council 
for Human Health (USNRC, 1983) developed a general risk 
assessment framework, which was subsequently modified by 
the U.S. Environmental Protection Agency in 1992 (USEPA, 
1992) and then adopted officially by the Agency in 1998 
(USEPA, 1998) as the scheme shown in Figure 2.

The EPA framework adds to the principles espoused by FAG, 
the concept of three formal "phases" of ERA that must be 
carried out:
-	 Phase 1 Problem Formulation
-	 Phase 2 Exposure and Effects Analysis
-	 Phase 3 Risk Characterization
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