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FOREWORD

The EU Member States, Norway, and the European Commission in 2000 have jointly developed a
common strategy for implementing Directive 2000/60/EC establishing a framework for Community
action in the field of water policy (the Water Framework Directive). The main aim of this strategy is
to allow a coherent and harmonious implementation of the Directive. Focus is on methodological
questions related to a common understanding of the technical and scientific implications of the
Water Framework Directive. In particular, one of the objectives of the strategy is the development
of non-legally binding and practical Guidance Documents on various technical issues of the
Directive. These Guidance Documents are targeted to those experts who are directly or indirectly
implementing the Water Framework Directive in river basins. The structure, presentation and
terminology are therefore adapted to the needs of these experts and formal, legalistic language is
avoided wherever possible.

Under the WFD Common Implementation Strategy, an Expert-Group (EG) on Environmental
Quality Standards (EQS) was initiated in 2007 to produce guidance on establishment of the EQSs
in the field of water policy. This activity was led by UK and the Joint Research Centre and
supported by the Working Group E (WG-E). The Working Group E is chaired by the Commission
and consists of experts from Member States, EFTA countries, candidate countries and more than
25 European umbrella organisations representing a wide range of interests (industry, agriculture,
water, environment, etc.).

The enclosed Technical Guidance has been developed to support the derivation of EQSs for
priority substances and for river-basin-specific pollutants that need to be regulated by Member
States according to the provisions of the WFD. The Commission intends to use the Technical
Guidance to derive the EQSs for newly identified priority substances and to review the EQSs for
existing substances.

Article 16 of the Water Framework Directive (WFD, 2000/60/EC) requires the Commission to
identify priority substances among those presenting significant risk to or via the aquatic
environment, and to set EU Environmental Quality Standards (EQSs) for those substances in
water, sediment and/or biota. In 2001 a first list of 33 priority substances was adopted (Decision
2455/2001) and in 2008 the EQSs for those substances were established (Directive 2008/105/EC
or EQS Directive, EQSD). The WFD Article 16 requires the Commission to review periodically the
list of priority substances. Article 8 of the EQSD requires the Commission to finalise its next review
by 2011, accompanying its conclusion, where appropriate, with proposals to identify new priority
substances and to set EQSs for them in water, sediment and/or biota.

The Scientific Committee on Health and Environmental Risks (SCHER) adopted its opinion on
Technical Guidance for Deriving Environmental Quality Standards in October 2010'. The Water
Directors endorsed the Guidance during their informal meeting under the Hungarian Presidency in
Budapest (26-27 May 2011).

This Guidance Document is a living document that will need continuous input and improvements
as application and experience build up in all countries of the European Union and beyond. The
Water Directors agreed to make publicly available the Guidance in its current form in order to
present it to a wider public as a basis for carrying forward ongoing implementation work.

The Water Directors would like to thank the leaders of the activity and the members of the Working
Group E for preparing this high quality document. The Water Directors also commit themselves to
assess and decide upon the necessity for reviewing this document in the light of scientific and
technical progress and experiences gained in implementing the Water Framework Directive and
Environmental Quality Standards Directive.

1 http://ec.europa.eu/health/scientific committees/environmental risks/docs/scher o 127.pdf
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1.  INTRODUCTION

1.1  Environmental Quality Standards (EQSs) under the Water Framework
Directive

Article 16 of the Water Framework Directive (WFD) (EC 2000) sets out the strategy against
chemical pollution of surface waterbodies. The chemical status assessment is used
alongside the ecological status assessment to determine the overall quality of a waterbody.
Environmental Quality Standards (EQSs) are tools used for assessing the chemical status of
waterbodies. The EQS Directive (EC 2008a) establishes the maximum acceptable
concentration and/or annual average concentration for 33 priority substances and 8 other
pollutants which, if met, allows the chemical status of the waterbody to be described as
‘good’.

EQSs for the 33 substances identified by the EU as Priority Substances (PSs) and Priority
Hazardous Substances (PHSs) are derived at a European level and apply to all Member
States. They are also referred to as Annex X substances of the WFD.

In addition, the WFD (Annex V, section 1.2.6) establishes the principles to be applied by the
Member States to develop EQSs for Specific Pollutants that are ‘discharged in significant
quantities’. These are also known as Annex VIII substances of WFD. Compliance with EQSs
for Specific Pollutants forms part of the assessment of ecological status (Figure 1-1). EQSs
are therefore key tools in assessing and classifying chemical status and can therefore affect
the overall classification of a waterbody under the WFD (Figure 1.1). In addition, EQSs will
be used to set discharge permits to waterbodies, so that chemical emissions do not lead to
EQS exceedance within the receiving water.

Biological CLASSIFICATION

Ecology

Physico-chemical quality Lowest

ECOLOGICAL
STATUS m

Annex VI pollutants (EQS)

Pass/fail
Backaround

Chemical

Annex X + 8 other pollutants Pass/fail
CHEMICAL

Figure 1.1 Role of EQSs in waterbody classification
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Whilst establishing the principles of EQS derivation, Annex V, Section 1.2.6 of the Water
Framework Directive does not provide the necessary detail for practitioners to develop EQSs
in a consistent manner, or cover all the scientific issues that may be encountered.

In 2005, a technical guidance document was prepared (Lepper, 2005) for the purpose of
EQS derivation. This covered many of the key technical issues involved in deriving EQSs
however the science has since moved on requiring the need for an update of the guidance.

The risk assessment paradigm on which the technical guidance for EQS derivation is based
(ECHA, 2008) relies on worst-case assumptions. Whilst this is entirely legitimate within a
tiered assessment framework, to ensure environmental protection, when this paradigm is
applied to EQS derivation it can lead to unworkable and/or unrealistically low EQS values
(CSTEEZ, 2004; Lepper 2005). One of the factors leading to unmanageable water column
standards is the very low concentrations that arise for some substances with low water
solubility, or a tendency to bioaccumulate through the food web. If these substances pose a
significant risk through indirect toxicity (i.e. secondary poisoning resulting from food chain
transfer), and their analysis is more feasible in other environmental matrices, such as biota
and/or sediments, then a biota standard or sediment standard may be required alongside, or
instead of, the water column EQS, as referred to in the EQS Directive 2008/105/EC (Art 3,
para 2). For this reason, guidance on the derivation of biota and sediment EQSs is required.
There is also a need for further guidance on setting EQSs for metals in ways that allow
speciation and bioavailability to be accounted for. Furthermore, we are now in a position to
refine the guidance for the derivation of water column standards in the light of technical
advances and experience of EQS setting gained in recent years. These issues are amongst
those covered in this new guidance.

1.2  Scope of the guidance

This guidance document addresses the derivation of environmental quality standards for
water, sediment and biota. It addresses the need for further guidance highlighted above and
responds to comments made by the Scientific Committee on Toxicity, Ecotoxicity and the
Environment (CSTEE, 2004) and by the Scientific Committee on Health and Environmental
Risks (SCHER) in 2010. It also takes account of the principles highlighted in a SETAC
(Society for Environmental Toxicology and Chemistry) workshop on environmental standards
that took place in 2006 (SETAC, 2009) so that the latest scientific thinking on setting and
implementing environmental standards is reflected.

This guidance applies to the derivation of EQSs for PSs, PHSs and Specific Pollutants.
The guidance focuses on the steps required to derive EQSs that comply with the
requirements of Annex V of the WFD. It assumes that the chemicals for which EQSs are
required have been identified, i.e. the guidance does not cover chemical prioritisation.
However, it does address some aspects of the way an EQS is implemented, where this has a
direct bearing on the way an EQS is derived and expressed, e.g. assessing compliance with
an EQS. The guidance does not cover issues relating to sampling and chemical analysis:
these are covered by separate guidance on monitoring (EC, 2010).

