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Disclaimer:  
 
 
This technical proposal has been developed through a collaborative framework (the Common 
Implementation Strategy (CIS)) involving the Member States, EFTA countries, and other 
stakeholders including the European Commission. The document is a working draft and does 
not necessarily represent the official, formal position of any of the partners. To the extent that 
the European Commissionôs services provided input to this technical document, such input 
does not necessarily reflect the views of the European Commission. Neither the European 
Commission nor any other CIS partners are responsible for the use that any third party might 
make of the information contained in this document. The technical document is intended to 
facilitate the implementation of Directive 20 00/60/EC and is not legally binding. Any 
authoritative reading of the law should only be derived from Directive 2000/60/EC itself and 
other applicable legal texts or principles. Only the Court of Justice of the European Union is 
competent to authoritativel y interpret Union legislation.   



 

2 

 

Co-chairs:  

IT: Mario Carere  

JRC, European Commission: Teresa Lettieri  

SE: Ann-Sofie Wernersson, Niklas Hanson 

DE: Sebastian Buchinger, Robert Kase-Pasanen (former representative for Switzerland, then 

co-representative for Germany) 

EBM Drafting group : 

DE: Georg Reifferscheid, Anja Duffek 

SE: D. G. Joakim Larsson, Maria Kahlert, Willem Goedkoop, Lars Forlin  

BE: Carole Chalon, Yves Marneffe, Sofie Van Volsem, Lut Hoebeke 

FR: Olivier Perceval, Selim Ait-Aissa 

CZ: Premysl Soldan, Petr Tusil 

IT: Ines Lacchetti, Stefania Marcheggiani, Monica Potalivo, Sara Valsecchi, Camilla 

Puccinelli  

NL: Eric Verbruggen, Dorien Ten Hulscher  

CH: Inge Werner, Etienne Vermeirssen, Eszter Simon, Cornelia Kienle 

UK: Joanna Katsadiaki, Brett Lyon s, Philipp Antczak 

JRC, European Commission, Ispra: Magdalena Niegowska, Livia Gomez Cortes 

JRC, European Commission, Geel: Marina Ricci 

DG Environment, European Commission: Stephanie Schaan, Helen Clayton 

Cefic: Steven Van De Broeck 

Concawe: Graham Whale, Mike Spence, Carolina Di Paolo, Markus Hjort  

Eurometaux: Chris Cooper, Stijn Baken 

Eurelectric: Marie Jo Booth, Frank Marolleau  

Syngenta: Mick Hamer 

ECPA: Stuart Rutherford 

EEB: Ismene Jager 

Veolia: Armelle Hebert  

Norman Network: Henner Hollert (RWTH Aachen University, DE), Beate Escher (UFZ 

Leipzig, DE), Valeria Dulio (Ineris, FR), Werner Brack (UFZ Leipzig, DE)  

SOLUTIONS FP7 project partners: Werner Brack (UFZ Leipzig, DE) et al. 

 

 

  



 

3 

 

CONTENTS 
 

1. GLOSSARY AND TERMS AND DEFINITIONS ................................................................. 5 

2. SUMMARY ......................................................................................................................... 9 

3. INTRODUCTION  ............................................................................................................. 10 

3.1. Current legislative fra mework and approach ................................................................ 10 

3.2. Need for a holistic approach ......................................................................................... 13 

3.2.1. Limitations of the current WFD approach to regulate toxic chemicals  ................ 13 

3.2.2. Effect-based methods (EBM)-Generality .............................................................. 14 

3.2.3. EBMs in regulations and guidance documents ..................................................... 15 

3.2.4. Window of opportunity for EBMs  ......................................................................... 18 

4. ACTIVITY OF THE SUB GROUP EBM ............................................................................20 

4.1. Terms of reference ......................................................................................................... 20 

4.2. Meetings of the EBM activity  ........................................................................................ 21 

5. DELIVERABLES .................................................................................................................. 22 

5.1. Mode of Action (objective 1 and 2) ................................................................................ 23 

5.2. Inventory and selection of EBMs (objective 3, 5 and 7) ................................................ 26 

5.2.1. Biomarker inventory  .............................................................................................. 32 

5.2.2. In vivo  assays ......................................................................................................... 44 

5.2.3. In vitro  assays ........................................................................................................ 45 

5.3. EBM Assessment criteria (objective 4)  ......................................................................... 49 

5.3.1. Biomarkers ............................................................................................................. 49 

5.3.2. In vivo  assays ......................................................................................................... 52 

5.3.3. Effect-Based Trigger values (EBT) for in vitro  assays ........................................... 54 

5.4. Ecological indicators (objective 6) ................................................................................ 58 

5.4.1. WFD biological quality elements, BQE ................................................................. 58 

5.4.2. Metagenomics ........................................................................................................ 60 

5.4.3.  EBMs as supportive components for ecological status ......................................... 61 

5.5. EBMs vs pressures and measures (objective 8) ............................................................ 62 

5.5.1. Identifying water bodies ñat riskò .......................................................................... 62 

5.5.2. Which EBMs?......................................................................................................... 63 

5.5.3. Identifying measu res and assessing their effectiveness ........................................ 63 

6. PROPOSAL ï Scenarios that require the application of EBMs in support of the WFD ...... 66 

6.1. EBMs to cover non-monitored substances and mixtures in WFD and MSFD context 
(application 1-3) ................................................................................................................... 67 

6.1.1.  To assess estrogenic activity using in vitro  assays ................................................. 67 

6.1.2.  To assess genotoxic activity using in vitro  assays .................................................. 70 

6.1.3.  To assess ecologically relevant effects from chemical mixtures in the marine 
environment  using biomarkers ........................................................................................ 72 

6.1.4.  To assess ecologically relevant effects from chemical mixtures in the fresh water 
environment using biomarkers  ........................................................................................ 76 



 

4 

 

6.1.5. To assess relevant effects from chemical mixtures in the fresh water environment 
using a battery of in vivo  assays ....................................................................................... 78 

6.2. Assess sediment quality (application 4) ........................................................................80 

6.2.1. In vivo  assays to assess sediment quality ...............................................................80 

6.3. EBMs to assess status of regulated substances ............................................................. 81 

6.3.1.  To assess dioxin activity ......................................................................................... 81 

6.3.2.  To assess TBT effects (imposex) in the marine environment ............................... 83 

6.3.3.  To assess secondary poisoning from DDT ............................................................. 84 

7. CONCLUSIONS AND PROPOSED ACTIONS ....................................................... 86 

7.1. Final Considerations ..................................................................................................... 86 

7.2.   Possible use of EBM in the WFD monitoring and assessment Programmes .............. 87 

7.3. Next steps ............................................................................................................... 88 

8. References ........................................................................................................................89 

ANNEX I. MoA examples ........................................................................................................ 95 

ANNEX II. Inventory re sults ................................................................................................. 103 

Lists of EBMs in the inventory  ........................................................................................... 103 

Linking biomarker to MoA and WFD relevance  ................................................................ 107 

Practical aspects of biomarkers ........................................................................................... 114 

Regulatory implementation aspects for biomarkers  ........................................................... 119 

ANNEX III. Trigger value procedures  ................................................................................... 130 

Proposal of a tiered approach as a general framework to define EBT-values ................... 140 

Safety and screening value of tiered EBT for surface water assessments ï MoA óestrogen 
receptor activationô ............................................................................................................. 144 

