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Disclaimer

This technical document has been developed by a drafting group through a collaborative
programme involving the European Commission, Member States, EFTA countries, and other
stakeholders. The document does not necessarily represent the official, formal position of
any of the partners. Hence, the views expressed in the document do not necessarily
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FOREWORD

This Technical Guidance Document on Biota Monitoring (the Implementation of EQSyiota)
aims to facilitate the implementation of environmental quality standards (EQS) in biota
under the Water Framework Directive by addressing in particular the sampling strategies
appropriate for monitoring programmes designed to assess compliance with biota EQS. It is
Guidance Document No. 32 in the series of guidance documents prepared to support the
Common Implementation Strategy (CIS) for the Water Framework Directive.

It elaborates extensively on the content of Guidance Document No. 25 on Chemical
Monitoring in Sediment and Biota under the Water Framework Directive, and is
complemented by Guidance Document No. 33, the Technical Guidance Document on
Analytical Methods for Biota Monitoring. Guidance Documents 32 and 33 together address
the requirement for guidance on biota monitoring mentioned in Article 3(8a) of Directive
2008/105/EC as amended by Directive 2013/39/EU.

The original Directive 2008/105/EC included biota standards for mercury,
hexachlorobenzene and hexachlorobutadiene. In Directive 2013/39/EU, biota EQS were
introduced for three other existing priority substances (fluoranthene, polyaromatic
hydrocarbons and brominated diphenylethers), and set for four new priority substances
(dicofol, perfluorooctane sulfonic acid and its derivatives, hexabromocyclododecane, and
heptachlor/heptachlor epoxide). This guidance document takes into account the fact that
trend monitoring in sediment and/or biota is required for several other priority substances as
specified in Article 3(6), and indicates how trend monitoring data can be used to check
compliance with biota EQS, but does not elaborate on trend monitoring as such.

This document constitutes guidance and Member States are therefore not legally required to
follow the recommendations contained in it. Member States are, however, required to use
methods compliant with the requirements of the Environmental Quality Standards Directive
2008/105/EC and the Quality Assurance/Quality Control Directive 2009/90/EC.
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GLOSSARY OF TERMS

Term Definition

ADI Acceptable Daily Intake. An estimate of the amount of a chemical in food or
drinking water, expressed on a body-weight basis that can be ingested daily over a
lifetime without appreciable risk. The ADI is listed in units of mg per kg of body
weight

BAF Bioaccumulation Factor. The ratio of a substance's concentration in tissue versus
its concentration in ambient water

BCF Bioconcentration Factor. The ratio of a chemical accumulated in, or on, an
organism to the source of that chemical (when the source of that chemical is solely
water).

BFR Brominated Flame Retardant

BMF Biomagnification Factor. The ratio of the concentration of a contaminant in an
organism to the concentration in its food.

Cd Cadmium

CF Condition Factor

bDT Dichlorodiphenyltrichloroethane

DL-PCB Dioxin-like Polychlorinated Biphenyl

EQS Environmental Quality Standard. A term most often used in reference to an annual
average. A legally binding limit value under the Water Framework Directive, either
internationally or nationally.

EQSD Environmental Quality Standards Directive

EQSpiota Environmental Quality Standard derived in biota, but for which compliance may be
assessed by comparison against concentrations in biota or another suitable matrix.

Eurytopic An organism able to tolerate a wide range of habitats or ecological conditions

HBCDD Hexabromocyclododecane

HC5 Hazardous Concentration to 5 percent of tested aquatic organisms. Can be
estimated from a species sensitivity distribution (SSD).

HCB Hexachlorobenzene

HCBD Hexachlorobutadiene

Hg Mercury

JAMP Joint Assessment and Monitoring Programme

Log Kow Logarithm (base 10) of the octanol-water partition coefficient.

LoQ Limit of Quantification.

MSFD

Marine Strategy Framework Directive

Vii
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NDL-PCB Non-Dioxin-like Polychlorinated Biphenyl

NOAEL No-Observed-Adverse-Effect-Level

NOEC No-Observed Effect Concentration

PAH Polycyclic Aromatic Hydrocarbon

Pb Lead

PBDEs Polybrominated Diphenyl Ethers

PCB-7 2,4-Dichlorobiphenyl

PCDD/F Polychlorinated Dibenzo-p-Dioxin and Polychlorinated Dibenzofuran
PFAAs Perfluoroalkyl Acids

PFOS Perfluorooctanesulfonic acid or perfluorooctane sulfonate
POPs Persistent Organic Pollutants

PRC

Performance reference compound

stiota, hhfood

Quality standard, human consumption of fishery products, expressed in biota

stiota,secpois

Quiality standard, secondary poisoning, expressed in biota

TBT Tributyl tin

DI Tolerable Daily Intake. A TDI is an estimate of the amount of a chemical in air,
food or drinking water that can be taken in daily over a lifetime without
appreciable health risk. TDIs are calculated on the basis of laboratory toxicity data
to which uncertainty factors are applied.