The quantity of data available for deriving an EQS can vary. Where an EQS can be derived
on the basis of a large dataset there may be only small uncertainties in the final outcome. If,
however, only a very small dataset is available, the residual uncertainties can be large.
Uncertainty is accounted for by the use of assessment factors (AFs) but, clearly, there is a
considerable difference in the robustness and reliability of such EQSs compared to those

2 Scientific Committee on Toxicity, Ecotoxicity and the Environment
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based on extensive data sets, and it may even be inadvisable to implement such EQSs. This
technical guidance does not recommend when uncertainties are so large that an EQS should
not be implemented, or used in only an advisory capacity. That decision is for policymakers
but this could come under review as we gain more experience in setting and using
environmental standards for the WFD. However, the scientist has an important role in
advising the policymaker about the major uncertainties and key assumptions involved
in deriving an EQS. This is particularly important for EQSs which are to be applied
across Europe (e.g. for Priority Substances or Priority Hazardous Substances). It is
also important to highlight to the policymaker the practical steps which might be taken to
reduce uncertainty (e.g. generation of additional ecotoxicity data) and the benefits these
would have e.g. reducing the size of AFs. The scientist should also advise policymakers
when uncertainties are small and the resulting EQS is correspondingly robust. With this in
mind, a proforma technical report is appended (Appendix 2) to prompt the assessor for the
information that should be reported, including advice to policymakers.

A further point to add is that confidence about regulatory decisions involving EQSs can also
be affected by the way in which an EQS is implemented, eg how compliance is assessed.
Although detailed monitoring guidance lies outside the scope of this guidance, it is useful to
consider implementation issues during EQS setting. Although the final decision about EQS
values should reflect the scientific risk, those responsible for EQS derivation are encouraged
to discuss implications for water management practices with policy makers and those
responsible for implementing an EQS. These might include, for instance, implications for
permitting and emission controls, sampling (e.g. whole water vs filtered samples), statistical
aspects of compliance assessment, availability of suitable analytical methods, the impact of
residual uncertainty in the EQS and a threshold for the relevance of a specific pollutant for
which an EQS is needed (e.g. exceedance of 50% of the EQS).

This guidance is intended for use by environmental scientists with an understanding of the
principles of risk assessment. A detailed appreciation of the principles and practice of
environmental chemistry and ecotoxicology is also recommended. Much of this guidance will
be familiar to those used to dealing with effects assessments under REACH (Registration,
Evaluation and Authorisation of Chemicals) (Regulation (EC) 1907/2006).

1.3 Links to chemical risk assessment

It is important to highlight some conceptual differences between EQS derivation and the
estimation of a PNEC (Predicted No Effect Concentration) from chemical risk assessment or
TER (Toxicity Exposure Ratio) for a pesticide. For example:

¢ the concept of an overall threshold (Sections 2.3 and 2.4) that protects all receptors and
routes is a feature of EQS derivation that does not normally apply in chemical risk
assessment

e whereas there are opportunities to refine a risk assessment in the light of new data, this
is often not the case in EQS derivation; although additional data may sometimes be
voluntarily provided, we cannot usually demand the commissioning of new studies so
have to utilise what is available to us

e an exceedance of the EQS will not normally trigger a refinement of the standard

¢ an underlying requirement of the WFD is to protect the most sensitive waters in Europe.
For metal EQSs, where bioavailability is to be accounted for (Section 2.10) there is
therefore a requirement to protect a higher proportion of waterbodies than for PNECs
estimated as part of a risk assessment

11



Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

e in EQS derivation, field and mesocosm data have an important role as lines of evidence
in helping define the standard (through helping reduce uncertainty) but would not be
regarded as ‘higher tier data that would replace laboratory-based ecotoxicity data as
done in the assessment of the impact of pesticides.

A PNEC derived as part of a risk assessment will provide a key step in the derivation
of an EQS and, in some cases, the PNEC from a risk assessment will be identical to
the EQS. However, for the reasons outlined above, it will not be sufficient to simply
adopt the PNEC as the EQS as a matter of course. Nevertheless, the process of deriving
environmental standards is similar to that used in the effects (i.e. hazard) assessment that is
required for a risk assessment for chemicals. For the purposes of the WFD, short and long-
term effects are of concern, though greater emphasis is placed on risks from long-term or
continuous exposure. Authoritative guidance on effects assessment for chemicals has been
developed, notably the technical guidance developed for industrial chemicals (now under
REACH (ECHA, 2008)) and pesticides under Directive 91/414/EEC. Annex V of the WFD
refers directly to the methodology described for the Existing Substances Regulation (ESR)
(now under REACH). Furthermore, the guidance for undertaking risk assessment of
pesticides allows for short term impacts and recovery. As far as possible, the technical
guidance for EQSs described here is consistent with the guidance for effects assessments
performed for chemical risk assessment under REACH.

1.4  Structure of guidance

Generic issues and principles that apply to the derivation of EQSs across all media and
receptors are outlined in Section 2. The guidance is separated into sections dealing with
different environmental media, ie derivation of EQSs for the water column are considered in
Section 3, those for biota in Section 4 and those for sediment in Section 5. Risks from metals
pose particular challenges and the guidance reflects the latest scientific developments for
taking account of speciation and bioavailability in deriving thresholds and assessing
compliance with these EQSs. Detailed guidance for deriving EQSs for metals in water, biota
and sediment is given in the respective Sections. Recognising the growing importance of
computational and non-testing methods in the estimation of environmental hazard, guidance
on the use of such methods when deriving EQSs is given in Section 6. Finally, Section 7
outlines how to estimate EQSs for mixtures.

At various points in the guidance, we refer to Appendices and scientific background
documents to accompany the guidance. These are intended to provide more detailed
explanations for the technical advice given here.

2. GENERIC ISSUES

21 Use of EQSs in waterbody classification

The WFD establishes a framework for protection of all surface waters and groundwaters, with an
obligation to prevent any deterioration of status, and to achieve good status, as a rule by 2015. The
overall good status is reached for a certain waterbody if both ecological and chemical status are
classified as good.

EQSs established at EU level by the EQS Directive (2008/105/EC) for the 33 priority substances
and 8 other pollutants are used within the WFD to assess the chemical status of a waterbody.
Good chemical status is achieved where a surface waterbody complies with all the environmental
quality standards listed in Part A of Annex | of EQS Directive and applied according with the
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requirements set in Part B of Annex | of the same directive. If not, the waterbody shall be recorded
as failing to achieve good chemical status.

For Annex VIII substances (Specific Pollutants), each Member State shall establish their EQSs
according to Annex V, Section 1.2.6 of WFD. Specific Pollutants are supporting parameters for
biological quality elements, thus they contribute among other parameters to the ecological status
classification. If the EQSs for these substances are not met, the waterbody can not be classified
as either ‘Good’ or ‘High’status, even if the biological quality is ‘Good’ or ‘High’ (Figure 1.1).

2.2 Overview of the steps involved in deriving an EQS

Figure 2.1 illustrates the key steps that are involved in deriving an EQS, irrespective of the
compartment or receptor at risk. The key steps are broadly consistent across all media/receptors.
However, the detail within each step can differ markedly between compartments and receptors.

