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1. GLOSSARY AND TERMS AND DEFINITIONS
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Programme of Measures
Peroxisome proliferator -activated receptor
Priority substance
Pregnane x receptor
Quality assurance
Quality control
River Basin Specific Pollutant(s)
Relative effect potency
Reactive oxygen species
Risk quotient
Regional Seas Convention
Scientific Committee on Consumer Safety
Scientific Committee on Emerging and Newly Identified Health Risks
Scientific Committee on Health and Environmental Risks
Scope for Growth
Standard Operating Procedure
Stress on Stress
Tributyltin
Toxic equivalency factor
Toxic equivalents
Toxicity Identification Evaluation

ICES Techniques in Marine Environmental Sciences



ToR Terms of Reference

TR Thyroid receptor

uPBT Ubiquitous persistent bioaccumulative and toxic substance(s)
VDSI Vas Deference Sequence Index

Vtg Vitellogenin

WEA Whole Effluent Assessments

WFD Water Framework Directive

WG Working Group

WGBEC Working Group on the Biological Effects of Contaminants
WHO World Health Organization

WL Watch list

YES Yeast estrogen screen assay using§accharomyces cerevisiae



2. SUMMARY

A specific sub-group for Effect-Based Methods (EBM) was established with representatives
from nine Member States (MS), Switzerland and several stakeholders in the context of the
Common Implementation Strategy (CIS) for the Water Framework Directive (WFD),
specifically the Working Group Chemicals. The Main Objective of the activity of the group has
been to examine and further document the possible implementation of effect-based methods
for monitoring and assessment in the WFD context, alongside traditional ¢c hemical analysis,
bearing in mind their possible application also under the Marine Strategy Framework
Directive (MSFD). It has built on all scientific evidence and practical knowledge available to -
date, including the conclusions of the Chemical Monitoring and Emerging Pollutants (CMEP)
work (European Commission 2014-Technical Report on Aquatic Effect-Based Tools) and the
estrogen monitoring project. Three meetings (Rome, Prague, Ispra) have been organised
during the activity of the sub -group. The activity presented in this report is in line with the
Commission Communication on mixtures (EC, 2012) and with the objectives of the 7th
Environment Action Programme.

The report i s a -bfiaPsreodp onsoanli tfoorri negf faencdt assessment
furt her step after the publication in 2014 of the Technical Report on Aquatic Effect-Based
Tools because it gives concrete proposals for the application of EBM under the WFD. The
report gives clear recommendations for the possible use of EBM in different contexts and
scenarios and in Chapter 6 there are examples of these possible applications under the WFD



3. INTRODUCTION

3.1. Current legislative framework and approach

The European Water Framework Directive (WFD; 2000/60/EC) objectives (Art 4 of the WFD)
includetheai m t o achi eve eamd oegn scuarl e afihgdo ccch e mi ¢ a l
throughout Europe through the updating and implementation of management plans at the
river -basin level. The Directive employs the DPSIR approach: Driversi Pressuresi State i
Impact and Response (Pirrone et al. 2005).

The analysis of important drivers and identification of significant pressures forms the basis

for the elaboration of monitoring programmes and programmes of measures (see article 5 and
Annex Il 1.4. and 1.5.0f the WFD). The identified categories of significant pressures, such as
urban waste water, agriculture, waste disposal sites, IED and non IED plants and atmospheric
deposition need to be reported by the Member States (MS) to the European Commission
(WFD reporting guidance 2016). The Common Implementation Strategy (CIS) guidance 3

describes how the fAnanalysis of pressure and

WFD monitoring programmes need to be established by the MS to ensure that sufficient data
is generated to assess status and to identify cost efficient measures (art 8 of the WFD). In WFD
terms, the monitoring programmes are divided into three categories: surveillance monitoring,
operational monitoring and investigative monitoring. Surveillance and  operational
monitoring programmes should be established on the basis of the water-body characterisation
and pressures and impacts assessment required according to WFD art 5 and Annex Il (see
WFD annex V 1.3.}. There is also a mechanism in place in the WD triggering investigative
monitoring in certain cases2. CIS documents 19 and 25 provide further guidance on the
establishment of WFD chemical monitoring programmes. The Directive 2009/90/EC

stat

assE€

(AQALQ@QCG ecti veo) provides furt hty Assuraecg (QAYyamdment s r

Quality Control (QC) for the chemical analysis to be used in operational monitoring.

The WFD assessmentof quality of surface water bodies is based on an integrated approach,
taking into account the following aspects (Annex V of theWFD):

A biological effects observed at population and community level, defined in terms of the
values of the Biological Quality Elements (BQE), being phytoplankton, macroalgae,
angiosperms, benthic invertebrate fauna and fish and the use of specific indices and
ecological quality ratios;

A hydrological and morphological conditions;

A physico-chemical elements (such as pH and nutrient concentrations);

1A On t he b aharacterisation andhingact assessment carried out in accordance with Article 5 and Annex
II, Member States shall for each period to which a river basin management plan applies, establish a surveillance
monitoring programme and an operational monitoring pr ogramme. Member States may also need in some cases

to establish programmes of investigative monitoringbo.
2l nvestigative monitoring shall according to WFD Annex

V.

1
for any exceedankesei suuw&inlbwamwm¢ce wmoni toring fAindicates th:

for a body of water are not likely to be achieved and operational monitoring has not already been established, in

order to ascertain the causes of a water body or water bodie§ ai | i ng t o achieve the environn
ito ascertain the magnitude and i mpacts of accident al po

programme of measures for the achievement of the environmental objectives and specific measures ecessary to
remedy the effects of accidental pollutiono.
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A concentrations of toxic substances (such as PFOS, cadmium and dioxins).

The assessment of dangerous chemical suftances is regulated in two ways: by way of a

separate fichemical statuso for currently 45 EU nqp
el ements (Ariver basin specific pollutants, RBSI
average, each MS ha around 60 RBSP). Environmental Quality Standards (EQS) for these

Ssubstances are set at EU |l evel for fAchemical sta

are included in the EQS Directive on priority substances (EQSD) (2008/105/EC as amended
by 2013/39/EU and the PS are specified in WFD Annex X). At national level, MS may also
develop and apply standards for alternative environmental compartments than those specified
for a particular PS in the EQSD (see Art 3 in the EQSD), including sediment. A prerequisite is
however that the alternative EQS corresponds to at least the same level of protection.

As will be described in more detail below, there are currently very few biological indices,

applied under the WFD, that respond to toxic chemicals. Thus, the Biological indices

established today in general would not respond to the toxic action of chemicals but rather

other types of stressors, such as low oxygen levelsNevertheless, the EQS for both PSs and

RBSP are designed to protect the aquatic environment pelagic and benthic organisms),

human health through dietary intake of fish and seafood or drinking water as well as birds and

mammal s that are exposed through aglsoméocases, ood we
drinking water protection can also be the main driver of a water EQS, and applied for water

bodies that are used for drinking water extraction. The methodology used to establish such

EQS for water, biota and sediment is described in detail in TGD CIS guidance 27.

For water, there are two types of EQS:

A The annual average (AA) EQS is normally set as a water concentration based on chronic
effects data for direct toxicity but it can also be based on recalculation from other
compartments, in particular biota, dependin g on which protection goal is the most
sensitive. Thus, the overall purpose of this standard is to ensure longterm water quality to
protect pelagic organisms, and to protect human health and fish-eating birds and mammals
from secondary poisoning.

A The maximum allowable concentration (MAC) is based on acute effects data for direct
toxicity. The purpose of this standard is to protect pelagic organisms from short-term
concentration peaks.

Sediment EQS aim at protecting benthic organisms from substances accumulating in
sediment. Biota EQS are established when the main driver* is to protect human health (when
exposed to substances in fish and seafood) and/or predators (e.g. fisheating birds) from the
risk of secondary poisoning from substances accumulating in prey.

3Pl ease note that although the standard is expressed as an
periods can sometimes be more appropriate e.g. for pesticides where their use and eposure tend to be seasonal.

See al so CI S Whénthe exposurerpatterefor & subsfance is known to be episodic e.g. many pesticides,

the averaging period may be a shorter period than a year. This is casespecific but is determined by the expeded

exposure pattern, not toxicologyo

4 According to CIS 27 procedures, quality standards (QS) developed for different compartments and protection

purposes (e.g. QSsec pois to protect predators from secondary poisoning) are recalculated into water

concentrations. The lowest water concentration indicates which protection goal is the most critical/sensitive. The

recalculated water concentrations can sometimes also be included in the EQSD. This is e.g. the case for PBDE and

PFOS and why the EQSD (Art3.2)sug ests that the fAprimaryo EQS to use is ¢t}
EQS in these cases do not primarily refer to fisafe | evelso
but rather 1 indirectly 7 indicate which are the safe levels to dso protect against adverse human health effects

and/or secondary poisoning.
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CIS guidance 32 describes different aspects to take into account in the assessment of status
using biota data and CIS guidance 33 provides guidance on analytical methods for biota.

In most cases, the EQSrelate to single substances. However, isome cases the EQS refer to
groups of substances, as in the case of the EQS for dioxins and dioxidike PCBs, which uses
an approach based on TEQs and the potency of the individual substances.

Chemi cal status has only twaeédastuadbuandl|l daoes gofog
statuso whereas ecological status is divided int
for RBSPare wused to distinguish between fAgoodoO anct
guidance no. 13 describes in more detailhow ecological status assessment is performed. In
gener al and for the PS aauttalRBEP i(MOOADNt applr @arac h
in the classification, meaning that it is sufficient that one single PS or RBSP is present in

concentrations abovei t s EQS for the status to Afailo (Anot
ecol ogical statuso).
The revised EQSD identifies a certain category

(uPBTS), specified in article 8.a.1.a. in the EQSD. Given their widespread distribution and long
recovery times such substances may be monitored less intensively (art 8.a.2. in the EQSD)

Besides the objectives included in WFD art 4, stating that good status should be achieved by

20155, status may not deteriorate (oftenc al | ed t he fino deterioration
to deterioration from one status class to a lower status class for an individual quality element?).

In the EQSD there is also a specific objective stating that concentrations of PS with a tendency

to accumulate in sediment or biota may not increase significantly. The concentrations of those

PS (in particular those specified in art 3.6. of the EQSD) therefore need to be monitored in

sediment and/or biota. The concentration trend is not taken into accou nt in the assessment of

status (Acompliance checkingod) but AMember St at
subject to Article 4 of Directive 2000/60/EC, that such concentrations do not significantly
increase in sediment andt/f3.6.) Inadditior anaovetall objecive a 6 ( E Q¢

of the WFD is to eliminate pollution of surface water by the PS (see e.g. art 1), and EQSD
requires MS to establish an inventory of emissions, discharges and losses of substances
included in the EQSD.

5See also preamble 13 of directive 2013/ 39/ EC: fiMoni toring
of the expected variation in concentrations. Given the widespread distribution and long recovery times expected

for substances behaving like ubiquitous PBTs, Member States should be allowed to reduce the number of

monitoring sites and/or the frequency of monitoring for those substances to the minimum level sufficient fo r

reliablelong-t er m trend analysis, provided that a statistically rc¢
6 For PS added in 2013, the objective is rather to reach good status by 2027.

7 See also the conclusions made in the Weser case (861/13).

12



No EQS and does not cause
effectsin established BQE:
nottaken intoaccountin:
status classification

"all chemicals”

Ecological status

Chemical status

If >EQS: "not good chemical status”

==» Priority substance (EQS-D)

=2 RBSP (different in different MSs)
== Other substance or substances

If >EQS: "moderate (or lower)
ecological status”

Figure 1. Simplified illustration of the current WFD strategy to take toxic chemicals into account in the status
classification. For chemicals included in the EQSD and in concentrations above their EQSs, chemical status will be
classi fied as f noodurring m coshaentratibne above Belr EQS in the respective MS, ecological
status will be classified as fimoderateod (at most). Other
for which no response is observed in a ecognised biological index will not be taken into account in the WFD status
classification.

3.2. Need for a holistic approach

3.2.1. Limitations of the current WFD approach to regulate toxic chemicals

As was evident from the previous section, under the WFD the toxicity of chemical substances

is currently taken into account using mainly a substance-by-substance approach. Thus, the
WFD status assessments are largely based only on chemical analytical data and the limited
availability of valid (eco)toxicity datasets for setting EQS. The purpose is to protect aquatic

organisms, human health and predators exposed via the aquatic environmentby applying EQS
that take these pathways into account. However, this classical singlechemical risk-assessment
approach for the management of chemical pollution of water bodies has some limitations as

follows (Altenburger et al 2015; Brack et al 2015):

9 It is not possible to analyse, detect and quantify all substances that are present in the
aquatic environment. Thus, the environmental impact of substances not yet regulated
and/or monitored under the WFD will not be considered. Under the Regulation on
chemicals (REACH), more than 100.000 chemical substances have been registered;

1 The effects caused by the mixtures of substances present in the aquatic environmentnay
not be predictable on the basis of chemical analyses alone.

To reach the protection goal we also must understand the potential for effects caused by the
sum of the chemical substances in the aquatic environment (including emerging pollutants,

metabolites and transformation products) and link the observed effects with cost-effective
management options. As was pointed out earlier, WFD assessment criteria for chemicals
(EQS) are generally developed substanceby-substance, based on laboratory studies, and

13
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usually do not consider the consequences of exposure to multiple chemicals or cumulative
effects from several stressors or modifying factors. Furthermore, to derive EQS and to
establish monitoring programmes for all these substances is highly challenging and for the

RBSP different MS have so far frequently established in some cases quite different values for
the same substance.

3.2.2. Effect-based methods (EBM) i General information

The use of EBMs for monitoring in the WFD context can overcome some of the challenges
identified above. The hi story behind several il egacyod sub:
identified to be of major concern after observations of adverse effects were made in the
environment. For instance, the effects from tributyltin (TBT) were doc umented about a decade
before the effects could be linked to TBT (Blaber 1970, Féral 1980, Smith 1971, Smith 1981).
Also, effects from dichlorodiphenyltrichloroethan@DT) andpolychlorinated biphenylPCB)
were discovered through observations in the aquatic environment and on birds. Thus, these
substances were not identified to be of concern through pro-active risk assessments but rather
in retrospect. Estrogenic effects have also been observed in the aquat environment, and
several estrogenic substances, such as EE2, that can explain fieldbservations such as
intersex in fish have been identified (Jobling et al. 1995, Harries et al. 1997, Matthiesen and
Sumpter 1998; Vos et al. 2000, Kidd et al. 2014, Ade=l et al. 2017, Arlos et al. 2018).

A more systematic monitoring of effects would potentially be able to discover additional
substances of concern posing a potential threat to ecological systems and/or human health.

Moreover, the use of EBMs in the WFD context could overcome some of the identified
challenges with the current WFD approach (see previous section). Several such methods have
already been developed and used, not only in research but also in regular monitoring
programmes or screening campaigns.

In the 2010-2012 mandate of the CMEP expert group, a specific task was foreseen for the
elaboration of a technical report on aquatic effect-based tools. The activity was chaired by
Sweden and cachaired by Italy and progressively involved several MSand stakeholders in an
EU-wide group (47 experts). The Technical Report on Aquatic Effect Based Monitoring Tools
(European Commission 2014) aimed at presenting the state of the art of aquatic effectbased
monitoring methods and at describing how these methods might help EU MS to establish
more efficient monitoring programmes (including to reduce monitoring costs) and at the same
time cover the aspects described above.

The report published in 2014 described the state of the art of the use of EBMs in Europe, gave
a series of recommendations for their use under the WFD and included an annex with 14 case
studies and several fact sheets for different EBMs. The report was also published in the
Springer Nature open access journal Environmental Science Europe (Ref. Wernersson et al,
2015) and has been disseminated across the scientific community through different channels
(for example Springer international).
https://enveurope.springeropen.com/articles/10.1186/s12302 -015-0039-4

The Technical Report concluded that the main use of effectbased monitoring tools in the
current WFD context would be:

- As screening tools, as part of the pressures and impacts assessment to aid in the
prioritisation of water bodies to study further;
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- To establish early warning systems, to prioritise further studies in areas that are not
concluded to be at risk because theyare located far from known local sources;

- To take the effects from mixtures of pollutants or not routinely analysed chemicals
(Aunknownso) into account (e. g. to support i n
decline of specific species are unknown);

- To provide additional support in water and sediment quality assessment, though not as a
replacement for conventional chemical and ecological monitoring under the WFD.

It was also concluded that EBMs are at the moment particularly suitable as part of
investigative monitoring programmes, for which the regulatory requirements are less formally
determined.

3.2.3. EBMs in regulations and guidance documents

The concept of using EBMs is not new and the usefulness of EBMs in a regulatory context has
been shown through their inclusion in various guidance documents and pieces of legislation.

I n the European food | egislation, EBMs (referre:
assess the level of dioxin contamination of food (589/2014/EG) 8. For the assessment of the
EBM-outcome, an action value is defined, and exceedance of this triggers a further chemical

analysis of the sample. The aim for the use of EBM in this context is to focus the effort involved

in chemical analysis on suspect samples. Therefore, an EBM has to lsow a false-compliant

rate below 5 % to be accepted as a screening method for dioxins in food. According to the
regulation a Alot is compliant i f the result of
with a false-compliant rate below 5 % indicates that the level does not exceed the respective

maxi mum | evel of PCDD/Fs and the sum of PCDD/ Fso¢c
the European market®.