Preliminary results from the ongoing effect -based watch list project ............................... 147 

Description of sensitivity factor EBT approach (Tier 3)  .................................................... 148 

Methods .......................................................................................................................... 148 

Results ............................................................................................................................ 150 

Effect-Based Trigger value (EBT) compilation using the tiered EBT approach ................ 152 

ANNEX IV. Integrated platform for EBMs and application of Reference Materials  ............ 159 

Example of a possible EU-wide exercise with Reference Materials .................................. 160 

ANNEX V. Example of a Battery of EBMs .............................................................................. 161 

ANNEX VI Neurotoxicity Outlook  ......................................................................................... 163 

 

 

 

 

 

 



 

5 

 

1. GLOSSARY AND TERMS AND DEFINITIONS 

 

AA Annual average 

A-YES Yeast estrogen screen assay using Arxula adeninivorans  

AChE Acetylcholinesterase 

ADI  Acceptable daily intake 

AhR Aryl hydrocarbon receptor  

ALA-D Delta-amino levulinic acid dehydratase 

AMR Antimicrobial resistance  

AOP Adverse outcome pathway 

AR Androgen receptor 

ARG Antibiotic Resistance Genes 

BAC Background assessment criteria 

BaP Benzo(a)pyrene 

BAC Background Assessment Criteria 

BAT Best Available Techniques 

BLM Biotic Ligand Model  

BREFs BAT Reference Documents  

BEQ Biological equivalence concentrations 

BQE Biological quality elements 

CA Concentration addition  

CALUX Chemical Activated LUciferase gene eXpression 

CAT Catalase 

CEMP Coordinated Environmental Monitoring Programme  

CIRCABC Communication and Information Resource Centre for Administrations, 

Businesses and Citizens 

CIS Common Implementation Strategy  

CMEP Chemical Monitoring and Emerging Pollutants  

Comet Single cell gel electrophoresis assay (SGGE) 

DDT Dichlorodiphenyltrichloroethane  

dl-PCBs dioxin -like PCBs 

DNA Deoxyribonucleic acid 

DPSIR            Drivers ï Pressures ï State ï Impact and Response approach 

E1 Estrone 
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E2 17-beta-estradiol 

EAC Environmental assessment criteria 

EBM Effect-based methods 

EBT Effect-based trigger value 

EC Effect concentration  

EC50 Median-effect concentration 

ECHA European Chemicals Agency 

EDA Effects-Directed Analysis 

EE2 17-alpha-ethinylestradiol  

ER Estrogen receptor 

EROD Ethoxyresorufin -O-deethylase 

EQS Environmental quality standard(s)  

EQSD EQS Directive on priority substances 

FDI  Fish disease index 

GES Good environmental status (MSFD), good ecological status (WFD) 

GPx Glutathione peroxidase  

GST Glutathione -S-transferase 

GR Glucocorticoid receptor  

GRed Glutathione reductase 

HELCOM Helsinki Commission  

ICES International Council for the Exploration of the Sea 

IED                 Industrial Emissions Directive 

JAMP Joint Assessment and Monitoring Programme 

LH Liver histopathology  

LMS Lysosomal membrane stability 

LOQ Limit of quantification  

MAC Maximum Allowable Concentration  

MELN  Luciferase-transfected human breast cancer cell line gene-reporter assay 

MIC Minimum inhibitory concentration  

MLN  Liver macroscopic neoplasms 

MN Micronucleus  

MoA Mode of action 

MS Member State(s) 

MSFD Marine Strategy Framework Directive  

MT Metallothionein  
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NOEC No observed effect concentration 

OECD Organisation for Economic Co-operation and Development 

OOAO One-out-all-out 

OSPAR Convention for the Protection of the Marine Environment of the North -East 

Atlantic  

PAH Polycyclic aromatic hydrocarbon 

PBDE Polybrominated diphenylether  

PBTs Persistent, bioaccumulative and toxic substances 

PCB Polychlorinated biphenyl  

PCDD Polychlorinated dibenzodioxins  

PCDF Polychlorinated dibenzofurans  

PFOS Perfluorooctanesulfonic acid 

PNEC Predicted no effect concentration 

PoM Programme of Measures  

PPARȂ Peroxisome proliferator -activated receptor 

PS Priority substance 

PXR Pregnane x receptor 

QA Quality assurance 

QC                   Quality control 

RBSP              River Basin Specific Pollutant(s) 

REP Relative effect potency 

ROS Reactive oxygen species 

RQ Risk quotient  

RSC Regional Seas Convention 

SCCS Scientific Committee on Consumer Safety 

SCENIHR Scientific Committee on Emerging and Newly Identified Health Risks  

SCHER Scientific Committee on Health and Environmental Risks  

SfG Scope for Growth 

SOP Standard Operating Procedure 

SoS Stress on Stress 

TBT Tributyltin  

TEF                 Toxic equivalency factor 

TEQ Toxic equivalents 

TIE Toxicity Identification Evaluation  

TIMES ICES Techniques in Marine Environmental Sciences 
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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 Saccharomyces cerevisiae 
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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 is a ñProposal for effect-based monitoring and assessment under the WFDò, it is a 

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 
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3. INTRODUCTION 

3.1. Current legislative framework and approach 

 

The European Water Framework Directive (WFD; 2000/60/EC) objectives (Art 4 of the WFD) 

include the aim to achieve and ensure ñgood ecological and chemical statusò of all water bodies 

throughout Europe through the updating and implementation of management plans at the 

river -basin level. The Directive employs the DPSIR approach: Drivers ï Pressures ï State ï 

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 II 1.4. and 1.5. of 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 ñanalysis of pressure and assessment of impactò can be performed.  

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 II (see 

WFD annex V 1.3.)1. There is also a mechanism in place in the WFD 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 

(ñQA/QC-directiveò) provides further requirements regarding Quality Assurance (QA) and 

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

The WFD assessment of quality of surface water bodies is based on an integrated approach, 

taking into  account the following aspects (Annex V of the WFD):  

Å 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;  

Å hydrological and morphological  conditions;  

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

                                                        
1 ñOn the basis of the characterisation and impact 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 monitoringò. 
2 Investigative monitoring shall according to WFD Annex V. 1.3.3. more specifically be carried out ñwhere the reason 
for any exceedances is unknownò, where surveillance monitoring ñindicates that the objectives set out in Article 4 
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 bodies failing to achieve the environmental objectivesò, or 
ñto ascertain the magnitude and impacts of accidental pollution, and shall inform the establishment of a 
programme of measures for the achievement of the environmental objectives and specific measures necessary to 
remedy the effects of accidental pollutionò. 
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Å concentrations of toxic substances (such as PFOS, cadmium and dioxins).  

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

separate ñchemical statusò for currently 45 EU priority substances (PS), and by way of quality 

elements (ñriver basin specific pollutants, RBSPò) that are part of the ñecological statusò (on 

average, each MS has around 60 RBSP). Environmental Quality Standards (EQS) for these 

substances are set at EU level for ñchemical statusòand at MS level for RBSP. The former EQS 

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 levels. Nevertheless, 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 

mammals that are exposed through aquatic food webs (ñsecondary poisoningò). In some cases, 

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:  

Å The annual average (AA) EQS3 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 long-term water quality to 

protect pelagic organisms, and to protect human health and fish-eating birds and mammals 

from secondary poisoning. 