Identify receptors and

compartments at risk Identify assessments that need to be undertaken (Section 2.4)

-

Identify physicochemical properties of substances and collect ecotoxicity
(and possibly computational) data for use as input to standard-setting
process. Details in Section 2.6 and throughout guidance

Collate and quality assess

o
Q
—
Q

Extrapolation to threshold concentration using deterministic or

probabilistic methods applied to toxicity data from laboratory,
mesocosms or field studies. Principles outlined in Section 2.8 and
methods detailed throughout guidance

Extrapolation

(—

Propose threshold concentration that applies in water column, sediment
or biota. Identify key assumptions and uncertainties. Selection of overall
EQS (Section 2.5)

Propose EQS

(—

Implement EQS

Design of compliance assessment regime and monitoring requirements

fo 4y 4y Ly N

Figure 2.1 Key steps involved in deriving an EQS

2.3 Receptors and compartments at risk

EQSs should protect freshwater and marine ecosystems from possible adverse effects of
chemicals as well as human health via drinking water or ingestion of food originating from aquatic
environments. Several different types of receptor therefore need to be considered, i.e. the pelagic
and benthic communities in freshwater, brackish or saltwater ecosystems, the top predators of
these ecosystems and human health.

The receptors and media of concern to EQS setting covered in this guidance are illustrated in
Figure 2.2.
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Environmental compartment
Water Sediment Biota
Humans Yes No Yes
(consumption
of fish
products)
Sediment No Yes No
Receptor(s) dwelling biota
at risk
Pelagic Yes No Yes
biota (secondary
poisoning)
Top
predators Yes No Yes
(birds, (se_conc_jary
mammals) poisoning)

Figure 2.2  Receptors for which an assessment may be required

Yes = potential risks to receptor need to be considered in EQS derivation
No = risks do not need to be addressed in EQS derivation

Not all receptors need to be considered for every substance. This depends on the environmental
fate and behaviour of the substance i.e. if a substance does not bioaccumulate (or doesn’t have
high intrinsic toxicity), there is no risk of secondary poisoning and so a biota standard is not
required. However, where a possible risk is identified, quality standards should be derived for that
receptor (Figure 2.3). Criteria to help identify which of the assessments are needed for a particular
substance are given in Section 2.4. Where several assessments are performed, the lowest (most
stringent) of the thresholds will be selected as an ‘overalll EQS as illustrated in Figure 2.3 and
detailed in Section 2.5.

In this way, all relevant protection objectives should be taken into account. Moreover, all direct and
indirect exposure routes in aquatic systems i.e. exposure in the waterbody via water and sediment
or via bioaccumulation, as well as possible exposure via drinking water uptake, are accounted for.
Figure 2.3 presents the routes taken into account for the freshwater compartment, similar routes
are considered for the saltwater compartment, but indicated with different subscripts (fw is replaced
by sw in the figure below) See appendix 6 for clarification of the temporary standards used during
EQS derivation.
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Water Sediment Predators Human health Human health
(secondary (consumption of | (drinking water)
poisoning) fishery products)

h J h J h J
Are derivation triggers met? (Sections 2.4.2 - 2.4 3) M
N A N
¥ h J ¥ h J h J
Derive Derive Derive Derive Derive
stw. Bco stediment stiota.secpois.fw CJsbima.hh food CJSdLu.hh
¥ ¥
Convert QSI:uio‘ta. secpois, fu and stio‘ta.
bh faeg INED EQUINVElENE Water
concentration (Section 2.5.1)
¥ h J
(| Are'backcalculated” Q5 Lopne 2NA0N Q35 20 1 teod
lower (i.e. mare stringent) than Q3;, ., andfor Q3,7
N M
h ¥
Adjust Q5;, ., to level equivalent to the Adopt lowest Q5 (Q5;, ., or &5, 1, ¥ as
‘hack-calculated’ QS5 ar Q5 ‘overall' EQS

T, sacpois water, hh

tood

Do nat implement EQS,,, (it will not be

Adopt this as 'overall' EQS sufficiently protective)™

Retain option to implement EQS, .,

* QSgwnn can only be adopted as the lowest QS for waters intended for drinking water use

*%*

unless monitoring in biota is strongly preferred. Under these circumstances, calculate QS that is
equivalent to lowest (i.e. most protective) QSyaer and select this value as EQSyigta

Figure 2.3  Overview of assessments needed and selection of an ‘overall’ EQS

The mode of toxic action for a chemical is not always known but, when carrying out an
assessment, all relevant modes of toxicity need to be considered. No plausible toxicological hazard
should be excluded from consideration. Stressors for which an EQS could be derived, but do not
act by chemical toxicity (e.g. temperature, pH) may require a different approach than that
described here. Such physical stressors lie outside the scope of this guidance.

2.4 Identifying the assessments to be performed (receptors at risk)

According to Article 3 of the EQS Directive, quality standards shall apply to contaminant
concentrations in water, sediments and/or biota. As illustrated in Figure 2-3, an assessment for
several compartments is needed when a substance could pose a risk through direct toxicity
in the water column, to predators through the food chain, or to benthic (sediment-dwelling)
biota. On the other hand, a QS is not required if a substance will not pose a risk to a
particular compartment. For instance, a quality standard for sediment is not necessary if the
substance is unlikely to partition to, or accumulate in, sediment. Similarly, quality standards for
biota are not required if a substance does not bioaccumulate (or doesn’t have high intrinsic
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toxicity), in which case it is reasonable to conclude that there is no risk of secondary poisoning of
top predators, or to human health from consumption of fishery products.

The criteria for identifying which assessments are required are outlined below.
2.4.1 Water column

An assessment to protect pelagic (i.e. water column) organisms from direct toxicity to chemicals is
always undertaken. A drinking water threshold is also required for waters used for drinking water
abstraction. For these waters, existing health-based standards from either the Drinking Water
Directive 98/83/EC or World Health Organization (WHO) could be used, if available, as the basis
for the QS derivation, as described in Section 3.9. If no existing standards are available, an
assessment of risks to human health from drinking water will be required. However, a QS to protect
waterbodies designated for drinking water abstraction is required only when it is lower (i.e. more
stringent) than the water column QS to protect aquatic life. A derivation is not required if existing
drinking water standards are less stringent (i.e. higher) than the water column QS to protect
aquatic life.

In the derivation of QSs to protect human health two major exposure routes are considered
(consumption of fishery products and consumption of drinking water). There may be other routes of
exposure, such as exposure during recreation (dermal exposure, ingestion of water). These routes
are of minor importance compared to the other routes considered (see for example Albering et al,
1999) and are therefore not considered in this guidance.

2.4.1.1 EQSs for transitional waters

Separate EQSs are recommended for freshwaters and saltwaters. However, transitional (e.g.
estuarine) waters are intermediate in salinity which can vary on a diurnal cycle. For waters with a
low salinity, supporting communities that are closely related to freshwater ecosystems, the
freshwater scheme is more appropriate. At salinity levels between 3 and 5%. there is a minimum
number of species present and this can be considered as a switch from communities that are
dominated by freshwater species to communities that are dominated by saltwater species.
Therefore, EQSs in this document are not reported for ‘transitional and marine waters’, but either
for freshwaters or saltwaters. As a default, we recommend a salinity of 5%. as the cutoff unless
other evidence suggests a different cutoff is appropriate for a particular location. For instance,
Bothnian Sea (inner BalticSea) is a brackish water body that has a salinity of around 5%o, and has,
so far, been treated as a saltwater system.

2.4.2 Sediments

Not all substances require an assessment for a sediment standard. The criteria for triggering an
assessment are consistent with those under REACH Regulation (EC) No 1907/2006 (ECHA, 2008,
Chapter R.7b). In general, substances with an organic carbon adsorption coefficient (K,.) of <500-
1000 I-kg‘1 are not likely to be sorbed to sediment. Consequently, a log K, or log K, of 23 is used
as a trigger value for sediment effects assessment. Some substances can occur in sediments even
though they do not meet these criteria so, in addition, evidence of high toxicity to aquatic
organisms or sediment-dwelling organisms or evidence of accumulation in sediments from
monitoring, would also trigger derivation of a sediment EQS.