The use of biomarkers in particular has a long tradition in some MS and Regional Seas
Conventions. Within the RSCs (OSPAR, HELCOM, UNERMAP and the Bucharest
convention) and the International Council for the Exploration of the Sea (ICES), several EBMs
have long been included in recommended or agreed monitoring programmes although most
are not considered mandatory methods for contracting parties. The OSPAR Coordinated
Environmental Monitoring Programme (CEMP) generates data that are used in the Joint
Assessment and Monitoring Programme (JAMP), and includes both mandatory (CEMP)
components and voluntary (pre-CEMP) components. The division is based on an assessment
of whether monitoring guidelines, quality assurance tools and/or assessment tools are
available. If at least one is missing, the component is included in the pre-CEMP components.
At the moment there is only one mandatory EBM (imposex) and it is combined with a chemical
analytical requirement (of sediment and/or biota) 1°whereas PAH and metal-specific effects
as well as general effects are included on a voluntary basi8 (OSPAR Agreement 201601).

8 European Commission. Commission Regulation (EC) No. 589/2014 of 2 June 2014 laying down methods of

sampling and analysis for the control of levels of dioxins, dioxin -like PCBs and non-dioxin -like PCBs in certain

foodstuffs and repealing Regulation (EU) No. 252/2012. OJ L 164 (2014).

9 However, Finland and Sweden have been granted exemptions to sell certain species of fish and from certain

regions (such as Baltic herring) in their territories or to each other regardless of the dioxin content, providing that

the consumers are fully informed about the potential health risks.

10 fAH4. Tr i but yspecifit biological TeBett3 and TBT in sediment or biota. Monitoring of TBT

concentrations in the marine environment in either sediments or biota should be carried out in parallel with

monitoringof TBT-speci fi c bi ol ogical effectsd (OSPAR decision).

11 H10 PAH asnpge arieftiad bi ol ogical effectso; fAH11 general biolo
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In the context of the Marine Strategy Framework Directive (MSFD) 12 EBMs are included as
supplementary criteria for descriptor 8 (voluntary basis) 13to assess good environmental status
(GES) under the second criterion for this descriptor (D8C2). In the abs ence of harmonised
guidelines, the application of D8C2 through collaboration at regional and subregional level
should include a list of habitats, species and tissue matrices established by MS according to
local conditions. As reported in the last submission according to the EU Water Reporting
Obligation (Directive 2008/56/EC), some of the MS evaluated biological effects in compliance
with the MSFD by using several biomarkers in different taxa of aguatic organisms and species
living in coastal areas, such asbirds. In the 2012 MSFD initial assessment, in total 29 different
biomarkers (Table 1) and onein vivo bioassay were mentioned, although most were only

reported by one or a few MS. However, imposex in gastropods was used by 10 MS in this
context.

12 Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a
framework for community action in the field of marine environmental policy.

BPlease note that in 2017, the initial COM decision on
environment al status of ma r i nes desisian,elre srideriow mauded enveifeste af . Wi t h
contaminants was changed from being mandatory to being supplementary but also rephrased. The previous

wording in COM Decision 2010/477/ EU (ALevels of pol l uti on
having regard to the selected biological processes and taxonomic groups where a cause/effect relationship habeen

established and needs to be monitoredodo) could suggest that
higher organisational leve | s shoul d be considered. In the new deci sion

under D8 are fAbroadero.
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Table 1. EBMs used by some MS for environmental monitoring in the context of the MSFD (from Niegowska et al.
2018).

Metallothionein (MT) content
Acetylcholinesterase (AChE) activity
Glutathione -S-transferase (GST) activity
Micronuclei (MN) formation

Mussels Lysosomal membrane stability (LMS)
Scope for growth (SfG)

Glutathione peroxidase (GPx) activity
Catalase (CAT) activity

Cell damage

Ethoxyresorufin -O-deethylase (EROD) activity
Fish disease index (FDI)

Levels of bile metabdite 1-hydroxyprene
Intersex

Formation of DNA adducts

Liver tumours

Liver pathologies

Blood vitellogenin (Vtg)

White blood cells alterations

Activities of detoxication enzymes
Gonad index

% deformed larvae

Fish

Chick mortality

Mass mortality

Birds Breeding success

Egg shell thickness

Contamination of eggs (coastal birds)

Embryos malformations (amphipods)

Other biota Imposex (gastropods)

EBMs are also mentioned in relation to the HP14 criterion for the assessment of hazardous
waste. The properties which render waste hazardous are laid down in Annex Il of Directive
2008/98/EC and are further specified by the Decision 2000/532/EC . Primarily the
assessment is based on the chemical composition of the waste. However, if the chemical
composition is unknown, EBMs, i.e. ecotoxicological tests, are applied.

EBMs have long been used to assess effluents (WEA, Whole Effluent Assessments) containing
complex mixtures. As an example, the German waste water ordinance defines wastewvater
specific threshold values for EBMs, i.e. mostly in vivo biological test systemssuch as the algae
test and fish embryo test (FET) for the discharge of waste water. In the Directive 2010/75/EU
on industrial emissions including Best Available Techniques (BAT), some BAT Reference
Documents (BREFs)“require the monitoring of emissions wi th EBMs.

EBMs can deliver valuable information about possible pressures caused by chemical
contamination that are not captured by chemical monitoring or ecological status assessments.
Nevertheless, EBMs are mentioned in several CIS documents, see Table Below.

14 See for exampleCommission Implementing Decision (EU) 2016/902 of 30 May 2016 establishing best available
techniques (BAT) conclusions, under Directive 2010/75/EU of the European Parliament and of the Council, for
common waste water and waste gas treatment/ management systems in the chemical sector.
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Table 2. CIS and related documents referring to the use of EBMs

Document

WFD/EQSD relevant
articles

EBM -related contents

CIS guidance 19

WEFD art. 8 and Annex | on
monitoring

EBM mentioned as
supplementary methods for
surface water quality
assessment

CIS guidance 25

WEFD art. 8 and Annex | on
monitoring. EQSD art. 3 on
biota and sediment

EBM mentioned for
sediment assessment

CIS guidance 27

WFD art. 16 and Annex V on
EQS derivation; EQSD art.
3.3. on option to use
sediment and biota for
status assessments

EBMs mentioned in Section
6.2. on sediment assessment
(tier 2)

Technical report on EBMs
(incl. Annex) (European
Commission 2014)

See above

EBM considered in detail
throughout

In the Technical report of 2014 (Wernersson et al), an overview of the use of EBMs in different
MS is included (see Section 2.2. in that report). Bioassays are used in individual MS to provide
decision support to prohibit the release of toxic substances into the environment (e.g. WEA
Whole Effluent Assessment in the permitting process and evaluation of dredged sediments

that are considered for sea disposal). They are also used within a broad screening of different

sources (such as sewage treatment plant eftients). Other applications include for example the
Dutch alarm system that directly triggers control measures (closing drinking water intakes).

3.2.4. Window of opportunity for EBMs
In 2016 the Water Directors endorsed the need for a new approach to the chemcal status

assessment explicitly stating that EBMs should be used to elaborate a holistic approach for the

evaluation of surface water quality (see discussion document presented under work item 2

during

t he

Wat er

Four basic principles were also suggested:

1. Instead of continuing with the list of individual PS, establish EQS at EU
level for several critical groups of substances, each group characterised by

a specific mode of action (or effect type)

Di rect o29dNdvember2l69n g i n

. The EQS would represent the

maximum acceptable total presence of substances with that particular mode of action

(or effect type). If the EQS were exceeded, MS would have to investigate the reason and

tackle the source(s) of the offending substance(s).

15 hitps://webcache.googleusercontent.com/search?g=cache:rwEFJRAqU90J: https://circabc.europa.eu/sd/a/ea75fblb -83fd-

4eae-8658-78cf5dblebc8/Final%2520synthesis%2520Bratislava%2520WD.docx+&cd=1&hl=it&ct=clnk&gl=it&client=safari

18

Brati

s |

ayv


https://webcache.googleusercontent.com/search?q=cache:rwEFJRAqU9oJ:https://circabc.europa.eu/sd/a/ea75fb1b-83fd-4eae-8658-78cf5db1ebc8/Final%2520synthesis%2520Bratislava%2520WD.docx+&cd=1&hl=it&ct=clnk&gl=it&client=safari
https://webcache.googleusercontent.com/search?q=cache:rwEFJRAqU9oJ:https://circabc.europa.eu/sd/a/ea75fb1b-83fd-4eae-8658-78cf5db1ebc8/Final%2520synthesis%2520Bratislava%2520WD.docx+&cd=1&hl=it&ct=clnk&gl=it&client=safari

2. Cont inue to require MS to identify pressures from other substances , I.e.
from those not covered by the group EQS or certain individual EQS. Support this
process with the EU Watch List , focusing on substances not already captured under
the groups. Ensure that MS use harmonised EQS  for these other substances,
developed at EU level. Monitoring would be risk based and proportionate, potentially
more cost-effective than the current model.

3. Asregards uPBTs |, all of which are currently priority hazardous substances (PHS),
the emphasis would be on achieving at least a stable level or preferably a
downward trend in environmental concentrations (including in biota and
sediment), and in parallel progressively ceasing or phasing out emissions, discharges
and losses.

4. Ensure that MS maintain/revise their inventories of emissions , covering
diffuse as well as point sources, so that they can properly carry out the pressures and
impacts analysis and identify appropriate measures. The Commission should be able
to use these nventories to assess the trends in emissions to water. A downward trend
in emissions could be taken into account in the assessment.

It was also concluded that HAapplying some aspec
development of new analytical and risk assessment tools that will need to be mature and
reliable enough to be taken up in routine pract.i

In the WG Chemicals mandate for 2016-2018 it was decided to continue the activity on Effect-
Based Methods (previously Effect-Based Tools). The folbwing activities should be included:
fEffect-based assays; links between chemical and ecological status; mixtures. Possible
follow -up of estrogen-screening project. Exchange of information on innovative techniques,
approaches and potential applicationinW FD cont ext 0.

Ailn the WFD review, a more holistic apif
mixtures of chemicals acting together (for example through the use of effect-based tools
in addition to group EQSs), could be considered, to provide a more acurate assessment

of risks and a more appropriate targ

(from discussion document endorsed by the Water Directors )
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4. ACTIVITY OF THE EBM SUB-GROUP

4.1. Terms of reference

A specific sub-group was established with representatives from nineMS, Switzerland and
several stakeholders. The subgroup elaborated the Terms of Reference (ToR) of the Activity
after a long discussion at the WG Chemicals and a consultation with the WG Eostat Group
the Marine Strategy Framework Directive WGs. The ToR were finalised in 2016.

The Main Objective of the activity of the group was to examine and further document the
possible implementation of EBMs for monitoring and assessment in the WFD conte xt,
alongside traditional chemical analysis, bearing in mind their possible application also under

the MSFD. It set out to build on all scientific evidence and practical knowledge available to
date, including the conclusions of the CMEP work (European Commission 2014 technical
report) and the estrogen monitoring project. The activity presented in the ToR was in line with

the Commission Communication on mixtures and with the objectives of the 7th Environment

Action Programme.

The ToR were based on a seriesf specific objectives:

1. lIdentification of chemical modes of action (MoAs) (e.g. estrogenicity, Ah receptor
binding, acetylcholinesterase inhibition, anti -cholinergic activity, photosynthetic
inhibition, mutagenicity, immunotoxicity), considered to be of relevance in or via the
aguatic environment for the protection of aquatic ecosystems and human health.

2. Perform an inventory of MoAs (if known) for currently regulated and/or monitored
compounds (in particular priority and other WFD Annex X substances, watc h-list
(WL) substances, and RBSP identified to be of concern).

3. Based on 1 and 2,identification and prioritisation of EBMs ( in vivo and in vitro )
available for the detection of the relevant MoAs, in the different matrices of the aquatic
environment. The prioritisation will consider the level of maturity of the methods,
including whether they are available for routine use, and their robustness and
reliability.

4. Development, where possible, of in vivo and in vitro effect-based trigger values,
signaling a risk to or via the aquatic environment (including risks to human health
from chronic exposure via consumption of drinking water or fishery products if
possible), with the aim of making effect-based methods applicable (alongside chemical
tools) in WFD chemical monitoring and assessment.

5. Based on objectives 3 and 4, selection of relevant EBMsif vitro and in vivo) that can
be used alongside chemical methods for the evaluation of complex mixtures occurring
in the different types of aquatic environments (e.g. freshwaters, coastal waters), and
aiming at being able to identify significant pressures and water bodies at elevated risk
(i.e. support the WFD assessment of pressures and impacts). This will include
consideration of the comparability of the results given by the different methods, and
as far as possible the definition of quality control criteria for these tools in the context
of the WFD, on the lines of the criteria defined by the QA/QC Directive.

6. Evaluation of ecological methods that can be used to address ao chemical pollution,
including metagenomics approaches.
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7. ldentification of a list of EBMs to be considered for Marine Strategy Framework
Directive application according to D8 criterion 8.2.1 (of Decision 2010/477/EU)
and/or considered within the WFD, taki ng also harmonisation between the WFD and
MSFD into account.

8. Assess the availability and suitability of investigative approaches for identifying the
underlying causes contributing to the overall risks, to identify sources of emissions and
facilitate measures.

9. Assess the practical feasibility and cost effectiveness of implementing at EUscale
possible strategies using EBMs, to better take into account mixture risk assessment
and mixture risk management under the WFD for relevant MoAs, as far as possible
ensuring consistency with other legislation. In particular, this will include a
comparison of the advantages/drawbacks of using effectbased tools alongside
chemical tools, compared with using only chemical methods as in the current approach
to chemicals under the WFD.

4.2. Meetings of the EBM activity

In total three meetings were organised (Rome, Prague, Ispra®) and every step of the activity
was reported to WG Chemicals.

16 WEBLINK to meeting folders
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5. DELIVERABLES

Below, the main deliverables for objectives 18 are briefly described. For some of the
objectives, more details are provided in annexes and cited literature.

The methods described in the report are categorised into three main groups and in line with
the categorisation made in the Technical Report (European Commission 2014):

- Bioassays,n vitro andinvivo, which measure the toxicity of environmental samples under
defined laboratory conditions, on cellular or individual (organism) levels, respectively;

- Biomarkers, i.e. biological responses at the cellular or individual (organism) levels,
measured in field exposed organisms;

- Ecological indicators, measuring changes observed at higher biological organisation levels,
i.e. the population and/or community.

Bi omarkers are in turn often divided into’”those
in the sense that the response (endpoint) typically can be linked to negative health effects,
whereas some biomarkers ar e c atéenghe sense thattheys fexp
are measuring the presence of a compound or its metabolites and interactions with receptors.

Some general pros and cons of these three main categories and subcategories are also
described in the Technical Report (European Commission 2014).

Moreover, two publications on conclusions regarding Estrogen Monitoring (see Section 4.1) of
European surface and waste water were provided in collaboration with WG Chemicals and as
a follow up of CMEP and Science to Policy Initiative (SPI) activity (Kase et al. 2018 and
Kénemann et al. 2018) showing the feasibility of EBM in comparison with current chemical
analytical methods.

17 Imposex is for example considered to be an effect biomarker of very high ecological relevance since the effects
observed are related to reproduction and measured on a high organisational level (tissue/organism). Extensive
effects have been observed in the field related to population decline. Another effect biomarker that can be
considered to be of very high ecological relevance is reproductive success in eelpout, because it is related to
reproduction and measured at a high organisational level, and field effects have been observed in locally impacted
areas.

18 Metallothionein (MT) induction can on the other hand be considere d to be an exposure biomarker of
low/moderate ecological relevance, because it is involved in the regulation of the intracellular concentrations of
essential and non-essential metals, and MTs provide protection against oxidative stress. Thus, if there is aresponse
it is not straightforward to link it to a negative health impact.
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5.1. Mode of Action (objectives 1 and 2)

Objectives 1 and 2 of the ToR

Objective 1: Identification of chemical modes of action (MoAs) (e.g. estrogenicity, Ah
receptor binding, acetylcholinesterase inhibition, anti -cholinergic activity, photosynthetic
inhibition, mutagenicity, immunotoxicity), considered to be of relevance in or via the

aquatic environment for the protec tion of aquatic ecosystems and human health.

Objective 2: Perform an inventory of MoAs (if known) for currently regulated and/or
monitored compounds (in particular priority and other WFD Annex X substances, WL
substances, and RBSP identified to be of concm).

Objective 1 of the current activity was to identify MoAs that are of highest relevance in or via

the aquatic environment, with respect to risk to the environment or human health. The PS

were identified because of their relevance from the same perspectiveThus, the MoAs of these
substances were to be investigated also through objective 2. A good understanding of the MoAs

of the PS and other identified substances of
themd according t o gplefnintheaBratisMeaAccumers ated alpove). n ¢ i

The term MoA refers within the Adverse Outcome Pathway (AOP) strategy to the specific
mechanism by which the chemical compounds present in water produce their adverse effects
on aguatic organisms. The MoA is the process initiated by the interaction of the toxicant with
the organisms, for example with a receptor, which progresses through molecular, biochemical,
physiological and/or anatomical changes in the organism to result in sub -lethal and lethal
effects (Figure 2).

CHEMICAL

MACRO-MOLECULAR CELLULAR ORGAN ORGANISM POPULATION
COMPOUND INTERACTIONS RESPONSES RESPONSES RESPONSES RESPONSES

Receptor/ligand Gene Altered Lethality Structure
interaction activation physiology ) o
Impaired Extinction

DNA binding Protein Disrupted development
production homeostasis .
Protein oxidation Impaired
Altered Altered tissue reproduction
signaling development/
function

Figure 2. Schematic representation of the MoA, the process through which a chemical compound exerts its adverse
effects. Adapted from OECD (http://www.oecd.org/chemicalsafety/testing/adverse -outcome-pathways-
molecular-screening-and-toxicogenomics.htm)

In the aquatic environment, many substances from different sources co-occur as chemical
mixtures. Even though most of them are present at very low concentrations, their combined
action can cause adverse effects on the aquatic organisms (e.g. Carvalho et al 2014). The joint
action of chemicals could result in a potentially unlimited number of additive, synergistic or
antagonistic combinations. It is impossible to perform ecotoxicity tests to establish EQS for
each potential mixture. Therefore, a robust approach for prospective environmental risk
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assessment of chemical mixtures is heeded.To gain greater insight into the risks posed by
environmental contaminants and their mixtures it is beneficial to understand their MoA.