Å 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 driver4 is to protect human health (when 

exposed to substances in fish and seafood) and/or predators (e.g. fish-eating birds) from the 

risk of secondary poisoning from substances accumulating in prey.  

                                                        
3 Please note that although the standard is expressed as an ñannualò average, i.e. a one year period, shorter time 
periods can sometimes be more appropriate e.g. for pesticides where their use and exposure tend to be seasonal. 
See also CIS 27 foot note 6: ñWhen the exposure pattern for a substance is known to be episodic e.g. many pesticides, 
the averaging period may be a shorter period than a year. This is case-specific but is determined by the expected 
exposure pattern, not toxicologyò 
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 (Art 3.2.) suggests that the ñprimaryò EQS to use is the biota standard. Thus, the water 
EQS in these cases do not primarily refer to ñsafe levelsò for pelagic organisms (although they are protected too), 
but rather ï indirectly ï indicate which are the safe levels to also 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, in some cases the EQS refer to 

groups of substances, as in the case of the EQS for dioxins and dioxin-like PCBs, which uses 

an approach based on TEQs and the potency of the individual substances.  

Chemical status has only two status classes: ñgood chemical statusò and ñnot good chemical 

statusò whereas ecological status is divided into five classes. In the latter case, the EQS defined 

for RBSP are used to distinguish between ñgoodò and ñmoderateò ecological status. CIS 

guidance no. 13 describes in more detail how ecological status assessment is performed. In 

general and for the PS and RBSP in particular, a ñone-out-all-outò (OOAO) approach is used 

in the classification, meaning that it is sufficient that one single PS or RBSP is present in 

concentrations above its EQS for the status to ñfailò (ñnot good chemical statusò or ñmoderate 

ecological statusò).   

The revised EQSD identifies a certain category of PS often referred to as ñubiquitous PBTsò 

(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)5. 

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

20156, status may not deteriorate (often called the ñno deterioration principleò and referring 

to deterioration from one status class to a lower status class for an individual quality element7). 

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 (ñcompliance checkingò) but ñMember States shall take measures aimed at ensuring, 

subject to Article 4 of Directive 2000/60/EC, that such concentrations do not significantly 

increase in sediment and/or relevant biotaò (EQSD art 3.6.). In addition, an overall objective 

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.   

 

                                                        
5 See also preamble 13 of directive 2013/39/EC: ñMonitoring should be adapted to the spatial and temporal scale 
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 
reliable long-term trend analysis, provided that a statistically robust monitoring baseline is available.ò 
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 (C-461/13).   
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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 
classified as ñnot goodò. For RBSP occurring in concentrations above their EQS in the respective MS, ecological 
status will be classified as ñmoderateò (at most). Other chemicals, for which no EQS has yet been established and 
for which no response is observed in a recognised 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 single-chemical risk-assessment 

approach for the management of chemical polluti on of water bodies has some limitations as 

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

¶ 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; 

¶ The effects caused by the mixtures of substances present in the aquatic environment may 

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, 

metaboli tes 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 substance-by-substance, based on laboratory studies, and 
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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) ï General information 

The use of EBMs for monitoring in the WFD context can overcome some of the challenges 

identified above. The history behind several ñlegacyò substances shows that they were first 

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 dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyl (PCB) 

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 aquatic environment, and 

several estrogenic substances, such as EE2, that can explain field-observations 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, Adeel 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 co-chaired by Italy and progressively involved several MS and 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 effect-based 

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 effect-based 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;  

https://enveurope.springeropen.com/articles/10.1186/s12302-015-0039-4
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- To establish early warning systems, to prioritise further studies in areas that are not 

concluded to be at risk because they are located far from known local sources; 

- To take the effects from mixtures of pollutants or not routinely analysed chemicals 

(ñunknownsò) into account (e.g. to support investigative monitoring where causes of a 

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.  

In the European food legislation, EBMs (referred to as ñscreening methodsò) can be used to 

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 show a false-compliant 

rate below 5 % to be accepted as a screening method for dioxins in food. According to the 

regulation a ñlot is compliant if the result of a single analysis performed by a screening method 

with a false-compliant rate below 5 % indicates that the level does not exceed the respective 

maximum level of PCDD/Fs and the sum of PCDD/Fsò. If exceeded, the lot cannot be sold on 

the European market9.  

The use of biomarkers in particular has a long tradition in some MS and Regional Seas 

Conventions. Within the RSCs (OSPAR, HELCOM, UNEP-MAP 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) 10 whereas PAH- and metal-specific effects 

as well as general effects are included on a voluntary basis11 (OSPAR Agreement 2016-01).  

                                                        
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 ñH4. Tributyl tin (TBT)-specific biological effects 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 
monitoring of TBT -specific biological effectsò (OSPAR decision). 
11 ñH10 PAH and metal-specific biological effectsò; ñH11 general biological effectsò. 
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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) 13 to 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 aquatic organisms and species 

living in coastal areas, such as birds. In the 2012 MSFD initial assessment, in total 29 different 

biomarkers (Table 1) and one in 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.  
13 Please note that in 2017, the initial COM decision on ñcriteria and methodological standards on good 
environmental status of marine watersò was revised. With the new decision, the criterion included on effects of 
contaminants was changed from being mandatory to being supplementary but also rephrased. The previous 
wording in COM Decision 2010/477/EU (ñLevels of pollution effects on the ecosystem components concerned, 
having regard to the selected biological processes and taxonomic groups where a cause/effect relationship has been 
established and needs to be monitoredò) could suggest that primarily very specific biomarkers analysing effects on 
higher organisational levels should be considered. In the new decision (COM 2017/848), the EBMs that ñfitò in 
under D8 are ñbroaderò. 
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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). 

Mussels 

Metallothionein (MT) content  
Acetylcholinesterase (AChE) activity 
Glutathione -S-transferase (GST) activity 
Micronuclei (MN) formation  
Lysosomal membrane stability (LMS)  
Scope for growth (SfG) 
Glutathione peroxidase (GPx) activity  
Catalase (CAT) activity 
Cell damage 

Fish 

Ethoxyresorufin -O-deethylase (EROD) activity  
Fish disease index (FDI) 
Levels of bile metabolite 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 

Birds 

Chick mortality  
Mass mortality  
Breeding success 
Egg shell thickness 
Contamination of eggs (coastal birds) 

Other biota  
Embryos malformations (amphipods)  
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 III 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 waste-water 

specific threshold values for EBMs, i.e. mostly in vivo  biological test systems such 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)14 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 2 below. 

                                                        
14 See for example Commission 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. 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02000D0532-20150601
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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 WFD art. 8 and Annex I on 

monitoring  

EBM mentioned as 

supplementary methods for 

surface water quality 

assessment 

CIS guidance 25 WFD art. 8 and Annex I 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 effluents). 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 chemical 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 the Water Directorsô meeting in Bratislava, 28-29 November 201615).   

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) . 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 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
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
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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. As regards 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 inventories 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 ñapplying some aspects of the above principles would require the 

development of new analytical and risk assessment tools that will need to be mature and 

reliable enough to be taken up in routine practiceò. 

In the WG Chemicals mandate for 2016-2018 it was decided to continue the activity on Effect-

Based Methods (previously Effect-Based Tools). The following activities should be included: 

ñEffect-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 application in W FD contextò. 