16
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Evidence of Sorption Potential

Log Koc 237
OR
Log Kow =37
OR
Is there other evidence of accumulation in sediments (e.g. sediment monitoring data)?
OR
Is there evidence of high toxicity to benthic organisms?

YES NO l

NO ASSESSMENT REQUIRED

2.4.3 Biota

The criteria determining whether or not a biota standard is needed are more complex. A standard
would be required if there was a risk of secondary poisoning of predators (e.g. mammals or birds)
from eating contaminated prey (QSpitasecpois), OF @ risk to humans from eating fishery products

(stiota, hh food)-

The triggers are based on those used to determine whether a secondary poisoning assessment is
necessary for a substance under REACH Regulation (EC) No 1907/2006 (ECHA, 2008)3. The
triggers for derivation of a QSgiota, hh food @re dominated by hazard properties whereas a QSpiota sec pois
is triggered by the possibility of accumulation in the food chain in conjunction with hazard
properties. There are differences between how metals and organic substances are dealt with, and
these are highlighted below.

3 The criteria used to determine whether a substance is Persistent, Bioaccumulative and Toxic (PBT) or very
Persistent and very Bioaccumulative (vPvB) under Annex XlII of REACH are more stringent and not suitable
for use as a screening decision tree since a substance meeting the PBT/vPvB criteria would require stricter
management control than standard setting.

17
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2.4.3.1 Protection of predators from secondary poisoning

(1) Organic substances

Step 1: Evidence of Bioaccumulation Potential

Is measured BMF>1 or BCF (BAF) 21007
OR
If no valid measured BMF or BCF (BAF) is available, is Log Kow = 3 ?
OR
Is there other evidence of bioaccumulation potential (e.g. biota monitoring data, structural alerts)?

PROVIDED THAT there is no mitigating property such as rapid degradation (ready biodegradability
or hydrolysis half-life <12h at pH 5-9, 20°C) or obvious molecular size exclusion

OR

Does the substance have high intrinsic toxicity to mammals and birds (except carcinogenicity)?

b o ° ¥

The assessor should determine whether the substance has the potential to accumulate through
food chains and thus expose top predators via their diet. The biomagnification factor (BMF) is the
ratio of the concentration of a substance in an organism compared to the concentration in food
(prey) items. The bioconcentration factor (BCF) is the ratio of the concentration of a substance in
an organism to the concentration in water. A BMF greater than 1 or, in the absence of this
information, a BCF greater than or equal to 100 is used as an indication of the potential for
bioaccumulation. When both BMF and BCF data are available, the most reliable should be
used, not necessarily the worst case (highest) value. Usually this will be the BCF data, except
for metals, where BCF data can be influenced by the water concentration used in the study (See
Section 2.4.3.1 (2) ).

If neither BMF or BCF data are available, the octanol-water partition coefficient (K,y), can be used
as a surrogate for bioaccumulation potential. A log K,, of =3 would be expected to capture
substances with a BCF of 2100. Other evidence of bioaccumulation potential should also be taken
into account where available, such as structural features of the molecule or monitoring data from
top predators. In addition, factors mitigating bioaccumulation potential should be considered.
These include rapid degradation and molecular size. Rapid degradation may lead to relatively low
concentrations of a substance in the aquatic environment and thus low concentrations in aquatic
organisms. Information on molecular size can be an indicator of limited bioaccumulation potential
of a substance as very bulky molecules will pass less easily through cell membranes. Further
guidance on molecular size and its impact on bioaccumulation potential is available in the REACH
guidance (ECHA, 2008).

(2) Metals

Biomagnification of metals in aquatic organisms is rarely observed and, if it does occur, it usually
involves the organo-metallic forms of metals (e.g. methyl mercury) (Brix et al., 2000). However, the
assessor should examine their potential to biomagnify or cause secondary poisoning in food
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chains, even for inorganic metal forms. It is especially important to look for evidence of organo-
metallic species being formed in some compartments, or if the range over which homeostasis
occurs is relatively small (e.g. selenium). Therefore, a useful first step is to review the information
available for the metal in question in order to assess whether an in-depth secondary poisoning
assessment is needed.

A lack of biomagnification should not be interpreted as lack of exposure or no concern for trophic
transfer. Even in the absence of biomagnification, aquatic organisms can bioaccumulate relatively
large amounts of metals and this can become a significant source of dietary metal to their
predators (U.S. EPA 2007; Reinfelder et al. 1998).

For metals, a BCF should not be used. This is because the model of hydrophobic partitioning,
giving a more or less constant ratio Cyota/ Cwater With varying external concentration, does not apply
to metals. For a number of metals an inverse relationship between BCF and external (water-)
concentration is observed (McGeer et al., 2003). Consequently, BCFs and BAFs are not constant
with water concentration. Furthermore, some metals are essential for life and many organisms
possess mechanisms for regulating internal concentrations, especially essential metals such as
copper and zinc.

Instead, a case-by-case evaluation of the possibility of dietary toxicity is required:

o Information on metal mode of action and homeostatic (internal regulation) controls
. Information on essentiality
o Information on biomagnification (BMF). An example of a study relevant in addressing this

question is lkemoto et al (2008a)

) Information on major toxicities i.e. whether main risks are through direct toxicity to pelagic
organisms or secondary poisoning. With regards to the potential for secondary poisoning the
assessment of the mode of toxic action in both prey and predator is a key consideration. If
there is no evidence of biomagnification (i.e. BMF<1) and no specific toxicity in birds and
mammals compared to fish (on a dose based approach), the QSwater, eco should be
protective for birds and mammals as well as pelagic organisms.

If the balance of evidence points to a risk of secondary poisoning then an assessment is required.

2.4.3.2 Protection of humans from consuming fishery products

For humans, the derivation of a biota standard is triggered solely on the basis of the hazardous
properties of the chemical of interest. The available mammalian and bird toxicity data is used to
give an indication of possible risks to top wildlife predators as well as humans since there is usually
standard mammalian toxicity data available for well-studied chemicals. Effects on reproduction,
fertility and development are of particular concern since these are long-term effects which could
impact on populations of organisms.

Specific triggers# are as follows:
o a known or suspected carcinogen (Cat. I-ll, R-phrases R45 or R40) or

o a known or suspected mutagen (Cat. I-ll, R-phrases R46 or R40) or

4 In accordance with Directive 67/548/EEC.
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o a substance known or suspected to affect reproduction (Cat. I-lll, R-phrases R60, R61, R62,
R63 or R64) or

o possible risk of irreversible effects (R68) or

o the potential to bioaccumulate (see protection of top predators) plus danger of serious
damage to health by prolonged exposure (R48) or harmful/toxic/fatal when swallowed
(R22/R25/R28).

Note that applicability of these toxicological triggers should follow from R or H phrases, but

information obtained from evaluation of toxicological data not necessarily reflected in classification

and labelling phrases should not be neglected. It may warrant derivation of a risk limit for human

health based on the consumption of fishery products.

The H-statements will soon replace the R-phrases in EU chemicals legislation via the

Classification, Labelling and Packaging Regulation (2008) (EC, 2008). The conversion between H

and R phrases is provided below. Check the status of the R and H phrases. For those substances

where R or H phrases have not been harmonised at the EU-level, consultation with (a) human

toxicological expert(s) is needed.