The WFD-specific measures for pollution control are based on the regulation of single
substances but do not cover all the substances which are possibly relevant. To assess the
chemical status of the water bodies the individual EQS are considered as safety limits, however
the combined action of co-occurring compounds (chemical mixtures) is not taken into
account. Chemicals can exert independent, additive, synergistic or antagonistic effects (Beyer
et al. 2014). Additive and synergistic effects would lead to an increased toxicological effect. A
better understanding of the MoA and potential interactions of chemicals is crucial for water
guality assessments.According to the three EC Scientific Committees (SCHER, SCENIHR and
SCCS}¥, a MoA is a plausible hypothesis about measurable key events by which a chemical
exerts its biological effects. The MoA is already applied in computational models for the
prediction of the toxicity of mixtures (Raies et al. 2016). Identification of the MoA can lead to
an understanding of the molecular target (e.g. biological receptor) of a chemical and
extrapolation to anticipated effects or biological responses. In this context, EBMs offer the
possibility to monitor the overall response from multiple chemicals in environmental samples
and estimate their impact on different levels of biol ogical organisation. For this reason, they
have been proposed to complement the chemical analytical methods to provide a more holistic
approach to assessing chemical status.

The 2018 JRC technical report on MoA2 provides an overview of the MoA of the PS n the
WFD and other substances of concern (from the first WL and the current exercise to prioritise
candidates for the PS list). The purpose of that report was to present an overview of the MoAs
reported in ecotoxicological studies. In the report, the substances of interest are grouped into
categories based on their chemical structure and common use, e.g. herbicides, PAHSs,
insecticides; as well as common MoA and toxicological endpoints, e.g. photosynthesis
inhibition, endocrine disruption, oxidative stress. Furthermore, the available EBMs linked to
the MoA are identified. However, it is not possible to identify single EBMs that account for all
the relevant effects (including effects on different organisms) of each PS, alone or in
combination. Furthermore, ce rtain factors (e.g. toxicokinetics and toxicodynamics) other than
the aqueous concentration may influence the toxicity of the substances, therefore even where
an in vitro bioassay result might be expected to correlate with the results of field
measurements, there may not be an exact correlation (see Section 5.2.3.).

19 SCHER (Scientific Committee on Health and Environmental Risks), SCENIHR (Scientific Committee on
Emerging and Newly Identified Health Risks) and SCCS (Scientific Committee on Consumer Safety). 2012. Toxicity
and assessment of chemical mixtures.

20 Napierska D et al. 2018. Modes of action of the current Priority Substances list under the Water Framework
Directive and other substances of interest. JRC Technical Reports JRC110117. Office for official Publications of the
European Communities.
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Common MoA/effects identified in the JRC technical report on MoA:
A Photosynthesis inhibition

A Endocrine disruption

A Oxidative stress

A Activation of metabolising/detoxifying pathways

A Genotoxicity

A Histopathology

A Stress proteins

AUnique pathway toxicity (e.g. acetylcholiesterase inhibition, imposex, presence of
metallothioneins)

To predict the toxicity of a chemical mixture, data on the MoA of each component of the
chemical mixture is required. However, for some classes of chemicals, such as the
neonicotinoid and pyrethroid insecticides, whose MoA is well -characterised in their target
organisms, there is limited information regarding the mechanism that causes toxicity in non -
target organisms including aquatic species.

Therefore, the choice of EBMs to detect (specifically) the presence of those substances in the
monitored water remains a challenge and further investigation is needed to elucidate the
mechanisms behind the toxicity of these compounds.
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Figure 3. Venn diagrams representing common MoA and endpoints of PS and other substances of interest. Adapted
from the JRC technical report on MoA 2%,

21 Napierska D et d. 2018. Modes of action of the current Priority Substances list under the Water Framework
Directive and other substances of interest. JRC Technical Reports JRC110117. Office for official Publications of the
European Communities.
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JRC technical report on MoA - conclusions
APS grouped by their common MoA/effect
AMoA linked to available EBMs

A Further investigation needed to understand the MoA of some groups of chemicals (e.g.
neonicotinoids, pyrethroids)

A Chemicals acting through the same MoA can exert additive effects

AEBMs suitable for monitoring mixture toxicity

A A battery of EBMs is proposed to reduce chemical analysis in water quality assessment
A Standardisation and interlaboratory trial needed before EBM implementation in WFD

A battery of MoA-based assays is proposed in the JRC technical report to assess the chemical
status of water environments more holistically (rather than with a limited but ever -growing
list of individual EQS), and to try to overcome analytical difficulties and reduce monitoring
costs. For this purpose, a more systematic approach should be developed in ater to define
which panel of assays might be of greatest use for the specific circumstances (e.g. for the
combination of substances that might be found). Furthermore, an interlaboratory exercise for
harmonisation and validation will be required to ensure ¢ omparability among bioassays
focused on the same MoA.

5.2. Inventory and selection of EBMs (objective 3, 5 and 7)

To assess which EBMs are now available and sufficiently developed to be applied on a more
regular basis, an inventory of such methods was compiled, focusing on available biomarkers,
in vitro and in vivo assays.

Furthermore, for each method, three main aspects were investigated:

1. WFD/MSFD relevance
2. Availability of Standard Operating Procedures (SOPs)

3. Possibilities to evaluate the data (availability of assessment criteria, further described
also in Section 5.3.)
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Objective 3, 5 and 7 of the ToR

Objective 3: Based on 1 and 2jdentification and prioritisation of effect -based methods
(in vivo and in vitro ) available for the detection of the relevant MoAs, in the different

matrices of the aquatic environment. The prioritisation will consider the level of mat urity

of the methods, including whether they are available for routine use, and their robustness
and reliability.

Objective 5: Based on objectives 3 and 4, selection of relevant effeebased methods (n
vitro and in vivo) that can be used alongsidechemical methods for the evaluation of
complex mixtures occurring in the different types of aquatic environments (e.qg.
freshwaters, coastal waters), and aiming at being able to identify significant pressures and
water bodies at elevated risk (i.e. supportthe WFD assessment of pressures and impacts).
This will include consideration of the comparability of the results given by the different
methods, and as far as possible the definition of quality control criteria for these tools in
the context of the WFD, on the lines of the criteria defined by the QA/QC Directive.

Objective 7: Identification of a list of effect -based methods to be considered for Marine
Strategy Framework Directive application according to D8 criterion 8.2.1 (of Decision

2010/477/EU) and/or considered within the WFD, taking also harmonisation between

the WFD and MSFD into account.

Information on several EBMs was collected when establishing fact sheets in the Technical
Report (European Commission 2014). Within this task, additional informati on on those EBMs

was collected and participants were invited to add other methods into an Excel-sheet and also
check whether the information already included was correct. EBMs that would be expected to

respond to specific compounds or compounds with a common MoA, several MoAs or unknown

MoAs and cumulative stress from several stressors, not only toxic substances, were included
in the inventory.

Al t hough emphasis has been made to include fAas
it should be pointed out that the inventory should not be considered a comprehensive list of

available EBMs. Furthermore, not all methods included (in the Annex Il to this report) are to

be considered fArecommendedod. The inventory shou
EBMs that have been considered within the activity. It should also be pointed out that for

several of the EBMs in the inventory, the necessary information to fully assess their robustness

was not available or found i probably in part due to the time constrai nts on the activity. In
addition, whether a certain EBM can be consi der ¢
on the intended use (see AWFD applicationsd bel o

MoAs that are covered by the EBMs in the inventory

In total 138 EBMs were finally inc luded, of which 57 could be categorised asn vitro assays,
37 asin vivo assays and 34 as biomarkers. The inventory collected so far does not claim to be
complete and would have to be further developed.

Objective 3 of the ToR is tightly linked with object ives 1 and 2. A summary of EBM availability
according to the MoA of each PS is found in Annex | to this report, and a detailed list
(inventory) of the EBMs available is presented in Annex I, taking account in particular of their
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relevance to the content o Annex |I. However, please note that the EBMs in the inventory
(numbered list in Annex II) might cover also additional MoAs or be categorised somewhat
differently from the MoAs identified in Annex |, and that the examples of substance (groups)
the biomarkers can cover, mentioned in Annex Il table 1.1, is not exhaustive.

For the EBMs in the inventory, the fendpointo i:
Annex Il to this report. It should be noted that in a toxicological assessment, an endpoint is

meant as an observed or measured outcome to indicate or reflect the effect of contaminants

on organisms. There is therefore a strong link between the endpoint used and the MoA

examined. However different MoAs can result in a common adverse outcome, particularly if it

concerns a general endpoint, such as lethality or growth, that could be the result of substances

with different MoAs acting together. Furthermore, some of the EBMs included (in particular,

in vivo bioassays and some general biomarkers) are abléo detect general effects from complex

mixtures.

Together the EBMs collected so far cover the following MoAs and type of effects:

1 Endocrine disruption of sex hormones (of relevance for e.g. reproduction):

- Activation and antagonistic activity of the estrogen receptor (ER) in vitro

- Neurosteroids in vivo

- Vitellogenin induction ( in vivo and as biomarker)

- Spiggin induction (as biomarker)

- Activation and antagonistic activity of androgen receptor (AR) in vitro

- Activation and antagonistic activity of progestogenic receptor (PR) in vitro
- Imposex (tissue level, as biomarker)

- Intersex (tissue level, as biomarker)

1 Endocrine disruption of glucocorticoids (of relevance to e.g. development, metabolism,
immune system):

- Activation and antagonistic activity of the glucocorticoid receptor (GR)

9 Endocrine disruption of thyroid hormones (of relevance to development, growth, and
metabolism of all vertebrates, major role in neurogenesis and brain function )

- Binding assay to thyroid receptor (TR)
- Activation and antagonistic activity of the thyroid receptor (TR)

1 Genotoxicity and mutagenicity

- DNA strand breaks (in vitro )

- Reporter gene expression (+S9) {n vitro )

Mutagenicity (point mutation, clastogenic effect)

DNA damage (Comet assay)(in vivo at early life stage and as biomarker)
Gene transcriptions

1 Immune response

- KappaB (in vitro )
- Fish disease (biomarker)

9 Activation of metabolic enzymes

- Activation of the peroxisome proliferator -act i vat ed r ecieytropr (PPARA
- Activation of h uman pregnane x receptor (PXR) (in vitro )

i Oxidative stress

- Reactive oxygen species (ROSn vitro )
- Stress proteins (biomarker)
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- Protein carbonylation (biomarker)
- Gene transcriptions

Internal regulation

- Metallothionein (MT) induction (biomarker)

- Ah receptor activation (of relevance to e.g. detoxification) (as in vitro and in vivo
and biomarker - EROD)

- PAH metabolites (biomarker)

- Gene transcriptions (biomarker)

- P-glycoprotein efflux (P -gp) (biomarker)

Hemoglobin synthesis

- Delta-aminolevulinic acid dehydratase (ALA-D) (biomarker)
Lysosomal membrane stability (biomarker)

Inhibition of photosynthesis

- PSll-inhibition (algae, higher plants) ( in vitro /in vivo)
Neurotoxicity

- Acetylcholinesterase (AChE) inhibition (overstimulation of neuromuscular
junctions) (in vivo and as biomarker)

Cytotoxicity (cell death)

- Infish cell lines (in vitro )

- In algae (inhibition of photosynthesis and loss in biomass/growth, invivo but single
cell organisms)

- In bacteria (inhibition of bioluminescense, in vivo but single cell organisms)

- Lipid peroxidation (biomarker)

Embryotoxicity ( in vivo)
Spermiotoxicity (in vivo)
Development (in vivo)

- Molting
- Growth
- Larval development

Histopathological changes

- Fish Liver histopathology (LH) and liver macroscopic neoplasms (MLN)
(biomarkers)
- Mussels (gametogenesis, digestive gland and tube, biomarkers)

Malformation ( in vivo)

- Embryo of amphipods, fish (in vivo and biomarkers)
- Benthic diatoms (biomarker)
- Mentum deformations in chironomids (biomarker)

Behaviour (in vivo)

- Immobilisati on

- Swimming behaviour
- Photomotor response
- Feeding inhibition

Reproduction (in vivo)
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Invertebrates

Fish (also in viviparous organism, eelpout, as biomarker)
Pregnancy rate in marine mammals (biomarker/ecological level)
Egg shell thinning in predatory birds (biomarker)

1 Lethality

- Invivo assays on several trophic levels such as fish (early life stage), invertebrates
(also benthic) and aquatic plants

- Biomarker in mussels (aerial survival)

- Survival of offspring (mammals and predatory birds, biomarker/ecological level)

WFD and MSFD applications

Besides collecting additional information about the individual methods available, another

starting point to the selection process was to identify different WFD - (and MSFD-) relevant
fuseful oappl odatEBMs and explore whet her EBMs ar
needs. However, to be able to conclude on this,
identified.

The most obvious and important use of EBMs, already mentioned in the introduct ion, would

be to cover also other substances that are today not monitored or assessed and to take mixture
effects into account (see also introduction). Th
of A(toxicological) st aptan6) dut glsb toridentify waterdbbdées us s e d
that are subject to significant pressures (see Section 5.5.).

The need to 1) assess effects from complex mixtures (of unknown composition) and perhaps
even cumulative effects when combined with other stress factors can be distinguished from
the need to 2) specifically take mixture effects from substances sharing the same MoA (such
as estrogenicity) into account.

EBMs that 3) can be specifically used under the MSFD as indicators for e.g. D8, and those 4)
available to assess sediment quality, should also be highlighted.

Applications 1-4 are the main WFD related purposes investigated for individual EBMs.

However, it was also assessed whether there would be cases where a particular EBM 5) could

be used asiaafbmeahatgyt comparable to chemical a
status of already regulated compounds, in particular at a screening level. Other potentially

useful applications were identified and are discussed below.

One aspect that was investigaed was whether EBMs exist that 6) could be used to assess metal
bioavailability in cases where BLM modeling is problematic due to e.g. highly deviating water
chemistry compared to the validation ranges of the BLM models. EBMs were specifically
mentioned in a document developed to facilitate the implementation of BLMs in cases where
conditions are outside the applicability range of the BLMs and user-friendly tools (WCA 2014).
Please note also that bioavailability models (BLMs) are not available for all chemicals in all
environments. In such cases, the use of EBMs may provide a better assessment of
environmental status.

Another potential use that was discussed in the activity was whetherEBMs exist that 7) could
be used to assess status where metal EQSs canndie readily used because of high natural
background concentrations (background>EQS), situations that could occur in mineralised

30



areas. To assess whether EBMs exist that could be used for application 6 or 7, a separate

investigation was performed by Brix (20 18)?2.

Finally, the usefulness of particular methods or groups of methods to 8) assess the quality of
drinking water and to 9) assess the quality of effluents or leachates is briefly described.

Bel ow, the identified nAavail abled EBMs are

(for use in any of the applications 1-9) is assessed. For more or less all of the above applications
one aspect to consider in the further assessment of whether garticular EBM is fit for purpose

is whether it can be used to assess effects relevant in a WFD and/or MSFD context. Their level
of maturity (based on an assessment of availability of routine use, robustness, reliability i see
ToR objective 3) was also comidered. This assessment was performed for the three main EBM
groups respectively (see sections onn vitro assays,in vivo assays and biomarkers below).For
ecological indicators, see objective 6.

In Annex V , an example of a battery ofin vivo and in vitro bioassays, according to the results
of the European Union Framework Programme Project SOLUTIONS, and the Norman
Network activity, is described.

Applications investigated for individual EBMs within the three groups ( in
vitro , invivo and biomarkers)

1. Cover complex mixtures (of unknown composition) and perhaps even cumulative ¢
when combined with other stress factdr$o assess status and/or identify significs
pressures

. Cover mixture effects from substances sharing the samei MoAssess stat and/or
identify significant pressures

. Identify relevant MSFD indicators

. Assess sediment quality

. Bioanalytical methods to assess status of regulated substances

. Assess metal bioavailability when water chemistry outside validation range

. Assess status wheehigh natural metal concentrations (>EQS)

. Assess quality of drinking water

. Assess quality of effluents or leachates

N

O©oOoO~NO 01~ Ww

Standard Operating Procedures and Performance criteria for EBMs

For the chemical approach, clear quality control mechanisms are in place. The QA/QC
Directive (2009/90/EC) #st at es t hat e. g. al |l met hods,
monitoring programmes carried out under Directive 2000/60/EC are validated and
documented in accordance with EN ISO/IEC-17025 standard or other equivalent sandards
accepted at international Il evelo (Art 3).

For EBMs the applicability of such a requirement is also justified. Several individual EBMs, in
particular the in vivo assays (largely stemming from protocols developed in chemicals testing)

22 The following effects and corresponding EBMs were investigated: ion homeostatis, oxidative stress, lysosomal
stability, DNA damage, deformities (in chironomids, diatoms and amphibians), invivo assays (algae, invertebrates,
fish), Cytochrome P450, AChE, Urease, bacterial reporterassay, ALAD, MT, eDNA barcoding.

23 Commission Directive 2009/90/EC of 31 July 2009 laying down, pursuant to Directive 2000/60/EC of the
European Parliament and of the Council, technical specifications for chemical analysis and monitoring of water
status.
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but also somein vitro assays, are indeed rapidly advancing in this context. For biomarkers
however, such SOPs may be developed in another framework than the regular international

standardisation context, see section 5.2.1. below.

Furthermore, the EBM performing labor atories should participate in proficiency testing

programmes, see also Art 6 of the QA/QC directive (see text box below). This is further

discussed in the following sections.