 

 

 

 

 

 

 

 

 

 

 

 

ñIn the WFD review, a more holistic approach, taking into account the presence of 

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 accurate assessment 

of risks and a more appropriate targeting of monitoring and measuresò 

(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 sub-group elaborated the Terms of Reference (ToR) of the Activity 

after a long discussion at the WG Chemicals and a consultation with the WG Ecostat 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 context, 

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 series of specific objectives: 

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 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 pr ioritisation 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 EBMs (in 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 also chemical pollution, 

including metagenomics approaches. 
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7. Identification 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 EU-scale 

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 effect-based 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, Ispra16) 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 1-8 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, in vitro  and in vivo , 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.   

Biomarkers are in turn often divided into those that are to be considered ñeffect biomarkersò17 

in the sense that the response (endpoint) typically can be linked to negative health effects, 

whereas some biomarkers are categorised as ñexposure biomarkersò18 in the sense that they 

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) activit y (Kase et al. 2018 and 

Könemann 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 a response 
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) 

 

 
 

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 perspective. Thus, 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 WFD relevance is also crucial in trying to ñgroup 

themò according to similar MoAs (see principle 1 in the Bratislava document cited above).    

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 aquatic 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).  

 

 

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 

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 concern).  

 

http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-toxicogenomics.htm
http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-toxicogenomics.htm
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assessment of chemical mixtures is needed. 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 understand ing of the MoA and potential interactions of chemicals is crucial for water 

quality assessments. According to the three EC Scientific Committees (SCHER, SCENIHR and 

SCCS)19, 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 MoA20 provides an overview of the MoA of the PS in 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, PAHs, 

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:  

Å Photosynthesis inhibition  

Å Endocrine disruption  

Å Oxidative stress 

Å Activation of metabolising/detoxifying pathways  

Å Genotoxicity 

Å Histopathology  

Å Stress proteins 

Å Unique 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. 

Figure 3. Venn diagrams representing common MoA and endpoints of PS and other substances of interest. Adapted 
from the JRC technical report on MoA 21. 

                                                        
21 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. 



 

26 

 

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 order 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 c 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.)  
 

JRC technical report on MoA - conclusions  

Å PS grouped by their common MoA/effect  

Å MoA linked to  available EBMs 

Å Further investigation needed to understand the MoA of some groups of chemicals (e.g. 

neonicotinoids, pyrethroids)  

Å Chemicals acting through the same MoA can exert additive effects 

Å EBMs suitable for monitoring mixture toxicity  

Å A battery of EBMs is proposed to reduce chemical analysis in water quality assessment 

Å Standardisation and interlaboratory trial needed before EBM implementation in WFD  
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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.  

Although emphasis has been made to include ñas many EBMs as possibleò at an initial stage, 

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 II to this report) are to 

be considered ñrecommendedò. The inventory should instead be viewed as the ñbase setò of 

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 ï probably in part due to the time constrai nts on the activity. In 

addition, whether a certain EBM can be considered ñrobust enoughò, will most likely depend 

on the intended use (see ñWFD applicationsò below).    

 

MoAs that are covered by the EBMs in the inventory  

In total 138 EBMs were finally inc luded, of which 57 could be categorised as in vitro  assays, 

37 as in 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 I to this report, and a detailed list 

(inventory) of the EBMs available is presented in Annex II, taking account in particular of their 

Objective 3, 5 and 7 of the ToR 

Objective 3: Based on 1 and 2, identification 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 effect-based methods (in 

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.  

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. 
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relevance to the content of 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 I, and that the examples of substance (groups) 

the biomarkers can cover, mentioned in Annex II table II.1, is not exhaustive.  

For the EBMs in the inventory, the ñendpointò is included in the numbered inventory lists in 

Annex II 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 able to detect general effects from complex 

mixtures.  

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

¶ 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) 

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

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

¶ 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)  

¶ Genotoxicity and mutagenicity  

- DNA strand breaks (in vitro ) 
- Reporter gene expression (+S9) (in vitro ) 
- Mutagenicity (point mutation, clastogenic effect)  
- DNA damage (Comet assay) (in vivo  at early life stage and as biomarker) 
- Gene transcriptions 

¶ Immune response  

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

¶ Activation of metabolic enzymes 

- Activation of the peroxisome proliferator -activated receptor (PPARȂ) (in vitro )  
- Activation of h uman pregnane x receptor (PXR) (in vitro ) 

¶ Oxidative stress  

- Reactive oxygen species (ROS, in 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  

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

¶ Neurotoxicity  

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

¶ Cytotoxicity (cell death)  

- In fish cell lines ( in vitro ) 
- In algae (inhibition of photosynthesis and loss in biomass/growth, in vivo  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)  

¶ Lethality  

- In vivo  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 

ñuseful applicationsò of EBMs and explore whether EBMs are available today to fill identified 

needs. However, to be able to conclude on this, also the WFD relevant ñneedsò had to be 

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). This ñcoverageò could refer both to the assessment 

of ñ(toxicological) statusò (further discussed in Chapter 6) but also to identify water bodies 

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 as a ñbioanalytical methodò, comparable to chemical analytical methods, to assess the 

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 investigated 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 cannot be readily used because of high natural 

background concentrations (background>EQS), situations that could occur in mineralised 
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areas. To assess whether EBMs exist that could be used for application 6 or 7, a separate 

investigation was performed by Brix (20 18)22.  

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.   

Below, the identified ñavailableò EBMs are further described and their ñfitness for purposeò 

(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 a particular 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 ï see 

ToR objective 3) was also considered. This assessment was performed for the three main EBM 

groups respectively (see sections on in vitro  assays, in vivo  assays and biomarkers below). For 

ecological indicators, see objective 6.   

In Annex V , an example of a battery of in vivo  and in vi tro  bioassays, according to the results 

of the European Union Framework Programme Project SOLUTIONS, and the Norman 

Network activity, is described.  

 

 

 

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) 23 states that e.g. all methods, ñused for the purposes of chemical 

monitoring programmes carried out under Directive 2000/60/EC are validated and 

documented in accordance with EN ISO/IEC-17025 standard or other equivalent standards 

accepted at international levelò (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), in vivo  assays (algae, invertebrates, 
fish), Cytochrome P450, AChE, Urease, bacterial reporter assay, 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. 

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

1. Cover complex mixtures (of unknown composition) and perhaps even cumulative effects 

when combined with other stress factors ï to assess status and/or identify significant 

pressures 

2. Cover mixture effects from substances sharing the same MoAï to assess status and/or 

identify significant pressures 

3. Identify relevant MSFD indicators 

4. Assess sediment quality  

5. Bioanalytical methods to assess status of regulated substances 

6. Assess metal bioavailability when water chemistry outside validation range 

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

8. Assess quality of drinking water 

9. Assess quality of effluents or leachates 
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but also some in 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.  

 

 
 

The QA/QC directive (Art 4.1.) also states that ñMember States shall ensure that the minimum 

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 

environmental quality standardsò.   

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

assessment criteria are in place, corresponding to the ñenvironmental quality standardsò 

mentioned (further discussed in Section 5.3.). However, Art 4.2. states also that ñIn the 

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 that monitoring is carried out using best available techniques not 

entailing excessive costs.ò Thus, for those EBMs where assessment criteria are not in place, it 

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 early 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 ï 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 

Art. 6 of the QA/QC Directive 

 

1. Member States shall ensure that laboratories or parties contracted by laboratories apply quality management 

system practices in accordance with EN ISO/IEC-17025 or other equivalent standards accepted at international 

level.  