R22  H302: Harmful if swallowed

R25 H301: Toxic if swallowed

R28 H300: Fatal if swallowed

R40 H351: Suspected of causing cancer

R45 H350: May cause cancer

R46 H340: May cause genetic effects

R48 H373: May cause damage to organs through prolonged or repeated exposure

R60 H360: May damage fertility or the unborn child

R61 H360: May damage fertility or the unborn child

R62 H361: Suspected of damaging fertility or the unborn child

R63 H361: Suspected of damaging fertility or the unborn child

R64 H362: May cause harm to breast-fed children

R68 H341: Suspected of causing genetic effects

2.5 Selecting an overall standard

Standards for water, sediment and biota are derived independently and they should all be made

available for possible implementation. Where several assessments are performed for the same

compartment (e.g. water: protection of pelagic species, protection of human health from drinking

water; biota: protection of biota from secondary poisoning, protection of human health from

consuming fisheries products), the lowest standard calculated for the different objectives of

protection will normally be adopted as the overall quality standard for that compartment. An

exception will be when the drinking water route results in the lowest (most stringent) QS but a
waterbody is not designated as a source of drinking water. It is not sufficient to simply report the
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‘overall EQS; the assessor must make available all the relevant QSs and their derivations.
Standards for freshwater and saltwaters will be derived independently so the overall EQSsaiwater
may be different to the overall EQSteshwater-

To select an overall EQS, quality standards will need to be expressed in the same units (i.e.
mass/volume). This means that biota standards must be ‘back-calculated’ to the corresponding
water concentration. This is referred to in Figure 2-3 and further guidance is given in Section 2.5.1.
Finally, sediment QSs are dealt with independently of water column and biota standards. This
leads to selection of a separate, overall EQSscdiment.

2.5.1 Converting biota standards into an equivalent water concentration

Procedures for converting biota standards into water column concentrations are given in Section
4.7.2. It should be noted that the conversion from a biota standard into an equivalent water
concentration can introduce uncertainty, especially for (a) highly lipophilic substances and (b)
metals.

(@) Where it is necessary to convert a biota QS into an equivalent water column concentration
for a highly lipophilic substance, the uncertainties may be taken into account by performing
the conversion for extreme BAF values as well as the typical BAF value. If the QS for water
lies within the range of possible extrapolated values of the QS for biota, when considering
the uncertainties of the extrapolation, it is not possible to determine with high confidence
which is the ‘critical’ QS. These should be reported as key uncertainties, outlining the
implications for implementing an EQS.

As explained in Section 2.4.3.1, BCF data for metals may be unreliable. Instead, BAF or
BMF data are preferable. To compare a biota standard with water column standards, refer
to Section 4.7.1.2.

(b) For an organic substance, if the log Kow 23 criterion is met, but no experimental evidence is
available on BCF or BMF then the assessor should estimate BCF or BMF from log Kow and
translate the biota standard to a water concentration for comparison with water column
standards (Section 4.7.1.2). If the estimated QS for biota is the most stringent (i.e. lowest)
value, then further investigation to improve BCF and BMF values would be necessary,
otherwise there is a risk of developing an unrealistically low QS value for water.

2.6 Data - acquiring, evaluating and selecting data

Comprehensive and quality assessed data are key inputs to QS derivation. Indeed most of the
resource required for QS derivation is expended on collecting and assessing data. Appendix 1
provides detailed guidance on how to locate relevant data, evaluate the data to assess their
suitability for QS derivation, and select data that will be used to determine a QS.

A brief summary of the main types of data required for deriving QSs is provided below (Section
2.6.1), along with details of the quality assessment of data (Section 2.6.2), and the identification of
‘critical’ and ‘supporting’ data (Section 2.6.3).

2.6.1 Types of data required for deriving QSs

2.6.1.1 Data on physical and chemical properties

Properties which can be very important when interpreting laboratory and field ecotoxicity are water
solubility, vapour pressure, photolytic and hydrolytic stability, and molecular weight (when
assessing risks of bioaccumulation). Such data will make it clear when steps to control exposure
concentrations in ecotoxicity experiments are particularly important. This, in turn, helps assess how
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reliable a toxicity study is (Section 2.6.2). In addition, partition coefficients are needed when
deriving a sediment QS when derived using EqP, to conduct transformation calculations (e.g. from
mass/volume [mg/L] to mass/mass [mg/kg]). These coefficients (K) include, for example: Koctanol-
water (Kow), K suspended particulate matter — water (Ksusp-water), K sediment — water (Kseg-water),
K organic carbon (Kq).

2.6.1.2 Ecotoxicological data

According to Annex V of the WFD, the base set of taxa that should be used in setting quality
standards for water are algae and/or macrophytes, Daphnia (or representative invertebrate
organisms for saline waters), and fish in relation to water column standards. For sediment QSs, the
range of species should be expanded to include benthic species (Section 5). However, for the
purpose of quality standard setting, the data should not be restricted to this base set. All available
data for any taxonomic group or species should be considered, provided the data meet
quality requirements for relevance and reliability (Section 2.6.2). This may include data for
alien species and even exotic species®, although care should be taken with data generated from
experiments using species from extreme environments (e.g. thermophiles, halophytes).

If there are indications of endocrine activity (e.g. bioassays), but not studies are available that allow
assessment of adverse effects through this mechanism, this should be highlighted as an
uncertainty in the technical report.

Often, multiple data are available for the same species and endpoint (e.g. several studies
assessing acute toxicity to Daphnia). Unless there is a clear reason for differences between toxicity
(e.g. different test conditions, different exposure periods, different life stages or forms of the
substance tested, like different metal species), any variation in toxicity may simply reflect random
error and the valid data may be aggregated into a single value for each species and endpoint.
Detailed guidance on data aggregation is given in Appendix 1

Finally, using ecotoxicological data to derive QSs for metals requires additional considerations.
These are dealt with in detail in the relevant sections.

2.6.1.3 Mammalian toxicity data

QSs to protect human health utilise information about effects on mammals from oral exposure,
repeated dose toxicity, carcinogenicity, mutagenicity and effects on reproduction, typically No
Observable Adverse Effect Level (NOAEL), Acceptable Daily Intake (ADI) and Tolerable Daily
Intake (TDI) values identified in the human health section of risk assessments performed under the
REACH regime. Oral Reference Doses (RfD), ADI or TDI values adopted by national or
international bodies such as the World Health Organization may also be used. For some
substances, a threshold level cannot be established (e.g. some genotoxic carcinogens). For these,
risk values corresponding to an additional risk of, e.g., cancer over the whole life of 10 (one
additional cancer incident in 10° persons taking up the substance concerned for 70 years) may be
used, if available.

To assess the risk of secondary poisoning of predators, bird and mammal toxicity data are also
used. Further details are to be found in Appendix 1.

5 This is because test species not only represent species that occur in European waterbodies but to ensure a
range of sensitivities is represented in the dataset with the result that any resulting QS is more likely to
protect the range of species sensitivities found in nature.
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2.6.1.4 Data on bioaccumulation

Data on bioaccumulation (bioconcentration, biomagnification and/or the octanol-water partition
coefficient (K,y)) are required if a substance has a potential to bioaccumulate (i.e. it exceeds the
trigger-values given in Section 2.4.4). Where data are available that give different indications of
bioaccumulation potential, preference should be given to field observations on bioaccumulation
and biomagnification factors (BAFs, BMFs) or experimentally derived BCFs and BMFs (and TMFs
— Trophic Magnification Factor), if available.

Further details on how to obtain and evaluate data on bioaccumulation can be found in Appendix 1.
2.6.2 Quality assessment of data

A rigorous assessment of the data is needed to ensure that data are reliable and relevant. This
will normally entail a review of the original study report, especially for critical data that are likely to
have a major impact on the QS (Section 2.6.3).