Art. 6 of the QA/QC Directive

1. Member States shall ensure that laboratories or parties contracted by laboratories apply quality mar
system practices in accordance with EN ISOAER25 or other equivalent standards accepted at internat
level.

2. Member States shall ensuthat laboratories or parties contracted by laboratories demonstrate
competences in analysing relevant physibemical or chemical measurands by: (a) participation
proficiency testing programmes covering the methods of analysis referred tticie Brof this Directive of
measurands at levels of concentrations that are representative of chemical monitoring programmes c
under Directive 2000/60/EC, and (b) analysis of available reference materials that are represent
collected samles which contain appropriate levels of concentrations in relation to relevant environr
quality standards referred to in Article 4(1).

3. The proficiency testing programmes referred to in paragraph 2(a) shall be organised by ac
organisationsr internationally or nationally recognised organisations which meet the requirements of IS

guide 431 or of other equivalent standards accepted at international level. The results of participation
programmes shall be evaluated on the bafdise scoring systems set out in ISO/IEC guidel48 in the ISG
13528 standard or in other equivalent standards accepted at international level.

The QA/ QC directive (Art 4.1.) also states
performance criteria for all methods of analysis applied are based on an uncertainty of

measurement of 50 % or below (k=2) estimated at the level of relevant environmental quality
standards and a limit of quantification equal or below a value of 30 % of the relevant
envi ronmental quality standardso.

Such a requirement would only be possible to apply and evaluate for those EBMs for which

t hat

assessment criteria are in place, correspondi ng

mentioned (further discussed in Section 5.3.) . However, Art 4. 2.

absence of relevant environmental quality standard for a given parameter, or in the absence

of method of analysis meeting the minimum performance criteria set out in paragraph 1,
Member States shall ensure thatmonitoring is carried out using best available techniques not

stat e

entailing excessive costs. o0 Thus, for those EBMs

would be justified to use at least the best available techniques, taking costs into account.

5.2.1. Biomarker inventory
Applications investigated

Biomarkers have been applied for a long time in regular monitoring programmes, especially
within the marine environment. Such programmes have had different purposes but one major

reason is for them to act as eary warning signals and to detect effects from complex mixtures

and non-monitored substances. Thus, for biomarkers the primary applications investigated

for individual methods are the first three applications T to assess unknown substances and to
take mixtures into account, and to consider relevance in the MSFD context. However, also

sediment quality could be relevant, for biomarkers analysing effects occurring in organisms
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exposed to sediment. There are also examples of biomarkers that are more or less suiance
specific. Thus, for the individual biomarkers in the inventory, applications 1 -7 were
investigated, see box below.

Applications investigated for individual biomarkers in the inventory

1. Cover complex mixtures (of unknown composition) and perkapa cumulative
effects when combined with other stress factais assess status and/or identify
significant pressure

. Cover mixture effects from substances sharing the saméd Moassess status and/or
identify significant pressure

. Identify relevant MSFDndicators

. Assess sediment quality

. Bioanalytical methods to assess status of regulated substances

. Assess metal bioavailability when water chemistry outside validation range

. Assess status where high natural metal concentrations (>EQS)

N

~NOoO orTh W

Since drinking water investigations (application 8) are exclusively related to the protection of

human health, biomarkers are not suitable because they monitor responses in field-collected
organisms that are not only exposed differently but which might als o have different receptors
etc.

Biomarkers, being analysed on field-collected organisms, can also not easily be used to assess
effluents or leachates (application 9). Nevertheless, if triggered by a particular biomarker
response t he iowtrooe Spvivoidd immegt hfiod coul d be used to
(further described in Section 5.4).

I s the biomarkerelheaadysi gf fisvEDs 0 7?

Overall, most biomarkers included in the inventory can in one way or another be considered

tobeof WFDrelew ance but some can be i-ateme@d emamneém an dne
even in absolute terms (if assessment criteria are available today or in the near future). The

identification of such biomarkers is the main focus of this section. Other biomarkers w ill most

likely be easier to interpret in a weighti of-evidence manner. This will be further developed in

Section 5.3.

To assess the WFD relevance of individual biomarkers, two different approaches were chosen.
The first approach was to assess whether theesponse in itself can be linked to adverse health
impacts on the organism. The ecological relevance of each of the biomarkers included in the
inventory was therefore assessed based on exposure, type of effect measured and level of
biological organisation (subcellular-cellular-tissue-organism levels), see last column of table
I.1.

As was previously described, the EQSs for individual substances are based on an assessment

of concentrations that cannot be exceedthede t o ach
are the protection of pelagic organisms (fish, algae, aquatic plants) and benthic organisms

respectively. These two protection objectives were considered the most relevant to assess for

biomarkers.
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In the calculation of EQSs, data from laboratory toxicity tests are normally used. In CIS
Guidance Document No. 27 there is an indicative list of endpoints that could be considered in
the derivation:

growth (weight, length, growth rate, biomass)
number (cells, population)

mortality

immobilisation

reproduction

hatching (rate, time, percentage)

sex ratio

development (egg, embryo, life stage)
malformations (teratogenicity)

proliferation (cells)

filtration rate

carbon uptake (algae)

reburial (of e.g. certain crustacean species).

=4 =4 =8 -8 -8 8888 a8 oa

This list can serve also as an indication of the type of endpoints that can be considered highly
relevant for biomarkers.

Several biomarkers are used to monitor effects that are of high ecological relevance. Such
biomarkers could therefore be consideredval uabl e to assess fistatuso.
are Agener al bi omar kerso. Being Aigeneral 6 means
observed effects to a particular substance or sometimes even a group of substances sharing a

common MoA. However, this can also be considered their strength, in the sense that they can

be used to assess effects from many interacting substances, and cumulative effects, in some

cases the result of other types of stress.

Other biomarkers are used to monitor relevant effects but at lower levels of biological
organisation (subcellular levels) than those that are normally used as endpoints in the
calculation of EQSs. Such endpoints include e.g. blood or plasma protein levels,
histopathological endpoints, organ weights (e.g. hepatosomatic index, gonadosomatic index),
MRNA induction. For such biomarkers, the link to negative health impacts can sometimes be
more difficult to assess. However, if there is a correlation or causal relationship with
population sustainability estab lished also these endpoints could be of relevance. Furthermore,
exposure biomarkers can often have higher sensitivity and, as a consequence, more subtle
effects (early warning levels) can be detected.

In the assessment of relevance of the biomarkers in tie inventory, as long as the MoA was
considered important and the response likely linked to adverse impacts on health (at least on
a tissue |l evel) the biomarker was ranked as bein

In a few cases biomarkers that can beused to assess secondary poisoning were also identified.

This is clearly also considered relevant from a WFD perspective, since protection against

secondary poisoning is also considered in the derivation of EQS for accumulating substances.

However, the effects are studied in birds and mammals rather than pelagic organisms (fish)

and these types of fibiotad are not sampled in th
the assessment would be difficult to make at such fine resolution as an individual water body.

These biomarkers are therefore most likely of MSFD rather than WFD relevance.

Furthermore, one would expect the chemical approach to assess secondary poisoning under

the WFD to provide warning of risk at an earlier stage than would biomarkers refl ecting

secondary poisoning.

34



Is the biomarker analysing WFD -relevant substances?

The other approach to assess the WFD relevance is whether the biomarker is likely to respond

to substances or substance groups that are already considered to be of WFD/MSFD relevance.

Annex VIII of the WFD lists several classes of compounds that should in particular be

considered in the WFD context. On line four, the following group of substances is specifically

menti oned: ASubstances and preparations, or the
been proved to possess carcinogenic or mutagenic propertiesor properties which may affect
steroidogenic, thyroid, reproduction or other endocrine - related functions in or via the aquatic
environment. o

Some biomarkers can be considered Aspecificd in
particular MoA and can thus be used to monitor some of the above substanced but as the

combined response to all substances in the mixture. Such biomarkers are often called specific.

They can either be linked to one or a few individual substances (such as TBT in the case of

imposex) or a particular MoA (such as those of mutagenic or estrogenic substances). The

specificity of the biomarkers in the inventory is described in Table 11.1.

Regulatory implementation aspects for biomarkers

Table 11.3. lists, for the biomarkers includ ed in the inventory, available information on costs

for analysis, availability of commercial laboratories performing the tests and whether the

biomarker has been already included in regular monitoring programmes, and whether there

are established assessmen criteria and SOPs (such as international standards but also
guidance documents or frequently used scientific publications).

The main robustness check was to investigate whether SOPs are available. One type of SOP
available for biomarkers are publications i n ICEShTechriques in Marine Environmental
Sciences ( TIPRPVMEBE&SS docusiants previele details on methods and procedures
relating to chemical and biological measurements in the marine environment. Most of the
techniques described have been skected on the basis of performance in ICES or other
international intercalibration exercises.

Another important aspect that needs to be considered is whether the results can easily be

evaluated. For chemical status assessments, analysed concentrations & compared to EQSs.

The procedure to derive the EQSs is described in detail in CIS Guidance Document No. 27. For

biomarkers, no such strict procedures, applicable to all biomarkers, have to our knowledge

been developed, and for some biomarkers anotherappp ach t han setting Afi xe
be more appropriate. This is discussed further in Section 5.3. However, in Table 11.3. any

known established assessment criteria are included.

Please be aware that the information in Table 1.2. and 11.3. is not alw ays complete or
necessarily relevant to every MS. If the information indicates that commercial laboratories are
available, this means that at least one commercial provider is available in at least one MS.
Costs are only roughly estimated according to the bllowing categorisation: low <200 Euro;
moderate: 200-500; high 500 -1000 Euro per sample/assessment.

Costs related to sampling are normally not included but only the costs of the actual analyses.
Nevertheless, it should be noted that the costs for analyse can vary between laboratories. In

24 http://www.ices.dk/publications/our  -publications/Pages/ -ICES-Techniques-in-Marine -Environmental -
Sciences.aspx
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some casescommercial providers_are already available (also indicated), whereas some EBMs
have so far been implemented primarily by research institutions.

Information about whether a particular EBM is already included i n a regular monitoring
programme also indicates the availability of laboratories (also other than commercial) able to
perform the analysis and of expertise to aid in further interpretation etc. Information
indicating which biomarkers are already used for such regular monitoring is also provided in
table 11.3.

Practical and strategic aspects

Since biota are being sampled and investigated, a major advantage of using a selected set of
biomarkers alongside chemical and biological monitoring is that it is possible to establish an
integrated monitoring approach, in the sense that the same samples can be used to assess:

9 Concentrations of contaminants in the tissues

- To assess status
- To assess trends

9 Effects on individual and suborganism levels
9 Effects on the population level (such as fish catch)?®

OSPAR/ICES developed a guidance document on this topic and this is further described in the
technical report (European Commission 2014).

An integrated approach thus has many advantages. A large part of the costs inelved in
analysing biota is related to the sampling. By combining traditional biota monitoring with
EBM analyses and monitoring to assess population level effects, a coseffective monitoring
approach can be used in the sense that the sampling frequency cabe lower (sampling is done
for several purposes at the same time). Also, the data interpretation can be facilitated and
based on an integrated approach. Minimising the sampling of organisms (vertebrates) is also
positive from an animal welfare perspective.

However, there are some prerequisites and aspects to be particularly aware of in the planning
stage of an integrated monitoring approach. First, the amount of sampled material/number of
individuals needs to be sufficient for all the analyses to be performed. Whenever this
information was available, the amount of sample needed for a particular EBM is included in
the summary table on biomarkers in Annex Il to the report. Another practical aspect to
consider is whether sampling, depending on the scope, stould be performed at a particular
time of the year. This is related to the variability of the parameter, such as seasonal patterns
(related to e.g. reproduction season). Such aspects are also included in the summary table I1.2.

For some EBMs, it is posdble to store samples for later analysis. This greatly facilitates an
integrated approach, in the sense that the necessary expertise and equipment is not required
at the point of sampling. As with chemical analyses, some sample preparation might be
needed, but the main analysis may still be performed upon arrival at the laboratory or even
after longer storage. This information is also included in Table II.2.

Whereas practical aspects, such as amount needed, storage possibilities and seasonal aspects
for sampling biota to analyse biomarkers in the inventory are tabulated in Annex Il these
aspects are not taken into account in the next stepi identifying which methods are robust

25 Please note that we here do not necessarily refer to current BQEs but rather investigations of general species
composition and abundance.
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enough to be considered being used on a regular basis in a regulatory (WFD and/orMSFD)
context. However, such aspects can also have implications for the potential to limit the
sampling efforts and indirectly the costs.

Biomarker prioritisation for different WFD/MSFD applications

No strict Afeval uati on cr itytoeSOPsand tietrdiegance bfihen t h e
bi omar ker were used to Aprioritisedo (ToR objecti

The individual bi omarkers that were considered t
checkso ar e f underiSection 8.2 and propbsedito he considered under the

WFD and/or MSFD umbrellas to also take effects from otherwise non-monitored substances

and mixtures into account (applications 1-3). Several if not all biomarkers can be used to

identify water bodie s that are subject to significant pressures. This will be further discussed in
Section 5. 5. Some can also be used to assess 0t ¢
Chapter 7).

From the inventory list it became obvious that not all biomarkers wo uld be readily applicable
to both marine and limnic environments and for effect biomarkers, marine biomarkers
dominated. A distinction between biomarkers that should be prioritised for marine use (WFD
coastal water bodies and MSFD) and those that should beprioritised for limnic use (river
and/or lake water bodies within the WFD) is therefore made in Chapter 6.

From these biomarkers, primarily biomarkers studied on gastropods and mussels, but perhaps
also some fish species, are anticipated to monitor effe¢s in organisms also being exposed
through the sediment (application 4). Thus, the usefulness of a particular biomarker for this
application depends on which species is sampled rather than the biomarker analysis itself.

Biomarkers, being analysed on field-collected organisms, are generally not possible to use as
bioanalytical methods (application 5) in screening environmental samples. Furthermore, the
fact that field -collected organisms are analysed implies that it is not always possible to control
for environmental factors (including other substances) influencing the results. They can
therefore normally not replace chemical analyses of individual, regulated compounds.
However, a few biomarkers are exceptionally specific andi if environmental factors can be
excluded as having an impact and/or be taken into account in the evaluation, such data can be
considered alongside chemical analytical data of the particular compound. If such biomarkers
show unacceptable effects, this should be sufficient evidence to caclude that status is not
good, even if chemical concentrations are below the EQS. Only two biomarkers (imposex and
eggshell thinning) could be identified to fulfill these criteria. And could thus be used alongside
chemical analysis to assess status (inelation to TBT and DDT) under the MSFD and/or WFD.

As previously mentioned, EBMs could be used to deal with status assessments of metals in
water bodies where conditions are outside the applicability range of the BLMs and user-
friendly tools (WCA 2014). The types of EBMs mentioned were ecotoxicity tests, bioassays,
certain biomarkers and ecological community monitoring. By using these, it was suggested
that ecological assemblage specific EQSs or sitspecific PNECs from field data might be
derived. To assess whether EBMs exist that could either be used for application 6 or 7, a
separate investigation was performed by Brix (2018). Most of the EBMs investigated were
biomarkers, and although most are already included in Annex Il, some additional biomarkers
were also being evaluated (ion homeostatis and urease). Three of these biomarkers were
considered to analyse effects for which a strong link to ecologically relevant effects had been
demonstrated (ion homeostatis T strong link to survival and growth; deformit iesi clear links
between observed deformities and effects on individuals and populations; AChE i strong
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correlation between AChE inhibition and acute effects/survival). For Lysosomal Membrane
Stability (LMS) and urease the relevance was assessed to be maate (for LMS because links
to organ-level effects have been shown but not yet documented at individual or population
levels; for urease because of effects on nitrogen metabolism and inferred effects at
individual/population level). For the other biomark ers included, the author concluded that
links to ecologically relevant effects are not (yet) demonstrated.

Nevertheless, the author also concluded that none of the biomarkers are BOTH responding

specifically to metals (or one particular metal) AND analysin g effects for which there is a

strong link to effects at high organisational levels. This is in line with the findings above related

to application 5 (to use biomarkers as bioanalytical methods). Imposex and egg shell thinning

are the only biomarkers found in the inventory that would fulfill such requirements 26, Thus,

there are at the moment no biomarkers that could be used instead of metal analyses (and
bioavailability models) to assess fAmetal statusd?o

The sensitivity of the different EBMs was also evaluated by Brix (2018), by investigating at

which concentrations a biomarker reponse is triggered, and comparing this concentration with

the EQSs for individual metals. An EBM that is very sensitive and specific to a certain metal

could potentially be valuablei n cases where BLMs candédt be used
(application 6) due to e.g. water chemistry being far outside the validation range. One would

assume that if a sensitive biomarker (responding to concentrations significantly lower than

theEQS) doesné6t respond, it would indicate that th
cause for concern. However, the report cannot identify any biomarkers sufficiently sensitive

to metals to be used in this way. The biomarkers investigated at best espond at the EQSs but

not at significantly lower concentrations. ALA -D inhibition occurs near the EQS of lead (Ph)

for example and MT responds also at the EQS for some metals but only at concentrations much

higher than the EQS for other metals. Therefore, it can be concluded that none of the
biomarkers in the inventory would be useful to assess metal bioavailability in cases where e.g.

the water chemistry is outside the range of the BLM validation range. For similar reasons, it

was concluded that none ofthe biomarkers investigated could be used to assess metal status

in water bodies exposed to high natural background concentrations (above the EQS). These

would obviously also be the conclusion for water bodies that are within the validation range.
Nevertheless, it should be pointed out that if a response is observed in any of the biomarkers

above, metals could indeed be involved, but also other substances or in some cases other stress

factors.