2. Member States shall ensure that laboratories or parties contracted by laboratories demonstrate their 

competences in analysing relevant physico-chemical or chemical measurands by: (a) participation in 

proficiency testing programmes covering the methods of analysis referred to in Article 3 of this Directive of 

measurands at levels of concentrations that are representative of chemical monitoring programmes carried out 

under Directive 2000/60/EC, and (b) analysis of available reference materials that are representative of 

collected samples which contain appropriate levels of concentrations in relation to relevant environmental 

quality standards referred to in Article 4(1).  

3. The proficiency testing programmes referred to in paragraph 2(a) shall be organised by accredited 

organisations or internationally or nationally recognised organisations which meet the requirements of ISO/IEC 

guide 43-1 or of other equivalent standards accepted at international level. The results of participation in those 

programmes shall be evaluated on the basis of the scoring systems set out in ISO/IEC guide 43-1 or in the ISO-

13528 standard or in other equivalent standards accepted at international level. 
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exposed to sediment. There are also examples of biomarkers that are more or less substance 

specific. Thus, for the individual biomarkers in the inventory, applications 1 -7 were 

investigated, see box below.   

 

 

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 the corresponding ñin vit roò or ñin vivoò method could be used to evaluate effluents 

(further described in Section 5.4).  

 

Is the biomarker analysig ñWFD-relevant effectsò? 

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

to be of WFD relevance but some can be interpreted in a more ñstand-aloneò manner and some 

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 weightïof-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 the response 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 

II.1.  

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

of concentrations that cannot be exceeded to achieve different ñprotection goalsò. Two of these 

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.  

Applications investigated for individual biomarkers in the inventory  
1. Cover complex mixtures (of unknown composition) and perhaps even cumulative 

effects when combined with other stress factors ï to assess status and/or identify 

significant pressure 

2. Cover mixture effects from substances sharing the same MoAï to assess status and/or 

identify significant pressure 

3. Identify relevant MSFD indicators 

4. Assess sediment quality  

5. Bioanalytical methods to assess status of regulated substances 

6. Assess metal bioavailability when water chemistry outside validation range 

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

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 considered valuable to assess ñstatusò. Most of these methods 

are ñgeneral biomarkersò. Being ñgeneralò means that they cannot be used to directly link the 

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 the inventory, as long as the MoA was 

considered important and the response likely linked to adverse impacts on health (at least on 

a tissue level) the biomarker was ranked as being of ñmoderate ecological relevanceò.  

In a few cases biomarkers that can be used 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 ñbiotaò are not sampled in the WFD context. Also, the geographical scale of 

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.  
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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 

mentioned: ñSubstances and 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.ò  

Some biomarkers can be considered ñspecificò in the sense that they primarily respond to a 

particular MoA and can  thus be used to monitor some of the above substances ï 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 II.1.  

 

Regulatory implementation aspects for biomarkers  

Table II.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 assessment 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 in the ñICES Techniques in Marine Environmental 
Sciences (TIMES)ò series24. These documents provide details on methods and procedures 
relating to chemical and biological measurements in the marine environment. Most of the 
techniques described have been selected 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 are 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 another approach than setting ñfixed valuesò might 

be more appropriate. This is discussed further in Section 5.3. However, in Table II.3. any 

known established assessment criteria are included.   

Please be aware that the information in Table II.2. and II.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 following 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 analyses 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 cases, commercial 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 II.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:  

¶ Concentrations of contaminants in the tissues  

- To assess status 
- To assess trends 

¶ Effects on individual and suborganism levels 

¶ Effects on the population level (such as fish catch)25 

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 involved in 

analysing biota is related to the sampling. By combining traditional biota monitoring with 

EBM analyses and monitoring to assess population level effects, a cost-effective monitoring 

approach can be used in the sense that the sampling frequency can be 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 II to the report. Another practical aspect to 

consider is whether sampling, depending on the scope, should 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 II.2.    

For some EBMs, it is possible 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 II these 

aspects are not taken into account in the next step ï 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/or MSFD) 

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 ñevaluation criteriaò other than the availability of SOPs and the relevance of the 

biomarker were used to ñprioritiseò (ToR objective 3 and 5) biomarkers for further selection.  

The individual biomarkers that were considered to fulfill both the ñrelevance and robustness 

checksò are further described under Section 5.3. and proposed to be 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 ñtoxicological statusò (see further discussions in 

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 be prioritised 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 effects 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 and ï if environmental factors can b e 

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 conclude that status is not 

good, even if chemical concentrations are below the EQS. Only two biomarkers (imposex and 

egg-shell thinning) could be identified to fulfill these criteria. And could thus be used alongside 

chemical analysis to assess status (in relation 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 site-specific 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 II, 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 ï strong link to survival and growth; deformit ies ï clear links 

between observed deformities and effects on individuals and populations; AChE ï 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 moderate (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 ñmetal statusò.  

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 valuable in cases where BLMs canôt be used or give less reliable results 

(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 

the EQS) doesnôt respond, it would indicate that the metal is not sufficiently bioavailable to be 

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 respond at the EQSs but 

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

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 of the 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 proposed 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 and white blood cells (biomarkers not included in the 

inventory or the assessment made by Brix 2018) could be of value on a case-by-case basis in 

this context.  

If sufficiently sensitive biomarkers were available for a particular metal, in situations where 

the EQS is exceeded, but the bioavailability is uncertain, a ñno-responseò in such a sensitive 

biomarker would suggest that status is, after all, ñgoodò. 

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 
                                                        
26 Although TBT contains metal (Sn) it is usually not considered in this context, being an ñorganometalò.  
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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 some of the EQSs 

developed for PAHs the main driver is toxicity to aquatic organisms. Although EROD probably 

cannot be used as a ñstand-aloneò biomarker, the biomarker EROD is useful in a weight-of-

evidence and trend approach as an early warning signal (see example 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 II mo re detailed descriptions of these methods are included.27  

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 evaluate analytical results using broader batteries of biomarkers are also 

described.  

                                                        
27 Please note, for example, that if the table 3 suggests that ñassessment criteriaò are available, this can refer to both 
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 availa ble ï 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 some biomarkers, information about this is still missing 
(marked with a question mark).  

Biomarker name  Ecological 

Relevance  

Responds to  SOP 

available?  

Assessment 

criteria 

available?  

Monitored?  Marine?  Limnic?  Protection 

goal  

Applications 

of relevance  

Imposex VERY TBT Yes Yes Yes Yes No Pelagic 

Benthic 

3 (MSFD) 

4 (sediment)  

5 (regulated 

substances) 

LMS (lysosomal 

membrane stability)  

MODERATE Complex 

mixtures and 

other stressors 

Yes Yes Yes Yes Yes Pelagic and/or 

Benthic  

(depends on 

species)  

1 (complex 

mixtures)  

 3 (MSFD) 

 4 (sediment) 

ALA-D (delta-

aminolevulini c acid 

dehydratase) 

MODERATE Lead Yes ? ? Yes  Yes Pelagic and/or 

Benthic  

(depends on 

species) 

3 (MSFD) 

4 (sediment)  

5 (regulated 

substances) 

DNA adducts  

 

MODERATE-

HIGH  

Mixtures of 

compounds 

with common 

MoA 

(mutagenicity)  

Yes Yes ? Yes Yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

FDI (Fish Disease Index) 

including LH (liver 

histopathology) and 

HIGH  Complex 

mixtures and 

other stressors 

Yes Yes Yes Yes Yes Pelagic and/or 

Benthic  

1 (complex 

mixtures)  

3 (MSFD) 
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Biomarker name  Ecological 

Relevance  

Responds to  SOP 

available?  