Reliability refers to the inherent quality of the method used to conduct the test. A reliable
study requires all relevant details about the test to be described. Relevance means the extent
to which a test provides useful information about the hazardous properties of a chemical. Only
reliable, relevant data should be considered valid for use in setting a quality standard.

2.6.2.1 Reliability

Guidance on the principles of data validation and the aspects to be considered is given in
Appendix 1, based on REACH guidance. Data are assigned a score according to the reliability of
the study.

Further assessment of data generated or assessed under Community legislation such as
Regulations (EC) 793/93 and 1488/94 (existing chemicals) or Directives 91/414/EC (plant
protection products) or 98/8/EC (biocides) is required unless the data published in the risk
assessment reports under these legal frameworks have already been subjected to data quality
assurance controls and peer-review. The same applies to peer-reviewed data or guidance values
(e.g. Tolerable Daily Intakes or Drinking Water values) published by (inter)national organisations
such as the World Health Organization (WHO), the United Nations Food and Agriculture
Organization (FAO), the Organisation for Economic Development (OECD) or the OSPAR
Convention for the Protection of the Marine Environment of the North-East Atlantic;

Studies on pesticides may be performed on technical material or formulated product. Preference is
given to data using technical material because toxicity of the active ingredient is less prone to
modification by other formulation ingredients, but specific guidance on treatment of
ecotoxicological data for pesticides when formulations have been tested is given in Appendix 1.
Not all studies on plant protection properties are suitable for EQS derivation because the exposure
regimes are sometimes very short to simulate specific exposure scenarios (mesocosm studies for
example).

Studies that have been performed to ‘Good Laboratory Practice’ (GLP), to international (e.g.
OECD) test guidelines and submitted under a regulatory regime may be taken at ‘face value’
without further review. This is because they have already been reviewed by a competent authority
and there is a precedent for their acceptability. An exception to this would be if ecotoxicity studies
submitted as part of a regulatory dossier have been performed in such a way that they might not
be relevant to QS derivation e.g. unusual exposure regimes or very short test durations.

Detailed guidance for the selection of data to be used for standard setting is provided in Appendix
1, but the following principles are highlighted here:
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1. Only data that can be considered as valid may be used, irrespective of the source of the
data. Admissible data are not confined to GLP studies.

2. Data should be collated in a database with quality scores clearly assigned to each datum.
Only those considered as valid (see Appendix 1, section "Toxicity data") should be
used as ‘critical’ data (Section 2.6.3) in deriving an EQS.

3. If a QS for a particular receptor cannot be derived because the required data are lacking,
this should be flagged.

Again, metals data require additional considerations and these are covered in Section 2.10.
2.6.2.2 Relevance

A study can be well conducted and fully reported but the test endpoint may have little ecological
significance. Studies used for EQS derivation should be those where the test endpoint can be
related to ecologically significant hazards. For practical purposes, this means effects that can be
linked to population sustainability and particularly:

a. survivorship of adults
b. time taken to develop (particularly to reach reproductive age)
c. reproductive output

Most standard test methods include one or more of these endpoints. However, the assessor may
be faced with data from studies describing endpoints that do not include direct measurements of
survival, development or reproduction but, rather, describe e.g. behavioural effects, anatomical
differences between control and treatment groups, effects at the tissue or sub-cellular level, such
as changes in enzyme induction or gene expression. Generally these are unsuitable as the basis
for EQS derivation. However, some other endpoints are relevant. For example, anatomical
changes to gonad development that would prevent successful reproduction, or changes in
behaviour if the effect described would impair competitive fithess may be relevant. Avoidance
reactions may also be relevant if populations are likely to avoid a contaminated habitat where they
would normally be present. Further examples are given in Appendix 1.

2.6.3 ‘Critical’ and ‘supporting’ data

Not all data have an equal influence on QS derivation. Critical data are ecotoxicity data (typically
NOECs/EC10s or LC/EC50) for sensitive species and endpoints that are used as the basis for
extrapolation and hence determine — or strongly influence - the value of the QS. Section 3 details
the various approaches for extrapolation in particular deterministic and probabilistic methods.
Critical data play a key role where a deterministic approach to extrapolation is used (i.e. an AF is
applied) because the AF is applied to the lowest credible NOEC/EC10 or LC/EC50 (the critical
datum). If a species sensitivity modelling approach is adopted, a distinction between critical and
supporting data does not apply. This is because all the data are used in the model extrapolation
and so, all the data can be regarded as critical (as long as they are reliable and relevant).

Supporting data are those data that are not described as critical data. They include data that are
not among the most sensitive species/endpoints, studies that have estimated a non-standard
summary statistic e.g. a LOEC is reported but no NOEC, field or mesocosm experiments that are
difficult to interpret, or where a study might be sound but is not fully reported. Supporting data are
not used directly for QS derivation when using the deterministic approach but can help inform the
derivation of the QS by, for example, identifying sensitive taxa, determining if freshwater and
saltwater datasets can be combined for QS derivation, averaging or aggregating the data in order
to identify the critical data, and selecting an appropriate AF. All reliable and relevant data are used
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when deriving a QS using the probabilistic approach, ie SSDs. Experiments that are clearly
flawed should not be used in any way, even as supporting data.

It is essential that all available toxicity data, both critical and supporting , are subject to rigorous
quality assessment and are comprehensively reported as all data may be used, eg in the derivation
of an SSD, for aggregation of data for the same species and end point and for comparison of fresh
and saltwater data. Further guidance can be found in Appendix 1.

2.6.4 Data gaps - non testing methods

A lack of experimental data can lead to high uncertainty in the derivation process, possibly
resulting in over-precautionary QSs. Whilst the generation of well-targeted experimental data can
be critical in helping reduce uncertainty, it can be expensive and time-consuming. Under these
circumstances there is a useful role for computational methods to fill data gaps, including
quantitative structure—activity relationships (QSARs) for predicting toxicity and quantitative
structure-property relationships (QSPRs) for estimating physicochemical properties. ‘Read across’
approaches can also be useful to infer the properties of chemicals for which data are absent,
based on the properties of closely related analogues. Such approaches are now recommended in
chemical risk assessment (ECHA 2008). Chemical regulation activity and the effort to reduce
animal testing under REACH may lead to an increased regulatory acceptance of this type of
information and new tools for deriving non-test data. The use of QSARs to predict toxicity has
been examined in the following European research projects:

DEMETRA (Emilio Benfenati: Quantitative Structure-Activity Relationships (QSAR) for Pestide
Regulatory Purposes; Elsevier 2007, ISBN: 978-0-444-52710-3): Prediction of five eco-
toxicological endpoints: Acute toxicity trout, daphnia, quail (oral and dietary exposure), and bee

e CAESAR htip://www.caesar-project.eu/: Prediction of five toxicological endpoints:
Bioconcentration factor, skin sensitisation, carcinogenicity, mutagenicity, developmental
toxicity

Detailed guidance on non-testing approaches is given in Section 6 but possible applications are
briefly summarised below.

2.6.4.1 Predictive models (QSARs, QSPRs)

The most likely application for computational methods is to fill non-critical data gaps (Section 2.6.3)
in the dataset for acute aquatic toxicity, especially when a deterministic assessment is to be
followed. It is vital that computational methods are used within their legitimate operating domains;
further guidance on QSARs and their use is given in Section 6.

2.6.4.2 Analogue approaches

Further non-testing methods include ‘read across’ and ‘category’ approaches. The most likely
application of read-across is to fill data gaps, when the setting of a QS for mixtures, eg
polyaromatic hydrocarbons (PAHS) is preferred compared to the QS for individual substances
(Section 2.6.5).