For the above reasons, NO biomarkers have been selected (or mposed in Chapter 6) to be
used to assess bioavailability of metals and/or toxic stress in areas with high levels of natural
background concentrations. However, it could not be ruled out that other, more general and
very sensitive variables such as red andwhite blood cells (biomarkers not included in the
inventory or the assessment made by Brix 2018) could be of value on a casdy-case basis in
this context.

If sufficiently sensitive biomarkers were available for a particular metal, in situations where
the EQS i s exceeded, but the -béeopomaseéabi hi sychsa
bi omarker would suggest that status is, after al

As stated previously, when it comes to biomarkers, focus has been put on identifying EBMs
that could be used to assess effects that are related to the protection of pelagic or benthic
organisms and to some extent wildlife vulnerable to secondary poisoning. Human health

protection cannot be achieved through the use of biomarkers. EROD can e.g. be expected to

%6Although TBT contains metal (Sn) it is wusually not consi d
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respond to dioxins. However, the main driver for the EQS of dioxins and dioxin -like PCBs is
human health (and possibly secondary poisoning). EROD as a biomarker cannot be used to
assess this risk. Nevertheless, EROD could also respond to PAHs, and for somef the EQSs
developed for PAHs the main driver is toxicity to aquatic organisms. Although EROD probably
cannot be usad oasdoabiismanéer, the bi oma+tfker
evidence and trend approach as an early warning signal (see eaxmple in Section 5.3.5.).

Thus, biomarkers were found to primarily be useful for the first five applications.

Table 3 below lists identified effect biomarkers that monitor negative health effects at least on
tissue level (effects considered of moderate or higher ecological relevance) along with
condensed information important to the proposal in Chapter 6. In Chapter 6, the prioritised
individual biomarkers that were found to be suitable for a particular WFD/MSFD application
are listed, and in Annex Il mo re detailed descriptions of these methods are included?”

This is not to say that other biomarkers such as exposure biomarkers could not be of value,
but they would be less straightforward to evaluate one by one. In Section 5.3., other
approaches to evalude analytical results using broader batteries of biomarkers are also
described.

27P]l ease note, for example, that if the table 3 suggests

Environmental Assessment Criteria (EACs) and Background Assessment Criteria (BACs), or other values,
established only at national level (see also Section 5.3. on assessment criteria). SOPs usually refer to TIMES
protocols but for some individual methods only other documents are available T such as common reference
documents used when the method is applied or adopted by a Member State in the MSFD context.
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Table 3. Criteria for the selection process of biomarkers. The last column lists identified relevant applications. For full explanation about the different applications assessed, see text
box in Section 5.2.1. If monitoring is suggested, brackets are added where it has only been performed in campaigns. For soméiomarkers, information about this is still missing
(marked with a question mark).

Biomarker name Ecological Responds to SOP Assessment Monitored? Marine? Limnic? Protection Applications
Relevance available? criteria goal of relevance
available?
Imposex VERY TBT Yes Yes Yes Yes No Pelagic 3 (MSFD)
Benthic 4 (sediment)
5 (regulated
substances)
LMS (lysosomal MODERATE Complex Yes Yes Yes Yes Yes Pelagic and/or 1 (complex
membrane stability) m:(tures and Benthic mixtures)
other stressors
(depends on 3 (MSFD)
species) 4 (sediment)
ALA-D (delta- MODERATE Lead Yes ? ? Yes Yes Pelagic and/or 3 (MSFD)
aminolevulini ¢ acid Benthic 4 (sediment)
dehydratase)
(depends on 5 (regulated
species) substances)
DNA adducts MODERATE- Mixtures of Yes Yes ? Yes Yes Pelagic and/or 2 (MoA mix)
HIGH compounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
(mutagenicity) species)
FDI (Fish Disease Index) | HIGH Complex Yes Yes Yes Yes Yes Pelagic and/or 1 (complex
|hn.clud|ngk1] LIH (Ilverd ml:tures and Benthic mixtures)
istopathology) an other stressors 3 (MSFD)
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Biomarker name Ecological Responds to SOP Assessment Monitored? Marine? Limnic? Protection Applications
Relevance available? criteria goal of relevance
available?

MLN (macroscopic liver (depends on 4 (sediment)

neoplasms) species)

Reproductive success in | VERY Complex Yes Yes Yes Yes No Pelagic (but 1 (complex

eelpout mixtures and bottom dwellers) | mixtures)

h
other stressors 3 (MSFD)
4 (sediment)

VTG (vitellogenin) in MODERATE- Mixtures of Yes Yes yes yes yes Pelagic and/or 2 (MoA mix)

male fish HIGH c?mpounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
(estrogenicity) species)

Intersex in male fish VERY Mixtures of Yes Yes ? yes Yes Pelagic and/or 2 (MoA mix)
compounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
(estrogenicity) species)

MN (micronucleus) MODERATE- Mixtures of Yes Yes Yes Yes Yes Pelagic and/or 2 (MoA mix)

HIGH compounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
(genotoxic/mu species)
tagenic)

Amphipod embryo VERY Complex Yes Yes Yes Yes Yes Pelagic and 1 (complex

malformation (brackish mixtures (Baltic) benthic mixtures)

water)
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Biomarker name Ecological Responds to SOP Assessment Monitored? Marine? Limnic? Protection Applications
Relevance available? criteria goal of relevance
available?
3 (MSFD)
4 (sediment)
AChE HIGH Mixtures of Yes Yes Yes Yes Yes Pelagic and/or 2 (MoA mix)
(acetylcholinesterase) c9mpounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
species)
Comet Assay MODERATE- Mixtures of Yes Yes ? Yes Yes Pelagic and/or 2 (MoA mix)
HIGH compounds Benthic 3 (MSFD)
with common
MoA (depends on 4 (sediment)
species)
Mussel histopathology MODERATE- Complex ? Yes ? Yes No Benthic 1 (complex
(gametogenesis) HIGH mixtures (mussels) mixtures)
3 (MSFD)
4 (sediment)
Stress on stress HIGH/VERY Complex ? Yes Yes Yes No Benthic 1 (complex
mixtures and (mussels) mixtures)
other stressors 3 (MSFD)
4 (sediment)
SfG (Scope for Growth) HIGH/VERY Complex Yes YES Yes Yes No Benthic 1 (complex
mixtures and (mussels) mixtures)
other stressors 3 (MSFD)
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Biomarker name Ecological Responds to SOP Assessment Monitored? Marine? Limnic? Protection Applications
Relevance available? criteria goal of relevance
available?
4 (sediment)
Benthic diatom MODERATE- Complex Yes Yes (Yes) No Yes Benthic (benthic | 1 (complex
malformation HIGH mixtures organism) mixtures)
4 (sediment)
Egg-shell thinning VERY DDT Yes Yes Yes Yes No Secondary 3 (MSFD)
poisoning 5 (regulated
substances)
Sea eagleproductivity VERY Complex Yes Yes Yes Yes No Secondary 1 (complex
mixtures but poisoning mixtures)
riorit
priority 3 (MSFD)
suspects are
DDTs
Pregnancy rate in seals VERY Complex Yes Yes Yes Yes No Secondary 1(complex
mixtures but poisoning mixtures)
priority 3 (MSFD)
suspect are
PCBs
Mentum deformation in MODERATE- Complex ? ? (Yes) No Yes Benthic 1 (complex
chironomids HIGH mixtures mixtures)
4 (sediment)
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5.2.2. Invivo assays

In vivo bioassays are performed using living organisms. They have the capacity to provide
an integrated response at organism level to contaminants in a sample. In general,
ecologically relevant endpoints are investigated. The advantages of usingin vivo assays
are demonstrated by their broad implementation in pesticide regulation and effluent
monitoring, monitoring programmes of Marine Conventions, and in sediment dredging.
Many data on the impact of chemicals regulated under REACH, for example, are obtained
using bioassays, and their long-term application with standardised protocols (standards,
guidelines) offers information on the precision of the procedures.

In vivo bioassays are tests in which whole living organisms (including bacteria and algae)

are exposed to environmental samples such as surface water, sediment, waste water,

dredged material, or extracts from these samples. Tests are performed in the laboratory

or, less frequently, in the field (called Ain sit

The Aendpointd is related to the type of effect
are frequently used in this context are:

Mortality

Immobilisation

Effects on reproduction (i.e fertilisatio n, hatching, embryo development)
Effects on growth of individuals

Effects on growth of populations

Metabolic or physiological changes

Behavioural changes

Bioluminescence

Molecular/Biochemical responses.

=4 =4 =8 =8 -8 8899

In general, in vivo bioassays are broad spectrum assays, e.g. aim vivo bioassay reacts to
a variety of substances and different MoAs. It is important that the evaluation of toxic
effects of a sample is based on the response in several species, because they can exhibit
intri nsic differences in terms of sensitivity to various chemicals and also depending on the
endpoint measured in the test. Both short- and long-term in vivo bioassays should
preferably be carried out on at least three species from different taxonomic groups and
trophic levels (primary producer, decomposer/saprophytic, detritivoreffilter feeder,
consumer). The battery of ecotoxicological tests should have sufficient sensitivity and an
overall discriminatory power responding to as many forms of pollution as possi ble;
consequently, they have little specificity for different MoAs although in some cases (e.g.
embryos of fishes) morphological alterations could point to the identification of specific
MoAs

Samples often need to be concentrated before usingin vivo assays in this context,
especially if using short-term tests; see also Annex to the technical report (European
Commission, 2014).

In the Inventory, a total of 46 in vivo bioassays (see Annex Il) have been collected; these
include the following MoAs: growth biom ass (algae), photosyntesis inhibition (PSll),
reproduction ( Daphnia magna , crustaceans, amphipods, shails), lethality, developmental
toxicity and behaviour (fish embryos, chironomidae), reproduction -endocrine disruption
(Gammarus). For the marine environment, in vivo bioassays have been collected for
rotifera, crustacea, polychaeta, and ostracoda. Generally, most of these bioassays are used
in monitoring programmes in the context of wastewater regulation, marine monitoring
and sediment dredging.
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Applicatio ns investigated for  invivo bioassays

1 Cover complex mixtures (of unknown composition) and perhaps even cumulative
effects when combined with other stress factorsi to assess status and/or identify
significant pressure

Identify relevant MSFD indicators

Assess sediment quality

Assess metal bioavailability when water chemistry outside validation range
Assess status where high natural metal concentrations (>EQS)

Assess quality of effluents or leachates

= =4 =8 =8 =9

5.2.3. Invitro assays

In contrast to in vivo assays thd capture the effect of chemicals on whole organisms,in
vitro assays detect unwanted biological effects on a molecular level such as the activation
of a cellular receptor or signaling pathway, the induction or inhibition of a specific
enzymatic activity or the mutation of a DNA sequence.In vitro EBMs are fast and have the
potential for automation, and thus allow high -throughput screening of samples. They are
widely used for screening purposes in chemical risk assessment because at least in part
they can srve as alternatives to animal testing. The ECHA promotes such alternative
methods for the assessment of the hazards of substances. As a prominent example, a
combination of the Ames test and the micronucleus test was able to detect almost all of the
962 rodent carcinogens andin vivo genotoxins tested in a study by Kirkland et al. (2011).

In vitro bioassays which measure the same endpoint and employ the same species as
vivo reference models may display different sensitivity for the same substance or chenical
mixture.

In Annex VIII, the WFD provides an indicative list of main pollutants in European water

bodies. For protection against possible chronic effects caused by environmental
contaminants, Annex VIIIl defines ciopgpetiends with
or properties which may affect steroidogenic, thyroid, reproduction or other endocrine -

related functionso.

As discussed aboveijt is evident that chemical analysis alone cannot cover all potentially

harmful compounds present in the water environment, which indicates the need for EBMs.

However, due to the high time- and cost efforts and ethical considerations it is not possible
to routinely assess effects such as carcinogenicity or reproductive toxicity in water samples
with chronic whole -organism in vivo bioassays. In contrast, the unwanted biological

properties of compounds listed in Annex VIII concern some molecular effects linked to

possible chronic effects detectable by variousin vitro EBMs that are implemented under

REACH such as the Amed-luctuation Test (Reifferscheid et al. 2012) or the micronucleus
assay (Reifferscheid et al. 2008) and mammalian cell chromosome aberration assays to
detect the mutagenic potential of chemicals.

Against this background it is reasonable to use the same insruments to directly measure
these molecular initiating events, such as the activation of a hormone receptor or the
mutation of a DNA sequence, in water samples. Forin vitro EBMs, which are usually based
on eukaryotic cell lines or single cell microorganisms (bacteria, yeast), these molecular
events are displayed as a quantifiable signal such as fluorescence, light emission or a colour
change. Therefore,in vitro EBMs are usually less costintensive compared to in vivo EBMs
and have the potential for automation and high -throughput analysis.
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For severalin vitro EBMs it has been demonstrated that they meet the request to capture
mixture effects of chemicals acting together. One group of such bioassays detects
hormone-like effects based on the activation ofnuclear receptors. The assumption is that
all agonistic compounds present in a water sample contribute to the activation of a given
receptor. By this means, unwanted effects defined in WFD Annex VIII can be addressed in
a more holistic and direct way using in vitro EBMs.

Effect levels of in vitro EB Ms ar e frequently reported as o |
concentrationsod (BEQ) t hat e x pmmeigcs EBMhas a bi ol ogi c
concentration of a reference compound resulting in the same response (Brack et al. 2017,

Escher et al. 2015, Neale et al. 2015, Altenburger et al. 2015, Wagner et al. 2013, Villeneuve

et al. 2000). Thus, the BEQ reflects the overall biological adivity with respect to the effect

under investigation. A generic guideline to calculate BEQ from experimental data is

currently under development by ISO [ISO/NP 23196: Water Quality - Calculation of

biological equivalence concentrations (BEQ)]. Results from classic chemical analysis can

be translated to biological effects by multiplying measured concentrations by the relative

effect potency of the target compound. By this means a measured biological effect can be

matched against an expected biological effet based on concentrations of contaminants.

For certain applications, e.g. for screening purposes, threshold values must be defined to
assess results fromin vitro EBMs expressed as a BEQ. Effeebased trigger values (EBT)
can be used as such threshold values. Section 5.3.1 and Annex Il provide more details on
the definition of EBTs and demonstrate this concept for agonists of the ER. An exceedance
of the EBT would trig ger further actions such as analysis of samples by highend chemical
analysis. Such an approach is of special interest if:

- compounds cannot be detected with routine chemical analysis because of insufficient
sensitivity of the method,

- anumber of compounds not fully covered by chemical monitoring act in an additive
way by the same mode of action and mixture effects have to be considered.

However, the interpretation of in vitro test results is more challenging compared toin vivo
EBMs for two reasons:

1) the manifestation of an adverse outcome at the organism or population level is not only
determined by a given molecular initiating event but influenced by a number of biotic and
abiotic factors. Furthermore, different molecular initiating events may lead to a common
adverse outcome. As a basis for interpretation, the concept of the adverse outcome
pathway (AOP) is used to elucidate causal relationships between key molecular initiating
events and effects at higher biological levels (Ankley et al. 2010). The poskility that a
specific molecular initiating event is the cause of an adverse effect increases with the
completeness of the AOP and thus therelevance of a relatedin vitro EBM.

2) different toxicokinetics between cellular in vitro EBMs and organismic in vivo EBMs
can hamper extrapolation from the results of an in vitro EBM to a whole organism or
population (Brinkmann et al. 2017).

Consequently, an EQS defined for a single compound based orin vivo studies cannot be
translated directly to a threshold value to assess the results of arin vitro EBM. In addition,
the contribution of a single compound to a sum effect that is measured by thein vitro EBM
cannot be quantified without separation of the mixture. In other words, it is not possible
to determine the individual contributions to the sum if only the sum is known.
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3) in vitro EBMs are frequently applied to enriched water samples. In the case of invitro
tests addressing estrogenic effects, for example, the sensitivity is sufficient to detect
estrogenicity in waste water effluents. However, an enrichment is required for surface
water samples. In contrast to chemical analysis, no internal standard can be applied to
correct for an incomplete recovery of e.g. estrogenic compounds. This might lead to an
underestimation of effects. Possible impacts of the sample matrix on the enrichment can
be roughly estimated by spiking a sample aliquot with a reference compound. The
assessment of results obtained byin vitro EBM with enriched samples is less problematic
compared to the testing of enriched samples with in vivo EBM. In the latter case, higher
concentrations of compounds might trigger unspecific effects that are not related
mechanistically to possible chronic effects caused by the same compound at lower
concentrations. In the case ofin vitro assays, results can be matched against EBTs (see
below) under consideration of the relative sample enrichment.

Despite these limitations, in vitro EBMs are an important tool to feasibly address chronic
effects from chemicals in water bodies. The linkage between estrogenic effects and the
possible occurrence of chronic effects is well accepted. Besides estrogenicity, further
molecular mechanisms i especially with respect to endocrine regulation i are discussed
in the context of the AOP (see below) as initiating events for adverse outcomes such as
agonistic and antagonistic effects on the androgen receptor. The underlying and discussed
uncertainties have to be acknowledged, but without the use of relevantin vitro EBMs
essential information for the assessment of water quality would be neglected.

