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• The ES approach has the potential to
bring greater ecological relevance to
ERA.

• EU regulators, industry and academia all
supported an ES approach in ERA.

• ES approach is applicable to all chemical
regulations but challenging for widely
dispersive chemicals.

• ES approach integrates across environ-
mental policies, stressors, habitats and
scales.

• Tailor-made tools and models ES need-
ed to link ecotoxicity measures to ES
endpoints.
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The ecosystem services (ES) approach is gaining broad interest in regulatory and policy arenas for use in land-
scape management and ecological risk assessment. It has the potential to bring greater ecological relevance to
the setting of environmental protection goals and to the assessment of the ecological risk posed by chemicals.
A workshop, organised under the auspices of the Society of Environmental Toxicology and Chemistry Europe,
brought together scientific experts from European regulatory authorities, the chemical industry and academia
to discuss and evaluate the challenges associated with implementing an ES approach to chemical ecological
risk assessment (ERA).
Clear advantages of using an ES approach in prospective and retrospective ERA were identified, including: mak-
ing ERA spatially explicit and of relevance to management decisions (i.e. indicating what ES to protect and
where); improving transparency in communicating risks and trade-offs; integrating across multiple stressors,
scales, habitats and policies. A number of challenges were also identified including: the potential for increased
complexity in assessments; greater data requirements; limitations in linking endpoints derived from current
ecotoxicity tests to impacts on ES.
In principle, the approach was applicable to all chemical sectors, but the scale of the challenge of applying an ES
approach to general chemicals with widespread and dispersive uses leading to broad environmental exposure,
was highlighted. There was agreement that ES-based risk assessment should be based on the magnitude of im-
pact rather than on toxicity thresholds. The need for more bioassays/tests with functional endpoints was recog-
nized, as was the role of modelling and the need for ecological production functions to link measurement
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endpoints to assessment endpoints. Finally, the value of developing environmental scenarios that can be com-
bined with spatial information on exposure, ES delivery and service provider vulnerability was recognized.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Human wellbeing depends on nature and the benefits it provides
(Daily et al., 1997). The relationships between habitats, their biodiversi-
ty and human wellbeing are varied and complex (Sandifer et al., 2015)
and the ecosystem services concept has been proposed as a vehicle for
characterising and understanding these relationships (Millennium
Ecosystem Assessment, 2005). There is clear consensus that ecosystem
services (ES) are derived from biophysical structures and processes
(Haines-Young and Potschin, 2010), however, there is no single defini-
tion of ES (Nahlik et al., 2012). Here we adopt The Economics of Ecosys-
tem and their Biodiversity (TEEB) definition of ES: ‘direct and indirect
contributions of ecosystems to human well-being’ (TEEB, 2010). Be-
cause ecosystems differ in their species composition the services that
ecosystems can provide vary in time and space (Hassan et al., 2005;
Science for Environmental Policy, 2015). Moreover, many ecosystems
are actively managed for specific purposes (e.g. nature conservation,
timber production, food, flood prevention) and because of interactions
between species and ecological processes, the management or optimi-
zation of ecosystems for one servicemay have consequences for the de-
livery of other services (Raudsepp-Hearne et al., 2010).

Chemical products entering the environment have the potential to
enhance or reduce human wellbeing. If the goal of environmental man-
agement is to optimise human wellbeing, then ES may provide a com-
mon currency for comparing the wellbeing benefits of chemical use
with the potential wellbeing costs via environmental degradation
(Maltby, 2013). Ecological risk assessment (ERA) is concerned with
quantifying the adverse effects of chemicals on ES delivery, but risk
management needs to consider both the risks and benefits of chemical
products for human well-being. Effective assessment of chemical risks
requires clear protection goals specifyingwhat to protect, where to pro-
tect it and over what time period. A wide range of general protection
goals are either explicit or implicit in legislation, most of which are
vaguely defined, froma scientific perspective, and hence not easilymea-
surable (Hommen et al., 2010; Brown et al., 2017). An important prob-
lem formulation step in the ERA of chemicals is therefore the
operationalization of generic protection goals into specific protection
goals (SPGs) that can be used to guide prospective or retrospective
ERAs (Munns et al., 2009; Nienstedt et al., 2012; Thomsen et al., 2012).