Assessment 

criteria 

available?  

Monitored?  Marine?  Limnic?  Protection 

goal  

Applications 

of relevance  

MLN (macroscopic liver 

neoplasms) 

(depends on 

species) 

4 (sediment) 

Reproductive success in 

eelpout  

 

VERY Complex 

mixtures and 

other stressors 

Yes Yes Yes Yes No Pelagic (but 

bottom dwellers)  

1 (complex 

mixtures)  

3 (MSFD) 

4 (sediment) 

VTG (vitellogenin) in 

male fish 

MODERATE-

HIGH  

Mixtures of 

compounds 

with common 

MoA 

(estrogenicity)  

Yes Yes yes yes yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

Intersex in male fish  

 

VERY Mixtures of 

compounds 

with common 

MoA 

(estrogenicity)  

Yes Yes ? yes Yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

MN (micronucleus)  MODERATE-

HIGH  

Mixtures of 

compounds 

with common 

MoA 

(genotoxic/mu

tagenic) 

Yes Yes Yes Yes Yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

Amphipod embryo 

malformation (brackish 

water) 

VERY Complex 

mixtures  

Yes Yes Yes  Yes 

(Baltic)  

Yes Pelagic and 

benthic  

1 (complex 

mixtures)  
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Biomarker name  Ecological 

Relevance  

Responds to  SOP 

available?  

Assessment 

criteria 

available?  

Monitored?  Marine?  Limnic?  Protection 

goal  

Applications 

of relevance  

 3 (MSFD) 

4 (sediment) 

AChE 

(acetylcholinesterase) 

HIGH  Mixtures of 

compounds 

with common 

MoA 

Yes Yes Yes Yes Yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

Comet Assay MODERATE-

HIGH  

Mixtures of 

compounds 

with common 

MoA 

Yes Yes ? Yes Yes Pelagic and/or 

Benthic  

(depends on 

species) 

2 (MoA mix)  

3 (MSFD) 

4 (sediment) 

Mussel histopathology 

(gametogenesis)  

 

MODERATE-

HIGH  

Complex 

mixtures  

? Yes ? Yes No Benthic 

(mussels) 

1 (complex 

mixtures)  

3 (MSFD) 

4 (sediment) 

Stress on stress  

 

HIGH/VERY  Complex 

mixtures and 

other stressors 

? Yes Yes Yes No Benthic 

(mussels) 

1 (complex 

mixtures)  

3 (MSFD) 

4 (sediment) 

SfG (Scope for Growth)  

 

HIGH/VERY  Complex 

mixtures and 

other stressors 

Yes YES Yes Yes No Benthic 

(mussels) 

1 (complex 

mixtures)  

3 (MSFD) 
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Biomarker name  Ecological 

Relevance  

Responds to  SOP 

available?  

Assessment 

criteria 

available?  

Monitored?  Marine?  Limnic?  Protection 

goal  

Applications 

of relevance  

4 (sediment) 

Benthic diatom 

malformation  

MODERATE-

HIGH  

Complex 

mixtures  

Yes Yes (Yes) No Yes Benthic (benthic 

organism) 

1 (complex 

mixtures)  

4 (sediment) 

Egg-shell thinning  VERY DDT Yes Yes Yes Yes No Secondary 

poisoning 

3 (MSFD) 

5 (regulated 

substances) 

Sea eagle productivity  

 

VERY Complex 

mixtures but 

priority 

suspects are 

DDTs 

Yes Yes Yes Yes No Secondary 

poisoning 

1 (complex 

mixtures)  

3 (MSFD) 

 

Pregnancy rate in seals 

 

VERY Complex 

mixtures but 

priority 

suspect are 

PCBs 

Yes Yes Yes Yes No Secondary 

poisoning 

1 (complex 

mixtures)  

3 (MSFD) 

 

Mentum deformation in 

chironomids  

MODERATE-

HIGH  

Complex 

mixtures  

? ? (Yes) No Yes Benthic  1 (complex 

mixtures)  

4 (sediment) 
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5.2.2. In vivo 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 using in 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 ñin situ assaysò).  

The ñendpointò is related to the type of effect that is measured, and some examples that 

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. 

In general, in vivo bioassays are broad spectrum assays, e.g. an in 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, detritivore/filter 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 using in 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 II) have been collected; these 

include the following MoAs: growth biom ass (algae), photosyntesis inhibition (PSII), 

reproduction ( Daphnia magna , crustaceans, amphipods, snails), lethality, developmental 

toxicity and behaviour (fish embryos, chironomidae), reproduction -endocrine disruption 

(Gammarus ). For the marine environme nt, 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 in vivo  bioassays  

¶ Cover complex mixtures (of unknown composition)  and perhaps even cumulative 
effects when combined with other stress factors ï 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  
 

5.2.3. In vitro assays  

In contrast to in vivo  assays that 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 serve 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 and in 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 in 

vivo  reference models may display different sensitivity for the same substance or chemical 

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 VIII defines compounds with ñcarcinogenic or mutagenic properties 

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

related functionsò. 

As discussed above, it is evident that chemical analysis alone cannot cover all potentially 

harmful compounds present in the water envi ronment, 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 various in vitro  EBMs that are implemented under 

REACH such as the Ames Fluctuation 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 instruments 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. For in vitro  EBMs, which are usually based 

on eukaryotic cell lines or single cell microorgani sms (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 cost-intensive compared to in vivo  EBMs 

and have the potential for automation and high-throughput analysis.  
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For several in 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 of nuclear 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  EBMs are frequently reported as óbiological equivalence 

concentrationsô (BEQ) that express the biological response of the in vitro  EBM as a 

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 activity 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 effect based on concentrations of contaminants. 

For certain applications, e.g. for screening purposes, threshold values must be defined to 

assess results from in vitro EBMs expressed as a BEQ. Effect-based trigger values (EBT) 

can be used as such threshold values. Section 5.3.1 and Annex III 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 high-end 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,  

- a number 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 to in 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 possibility that a 

specific molecular initiating event is the cause of an adverse effect increases with the 

completeness of the AOP and thus the relevance of a related in vitro EBM. 

2) different toxicokinetics between cellular in vitro  EBMs and organismic in v ivo  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 on in vivo  studies cannot be 

translated directly to a threshold value  to assess the results of an in vitro  EBM. In addition, 

the contribution of a single compound to a sum effect that is measured by the in 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 in vitro 

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 by in 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 of in 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 ï especially with respect to endocrine regulation ï 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 relevant in 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 of the in vitro  EBM : as discussed above, positive results from in 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. 2010). 

According to OECD-document ENV/JM/MONO(2016)12. ñAn AOP describes a 

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 decision-makingò. The Adverse Outcome 

Pathway (AOP) Wiki28 serves as the primary 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 an in 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 investigating the 

relevance of in vitro  effects for the prediction of population status are scarce and are 

much needed. Finally, the relevance of an in vitro  EBM is indicated by the inventory 

of chemical MoAs, as demonstrated in Section 5.1, such as photosynthesis inhibition, 

endocrine disruption or genotoxicity. Nevertheless, due to improvements in EBT 

                                                        
28 https://aopwiki.org/  



 

48 

 

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 III). EBTs can currently be proposed for 21 different MoAs and endpoints 

covering around 37 EBM (see Table III.12).  