TGD Technical Guidance Document

TMF Trophic Magnification Factor

VOCs Volatile Organic Compounds

VsD Virtual Safe Dose

WED Water Framework Directive

viii




1 INTRODUCTION

1.1 Background

The 2013 Directive dealing with Priority Substances under the Water Framework Directive
(2013/39/EU) (EU 2013) amends and updates the original Water Framework Directive
(WFD) (EC 2000) and Environmental Quality Standards Directive (EQSD) (EC 2008). As well
as adding new substances and updating surface water EQS, the new Directive adds (for 8
substances) an EQSyita. For 5 of these substances an EQSyater iS also included. Member
States (MS) will need to establish programmes to monitor the concentration of substances in
biota or water and assess compliance against new standards.

The biota standards refer to fish, except in the case of PAHs and fluoranthene, where
reference is made to crustaceans and molluscs. According to Article 3.3 of the Directive
2013/39/EU (EU 2013), MS may opt, in relation to one or more categories of surface water,
to apply an EQS for a matrix other than that specified in article 3.2, or, where relevant, for a
biota taxon other than those specified in Part A of Annex I. Where an EQS has been set for
biota, an equivalent standard may be derived for the water column (using the
Bioconcentration Factor (BCF)/ Biomagnification Factor (BMF) or Bioaccumulation Factor
(BAF)). However, the measurement of these chemicals in the water column at the resulting
extremely low concentrations can be analytically very challenging. Nevertheless, it is a MS
decision as to which matrix is used for compliance assessment as there are a range of
practical and ethical issues to be considered if biota sampling is the chosen matrix.

1.2 Aims

Existing EU-wide guidance effectively addresses the derivation of EQSyiota (EC 2011), but not
how to implement the standards. CIS Guidance 25 (EC 2010) addresses some of the
questions but does not cover how the results derived from such monitoring programmes are
used to assess compliance with the EQSy... Without additional guidance, different
approaches are likely to be adopted by different MS, and the resulting data will lack
consistency, prevent EU-wide assessment of compliance with the biota standards and result
in a fragmented and unreliable view with respect to the actual pressures posed by
bioaccumulative substances.

This document aims to promote consistency in the implementation of biota standards by
providing supplementary guidance on the design and implementation of biota monitoring
programmes. It covers the design of biota monitoring programmes, collection of samples,
processing and expression of data, and explains how such data are then used to undertake
compliance assessments. The use of biota trend monitoring data for EQS compliance
assessment is briefly addressed, but the guidance does not go into trend monitoring per se.

The main objective of the supplementary guidance is therefore to provide practical
guidance, specifically recommendations for the implementation of biota-related WFD
requirements in the MS. Although the guidance does not, by definition, have to be followed,



the recommendations are intended to help ensure consistency and comparability between
MS when assessing compliance against EQSpota.

The supplementary guidance has been developed also with the aim of facilitating the
implementation of the Marine Strategy Framework Directive (MSFD), and should therefore
be applied as far as possible and relevant in that context. Some issues specific to monitoring
under the MSFD, such as spatial aspects of sampling in the marine environment, may need
to be elaborated elsewhere.

1.3

Scope and structure

The guidance provided in this document is intended to be:

Specific and detailed, providing clear recommendations in areas which are dealt with
in a generic manner by the existing guidance;

Objective and based on the current scientific evidence;
Technical, rather than policy-based; and,

Based on highlighted examples of existing schemes or systems that address specific
aspects of the implementation of EQSpiota.

It also highlights uncertainties in the recommended approaches where appropriate.

It is not intended to:

Reconsider or revisit the derivation of the EQSyiota (other than outlining the process
for reference purposes);

Provide any methodology for the preparation, extraction or chemical analysis of biota
samples;

Invalidate existing long-term programmes of biota monitoring which were designed
to assess trends in substance concentrations. While such programmes may also be
useful in assessing compliance with EQSyiota, they may require some modification to
ensure the reliable delivery of both objectives).

Importantly, every effort has been made to produce guidance that reflects best practice in
the design and execution of biota monitoring exercises.