Section 6 outlines another approach for inferring the properties, including ecotoxicological
properties, of substances for which data are lacking. Essentially, it uses a category building
approach in which chemical analogues are arranged by some physicochemical property (e.g. log
Kow) and data from close neighbours are used to fill data gaps by interpolation. The approach can
have value in demonstrating that additional AFs are not justified when using data for one
substance to derive a QS for another closely related one. However, the following criteria must be
met:
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e There is a consistent and reliable trend within a category that is relevant to the endpoint of
interest (e.g. log K,y increases as ecotoxicity increases)

¢ |If toxicity is the endpoint of interest, reliable measured toxicity is needed to identify the most
sensitive trophic group

¢ Reliable measured data for the endpoint of interest, allowing interpolation to a value for the
substance of interest (i.e. where there is a data gap)

e QSARs may be used to support read across but cannot be used to replace measured values

Predictive and analogue methods may be used for generating supporting data but are not
suitable for predicting toxicity to be used as critical data. Furthermore, the range of
substances to which these models can be applied is limited to chemicals with certain
physicochemical and mode of action properties and are not suitable for all substances.

2.7 Calculation of QSs for substances occurring in mixtures

Some mixtures are intentionally emitted with a known and largely constant composition, but
change after entry into environment, for example pesticide and biocide preparations. Other
mixtures are released with a partly unknown, reasonably constant composition, but change after
entry into the environment. In such circumstances an EQS for mixtures of substances may be
preferable to deriving EQSs for the individual constituent substances. Section 7 provides guidance
on the approaches that can be adopted if a mixture based approach is preferred.

2.8 Using existing risk assessments

In the interests of economy and consistency, it is sensible to utilise existing assessments, or at
least the data on which they are based. As noted in section 1, the effects assessments conducted
for chemical and pesticide risk assessments share many of the same principles and practices as
those used to estimate an QS. Sections 2.8.1 and 2.8.2 provide guidance on the use of such
assessments as a basis for deriving QSs, when they are available.

2.8.1 Risk assessments under Existing Substances Regulations (ESR)

For some industrial chemicals, detailed evaluations and risk assessments will already have been
prepared under Regulation (EC) No. 793/93 or Directives 98/8/EC, and published in Risk
Assessment Reports (RARs). We recommend that the Predicted No Effect Concentrations
(PNECSs) derived from this process are normally adopted as QSs because the assessments and
associated data will have undergone thorough peer review. This also promotes consistency
between chemical assessment and control regimes.

However, there are some circumstances that could prompt a review of the RAR PNEC, including:

e If new, potentially critical, ecotoxicity data (i.e. sensitive species or endpoints) has become
available since the publication of the RAR.

¢ |If there is new evidence for a mode of toxic action that was not considered in the RAR e.g. new
evidence of endocrine disrupting properties.

e Where species sensitivity distribution modelling has been used for extrapolation, there can
sometimes be finely balanced arguments about the size of the AF applied to the HC5 to
account for uncertainty. For example, where the PNEC for a metal is close to background
levels, this would encourage a review of uncertainties and how best to account for them so that
a compliance assessment regime for the EQS can be practically implemented.
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2.8.2 Pesticide risk assessments under 91/414/EEC

Many pesticides currently on the EU market have been reviewed under the Plant Protection
Products Directive (91/414/EEC) which includes an assessment of freshwater ecotoxicity data. The
data are peer-reviewed by a competent authority, they usually follow standard (OECD) test
methods, and are performed to GLP so the studies are fully auditable. Non-regulatory data, ie data
that do not conform to GLP and were not covered by the dossier submitted to the regulatory body
may also be included in the review. However, some aspects of risk assessment under 91/414/EEC
are different to the approaches taken under REACH to derive PNECs and on which the derivation
of EQSs is based. For example:

e The 91/414/EEC assessment is based on a field margin ditch scenario close to the point of
application, which would not normally apply under the WFD: the WFD seeks to provide
protection to all waterbodies, including lakes, rivers, transitional and coastal waters.

e The 91/414/EEC assessment makes an allowance for recovery from impacts. This does not
feature at all in the Annex V methodology under WFD

e Under 91/414/EEC the risk is expressed as a Toxicity Exposure Ratio (TER), based on a
direct comparison of toxicity values (without assessment factors) to predictions of
concentrations in the environment (PEC). Hence risk assessment under 91/414/EEC does
not use AFs applied to the toxicity side of the risk equation, but to the risk quotient, yielding
a TER.

e Algal toxicity data are dealt with differently under REACH and 91/414/EEC. This can lead to
different outcomes when algae are the critical data determining the threshold (Lepper,
2005).

e Under 91/414/EEC, acute toxicity data are never used to extrapolate to chronic toxicity
values; risk assessment for chronic exposure is carried out using only chronic toxicity data
because this is a minimum requirement for registration.

Although a risk assessment under 91/414/EEC should not be used directly to set a QS, the
list of endpoints produced for the review process and published on the internet by the
Commission, provides a valuable data set. These data must, however, be supplemented
with other ecotoxicity data where they are available, and also meet quality criteria.

2.9 Extrapolation

Derivation of all QSs requires some form of extrapolation from the available data to estimate a
threshold that takes account of uncertainties such as inter- and intra-species variation and
laboratory to field extrapolation.

Two main approaches are possible, the deterministic and probabilistic methods. Essentially the
deterministic approach takes the lowest credible toxicity datum and applies an AF (which may be
as low as 1 or has high as 10000) to extrapolate to a QS, the AF allowing for the uncertainties in
the available data. Probabilistic methods adopt species sensitivity distribution (SSD) modelling in
which all reliable toxicity (usually NOEC) data are ranked and a model fitted. From this, the
concentration protection a certain proportion of species (typically 95%) can be estimated (the
HC5).

Laboratory and (where available mesocosm) data are used to derive QSs that account for direct
toxicity of chemicals to pelagic and sediment-dwelling organisms. Where there are insufficient data
for a probabilistic approach, a deterministic approach is adopted (Section 3). Where there are
sufficient data, both deterministic and probabilistic approaches to extrapolation will normally be
performed (Section 3). Species sensitivity distribution models explicitly account for differences in
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sensitivity between species but, as Section 3 explains, a further AF is applied to the HC5 arising
from model extrapolation to account for ‘residual’ uncertainties that are not accounted for by the
SSD model. In a deterministic approach, larger AFs are typical, depending on the quantity and type
of data available.

The purpose of these AFs is to account for the uncertainty that is not accounted for already in the
experimental toxicity data or modelling (in the case of a probabilistic assessment). A basic principle
of extrapolation is that, where uncertainty is high, larger AFs are necessary. Guidance on the size
of these AFs is given in Section 3. The REACH guidance makes clear the possibility of flexibility in
the size of the AF but any change from the ‘default’ AF (either to increase it, making the QS more
stringent or to decrease it, making the QS less stringent) should be justified.

Useful lines of evidence that may be used to inform the extrapolation (and possibly influence the
size of AF applied) include mode of action data, effects data from the field, and background
concentration data for naturally occurring substances as outlined below.

2.9.1 Mode of action

If there are indications of adverse effects via endocrine activity (e.g. bioassays) or other specific
effects that have not been adequately reflected in bird or mammals studies used to derive the
NOAELoral (e.g. only 28day studies are available), an additional assessment factor may be
considered to cover the anticipated effects.

On the other hand, uncertainty is reduced when there are relevant test endpoints from ecotoxicity
studies that are highly relevant to a substance’s mode of toxic action. An example would be fish life
cycle studies for a chemical that is known to affect the reproductive physiology of vertebrates.
Similarly, if a substance has a specific mode of toxic action, and reliable data for taxa that would be
expected to be particularly sensitive are available (e.g. data for a range of insects for an insecticide
that acts by inhibiting acetyl cholinesterase activity, or data for blue-green algae when dealing with
chemicals that have bactericidal properties) then, again, an important aspect of uncertainty is
reduced. Under these conditions, a smaller AF than the default value may be justified.