Conventional ERA has focused predominantly on structural end-
points (e.g. population abundance, species richness etc.), but many ES
flow from ecological processes (de Groot et al., 2002). Species or taxo-
nomic groups currently used in ERA may not be important for the ES
of concern or, if important, themeasurement endpoints may not be rel-
evant to ES provision. ES are delivered by natural capital, including hab-
itats and the biodiversity they support, and understanding which
natural capital attributes are important for delivering specific ES is an
area of active research (Smith et al., 2017). Many chemicals are widely
distributed and may potentially impact a number of habitats, varying
from homogeneous monocultures (e.g. some arable or forested land-
scapes) to highly heterogeneous habitat mosaics. Retrospective ERAs
focus on those sites and habitats known or suspected to be exposed to
chemicals. However, prospective ERAs are generally not site-specific
and are less habitat specific (e.g. they may not differentiate between
lotic or lentic freshwater systems of different scales). This raises the
challenge of deciding which ES to prioritise in order to contextualize
the ERA. This prioritization is required to move risk management
away from the impossible task of ‘protecting everything, everywhere,
all of the time’ and towards a more nuanced and resource targeted

assessment that effectively ensures the correct level of protection, in
the right locations (Nienstedt et al., 2012; Devos et al., 2015).

The European chemical industry is highly regulated, although legis-
lation varies across chemical sectors and involves different European
agencies (Brown et al. 2017). For instance, whereas general chemicals
under REACH (Regulation (EC)No 1907/2006) and biocides (Regulation
(EU) No 528/2012) are the remit of the European Chemicals Agency
(ECHA), the European Food Safety Authority (EFSA) has responsibility
for plant protection products (Regulation (EC) No 1107/2009) and
feed additives (Regulation (EC) No 1831/2003). EFSA has produced
guidance for developing specific protection goals for the ERA of plant
protection products and feed additives using the ES approach (EFSA
PPR Panel, 2010; EFSA Scientific Committee, 2016a). Key taxa or func-
tional groups delivering ES of concern have also been identified (EFSA
PPR Panel, 2013, 2014, 2015, 2017). A recent joint workshop between
ECHA and EFSA on soil risk assessment highlighted that “The [ES] ap-
proach is already incorporated in EFSA's guidance, but presents a some-
what new concept for ECHA” (ECHA, 2016).

Given the considerations above, implementing an ES approach raises
a number of questions:what are the advantages and limitations of using
the ES framework for ERA?How to incorporate spatio-temporal hetero-
geneity in landscapes and hence ES delivery?What is the general appli-
cability of the approach across chemical sectors? How canwe assess the
impacts of chemicals on ES and to what extent do standardised test
methods and approaches provide the information required? What are
the current knowledge gaps and how may they be addressed?

Herewe describe the outcome of an expert elicitation and consensus
building process in which scientific experts from European regulatory
authorities, chemical industry and academia discussed and evaluated
the challenges associated with implementing an ES approach to chem-
ical ERA. This was the first of a series of three workshops organised as
part of the CARES project (Chemicals: Assessment of Risks to Ecosystem
Services), which was funded by the European Chemical Industry Coun-
cil (Cefic) Long Range Initiative.

2. Methods

A 2-day workshop was organised under the auspices of the Society
of Environmental Toxicology and Chemistry (SETAC) Europe to bring
together scientific experts from European regulatory authorities, chem-
ical industry and academia to discuss and evaluate the advantages and
challenges associated with implementing an ES approach to chemical
ERA. The workshop was held in Brussels (15–16 July 2015) and was
attended by twenty-four invited participants (9 business, 8 regulatory,
6 academic, 1 NGO2). The aim of the workshop was to reach consensus
across stakeholders on: (1) the current state of knowledge and key in-
formation gaps; (2) possible ways forward and development needs.

Workshop participants addressed the following questions:

1. What are the advantages and challenges of using an ES framework in
prospective and retrospective ERA?

2. What approaches could we use to account for heterogeneity in land-
scapes and ES delivery when undertaking prospective ERA?

2 European Commission (Directorate-General Health and Food Safety), European Com-
mission (Directorate-General Environment), European Commission (Directorate-General
Internal Market, Industry, Entrepreneurship and SMEs), European Food Safety Authority,
TCB (NL), ANSES (F), Environment Agency (UK), Cefas, University of Sheffield, University
of Exeter, Wageningen UR, Arche Consulting, Bayer, BASF Shell, Syngenta, ECT
Oekotoxikologie GmbH, L'Óreal, Estel Consult Ltd., Unilever, Cefic LRI.
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