The supplementary guidance covers three main areas:

Key challenges in implementing biota standards (Section 2);

Guidance on designing a sampling program and selecting a suitable matrix (Sections
4 and 5); and,

Data handling and assessing compliance with the EQSyiota (Sections 6 and 7).



Annexes provide supporting information to be used in designing and implementing biota
monitoring programmes, such as cross-cutting issues between compliance monitoring and
trend monitoring, tiered approaches, the use of passive samplers, tissue requirements for
chemical assessments, as well as some examples of existing biota monitoring programmes.



1.4 Protection goals of biota EQS

EQS should protect freshwater and marine ecosystems from the potential adverse effects of
chemicals, as well as protecting human health from adverse effects via drinking water or the
intake of food originating from aquatic environments. Several different protection goals were
therefore considered in the derivation of EQS, i.e. the pelagic and benthic communities in
freshwater, brackish and marine ecosystems, the predators of these ecosystems, and human
health. Not all protection goals need to be considered for every substance. However, where
a possible risk was identified, quality standards were derived for that protection goal.

EQShiota have two protection goals:

e Protection from chemical accumulation in the food chain, specifically of top predators
such as birds and mammals, from risks of secondary poisoning through consumption
of contaminated prey (referred to in the guidance as QSpiota,secpois);

e Protection of human health from deleterious effects resulting from the consumption
of food (fish, molluscs, crustaceans, oils, etc.) contaminated by chemicals (referred
to in the guidance as QSpjota, hhfood)-

In the EQS Technical Guidance Document (TGD) (EC 2011) it is stressed that biota
standards developed for birds and mammals are assumed to also be protective for benthic
and pelagic predators. Importantly, the EQS is always based on the most stringent QS from
the assessment, so compliance with an EQS will automatically mean that other receptors are
protected, even if they are not explicitly addressed in the EQS.

The selection of sampling sites, the selection of the species to be monitored, the size of the
organisms and the tissue to be analysed may be controlled by the protection goal of the
biota standard. Hence, recommendations given in the following chapters take account of the
relevant protection goal of the EQSp.ta Where necessary.

14.1 Chemicals for which there is currently an EQSpiota

There are currently 11 chemicals or chemical groups for which EQSyiota have been derived.
These are shown in Table 1.1, along with the matrix to which the EQS applies, the
protection goal, the driving data and the assessment factor used.

As can be seen from the table, the majority of the chemicals have EQSyi.t. derived for prey
items (food) that are described as ‘fish’. The exceptions are for the PAHs for which
crustaceans and molluscs are listed.



Table 1.1

Current EQSyiota and basis for derivation

EQSbiota
(g kg™
Substance wet Matrix Protection goal Driving data Assessment factor
weight
(ww))
Mice dietary toxicity BMDL;o
for BDE-99 = 9 pg kg™
Brominated X Human health via consumption of fishery bw =internal daily dose of 30
. 0.0085 Fish 1
diphenyl ethers products 4.2 ngkg
bw d™ (using longest human
half-life (1442 days)
VSD representing oral
0.2 mg.kg™* d™, chronic oral exposure associated with a
Crustaceans Human health via consumption of fishery (gavage) rat study used to 10°® excess lifetime cancer
Fluoranthene 30 . )
and molluscs products calculate a virtually safe dose | risk based on the read-across
(VSD) of 5x10“ mg kg™ d™. between benzo[a]pyrene
and fluoranthene
Based on a person weighing
WHO-EHC guidance value for 70 ke
Hexachloro- . Human health via consumption of fishery X (acceptable daily intake of
10 Fish neoplastic effects of 0.16 pg
benzene products 11 1.12 pg hexachlorobenzene
kg bw™d 1 )
d™) and an average fish
consumption of 115 g d™
Conversion factor = 8.3 (kg
Hexachloro- 55 Fish Secondary poisonin Chronic NOAEL mice = 0.2 bw'kg food™.d™) = 1.66 mg
butadiene y porsoning mg kg bw d” kg food™
Assessment factor = 30
Mercury and its 365 day NOEC rhesus . 10, due to the large number
20 Fish Secondary poisoning monkey growth 0.22 mg kg of NOECs available for
compounds food methyl mercury
Maximum levels for
foodstuffs for Maximum levels given for
PAHs 5 Crustaceans Human health via consumption of fishery benzo[a]pyrene: “fresh” (other than smoked)
Benzo[a]pyrene and molluscs products -0.005 mg‘kg'1 aquatic resources. No
ww for crustaceans and assessment factor applied.
molluscs
Falco sparverius
. . N Reproduction
Dicofol 33 Fish Secondary poisoning NOEC = 1 mg kg 30
feed ww
. Human health via consumption of fishery Cynomolgus monkey
PFOS 91 Fish products 183d NOAEL = 0.03 mg kg™ 90
o . Maximum levels given for
DI.OXI.nS ?nd 0.0065 Fish, Human health via consumption of fishery foodstuffs content of the
dioxin-like crustaceans and
TEQu005 products sum of DL-compounds
compounds molluscs (PCDDs, PCDFs and DL-PCBs)
. - Japanese Quail reproduction
HBCDD 167 Fish Secondary poisoning NOEC = 5 mg kg feed 30
2 year mice oral study —
Heptachlor and ' ' . cancer, non-threshold VSD represer.1ting orgl
heptachlor 6.7x10° Fish Human health via consumption of fishery approachflo_eglfactor :9.1 ex;?sosure ass.oa.ated with a
A products (mg.kg™.d™)" used to 10~ excess lifetime cancer
epoxide calculate a VSD of risk.