For the selection of in vitro EBMs to assess the quality of water bodies, three criteria have
to be met:

1. Relevance ofthe invitro EBM : as discussed above, positive results fromin vitro
EBMs do not necessarily indicate adverse biological effects at a higher biological level
per se. Effects at the molecular level have to be mechanistically linked to apical
endpoints. This can be done following the concept of the AOP (Ankley et al. 20L0).
According to OECD-d oc ument ENV/ JM/ MONO(2016)12. i An
sequence of events commencing with initial interaction(s) of a stressor with a
biomolecule within an organism that causes a perturbation in its biology (i.e.
molecular initiating even t, MIE), which can progress through a dependent series of
intermediate key events (KEs) and culminate in an adverse outcome (AO) considered
relevant to risk assessment or regulatory decisionrma ki ng o . The Adverse
Pathway (AOP) Wiki28 serves as the pimary repository of qualitative information for
the international AOP development effort coordinated by the Organisation for
Economic Cooperation and Development (OECD). The completeness of a proposed
AOP indicates the relevance of anin vitro EBM that is able to detect a specific
molecular initiating event. A further line of evidence for the relevance of in vitro EBM
is the availability of field studies that link the occurrence of adverse effects on
populations or human health to molecular initiating event s or the presence of
compounds known to trigger these specific molecular initiating events. Here,
prominent examples are studies by Kidd et al. (2007 and 2014) demonstrating effects
of 17a-ethinylestradiol on a lake ecosystem. Comparable studies investigaing the
relevance ofin vitro effects for the prediction of population status are scarce and are
much needed. Finally, the relevance of anin vitro EBM is indicated by the inventory
of chemical MoAs, as demonstrated in Section 5.1, such as photosynthesishibition,
endocrine disruption or genotoxicity. Nevertheless, due to improvements in EBT

28 https://aopwiki.org/
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derivation a linkage to EQS with population relevance for many species and to levels
of higher biological relevance is possible with high specificity and sensitivity (see
Annex Ill). EBTs can currently be proposed for 21 different MoAs and endpoints
covering around 37 EBM (see Table 111.12).

2. Maturity of the invitro EBM : As for other EBMs the standardisation of an in vitro

EBM according to ISO/CEN/DIN or validation vi a OECD is a key element for its use
in Europe-wide studies including a number of laboratories. By this means the
transferability of an in vitro EBM and the comparability of related results can be
guaranteed and the method is sufficiently characterised with respect to achievable
guantification limits and variabilities. The latter is crucial to determine if results
obtained by different laboratories on different samples differ with statistical
significance or not. If no standard is available, performance characteristics of the
method should be characterised by means of (international) interlaboratory trials.
Without this information, EU -wide assessment of data provided by different
laboratories is impossible. In vitro EBMs that are not validated by interlabora tory
trials might be used on a regional scale for e.g. investigative monitoring.

Assessability of results obtained by an in vitro EBM : in general results
obtained by an in vitro EBM can be assessed relative to other values resulting from
measurements with the samein vitro EBM or the results can be matched against a
defined EBT as outlined in Section 5.3. The relative assessment allows the
prioritisation of water bodies, source identification and investigative monitoring. A
status assessment would requirean accepted EBT for the givenin vitro EBM. However,
in any case it is desirable to use EBM results in terms of a risk assessment for which an

EBT has to be proposed (see Table 111.12 in annex 3). Thereforejn vitro EBMs wit
defined EBTs are to be favorel above EBMs without defined EBTSs.

In vitro EBMSs capture the presence of known and unknown contaminants (application

1) that exhibit the specific MoA detected by this in vitro EBM, e.g. all receptor agonists

h

present in a sample contribute to the activation of the receptor. By this means in vitro

EBMs cover also mixture effects (@pplication 2 ). If receptor antagonists are present as

well, the in vitro EBM would measure the integral effect of the mixture. However, in vitro
EBMs do not integrate biological effects on other target molecules or possible mixture

effects at higher biological levels. In vitro EBMs are applicable to marine samples as well
(application 3 ) when working wit h extracted samples. Due to the low concentrations

expectedi especially in marine samples - sample enrichment is recommented. In vitro
EBMs can be used for the characterisation of sediment samples épplication 4 ) using

pore water and eluates or extracts fom sediment. Two in vitro EBMs detecting sedimen

t-

associated mutagenic and estrogenic effects are used for the assessment of dredged

material in Germany (HABAB -WSV 2017, Annex 2). Severaln vitro EBMs such as assays

detecting dioxin-like effects canbe s ed as &ébi oanalytical 0

prior to a chemical analysis (application 5 ). In vitto EBMs can be used in relation to
drinking water production with a special focus on in vitro EBMs addressing effects with

relevance for human health such as mutagenicity (Richardson et al. 2007). Numerous

studies demonstrate that they have the potential to be used to assess effluents from waste
water treatment plants and leachates from landfill sites (application 9 , Escher et al.

2014).

Selected MoAs andrespective in vitro EBMs are presented in more detail in Chapter 6.

The inventory of in vitro EBMs shows a number of various methods addressing several

MoAs. Based on available information and discussions within the activity, several MoAs
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were prioritised that can be addressed by certainin vitro EBMs suitable for effect-based
assessment of water quality. These are listed in Table I.1. Annex I.

Invitro EBMSs conclusions

Aln vitro EBMs allow the specific detection of relevant MoAs at a molecular level
Aln vitro EBMs allow for cost-efficient high -throughput measurements

A A number of in vitro EBMs are standardised and thus mature for implementation

AResults can be used for a relative assessment, for prioritisation, source identification and
investigative monito ring

Aln vitro EBMs with defined EBTs can be used for screening purposes and possibly even
for a status assessment

AThe concept of the AOP can be used for the prioritisation ofin vitro EBMs and should be
further developed

AFor many EBMs, EBTs are already avéable, usable and recommended (see annex IIl)

5.3. EBM Assessment criteria (objective 4)

In general, assessment criteria are needed in order to classify a waterbody and then decide
on the measures to be applied. The methods to derive EQSs for chemicals are widely
accepted and largely based on procedures already in place within the context of he
chemicals legislation (such as REACH and the Biocidal Products Regulation). For EBMs
this is not (yet) the case. Depending on which subcategory a particular EBM belongs to,
the results need to be interpreted in different ways. For EBMs, there are severd
assessment criteria that can be applied depending on the type of EBM:in vitro , in vivo,
and biomarkers of various types. A brief description is included below for the three
different EBM types and Annex Il describes an EBT derivation approach and compilation
for in vitro and in vivo EBM.

Objective 4 of the ToR

Objective 4: Development, where possible, ofin vivo and in vitro effect-based trigger
values, signalling a risk to or via the aquatic environment (including risks to human
health from chroni ¢ exposure via consumption of drinking water or fishery products
if possible), with the aim of making effect-based methods applicable (alongside
chemical tools) in WFD chemical monitoring and assessment.

5.3.1. Biomarkers

Biomarker results have so far beenevaluated in relative (e.g. time trends or comparisons
bet ween reference and i mpacted sites) and/or
c r i t lecomparable to the EQSs) but also in an integrated manner (weight of evidence)
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(see also European Conmission, 2014). In the MSFD context, the employed methods,
specific effects and evaluation parameters comprising safety threshold values are to be
based on local experience or on knowledge transfer, thus leading to a heterogeneity in the
guality of result s across Europe.

Fixed assessment criteria for biomarkers

For biomarkers, the ICES Working Group on the Biological Effects of Contaminants
(WGBEC) has developed several secalled BAC (Background Assessment Criteria) and
EAC (Environmental Assessment Criteria) values (Davies and Vethaak 2012, OSPAR
2013) . Al t hough, to our knowl edge, there
procedures to use (corresponding to the CIS Guidance Document No. 27 on deriving
EQSs), and the actual methodology may vary betveen different biomarkers, the BACs and
EACs for biomarkers are generally based on the deviation from reference conditions. The
BAC and the EAC could be considered as equivalents of the WFD high/good and
good/moderate -boundaries, respectively. Under the MSFD, EAC is used as the boundary
for good environmental status (GES). Available EACs and BACs for the biomarkers in the
inventory are included in Table I1.3.

As was pointed out in chapter 5.2., the biomarkers in the inventory could be divided into
two main subgroups according to their ecological relevance (low relevance vs moderate or
higher). It can also be noted that EACs have so far been developed primarily for effect
biomarkers, whereas BACs are available also for exposure biomarkers. At least in theory,
it would probably be possible to establish EACs for most effect biomarkers of moderate,
high or very high ecological relevance (see Table 3 in chapter 5.2.) since they can be related
to adverse impacts at least at tissue level. Such biomarkers could theréore be possible to
evaluate one by oneutal-odt asi{ OQAOReHoiepen @B c h
important to be aware of the increased risk of false positives when multiple biomarkers are
used. In such cases, it may instead be advisable to use aeighti of-evidence approach. For
biomarkers with low ecological relevance, it would probably be inappropriate to assess
status based only on exceedances of individual assessment criteria. Instead, such
biomarkers are more valuable as a source of supportiveinformation in a weight -of-
evidence approach.

Options for the use of individual and fixed assessment criteria

For those biomarkers where it would not be appropriate or possible (today) to assess
effects in relation to EACs (or similar fixed assessment criteria), an alternative would be
to analyse the time trend. A significant trend in observed effects could suggest that
although effects might not be severe enough to cause negative health impacts today, effects
at higher organisational levels (e.g., population) in the long run cannot be excluded.

The Atrend approacho is already included
accumulating in sediment and/or biota, concentration trends are to be monitored and MS
have to take measures aimed at ensuringit hat such concentrat.i

context, some indicators are evaluated using a trend approach instead of or along with
fixed thresholds.

29 The OOAO approach is used under the WFD for example to assess chemical status, which means that it is
sufficient that one substance occurs at concentrations above its EQS for the overall chemical status to be
consider ed A pconpliagce)od d ( non
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Another common approach in this context is to use a weightof-evidence approach or a
combination of both trend and weight -of-evidence approaches. The fish biomarkers
included in the Swedish monitoring programme are for example evaluated on an annual
basis, together with population data and data from chemical monitoring of fish from the
same sites. Several longterm trends have been identified at monitoring stations used as
reference sites, and the monitored (and regulated) contaminants at those sites are
generally decreasing. However, the biomarker results suggest that the perch could be
showing signs of toxic stress that could either be related to unknown chemicals, mixtures
or a combination of several stress factors including toxic substances (resulting in
fcumul at ioe &Bfifoamatrk er responses include
EROD, and increased glutathione reductase (GRed) activity?® (Figure 4 below). Calcium
concentrations are also signalling impacts on ion regulation, red blood cells are reduced in
number, gonad size has decreased, etc. (for more information, see Mustamaki et al., 2018).
Since similar symptoms are being observed on both the west coast (North Sea) and the
east coast (Baltic Sea) and at all three reference stations on the east coast it is nowelieved
that the effects are probably happening on a large scale.
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Figure 4. Activity of glutathione reductase (GRed) and detoxication enzyme EROD in the liver of female perch.
Sampling is performed on female perch of similar size and at the same tme of the year. Mean values with 95%

confidence interval. Solid line represents three-year rolling mean values and the dotted line a significant trend.
Modified from Mustaméki et al. 2018.

nducti i

The example above illustrates how the evaluation can be performedusi ng fAexpert
judgment 6 and focusing on trends for several di

However, in the annex to the technical report (European Commission 2014), there is an
example illustrating how a large set of biomarker data, including exposure biomarkers,

could be evaluated not only through expert judgement, but also in a formal and

transparent way using the scoring scheme below, developed to facilitate the evaluation of
biomarker data obtained from a fish biomarker battery and where the indivi dual variables

are given different weights.

For each of the individual markers included bel

been developed, based on responses observed at monitoring stations from reference areas
(Hanson et al. 2014). Such values and scoring procedures would likely aid in the

30 indicating increased oxidative stress
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interpretation, make it more transparent and also facilitate taking other data into account
as well but without applying the OOAO principle where this would be inappropriate for a
particular biomarker. However, please note that for some of the biomarkers included in
the scoring, such as a response in dead/malformed embryos, a reaebout above the marker
score would be sufficient to trigger an exceedence of the limit for impact on function. For
more details, refer to the Technical Report (European Commission 2014).

Table 4. Proposed scoring system for an integrated assessment using fish biomarkers (included in the Swedish

monitoring programme). The assessment is based on a weightof-evidence approach where individual

biomarkers are grouped based on physidogical function. If the score of the biomarkers within each function

exceeds the limit, the function is considered impaired. Overall, biomarkers should be regarded as affected if

any of the functions ireproducti onodo md imgaiced Oddrall,i o n and me
biomarkers should also be considered affected if at least two of the other functions are considered impaired.

Function Score Limit

Reproduction

Reduced gonad size

Increased vitellogenin for male fish
Reduced vitellogenin for female fish
Skewed primary sex ratio (eelpout)
Contition and metabolism
Reduced condition factor
Increased condition factor

Change in liver size

Change in glucose

Change in lactate

Liver function

Change in liver function

Change in EROD activity

Change in GRed activity

Change in MT

Immune defense

Change in total white blood cells
Increase in macrofage centra
Change in lymphocytes

Change in thrombocytes

Change in number of granulocytes
Red blood cells

Change in hematocrit

Change in hemoglobin

Change in immature red blood cells
lon regulation

Change in potassium

Change in calcium

Change in chloride- AND sodium
Change in chloride- OR sodium

Nl

PR RPRREPN
N

N ]

PR RNDN
w

P NN
w

P WNN

5.3.2. Invivo assays

For in vivo assays already used in, e.g. wholeeffluent assessments, the assessment

principle is similar to that involving an EQS, since the results are expressed as, e.g. EC50s

or NOECs, although the ACO0 (concentration) doe:c
parti cular substance in this case, but rather to the dilution of the sample, which is tested

in a dilution series. Emission limit values for such effluents can then be expressed in these

toxicological terms.
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In vivo assays are also frequently used in the assesnent of contaminated sites, including

sediment and surface waters, in which a battery of assays is foreseen. The results can then

be evaluated using a weightof-evi dence approach, e. g., the so ¢
(Chapman 1990).

Triad approach

Field observations provide information about possible human impact on ecosystems.

However, they do not always show what is causing the impact or which types of
management action are needed. For this, multiple lines of evidence may be needed. The
sediment quality triad (SQT) is a widely accepted method and conceptual framework to

assess sediment quality using three components (Chapman 1990). The three main
components in the SQT are: 1) sediment chemistry, 2) sediment toxicity tests, and 3) field

observations (Figure 5).

Sediment chemistry
(contamination)

Sediment | Field
toxicity tests | observations

Figure 5. The sediment quality triad is based on the three components sediment chemistry, sediment toxicity
tests, and field observations. The figure is modified from Chapman (1995).

The three components provide different pieces of information that can be used to reach
the most scientifically justified conclusion. For this, a decision matrix can be used to
provide guidance (Table 5). In the decision matrix, each of the three components is given
a AYesodO or a fANoodo, depe tmimpart). dmen, fohegample allp onse (i n

three components are answered with AYeso, t her e
effects are (at least partly) caused by toxic chemicals. When all components are answered
with ANod, there is oqteffetsng evi dence against suc

Table 5. Decision matrix for the Sediment Quality Triad. Based on Chapman (1996).

Contamination | Toxicity | Field effects | Possible conclusion
Yes Yes Yes Strong evidence for pollution-induced degradation
No No No Strong evidence against pollution-induced degradation
Yes No No Contaminants are not bioavailable

Unmeasured contaminants have the potential to cause
No Yes No -

degradation
No No Yes Alteration is not caused by contamination
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Toxic contaminants are bioavailable, but in situ effects are
not demonstrable

No Yes Yes Unmeasured toxic contaminants are causing degradation

Contaminants are not bioavailable, alterations not due to
toxic chemicals

Yes Yes No

Yes No Yes

5.3.3. Effect-Based Trigger values (EBT) for in vitro assays

For in vitro assays, a reference substance is normally used not only to check the
performance of the test but also to conduct a positive control for comparison with the
observed effects. The resul ts ar e t hen
concentrationo.

EBMs are complementary to chemical analysis and can provide relevant information about
mixture effects of chemicals in water. Standardised criteria for the application of such
methods in a legal framework are needed in order to ensure a robust analysis ofresults
across Europe. Due to the lack of scientific knowledge on the behaviour of single
compounds in chemical mixtures, and to the heterogeneity of studies evaluating the
efficacy of the numerous EBMs developed over the past decades, many approaches hav
been proposed to deriving safety threshold values(Tang et al. 2013,Jarosova et al. 2014,
Kunz et al. 2015, van der Oost et al. 2017, Escher et al. 2018)

Translating environmental quality standards (EQS) directly into their corresponding
biological equivalence concentration (BEQ), which are further expressed as EBTSs, is the
most widely used approach (Figure 6). BEQ translates the readout of an EBM to the
concentration of a reference compound. By analogy to EQS defined for chemical
parameters, EBTs serve as a benchmark to differentiate between an acceptable and an
unacceptable level of an unwanted biological activity or ecological risk that is elicited by a
given water sample.

The risk-quotient based on chemical analysis is given by:

v @
00 Y
with
Y risk-quotient for compound i
W concentration of compound i
ouv Y environmental quality standard of compound i

The risk-quotient based on EBMswould be given by:

600
006 "Y
with
Yo risk quotient based on in vitro EBM
6 Ov biological equivalence concentration determined with an in vitro EBM
06 "Y effect-based trigger value

A MoA-specific EBT can be used as a guidance valut® assess the quality of a water body:

54

expre



Measurement (BEQ) < x EBT low probability of risk
Measurement (BEQ) ~ EBT hazard risk possible
Measurement (BEQ) > x EBT high probability of risk

This approach can be used for prioritisation in risk characterisation, screening or possibly
even status assessments (see Kase et al. 2018).

The definition of EBTs is relevant especially for in vitro EBMs because measured effects
are not adverse per se as they are fom vivo EBMs showing e.g. acute toxicity or growth
inhibi tion etc. As discussed under 5.2.3,in vitro EBMs detect molecular initiating events
that are related to possible adverse effects.

Similar to the definition of EQS as threshold values for chemical parameters the derivation
of EBTs has to deal with inevitable uncertainties. Uncertainties associated with the
definition of EQS are caused by a lack of knowledge about possible mixture effets, species
extrapolation and, in part, long -term chronic effects if mainly short -term, acute data are
available for a certain compound. Mixture effects including known and unknown
compounds are better captured by EBTs. However, uncertainties arise basedon the
limitations of in vitro EBTSs as discussed in Section 5.2.3.

