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Abstract

Over the last years many life cycle assessment (LCA) models have been developed in order to analyse the toxic effect of
chemical substances to the environment and to human health. At the same time, risk assessment (RA) models were developed
to allow thorough assessment of the fate and effects of substances in the environment. Experience shows substantial variation
between the models, especially when looking at pesticides in agricultural production systems. For these reasons we have
chosen, within the framework of the European network of competence on pesticides (ENDURE), to compare RA models
SYNOPS (JKI), IPHY (INRA) and PRZM-USES (INRA) and the LCA toxicity models EDIP, USES, IMPACT2002+ and EI99
using a multicriteria analysis. The criteria list is derived from the work of Gaillard et al. (2005). It considers the criteria groups’
scientific soundness (11 criteria sets), practical feasibility (9 criteria sets) and stakeholder utility (6 criteria sets). This study is
focused on scientific soundness. First results on scientific soundness show higher scores of RA compared with LCA methods in
coverage of agricultural production and coverage of production factors. However, the LCA methods also show their strength
considering the criteria sets environmental issues, coverage of human health, and the ones that deal with the quality of the
indicator in terms of results and implementation. Therefore, further tests on different case studies are foreseen to better
document the ability of each method for an application in agricultural LCA.

Over the last years, many life cycle assessment (LCA) models have been developed in order to
analyse the toxic effect of chemical substances to environmental and human health. Experience
shows substantial variation between the models, especially when looking at pesticides in agricultural
production systems (Nemecek et al., 2005). The main problems are the high number of pesticides
applied and the modelling of the fate and effect of the pesticides. Current LCA methods can consider
only a few pesticides. Furthermore, the fate analysis of the methods is often rather simple in order to
be able to assess chemicals with only few properties. The recent announcement of the newly
developed USETox method (Rosenbaum et al., 2007) should improve the situation in LCA. But so far
it is not known whether the improvements in USETox will be sufficient enough for pesticide
applications in agriculture. Risk assessment models, as for them, were developed to allow thorough
assessment of the fate and effects of pesticides in the environment. For these reasons, a closer
collaboration between LCA and risk assessment (RA) modelling approaches is necessary.

Within the ENDURE Network, one goal of the subactivity RA3.4 “Life cycle assessment” is to compare
the RA toxicity models SYNOPS (Gutsche and Strassemeyer, 2007), IPHY (Bockstaller et al., 2007)
and PRZM-USES (Mamy et al., 2007) and the LCA toxicity models EDIP (Hauschild and Wenzel,
1998), USES (Guinée et al. 2001), IMPACT2002+ (Jolliet et al., 2003) and EI99 (Goedkoop and
Spreinsma, 1999) using a multicriteria analysis.

The criteria list is derived from the work of Gaillard et al. (2005) and was established by the three
research institutions represented in RA3.4 (ART, JKI and INRA). The criteria are adapted to the
evaluation of indicator methods assessing the impacts of pesticides in an LCA framework. Adaptations
were discussed based on inputs of the method developers. Each author of the method or researcher
supporting an indicator first evaluated its own method according to the criteria. The method
developers not represented in the ENDURE Network were consulted separately. A cross-validation of
the evaluation of each method has been completed in order to avoid evaluation discrepancies. The
criteria list considers the following three groups:
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e Scientific soundness (Tab. 1): Among the 11 criteria sets, three criteria sets refer to the
coverage of the environmental issues (output), the production branches (domain of
application) and the production factors (input). Two criteria sets tackle the construction of the
indicators, the indicator type and the degree of integration of processes. The three last ones
deal with the quality of the indicator in terms of result (‘favoidance of incorrect conclusions®)
and implementation (transparency).

e Practical feasibility: The 9 criteria sets consider the practical feasibility for extension services,
authorities and scientists, the accessibility of the data, the qualification requirements, the
necessity for external services, the user friendliness, the support and time needed.

e Stakeholder utility: The 6 criteria sets refer to the utility of the methods for extension services,
authorities and scientists, the coverage of needs, the unambiguousness and communication
of the results.

The assessment of the seven methods showed the following results for the criteria group scientific
soundness (see also Tab. 1) on which this study was focused: Considering the environmental issues,
all methods cover the aquatic risk satisfactorily. Looking at the terrestrial risk, the methods EDIP and
IPHY only partially cover this environmental issue because only one target species and only the
chronic or acute risk potential is calculated for single products. On the other hand, IPHY is the only
method, which considers the risk assessment for beneficial organisms.

Considering human toxicity, the methods SYNOPS, IPHY and EDIP do not cover it sufficiently.
SYNOPS does not consider human toxicity at all, IPHY does not consider the risk for farmers and
consumers and EDIP does not consider the pesticide uptake through water. On the contrary, the
methods USES, IMPACT2002+, EI99 and USES-PRZM face this aspect almost entirely.

In view of the exposition pathways, EDIP only roughly estimates the fate factors to water, air and soil
and therefore shows the lowest value. On the other hand, the methods SYNOPS, EI99, USES and
USES-PRZM have the highest value, calculation of the exposition pathways being well founded.

There is an apparent advantage of the RA methods over the LCA methods for the criteria sets
coverage of agricultural applicability and coverage of production factor. The LCA methods can so far
only handle a limited number of pesticides. Furthermore they are not detailed enough to consider
production management aspects or processes on the field such as incorporation, etc... whereas the
RA methods are especially designed for assessing pesticide applications.

Considering the coverage of geographical applicability, the method SYNOPS shows a clear advantage
over the LCA methods, which do not cover this aspect satisfactorily.

Looking at the other criteria sets such as the depth of analysis, the integration of processes, the
avoidance of incorrect conclusions and transparency, there is no difference between the methods.
They all cover these aspects adequately.
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Tab. 1: Overview of the provisional results for the criteria group scientific soundness for the
considered toxicity methods. Scale goes from 1 (bad) to 5 (excellent). Each author first filled in the
table for the method he supports

Tab  Criteria group scientific Score
soundness
SYNOPS  IPhy TJ%ZE% EI99 USES Imp02  EDIP
1 coverage of environmental issues 3.2 2.6 34 3.2 3.2 3.0 2.8
2 coverage of human health 1.0 1.7 3.8 45 4.8 4.2 2.8
3 coverage of exposition pathways 2.9 2.5 36 31 3.1 2.6 2.1
4 coverage of agricultural production

3.8 37 37 20 20 2.0 2.0

branches

coverage of geographical applicability 4.2 2.0 15 1.2 1.2 1.2 1.0

coverage of production factor 3.4 2.6 19 15 15 1.5 15
7 |nd|catpr type, depth of environmental 40 4.0 50 40 4.0 40 4.0

analysis

integration of processes 4.0 4.0 40 4.0 4.0 4.0 3.0
9 avoidance of incorrect conclusions

linked to calculation method 4.0 4.0 40 40 4.0 4.0 3.0
10 qvmdance of incorrect conclusions 40 40 40 40 4.0 40 30

linked to outputs
11 Transparency 4.0 4.0 40 4.0 4.0 4.0 3.0

Although first results on scientific soundness shows higher scores of RA compared with LCA methods
in coverage of agricultural production and coverage of production factors, the LCA methods also show
their strength considering the criteria sets environmental issues, coverage of human health, and the
ones which deal with the quality of the indicator in terms of result and implementation. Therefore,
further tests on different case studies are foreseen to better document the ability of each method for
an application in agriculture. Further results are discussed in Kagi et al, (2009).
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