1.110" mgkg'd”




1.5 Other relevant EU legislation

Regulation (EC) No 315/93 established the principle that maximum levels should be set for
contaminants in foodstuffs in order to protect public health, and Regulation (EC) No
1881/2006 then established levels for a number of contaminants in marine or freshwater
food (amended by Regulation (EU) Nos 420/2011, 835/2011, 1259/2011). The contaminants
that are currently covered under the European food regulations that are relevant to fish,
shellfish and fish-related products (such as fish oils) include mercury, lead, cadmium, PCBs,
dioxins and dioxin-like PCBs, and PAHSs.

The levels in fish and fishery products are set on the basis of European Food Safety
Authority (EFSA) advice and are given as tolerable weekly intakes in micrograms per
kilogram body weight and maximum levels in foodstuffs (specifically relevant is the edible
part of the foodstuffs in relation to fish and shellfish). For example, the limit for mercury is
0.5 mg kg™ wet weight (ww) crustaceans and some fish, and 1.0 mg kg ww for some
specific fish (mainly large), and for the sum of dioxins and dioxin-like PCBs it is 6.5 pg g ww
(WHOPCDD/ F-PCB-TEQ) for ‘seafood’, except eel for which the value is 10 pg g* ww
(TEQ2005). Benzo[a]pyrene and PAH4 (the sum of benzo[a]pyrene, benz[a]anthracene,
benzo[ b]fluoranthene and chrysene) are used as markers for the occurrence and effect of
carcinogenic PAHs in food. The limits for bivalves are 5.0 pg kg™ and 30 g kg™ for BaP and
PAH4, respectively.



2 KEY CHALLENGES IN IMPLEMENTING BIOTA
STANDARDS

2.1 Expression of biota standards

EQS play an important role in decision making, such as assessing compliance with the
standard to classify waterbodies, assessing compliance with permit conditions, or identifying
risks from chemicals as part of an investigation prior to implementing measures to control
emissions. Assessing compliance involves comparing measured concentrations in the
required matrix (in this case, biota) with the standard. In this respect, biota standards are no
different from any other regulatory standard. The key differences are the matrix in which the
chemical residues are determined and the fact that frequent sampling (such as would be
done in water or air) is not a practical proposition.

Normally, standards include a numerical value (e.g. a concentration in water) and they also
specify the period over which the standard applies (e.g. an annual average) and the
summary statistic which is used to assess risk (e.g. an average or 95%ile). A standard may
be expressed as an absolute limit but compliance is subject to bias (the extent of failure
depends on how many samples are taken) unless continuous monitoring is put in place. The
result of this would be to effectively apply different standards, depending on the sampling
regime that is put in place. For this reason, absolute limits should not be used for regulatory
decision-making that are based on sampling (ISO 2008). Instead, a statistic like the mean is
preferred. This is dealt with in Section 2.1.1.

The numerical value for each Priority Substance EQS is given in Annex II (Part A:
Environmental Quality Standards (EQS)) in Directive 2008/105/EC as amended by Directive
2013/39/EU. The Annexes in the Directive also specify the matrix to be used for compliance
assessment.

A distinction can be made between compliance assessment and trend monitoring. For trend
monitoring, reference to a standard is not as important.

This guidance applies to compliance assessment whenever a decision about the
acceptability of chemical residues in biota is required. This is a key driver for
classification and it may also be required when biota standards are used as part
of investigative monitoring.