2.  Maturity of the in vitro  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 

quantification 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.  

3.  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 same in 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 require an accepted EBT for the given in 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 III.12 in annex 3). Therefore, in vitro  EBMs with 

defined EBTs are to be favored above EBMs without defined EBTs. 

In vitro  EBMs 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 

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

EBMs cover also mixture effects (application 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 

expected ï especially in marine samples - sample enrichment is recommented. In vitro  

EBMs can be used for the characterisation of sediment samples (application 4 ) using 

pore water and eluates or extracts from sediment. Two in vitro  EBMs detecting sediment-

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

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

detecting dioxin -like effects can be used as óbioanalyticalô tools for screening purposes 

prior to a chemical analysis (application 5 ). In vitro  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 and respective 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 certain in vitro  EBMs suitable for effect-based 

assessment of water quality. These are listed in Table I.1. Annex I. 

 

In vitro  EBMs conclusions  

Å In vitro  EBMs allow the specific detection of relevant MoAs at a molecular level 

Å In vitro  EBMs allow for cost-efficient high -throughput measurements 

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

Å Results can be used for a relative assessment, for prioritisation, source identification and 

investigative monito ring  

Å In vitro  EBMs with defined EBTs can be used for screening purposes and possibly even 

for a status assessment 

Å The concept of the AOP can be used for the prioritisation of in vitro  EBMs and should be 

further developed 

Å For many EBMs, EBTs are already available, usable and recommended (see annex III) 

 
 

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 the 

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 several 

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 III describes an EBT derivation approach and compilation 

for in vitro  and in vivo EBM. 

 

 

 

5.3.1. Biomarkers 

Biomarker results have so far been evaluated in relative (e.g. time trends or comparisons 

between reference and impacted sites) and/or in absolute terms (against ñfixed assessment 

criteriaò ï comparable to the EQSs) but also in an integrated manner (weight of evidence) 

Objective 4 of the ToR 

Objective 4: Development, where possible, of in vivo and in vitro effect-based trigger 

values, signalling a risk to or via the aquatic environment (including risks to human 

health from chroni c 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. 
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(see also European Commission, 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 

quality 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 so-called BAC (Background Assessment Criteria) and 

EAC (Environmental Assessment Criteria) values (Davies and Vethaak 2012, OSPAR 

2013). Although, to our knowledge, there is no strict ñguidance documentò on which 

procedures to use (corresponding to the CIS Guidance Document No. 27 on deriving 

EQSs), and the actual methodology may vary between 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 II.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 therefore be possible to 

evaluate one by one and using the ñone-out-all-outò (OOAO) approach29. However, it is 

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 a weightïof-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 supportive information 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 ñtrend approachò is already included in the WFD context. For priority substances 

accumulating in sediment and/or biota, concentration trends are to be monitored and MS 

have to take measures aimed at ensuring ñthat such concentrations do not significantly 

increase in sediment and/or relevant biotaò (see EQSD art 3.6.). Also, in the MSFD 

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 
considered ñnot goodò (non-compliance).  
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Another common approach in this context is to use a weight-of-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 long-term 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 

ñcumulative effectsò). Biomarker responses include induction of the detoxification enzyme 

EROD, and increased glutathione reductase (GRed) activity30 (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 Mustamäki 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 now believed 

that the effects are probably happening on a large scale.    

 

 

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 time 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 Mustamäki et al. 2018.  

 

The example above illustrates how the evaluation can be performed using ñexpert 

judgmentò and focusing on trends for several different variables taken together.  

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 below, ñassessment criteriaò have now also 

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 i ncluded in 

the scoring, such as a response in dead/malformed embryos, a read-out 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 weight-of-evidence approach where individual 
biomarkers are grouped based on physiological 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 ñreproductionò or ñcondition and metabolismò is considered impaired. Overall, 
biomarkers should also be considered affected if at least two of the other functions are considered impaired. 

Function Score Limit 

Reproduction    

Reduced gonad size 1 

1 
Increased vitellogenin for male fish 1 

Reduced vitellogenin for female fish 1 

Skewed primary sex ratio (eelpout) 1 

Contition and metabolism    

Reduced condition factor 2 

2 

Increased condition factor 1 

Change in liver size 1 

Change in glucose 1 

Change in lactate 1 

Liver function    

Change in liver function 3 

4 
Change in EROD activity 1 

Change in GRed activity 1 

Change in MT 1 

Immune defense    

Change in total white blood cells 2 

3 

Increase in macrofage centra 2 

Change in lymphocytes 1 

Change in thrombocytes 1 

Change in number of granulocytes 1 

Red blood cells    

Change in hematocrit 2 

3 Change in hemoglobin 2 

Change in immature red blood cells 1 

Ion regulation    

Change in potassium 2 

3 
Change in calcium 2 

Change in chloride- AND sodium 3 

Change in chloride- OR sodium 1 

 

5.3.2. In vivo assays 

For in vivo  assays already used in, e.g. whole-effluent assessments, the assessment 

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

or NOECs, although the ñCò (concentration) does not refer to the concentration of a 

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 assessment of contaminated sites, including 

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

be evaluated using a weight-of-evidence approach, e.g., the so called ñtriad approachò 

(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). 

 

 
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 ñYesò or a ñNoò, depending on the response (impact/no impact). When, for example, all 

three components are answered with ñYesò, there is strong evidence that community 

effects are (at least partly) caused by toxic chemicals. When all components are answered 

with ñNoò, there is strong evidence against such effects. 

 
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 

No Yes No 
Unmeasured contaminants have the potential to cause 
degradation 

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

No Yes Yes Unmeasured toxic contaminants are causing degradation 

Yes No Yes 
Contaminants are not bioavailable, alterations not due to 
toxic chemicals 

 

 

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 results are then expressed as a ñbiological equivalence 

concentrationò.  

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 of results 

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 have 

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 EBTs, 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: 

 

Ὑ
ὧ

ὉὗὛ
 

 
with  
Ὑ risk-quotient for compound i  
ὧ concentration of compound i  
ὉὗὛ environmental quality standard of compound i  
 
The risk-quotient based on EBMs would be given by: 
 

Ὑ
ὄὉὗ

ὉὄὝ
 

 
with  
Ὑ  risk quotient based on in vitro  EBM 
ὄὉὗ biological equivalence concentration determined with an in vitro  EBM 
ὉὄὝ effect-based trigger value 
 
 
A MoA-specific EBT can be used as a guidance value to assess the quality of a water body: 
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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 for in 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 effects, 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 based on the 

limitations of in vitro  EBTs 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 EC-values 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. receptor-mediated effects), 

or for more biological pathways if employing wide -spectrum EBMs. 
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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 

quotient 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 mean that 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  

EBMs ï expressed as BEQ values ï can be related to both data from chemical analysis and 

adverse effects in vivo . This can be done based on a specificity and sensitivity analysis 

using data from the chemical analysis as a reference point or from in 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 for the relevant molecular 

initiating event óactivation of the ERô in Annex III (Section 1) using a data set including 

data from hr -LC/MS measurements, five in vitro  EBMs and an in vivo  transgenic fish 

model. In Annex III 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 chemical methods 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. 

 

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 specificity 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 non-carcinogens. 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 III Section 1. 