The general approach for the derivation of EBTs uses the available EQS data specific for
every substance in the analysed chemical mixture when the composition is known, or for
the most potent reference compound. BEQs are determined through EBMs suitable for the
level of biological complexity under assessment and selected reference compounds taking
into account their mode of action (MoA). Specific effect concentrations (EC) are compared
to an EC of a reference compound. The ratio of both ECvalues gives the relative effect
potency (REP) of the compound. REPs from different in vitro and in vivo studies are then
considered to derive toxic equivalency factors (TEFs). Multiplication of either REPs or
TEFs by the concentration from chemical analysis allows the calculation of toxic
equivalency (TEQ) for single toxicants or as a sum of multiple similarly acting substances
in a mixture (Figure 6). In the evaluation of adverse outcomes, mixture effects can be
assessed for only one MoA in the case of specific methods (e.g. receptemediated effects),
or for more biological pathways if employing wide -spectrum EBMs.

55



instrumental methods
(chemical analysis)

s percentiles of REP distributions
from several in vivo/in vitro
studies for each substance
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) _,_v'/ Factor Equivalent
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% effect concentration (EC)
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Potency

IN VIVO/IN VITRO

v

ANIMAL/HUMAN
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Concentration
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< Environmental
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various derivation options
Y

EBT

Effect-Based
Trigger value

Figure 6. Schematic flowchart of approach commonly used to derive bioanalytical and toxic equivalents (BEQ
and TEQ) by combining effect-based methods (EBMs) and confirmatory chemical assessment methods.

The probability of a harmful effect on the environment increases with an increasing risk
guotient regardless of whether if this is based on chemical analysis or an EBM. Although
the exceedance of a risk quotient of 1 does not necessarily mearhat effects in the
environment will occur, the risk quotient reflects the likelihood of adverse effects occuring
in the aquatic environment.

How to asse ss the predictive power of a proposed Effect -Based Trigger
value (EBT)?

Because in vitro EBMs link chemical contamination and adverse effects at higher
biological levels by the detection of molecular initiating events, results obtained by in vitro
EBMsi expressed as BEQ value$ can be related to both data from chemical analysis and
adverse effectsin vivo. This can be done based on a specificity and sensitivity analysis
using data from the chemical analysis as a reference point or fromin vivo EBMs. By using
such an approach, proposed EBTs can be assessed for their power to predict the presence
of chemical contaminants that trigger a given molecular initiating event, or the occurrence

of adverse effects at higher biological levels. This is exemplified forthe relevant molecular
initiating event ©6activation of the ER® in Anne
data from hr-LC/MS measurements, five in vitro EBMs and an in vivo transgenic fish
model. In Annex Il Section 1 it is demonstrated that EBM -specific EBTs can be used to
identify samples containing elevated levels of the WL substances E1, E2 and EE2, and the
activation of the ER in the brain of a transgenic model fish. In fact, the predictive power
for the effect in the fish model was higher than that based on the chemical analytical data.
Here, a general outline of the concept is described.

The analysis of sensitivity and specificity is based on the definition of a reference method,
e.g. results obtained by chemicalmethods such as LC/MS and a subsequent benchmarking
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of the reference results against the assessments based on a given EBM/EBT combination.
By this means, true positive, true negative, false positive and false negative test results are
defined as illustrated in Figure 7.

A
c
.
=]
m
£
B
E false positive
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< >
not at risk at risk

Assessment by reference method

Figure 7. Assignment of true positive, true negative, false positive and false negative test results by comparing
an assessment based on an EBM/EBT combination against an assessment based on the reference method.

The analysis of specificty and sensitivity based on a classification of results is frequently
done to characterise alternative screening methods in medicine. Kirkland et al. (2005)
used this approach to evaluate the ability of a battery of in vitro genotoxicity tests to
discrimin ate rodent carcinogens and norncarcinogens. The terminology (true positive,
true negative, false positive and false negative) is defined with respect to the reference
method that provides true results by definition because it is the selected anchor point for
this analysis. Based on this classification, the sensitivity and specificity of a given
EBM/EBT combination can be calculated as shown in Annex Il Section 1.

The sensitivity gives the percentage of true positive assessments against all samples that
were i dentified to be 6at riskdé by the reference

of true negative assessments against al/l sampl e

the reference method. It is obvious that the parameters sensitivity and specificity have

inverse tendencies. A very low EBT would result in 100% sensitivity, i.e. all samples

assigned to be at risk by the reference approach would be identified, but in 0% specificity

because all samples assigned to be not at risk by the referece approach would be identified

as problematic by thein vitro EBM/EBT combination. A very high EBT would result in an

inverse situation with 0% sensitivity and 100%
ri ské and 6not at ished tketsensitlvity angl specdicitypofan thvitsot i n g u
EBM/EBT combination have to be well above 50% to show any predictive power over

flipping a coin. The optimal case would be 100% sensitivity and 100% specificity. An

EBM/EBT combination with 90% sensitiv ity would miss 10% of samples that were

[a

o

S

assessed to be 6at riskd by the reference met hoc

samples identified 6at riskd by the EBM/ EBT comb

by the reference method. Thus, a balanced optimum would be an EBT that maximises
sensitivity and specificity together. If different EBM/EBT combinations are available, the
optimal option would be the combination showing the highest sensitivity and specificity.
However, combinations wit h lower sensitivity and specificity could be defined e.g. for
protected areas resulting in a more conservative quality assessment.
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Conclusions on EBTs
as biological equivalence concentrations

specificity analysis
A Specific EBTs for a number ofin vitro and in vivo EBMs are proposed

AEBTs are used as benchmarks for results obtained byin vitro or in vivo EBMs expressed

AThe predictive power of an EBT-proposal can be assessed based on a sensitivity an

5.4. Ecological indicators (objective 6)

Under the WFD, population or community -level effects measureable using EBMs might
be included as biological quality elements (BQES) under ecological status. In practice,
however, there are few such examples (and so far, only available for benthic assessmées).

Although a single EBM or even a battery of EBMs measuring effects at lower levels of
biological organisation (organism and sub-organism) cannot be seen as measuring the
equivalent of a biological quality element, they can deliver valuable information about

possible pressures caused by chemical contamination that are not captured by chemical
monitoring or current ecological status assessments.

5.4.1. WFD biological quality elements, BQE

Biological indicators are used under the WFD to support impact assessments and to
determine ecological status. The biological indicators use different groups of organisms
(biological quality elements, BQE), and the intention is that the most sensitive BQE should
determine status. In CIS Guidance Document No. 3 (Analysis of Pressures and Impacts),
guidance is given in Table 1 on which type of impact the different BQEs respond to. None
of the biological index is, however, specifically linked to pollution by hazardous
substances.

Moreover, very few biological response variablesexist that both respond to toxic chemicals
and that can be used under the WFD, given the current requirement in the WFD that
effects on BQEs are measured at population or community -level and consider structural
rather than functional aspects (see WFD Annex V. 1.1.1:1.1.4.):

1 Composition, abundance and biomass of phytoplankton

1 Composition and abundance of other aquatic flora

1 Composition and abundance of benthic invertebrate fauna

1 Composition, abundance and age structure of fish fauna
The Technical Report (European Commission 2014) nevertheless mentions a few methods
already used by at least one MS to assess biological effects and that could at least in part
respond to toxic substances.Those were the British Infaunal Quality Index (1QI ), Danish

Quality Index Ver2 (DKlver2), Spanish Multivariate AZTI Marine Biotic Index (M -AMBI)
and French fABenthic Opportunistic Annel:i

da

Polychaete Amphipoda I ndexo. Further mor e,

described in the 2014 report. Those were the SPEAR index, the NemaSPEAR index, PICT,
and a multimetric index based on traits.
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In a follow up, it was noted that a multimetric index based on benthic species composition
and traits is under development in France. The index is called 12M2 (Indice Invertébrés
Adi agnost.i

Mul ti M®triques).

acting on the community can be identified (Mondy and Usseglio -Polatera 2013).

When combined wi

t h

a

To ensure that the assessment of ecologicaktatus is similar in all EU MS, the different
BQEs are intercalibrated within so -called geographical intercalibration groups (GIGs). For
practical reasons, however, most intercalibration has been performed by investigating
relationships with the concentration of the limiting factor for primary production

(phosphorous or nitrogen). Table 6 gives an overwiew of which pressures the different

BQEs respond to. The list is not complete as, for example, acidification is not mentioned.

Table 6. The different BQEsused to assess ecological status, and the anthropogenic pressures to which they

are linked (from CIS Guidance Document No. 3, Analysis of pressures and impacts).

Biological Quality Element

Anthropogenic pressure

Phytoplankton (ANNEX V, WFD)
- Trophic status

Assessment of eutrophication

Macrophytes and Phytobenthos
(ANNEX V, WFD)

Assessment of morphology and organic

pressures*

Benthic invertebrate Fauna
(ANNEX V, WFD):

- Saprobic status

- AQEM-Evaluation

Assessment of organic pressures*

Fish fauna: Species composition
and abundance

Assessment of the river continuity and

morphology

*Qrganic substances that contribute to the oxygen demand of water bodies.

According to Annex V to the WFD, species composition and abundance should be
monitored to determine ecological status. In practice, species composition is evaluated
using different indices, where species (or taxa) are given different weight based on their

sensitivity to anthropogenic disturbance. Although relatively few indices have been

developed specifically to detect impacts caused by chemical pollution, indices that describe
general species composition could detect changes caused by several types of stress,

including chemicals. However, it is often not known which species are sensitive to which

chemicals (with the exception of some well-studied substances, including pesticides).

Therefore, such indices may respond very differently to different chemicals. Furthermore,
chemicals occur in mixtures and most often in combination with other types o f

anthropogenic pressures (e.g. elevated nutrient load and physical disturbance). This
further complicates the interpretation.

Even though EBMs have not been used extensively for the assessment of ecological status
(partly due to the limitations discussed above), biomarkers/bioassays have been

introduced locally to complement the monitoring of BQEs. By combining EBMs at higher
(BQEs) and lower (biomarkers/bioassays) levels of biological organisation it may be

possible to identify the (chemical) cause of reduced ecological status. This is something
that is necessary to achieve effective programmes of measures (PoMs). This use of EBMs
qualifies as

to support BQEs

ii nvestigative

WFD. CIS Guidance Document No. 32provides a detailed list of species/tissues currently
used in European biota monitoring programmes without, however, indicating the
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application of specific EBMs, while criteria for the evaluation of BQEs are described in
WFD Annex V.

The identification o f pollution and anthropogenic pressures on the environment through
the measurement of BQEs using ecological methods can be informative but does not in
itself prevent effects on aquatic organisms. Indeed, alterations at population and
community levels usually result from chronic exposure to chemicals and the initiation of
one or more adverse outcome pathways.

5.4.2. Metagenomics

Metagenomics is the study of genetic material recovered directly from environmental
samples. As this describes the genetic compositiorat a high level of biological organisation
(communities), it can be considered an ecological indicator. However, metagenomics
deviates from traditional ecosystem measurements (e.g. BQES) in many respects. For
assessing the effects of chemicals using metagemics, microbial communities have been
most well studied, e.g. with respect to the effects of antibiotics.

DNA sequencing of microbial communities, ideally in combination with chemical analysis
and the evaluation of physico-chemical parameters, can identfy links between exposure
to (groups of) chemicals and observed effects on microorganisms, including: changed
composition of sentinel communities (Kisand et al. 2012); increased abundance of
pathogens; changes in metabolic pathways; and the transmission and/or development of
antimicrobial resistance (AMR) (Garner et al. 2016, Gupta et al. 2018, Bengtsson-Palme
et al, 2017).

Large-scale analyses of microbial DNA in aquatic communities have a particular value for
the following reasons:

A They provide very detailed information on anthropogenic effects on the structure
and diversity of microbial communities, including, e.g. bacteria, viruses, fungi and
to some extent also protists, plants and metazoans (BengtssonPalme et al. 2015);

A They provide information about impaired ecosystem functions and services;

A They provide information on the risk for aquatic transmission of a large range of
pathogens (bacteria, viruses, etc.);

A They provide information on the risk for antibiotic resistance selection and
evolution, ideally in combination with chemical analyses and cultivation data
(Bengtsson-Palme et al, 2018);

A They provide information about the type of chemicals and other stressors affecting
aguatic communities based on the characteristics of present/lost members and
their functional genes.

Waterbodies have been recognised as a transmission route for antibotic resistant bacteria,
but also as a potential arena for the evolution of new forms of resistance Bengtsson-Palme
et al, 2018). Metagenomic profiling of antibiotic resistance genes (ARGS) may provide
information on both of these processes. Analyses of atibiotic concentrations could also
provide critical input on the risks for selection and hence evolution of resistance in aquatic
environments (Bengtsson-Palme and Larsson, 2016). The abundance of specific functional
gene categories responsible for certan processes (e.g. detoxification pathways,
nitrification etc) may also provide information on impaired ecosystem functions or
services of exposed communities.
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Analyses are often based on random DNA fragments (shotgun metagenomics). Such a
random or untarg eted approach is important as it can result in unexpected findings, in
contrast to analyses of a limited set of predefined endpoints. Hence, shotgun
metagenomics data can also be useful for retrospective datamining when new questions
arise. The exceptionaldiversity of microorganisms present in most samples is still often a
challenge for detecting rarer members or genes carried by them, although costs for
sequencing have dropped dramatically in recent years. PCRamplified DNA regions, such
as ribosomal sequences partly conserved across bacterial species, can therefore be used for
more focused analysis, for example for providing deep taxonomic information. A potential
drawback for certain applications is that individual genes can be difficult to link to speci es.
This may be partly overcome by approaches like epicPCR (Spencer et al. 2016). Although
more challenging, RNA may also be studied. The quality of databases used for analysing
genetic data is critical (Bengtsson-Palme et al, 2017).

5.4.3. EBMs as supportive components for ecological status

EBMs that have established links to BQEs could be used as supportive elements for
ecological status. This would mainly be the case for somein vivo methods and some

biomarkers at higher levels of biological organisation. Supportive quality elements are

already used for ecological status within the WFD. Those are physicechemical elements

and hydromorphological elements. Figure 8 shows an example of how ecologically relevant
EBMs could be used to assess ecological statusy giving the parameters they measure the

same weight as physicachemical elements (including RBSPs). This would need a relatively

small change in the legislation (WFD) and in current work flows.

. . i i Do the
Do the biological Do physico-chemical .
ualityelemerns st es | elements (incl.RBSP)and | Yes | ~hydromorphological Yes |
a P ditions? EBM parameters meet conditions meet high
reference conditions? high status?

status?

=<

No No ‘ No

v v | s B o s e s e s "

Do the biological quality Do physico-chemical i At | T P
least good ecological status. No
elements deviate only Yesb elements (incLRBSP)and | Yes A ! g g ' -
slightly from reference EBM parameters meet ! further measures needed.

conditions? good status?

Classify on the basis of

v
MoRErE g e "
the biological deviation | - status Less than good ecological status.

fromreference

conditions? Poor ecological status i Measures needed to reach good status. |

Figure 8. An example of how EBMs could be used as suppoiive elements to assess ecological status. In the
example, EBM parameters are given the same weight as physicachemical elements (including RBSPs). This
means that they could cause a reduction in status to moderate, and thus indicate a need for improvement.The
figure is modified from CIS Guidance Document No. 13 (Overall approach to the classification of ecological
status and ecological potential).
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5.5. EBMs vs pressures and measures (objective 8)

Objective 8 of the ToR

Objective 8: Assess the availability and suitability of investigative approaches for
identifying the underlying causes contributing to the overall risks, to identify sources of
emissions and facilitate measures.

551. Il denti fying water bodies fAat risk?o

As mentioned in the introduction, the WFD employs the DPSIR (Drivers i Pressuresi

State i Impact and Response) approach (Pirrone et al. 2005). Therefore, as a starting

point, MS need to identify the water bodies that are at risk of failing the WFD objectives

(fgood statuso) based on an ianleabtyosthesPSO &N pr essur
inventory of emissions of individual substances, together with an assessment of impacts.

CIS Guidance Document No. 3 was developed to support the MS in performing this

analysis of pressures and assessment of impacts. The results from this initial stage are used

1) to optimise monitoring programmes and 2) as the basis for the programmes of measures

(PoM). Based on monitoring data, in particular from operational monitoring, the chemical

and ecological status of the water bodies is classified. For those water bodies failing any of

the WFD objectives (including achieving Agood st
the aim of achieving the objectives (see Figure 9).

IMPACT assessment
PRESSURE analysis (WFD (WFD art 5; Annex|11.5.) STATUS [Compliance)
art5; Annex|l 1.4.)
(WFD: BQE, RBSP,

MEASURE
(PoM)

EQSD:PS/PHS) (WFD art 11)

Figure 9. Analysis of pressures and assessment of impacts should guide monitoring efforts and measures. The

impact assessment can itself include modelling and monitoring approaches. Although here illustrated as an

farrowo, the WFD apeor mad hiydascayadtlbeuda | (liyt epreartfi ve process) and
performed to assess the effectiveness of the PoM. BQE= biological quality element; RBSP: river basin specific

pollutant; PS: priority substance; PHS: priority hazardous substance; PoM: pr ogramme of measures.

WFD Annex Il 1.5. specifically mentions that also monitoring and modelling can be used

to assess the impacts. CIS Guidance Document No. 3 also mentions that for the selection
of substances for which EQSs should be developed at n#zonal level (RBSPs), the pressures
and impacts assessment is an important starting point and, as a safety net to this selection
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process, the fApresence of pollutants with si mi
potentially additi ventoeaéchbuatd.t so0 should be taken

From the CIS Guidance Document No. 3 it is also apparent that there are numerous ways
to identify water bodies at risk and significant pressures, but also to arrive at the list of
RBSPs. EBMs could be of value in this context.