2.1.1 Summary statistic

Concentrations of priority substances in biota typically have a log-normal distribution. An
estimate of the central tendency, like a mean or median is therefore appropriate. For
simplicity and consistency, the antilog of the mean of the log-transformed data is the
summary statistic to be used in decision-making.




The most reliable summary statistic (for comparison with an EQSp;cta) is therefore
the antilog of the mean of log-transformed concentrations, after normalisation as
described in Section 6.1 if appropriate, in individual samples™.

2.1.2 Period over which the standard applies

Chemical residues found in biota will reflect their exposure to bio-accumulating chemicals
over a period of time®. Because analysis of biota provides an integrated measure of the
water column/sediment conditions they have been exposed to, it is theoretically possible to
monitor less frequently than is needed for sampling a more mobile medium, like water. This
assumes that samples taken on one occasion in a year are representative of samples taken
at any other time. This is also related to the assumption that the kinetics of uptake and
elimination in the chosen species is sufficiently slow to prevent rapid concentration changes,
which are dependent on both the bioaccumulation potential of the substance and the size of
the organism.

The minimum requirements of Directive 2008/105/EC as amended by Directive
2013/39/EU for sampling frequency are:

Article 3, paragraph 4

EQS compliance: For substances for which an EQS for sediment and/or biota is applied,
Member States shall monitor the substance in the relevant matrix at least once every year,
unless technical knowledge and expert judgment justify another interval.

Article 3, paragraph 6

Trend Monitoring: Member States shall determine the frequency of monitoring in sediment
and/or biota so as to provide sufficient data for a reliable long-term trend analysis. As a
guideline, monitoring should take place every three years, unless technical knowledge and
expert judgment justify another interval.

Article 8a Specific provisions for certain substances, paragraph 2

Member States may monitor the substances numbered 5, 21, 28, 30, 35, 37, 43 and 44 in
Part A of Annex I less intensively than is required for priority substances in accordance with
Article 3(4) of this Directive and Annex V to Directive 2000/60/EC, provided that the
monitoring is representative and a statistically robust baseline is available regarding the
presence of those substances in the aquatic environment. As a guideline, in accordance with
the second subparagraph of Article 3(6) of this Directive, monitoring should take place every
three years, unless technical knowledge and expert judgment justify another interval.

! A *sample’ might comprise individual fish, or pooled fish to make up a sample large enough to
provide sufficient material for analysis. For the purposes of this guidance, a sample is the material
used to yield a single, measured, chemical concentration.

2 This is complicated by the movement of biota, sometimes over large areas. For this reason, sampling
of migratory species is discouraged.




2.2 Species to be sampled

A key principle of this guidance is that there is no specific recommendation about
which species should be sampled. The design of biota monitoring programmes should
be driven by chemical risk assessment objectives, and not be limited to sites where sufficient
fish populations occur. Where few/no fish occur at a desired sampling location, an alternative
monitoring matrix should be employed. Consequently, flexibility in target species is required
since the only species that can be sampled are those actually present at a required sampling
location. It is, however, essential to be able to sample the same species (or group of
species) over a period of many years (at each location). Samples must also be representative
of the population and be able to be obtained annually without negative impacts on local
populations.

This flexible approach to species selection also allows existing biota monitoring programmes,
such as those currently utilising eels, to be accommodated, within the restrictions of
Guidance Document 25, i.e. “Because of their protected status, eels should only be used for
existing trend monitoring (to continue existing monitoring programmes) and for this species
the principle of conservation has to be respected.” (EC 2010).

A wide variety of freshwater fish species from across Europe have been shown to have the
capacity to accumulate pollutants (e.g. Dusek et al. 2005; Erdogrul et al. 2005; Hajslova et
al. 2007; Pulkrabova et al. 2007). There are, however, significant variations in the fish body
burdens of individual substances, and these are mainly associated with the feeding and
habitat preferences of different species, as well as with the fate (depuration or
transformation) of the chemicals of interest (e.g. Stapleton and Baker 2003; Dusek et al.
2005; Pulkrabova et al. 2007; Sharma et al. 2009). Consequently, different temporal trends
for the same substance may be observed in different species from the same locations
(Bhavsar et al. 2010; Brazova et al. 2012). It may therefore be desirable to sample multiple
species from different trophic levels and/or habitat types, at a single location (Burger et al.,
2001).

Due to the variation in chemical residues that will result from taking biota of different species
and trophic levels, steps may need to be taken to constrain as much of that variability as
possible (Section 5.2.1), and to make corrections to the measured chemical concentrations
to account for the major influences on bioaccumulation (i.e. lipid content, dry weight content
and trophic status