The sensitivity gives the percentage of true positive assessments against all samples that 

were identified to be óat riskô by the reference method. The specificity gives the percentage 

of true negative assessments against all samples that were identified to be ónot at riskô by 

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 reference approach would be identified 

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

inverse situation with 0% sensitivity and 100% specificity. Because two categories, i.e. óat 

riskô and ónot at riskô, have to be distinguished, the sensitivity and specificity of an in vitro  

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 

assessed to be óat riskô by the reference method. In the case of 90% specificity, 10% of the 

samples identified óat riskô by the EBM/EBT combination would be classified as ónot at riskô 

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  

Å EBTs are used as benchmarks for results obtained by in vitro or in vivo EBMs expressed 

as biological equivalence concentrations 

Å The predictive power of an EBT-proposal can be assessed based on a sensitivity and 

specificity analysis 

Å Specific EBTs for a number of in vitro  and in vivo  EBMs are proposed 

 

 

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 assessments). 
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 variables exist 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.):  

¶ Composition, abundance and biomass of phytoplankton  

¶ Composition and abundance of other aquatic flora  

¶ Composition and abundance of benthic invertebrate fauna  

¶ 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 (IQI ), Danish 

Quality Index Ver2 (DKIver2), Spanish Multivariate AZTI Marine Biotic Index (M -AMBI) 

and French ñBenthic Opportunistic Annelida Amphipoda Index/Benthic Opportunistic 

Polychaete Amphipoda Indexò. Furthermore, four methods under development were 

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 Franc e. The index is called I2M2 (Indice Invertébrés 

MultiM®triques). When combined with a ñdiagnostic toolboxò, the most probable pressure 

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

To ensure that the assessment of ecological status 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 concentra tion 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 BQEs used 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 

*Organic 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 

to support BQEs qualifies as ñinvestigative monitoringò, and is described in Annex V to the 

WFD. CIS Guidance Document No. 32 provides 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 composition at 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 metagenomics, 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 identify 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: 

Å 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 (Bengtsson-Palme et al. 2015); 

Å They provide information about impaired ecosystem functions and services; 

Å They provide information on the risk for aquatic transmission of a large range of 

pathogens (bacteria, viruses, etc.); 

Å 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); 

Å They provide information about the type of chemicals and other stressors affecting 

aquatic communities based on the characteristics of present/lost members and 

their functional genes.      

Waterbodies have been recognised as a transmission route for antibiotic 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 antibiotic 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 certain 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 exceptional diversity 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. PCR-amplified 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 some in 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 physico-chemical elements 

and hydromorphological elements. Figure 8 shows an example of how ecologically relevant 

EBMs could be used to assess ecological status by giving the parameters they measure the 

same weight as physico-chemical elements (including RBSPs). This would need a relatively 

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

 

 

Figure 8. An example of how EBMs could be used as supportive elements to assess ecological status. In the 
example, EBM parameters are given the same weight as physico-chemical 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) 

 

 

5.5.1. Identifying water bodies ñat riskò 

As mentioned in the introduction, the WFD employs the DPSIR (Drivers ï Pressures ï 

State ï 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 

(ñgood statusò) based on an analysis of pressures including ï at least for the PS ï an 

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 ñgood statusò), PoMs should be developed with 

the aim of achieving the objectives (see Figure 9). 

    

 
 
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 
ñarrowò, the WFD approach is actually performed in a ñ6-year-cycleò (iterative process) and monitoring is also 
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 II 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 national level (RBSPs), the pressures 

and impacts assessment is an important starting point and, as a safety net to this selection 

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.    
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process, the ñpresence of pollutants with similar modes of toxic action and hence 

potentially additive effectsò should be taken into account31. 

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 EBMs, especially if 

ñsevereò, impacts are indicated. EBMs are also of interest if there is no obvious reason for 

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 case-specific 

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 cost-effective approach, whereas if 

water is analysed, in vitro  batteries would probably be the first choice. If contaminated 

sediment is of concern, ñin vivoò EBMs could be applied. Also, knowledge about the 

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, less ñstrictò assessment criteria are necessary 

than for status classification, although ñrisk criteriaò would be helpful to evaluate EBM 

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 pressures. In vivo  and in vitro  assays are particularly 

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 ñchemical approachò so far used has some major advantages. It directly reveals 

substances that should be targeted. Some ñsubstance-specificò measures include the 

restriction of particular uses (see e.g. REACH Annex XVII). Some substances can be seen 

as indicators for a group of compounds, often from the same source or at least type of 

                                                        
31 See 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 poten tial 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 ñsuspect substancesò the main problematic pressures can 

be identified and aid in the identification o f cost-effective measures. In cases biomarkers 

were used in the impact assessment, a corresponding in vivo  or in vitro  assay needs 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. toxicity-based 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 effluent toxicity 

for certain installations several decades ago and in the early 90ôs developed guidance on 

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 detailed information about 

causative substances is needed to undertake measures, TIE and effects-directed 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, 

including also ñsource trackingò (e.g. gradient studies) could in several cases help to 

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) identified to be ñat riskò 

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 ï Scenarios that require the 

application of EBMs in support of 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 factors ï to assess status and/or identify 

significant pressure.  

2. Cover mixture effects from substances sharing the same MoA ï to assess status and/or 

identify significant pressure. 

3. Identify relevant MSFD indicators. 

4. Assess sediment quality.  

5. Assess status of regulated substances. 

 

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 ninth objective 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 chemical analysis of ñknown and well-regulated 

compoundsò is currently performed on a routine basis and this can lower the analytical 

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).  

Objective 9 of the ToR 

Objective 9: Assess the practical feasibility and cost effectiveness of implementing at EU-

scale possible strategies using effect-based methods, 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 effect-based tools alongside chemical 

tools, compared with using only chemical methods as in the current approach to chemicals 

under the WFD. 
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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. First, in vitro  assays to detect two 

important MoAs ï estrogenicity and genotoxicity ï are proposed (6.1.1. and 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 evaluated 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 future) 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. Some of 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, 

17b-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 400 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) shows that 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 III.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 of action that is related to 

adverse effects at the population level (Kase et al. 2018, Könemann et al. 2018). As outlined 

above, an EU-wide 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 of in 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 f rom 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 related in 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 of in 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 

equivalent 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 potentials 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 pressures 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 VIII to the WFD id entifies compounds with ñendocrine-related functionsò as being 

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 of in 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 EQS derivation guidance (CIS Guidance Document No. 27), guidance 

is needed on how to develop EBTs. Also, a standard (SOP) on suitable pretreatment32 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 III). 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 for in 

vitro  EBMs not yet covered by the particular assays presented in Annex III.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 l.  

The detection of estrogenic substances is possible at low E2-levels. 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 A-YES are 

sufficiently below EBTs 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 III.9).  

ER-CALUX and A-YES are available as commercial products. 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 140-200 ú per sample ((if performed in-

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  EBMs for the detection of the ER activation cover a relevant MoA. SOPs for this 

type of in vitro  EBMs are available and three assays are 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 to33.  

Consideration could be given to allowing the use of in vitro  EBMs for the assessment of 

the presence of substances causing effects on endocrine-related functions.  However, field 

studies should be performed to investigate the potential of these EBMs 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  EBMs 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 

quality. 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, e.g. 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 4 in WFD Annex VIII ( ñINDICATIVE LIST OF THE MAIN POLLUTANTSò) reads: òSubstances and 
preparations, or t he 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.ò 




























































































































































