5.5.2. Which EBMs?

Most EBMs and all categories thereof (i.e.in vitro , in vivo and biomarkers) can be used,

alongside other methods, to identify water bodies that are subject to significant pressures

and thus risk failing the WFD objectives. If effects are observed using BBMs, especially if

fisever eo, i mpacts are indicated. EBMs are al so o
an insufficient ecological status of a water body. The use of EBMs can provide insights into

the role of chemical contamination. If test results are negative (no observed toxicity) from

a battery of sensitive tests, the presense of chemical contaminants cannot be excluded but

is less likely to be responsible for the observed ecological effects. The detection of effects

by EBMs indicates the likely presence of bioactive uninvestigated compounds.

The selection of EBMs to use in a particular case needs to consider casspecific
circumstances. The EBMs need to be sufficiently sensitive and cover the suspected
compounds or groups of compounds in a particular case. If the compounds present are
largely unknown (not monitored), a battery of EBMs is normally needed. However, also
practical aspects need to be taken into account. Costs can be reduced if combining the EBM
analysis and sampling with sampling for other purposes. If e.g. biota sampling is planned
from the same water body, biomarkers would be a costeffective approach, whereas if
water is analysed, in vitro batteries would probably be the first choice. If contaminated
sedi ment is ofoaxobBEBBMsS ncodliad bévapplied. Al so,
source/s (type of pressure) is valuable in selecting a suitable EBM or battery of EBMs. If
the water body is, e.g. primarily exposed to sewage effluents, the analysis should at least
include EBMs that respond to estrogenic substances.

To assess the risk of failing the objectives, I
than for status <classification, although #dAri sk
results to assess pressures and impacts.However, comparisons between up- and

downstream sites, trends, weight-of-evidence approaches and expert judgement on a case

by-case basis (see Section 5.3.) are also possible.

EBMs can also be applied to analyse pressuredn vivo and in vitro assays areparticularly
useful here, and can be used also to analyse effluents, leachates etc. that can contain
complex mixtures. Whole -effluent analyses are already used routinely for this purpose (see
also 3.2.3.).

5.5.3. Identifying measures and assessing their effectiveness

The fichemical approacho so far used has some m
substances that should bepeai géecéd . meGesmeesisubs
restriction of particular uses (see e.g. REACH Annex XVII). Some substances can bseen
as indicators for a group of compounds, often from the same source or at least type of

31See table 3.9. in CIS 3.
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source (e.g. dioxins and PAHs from combustion processes and active substances used for
plant protection in agriculture). Thus, local measures targeting a particula r substance or
only a few compounds can also result in a decrease in the load of other chemicals from the
same group or same type of application.

Most EBMs do not provide direct information about causative substances and, in fact,
several EBMs are used primarily because they respond to many substances with the same
or multiple MoAs. They are therefore useful for detecting mixture effects and unknowns,
although if effects are observed, further investigation is necessary.

To identify measures where potential pressures are known

An analysis of pressures should normally precede the impacts assessment and status
classification (Figure 9). Thus, the main potential contaminant sources, such as sewage
treatment plants or industries, to the water body should nor mally be known already during
impact assessment and status classification. By using suitable EBMs (in vivo and in vitro

assays) alongside the analysis of RAsuspect

be identified and aid in the identification o f cost-effective measures. In cases biomarkers
were used in the impact assessment, a correspondingn vivo or in vitro assay heeds to be
used. If e.g. intersex has been observed, in vitro assays can be used to test estrogenicity of
the effluents from the i dentified sources (see also Annex 7 to the technical report of 2014).

In many cases it is not necessary to know or regulate emissions of particular substances.
In fact, in many cases, the same EBMs that were used to characterize the effluents could
probably be used to establish, e.g. toxicitybased emission limit values see e.g. proposal
developed within WP 3 of the COHIBA project (Nakari et al 2011). In fact, the United States
Environmental Protection Agency (US EPA) started to assess and regulate effluemtoxicity
for certain installations several decades
how to identify the main suspects behind observed effects, using Toxicity Identification
Evaluation (TIE) (see e.g. US EPA 1991 a and b). If more detailednformation about
causative substances is needed to undertake measures, TIE and effectdirected analyses
(EDA) can be considered as a second step. EDA and TIE methodologies are further
described in the Technical Report of 2014 (European Commission 2014).

To identify measures where pressures are largely unknown

If WFD surveillance monitoring has been conducted using only EBMs, the reasons for the
observed effects (i.e., responsible pressures) could still be unknown, leaving it unclear how
to respond in terms of operational monitoring and measures. Investigative m onitoring,

subs

ago

including also fisource trackingo (e.g. gradi ent

identify potential sources and thus suspect substances.

In some cases, if the impact could be suspected to be related to large scale effects, in time
and space, checking the same type of impact at other locations as well as the trend would
be needed to confirm this (see e.g. Figure 4). If e.g. effect biomarkers were used in a
surveillance monitoring program of water bodies that are not (yet) identifiedtobe i at r i
of failing good status, while effects are still observed, additional supportive variables (such

as exposure biomarkers, in vitro assays and chemical analyses of substances with relevant
MoAs), could provide important clues as to the reasons for the observed response Other
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taxonomic groups could also be investigated, if possible, using the same effect biomarker
endpoint to assess the extent of the problem.
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6. PROPOSAL T Scenarios that require the
application of EBMs in support of the WFD

Objective 9 of the ToR

Objective 9: Assess the practical feasibility and cost effectiveness of implementing at EU
scale possible strategies using effecthased methods, to better take into account mixture
risk assessment and mxture risk management under the WFD for relevant MoAs, as far
as possible ensuring consistency with other legislation. In particular, this will include a
comparison of the advantages/drawbacks of using effectbased tools alongside chemical
tools, compared with using only chemical methods as in the current approach to chemicals
under the WFD.

From the findings and previous deliverables of the task (Chapter 5) we have elaborated the
following proposal on how to support implementation of a more holistic app roach to assess
toxic substances in a WFD context, related to the first five previously identified
applications of EBMs:

1. Cover complex mixtures (of unknown composition) and perhaps even cumulative
effects when combined with other stress factor® asses status and/or identify
significant pressure.

2. Cover mixture effects from substances sharing the sameiMoAssess status and/or

identify significant pressure.

Identify relevant MSFD indicators.

Assess sediment quality.

Assess status of regulatedbstances.

a ks w

This proposal is related to the previous objectives and in line with the last (ninth) objective
of the ToR, where also practical feasibility and advantages/drawbacks are to be described.

Cost effectiveness is also to be assessed in the nintbbjective of the ToR. However, it is

normally not so straightforward to compare prices for an individual EBM to prices for

chemical analysis since most EBMs respond to several (types of) substances. Only for those

EBMs that respond to a particular substance or small group of substances would a

comparison between estimated analytical costs using the EBM approach or the traditional

chemical analytical approach be appropriate. However, care should be taken in

interpreting even such comparisons. The chemicalanal ysi s of fi-kegutatech and wel
compoundso is currently performed on a routine
costs. Routine performance of biomarker analyses is, e.g. generally not (yet) in place,

especially if not included in a regular moni toring programme. Nevertheless, information

about costs is included for several EBMs in Chapter 5 and Annex II.

In Chapter 6, the focus is on the assessment of feasibility from a technical and scientific
point of view. From a more WFD legal perspective, primarily two options are discussed: to
assess status (classification) and/or to identify significant pressures and assess impacts
(further discussed in Chapter 7).
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6.1. EBMs to cover non-monitored substances and mixtures in
WFD and MSFD context (applications 1-3)

EBMs are probably the only way to detect the effects of complex mixtures in the
environment.

The first two applications - to cover non-monitored substances and mixtures - were
considered to be the most important reasons for the use of EBMs in the WFD context and
should also be the most important reason to use EBMs in the MSFD context (application
3).

Below, the individual EBMs and EBM batteries so far identified that would be fit for such

a purpose are described and their feasibility assessed. Firstjn vitro assays to detect two
important MoAs i estrogenicity and genotoxicity i are proposed (6.1.1. ad 6.1.2.). These
two particular MoAs were chosen because of their biological relevance, implying relevance
also to the WFD, and the level of maturity of related EBMs compared to other prioritised
in vitro assays. The related EBMs can thus be used and evasied on a routine basis. The
biomarkers identified to detect effects from particular MoAs and/or more biological
pathways (resulting from complex mixtures and including cumulative effects) for which
routine use seems to be possible (today or in the near fuure) are presented for the marine
and freshwater environment, respectively (6.1.3. and 6.1.4.). The methods included were
all considered to be mature or relatively mature, based on an assessment of the availability
of assessment criteria and/or SOPs. Someof the methods in 6.1.3. are already used as
MSFD indicators. Finally, the feasibility of using in vivo bioassays to assess mixtures
(application 1) is described in Section 6.1.5.

6.1.1. To assess estrogenic activity using in vitro assays
Current approa ch

The risk from estrogenic substances in water bodies is currently assessed using a chemical
analytical, substance-by-substance approach. The presence of three EU WL compounds,
1b-estradiol (E2, natural hormone), 17a-ethinylestradiol (EE2, contraceptivum ) and
estrone (E1, breakdown product of E2), is quantified by high-resolution mass spectrometry
coupled to liquid chromatography (hr -LC/MS) after enrichment by solid phase extraction.
The EQS considered for these compounds are 40(pg/l for E2, 35 pg/l for EE2 and
3600 pg/l for E1. Other compounds with estrogenic activity, such as nonyl- and
octylphenol, are also included in the EQSD.

This current approach suffers from two limitations:

- the review of the 1st WL under the WFD (Loos et al. 2018) showsthat a number of MS
are not able to quantify these three compounds at EQS levels due to insufficient LOQ, in
particular for EE2. The ability to detect E1 and E2 at levels below EQS was better (16 out
of 23 MS for E1 and 16 out of 25 for E2).

- it is well known that further compounds with estrogenic activity are present in the
environment and that all these agonists of the ER act in a mixture according to the concept
of concentration addition (Kortenkamp 2007 and Kortenkamp et al. 2009). Annex IIl.1
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presents strong evidence that the monitoring of E1, E2 and EE2 alone is insufficient to
assess the overall risk of estrogenic endocrine disruption from the presence of ER agonists
in water.

Usefulness of EBMs

The activation of the ER by ER agonists is a relevant mode 6 action that is related to
adverse effects at the population level (Kase et al. 2018, Kbnemann et al. 2018)As outlined
above, an EUwide comprehensive assessment of the WL compounds E1, E2 and especially
EE2 is not feasible in the current situation. Based on the results presented in Section 5.3.4,
in vitro EBM together with respective EBTs would be able to discriminate between a
sufficient and insufficient chemical status with respect to E1, E2 and EE2 with sensitivities
and specificities near 90%.

In vitro EBMs for the detection of estrogenicity can be readily used for trend monitoring,
status assessments, prioritisation of water bodies, identification of sources and
investigative monitoring.

Added value of using EBMs

The added value ofin vitro EBMs is illustrated by their current use, to e.g. screen for
estrogenicity in different types of water sample. In vitro test batteries, including

estrogenicity assays, are frequently used for screening purposes with various types of
sample, including effluents from waste water treatment plants (see also Practical
feasibility).

Mixture effects from known and unknown compounds with estrogenic potential can be
assessed in an integrated manner. The relatedin vitro EBMs measure the overall
estrogenic activity present in a mixture of ER agonists. The response is not restricted to a
limited number of selected compounds and thus provides a more comprehensive view on
the presence of this unwanted effect in surface waters.

The assessment of ER activation by a number ofin vitro EBMs is well established and
there is strong evidence that this molecular initiating event is linked to adverse outcomes

at higher biological levels. A study by Arlos et al. (2018) demonstrated the correlation of

predicted concentrations of known estrogens expressed as total estrogenicity (E2
eqguivalent concentrations) with key estrogenic responses such as intersex in the rainbow
darter. Therefore, in vitro EBMs detecting the activation of the ER would allow a holistic

assessment of estrogenic potetials in water samples.

The potential application field of these EBMs is not limited to the WFD context. The use
of these EBMs is meaningful also in the context of water reuse and for the assessment of
urban waste water. They can be used to identify pressires and potential risks to water
bodies and to trace and regulate sources retroactively if effects are observed. Thus, these
EBMs can contribute to improved water management in Europe.

Current regulatory context and use of EBMs

Annex Vllltothe WFDident i fi es c o nepdoanimed £ | wmitteld f uncti onso a
among the main pollutants of European water bodies, indicating the relevance of this
biological effect. EQS-proposals were developed for E2 and EE2 at EU level in preparation
for the 2013 revision of the EQSD, but the substances were not included. Instead, they
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were added to the WL. They can also be regulated as RBSPs in individual MS. So far there
is no explicit use of in vitro EBMs in the WFD, but an EU monitoring project connected to
the WL has been performed to assess the applicability of using different types ofin vitro
assays for screening purposes, to identify samples that can be prioritised for further
chemical analysis of estrogenic compounds.

Guidance needed?

By analogy with the EQSderivation guidance (CIS Guidance Document No. 27), guidance
is needed on how to develop EBTs. Also, a standard (SOP) on suitable pretreatmeri¢ of
surface water samples would be beneficial. Such guidance could be developed based on
scientific literature an d experiences obtained by the EU estrogen monitoring project. A
tiered calculation of EBTs with increasing knowledge could be achieved. For the
investigated EBMs in the EU estrogen monitoring project a very high specificity and
sensitivity was shown (see Chapter 5 and Annex lll). For other EBMs addressing the
activation of the ER this could be done too. If EBMs could be used for WFD status
assessment, revision of EBTs with each water management cycle of 6 years would allow an
update of existing EBTs with increased knowledge and the development of EBTs forin
vitro EBMs not yet covered by the particular assays presented in Annex Ill.1.

Practical feasibility

A number of in vitro EBMs are available that directly detect the potential of a sample to
activate the ER. Three international standards for the determination of the estrogenic
potential of water and waste water are published (ISO 19040 parts 1 to 3- 2018). Three
methods (ERa-CALUX, A-YES and YES) successfully passed an international
interlaboratory tria |.

The detection of estrogenic substances is possible at low Edevels. Taking a sample
enrichment of 10 into account that can be easily performed by solid phase extraction, the
sensitivities for the human cell-line-based reporter gene assay and the AYES are
sufficiently below EBTSs to facilitate the classification of water bodies with respect to their
contamination with estrogenic compounds. Variabilities in all three EBMs were below 50%
(see Table 111.9).

ER-CALUX and A-YES are available as commercial poducts. In addition, license -free
versions of this type of assay are available, e.g. using the cell line T47D also covered by the
international interlaboratory trial. Within ISO 19040 -3, validity criteria are defined to
cover further cell-line-based reporter gene assays.

Commercial costs for this type of EBM are about 14062 00 a4 per sample ( (i f pe
house the costs for personnel and consumables are around 60 Euro/sample). Commercial

and non-commercial EBMs for the detection of estrogenicity are available, however

establishment of a dedicated cell-culture facility is required.

Conclusions and recommendations

In vitro EBMSs for the detection of the ER activation cover a relevant MoA. SOPs for this
type of in vitro EBMs are available and three assays a even ISO standardised. Further
validation and interlaboratory studies for other bioassays evaluating effects by estrogenic
compounds would provide a wider choice of methods.

32 Currently an enrichment factor of 1000 was most appropriate both different European for surface and waste
water assessments, the water phase concentration was afterwards back calculated.
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Short-term outlook and recommendations for possible further implementation under the
WFD

Annex VIII to the WFD identifies the substances that these EBMs respond to%.
Consideration could be given to allowing the use ofin vitro EBMs for the assessment of
the presence of substances causing effects on endocrineelated functions. However, field
studies should be performed to investigate the potential of these EBMSs to identify sources
of emissions as a basis for subsequent measures for improvement. In vitro EBMs
combined with suitable EBTs can reliably screen water samples for further chemical
analysis.

Medium term outlook (next mandate)

In vitro EBMSs for the detection of ER activation might be included in future WL cycles
after the development of guidance documents and an interlaboratory comparison of
suitable EBMs. A field study should be performed to demonstrate the potential of these
EBMs to be used for source identification if elevated levels of estrogenicity are found. This
would also demonstrate that an observed effect can be linked to a pressure.

6.1.2. To assess genotoxic activity using in vitro assays
Current approach

The risks from genotoxic substances in water bodies are currently assessed using a
chemical-analytical, substance-by-substance approach. Some compounds with mutagenic
properties, such as PAHs and benzene, are included in the EQSD.

Usefulness of EBMs

The assessment of genotoxicity is a key component of the evaluation of surface water
guality. Numerous EBMs permit the evaluation of genotoxicity, i.e. damage to the genetic
information within a cell through the interaction of a genotoxic substance with the DN A
sequence or structure, potentially leading to mutations (mutagenicity), and further to
cancer (carcinogenicity). For the latter reason, the use of EBMs specific for this MoA is
fundamental for the protection of human health, considering among other thing s the
exposure of humans to genotoxic substances in drinking water.

Added value of using EBMs

Mutagenicity tests are predictive of integral mutagenic/carcinogenic activity, and can

evaluate the combined action of potentially hazardous compounds present, eg. in drinking

water as complex mixtures and not only individual compounds. They are able to take into
consideration the synergism, additivity or even antagonism of substances. The extraction
method is also very important for this type of assay.

Current regulatory context and use of EBMs

33 Point 4in WFD Annex VIl (A NDI CATI VE LI ST OF THE MAIN POLLUTANTSO0) r ea
preparations, or the breakdown products of such, which have been proved to possess carcinogenic or

mutagenic properties or properties which may affect steroidogenic, thyroid, reproduction or other endocrine -

related functions in or via the aquatic environment. 0
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