It follows that uncertainty may be increased if data for sensitive taxa are missing when
dealing with substances with a specific mode of action like insecticides, herbicides or
antibiotics.

2.9.2 Field and mesocosm data
Annex V of the WFD states that:

“...the standard thus derived should be compared with any evidence from field studies. Where
anomalies appear, the derivation shall be reviewed to allow a more precise safety factor to

be calculated.”

Field data, whilst rarely being suitable as the critical data for deriving a QS, can be used to
corroborate (or challenge) the choice of AF. Crane et al. (2007), describe techniques for estimating
a field threshold based on chemical exposure and biological data from matched locations and
sampling occasions in the field. Field data also have a key role in deriving sediment standards
(Section 5.2.1.3). In principle, where there is evidence of a mismatch, this would prompt
consideration of the reasons why there is a discrepancy between the QS derived using laboratory
data and experience in the field. Given the variability in field data (and indeed in laboratory
ecotoxicity data), small differences between a laboratory-based QS and field data should not be
given undue weight. We suggest that differences larger than an order of magnitude would,
however, warrant further investigation and, if justified, a revision of the AF.
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Mesocosm studies usually employ only a single contaminant stressor but biological impacts seen
in the field may be attributable to several stressors, including non-chemical stressors. This can
impair interpretation of matched chemical and biological data. However, if a ‘one-sided’ analysis is
undertaken, i.e. calculate the maximum concentration that still permits good biological quality, the
resulting threshold will be a conservative estimate. Analysis of mesocosm or field data may
suggest the laboratory-based QS is over-protective (the QS based on laboratory data is lower than
the field threshold). However, if the laboratory data do not include species that are known to be
sensitive to the contaminant, a reduction of the AF cannot be justified.

2.9.3 Background concentrations

Another line of evidence that could affect the final QS is information about background levels for
naturally occurring substances e.g. metals and some organics which occur widely in nature e.g.
polycyclic hydrocarbons and some cyanides. The size of the AF should not normally result in a QS
that is below the natural background level unless an ‘added risk’ approach to compliance
assessment is to be adopted (Section 3.5). However, if uncertainties in the extrapolation are
largely responsible for the QS being below the background level (e.g. an AF > 50 is required), this
must be highlighted in the datasheet as a key uncertainty for the policymaker.

2.10 Dealing with metals
2.10.1 Why metals are different

Unlike most organic substances, metals are neither created nor destroyed by biological or
chemical processes. Rather, they are transformed from one chemical form to another. Because
metals are naturally occurring, many organisms have evolved mechanisms to regulate their
accumulation and storage. Moreover some metals are essential nutrients so, when they are not
present in sufficient concentrations, can limit growth, survival and reproduction of the organisms.
Excess amounts of certain metals, on the other hand, are potentially toxic. Table 2-1 summarises
the essentiality status for some environmentally relevant metals.

These features, along with the fact that metals naturally occur as inorganic forms in environmental
compartments (e.g. sediments) and are cycled through the biotic components of an ecosystem,
complicate the evaluation of toxicity data for inorganic metal substances and have a major
influence on the way we derive QSs for metals.

Table 2.1 Essentiality of metals and metalloids to living organisms
Essential Non-essential
Cr, Co, Cu, Fe, Mn, Mo, Ni, Se, Zn As, Sb, Cd, Pb, Hg, Tl, Ag, Sn

When evaluating toxicity data to derive quality standards for metals, total metal concentrations are
not usually directly related to ecotoxicological effects because many abiotic and biotic processes
can modify the availability of metals, even rendering them unavailable for uptake. This means that
the fraction available for uptake and toxicity may be a very small part of the total metal present.
Due to several physicochemical processes, metals exist in different chemical forms which might
differ in (bio)availability. Thus, the (bio)availability of metals in both laboratory tests and in the ‘real”
environment may be affected by several physicochemical parameters such as the pH, hardness of
water and the dissolved organic carbon (DOC). Organic carbon (OC) and sulphides levels are key
influencing factors for the sediment compartment. As geographically distinct watersheds show
distinct geochemical characteristics, the degree to which different aquatic systems can safely
accommodate metal loadings will vary. For this reason, ecotoxicity data, derived for the same
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species and same endpoint may vary widely when artificial/natural waters or sediments are used
as test media.

The Water Framework Directive explicitly acknowledges the issues of (bio)availability and naturally
occurring concentrations for metals. The Daughter Directive to the WFD on EQSs (2008/105/EC)
(EC, 2008) states in Annex |, part B.3:

Member States may, when assessing the monitoring results against the EQS, take into account:

(a) natural background concentrations for metals and their compounds, if they prevent
compliance with the EQS value; and

(b) hardness, pH or other water quality parameters that affect the bioavailability of
metals.

Ideally, the derivation of QSs for metals requires an explicit consideration of (bio)availability using
speciation models or, failing that, to utilise dissolved concentrations instead of total concentrations.
Background concentrations may also need to be taken into account. Guidance on both
bioavailability and backgrounds is provided in more detail in the Sections dealing with specific
media (See Section 3.5, 4.7 and 5.2).

Guidance on deriving EQSs for metals is provided in Section 3.5.

2.11 Expression and implementation of EQSs
2.11.1 Accounting for exposure duration

Depending on the release pattern of a chemical and its environmental fate, chemical exposure may
occur over long periods - or even continuously - in biota, in sediments, and even in the water
column. In the water column, exposure may also occur intermittently for short periods e.g.
coinciding with storm events or short periods of chemical use.

In order to cover both long- and short-term effects resulting from exposure, two water
column EQSs will normally be required:

(i) along-term standard, expressed as an annual® average concentration (AA-EQS) and
normally based on chronic toxicity data

and

(ii) a short-term standard, referred to as a maximum acceptable concentration EQS
(MAC-EQS) which is based on acute toxicity data.

Where EQSs are derived for biota and sediment, they are always expressed as a long-term
standard. It is not appropriate to derive a short-term standard for these compartments
because exposure will typically be over long periods of time.

2.11.2 Including aspects of water management and monitoring into the final
decision about EQSs

Although uncertainty is taken into account during extrapolation through the use of modelling and/or
AFs applied to critical data, small datasets invariably lead to greater uncertainty in the EQS. Under

6 When 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 toxicology (EC 2000/60/EC)
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some circumstances, the policymaker responsible for implementing a standard may decide that a
standard is too uncertain to be used in a statutory context, i.e. the policymaker may decide the
risks of implementing an imprecise standard outweigh any benefits, or that it is only appropriate to
use the EQS in an advisory context. As explained earlier, the role of the scientist deriving an EQS
is to advise the policymaker on the nature and importance of unresolved uncertainties, and the
steps that could be taken to resolve them (e.g. conducting further ecotoxicity tests), so that
decisions about how to implement the standard can be made in an informed way.

2.11.3 Expression of EQSs for water

The overall EQS for water that is derived as described above is expressed as a dissolved
concentration. Water column EQSs may also be expressed as a total (dissolved + particulate)
concentration or concentration associated with SPM. In most cases the dissolved concentration
will be preferred. However, for substances that are highly adsorbed to suspended matter the EQS
might be based on suspended matter concentrations, which can be more appropriate for
calculating substance fluxes in river systems. For such substances, this may be preferable to
expressing the EQS as a total water concentration because this is dependent on the highly
variable suspended matter concentration in water (which is a function of seasonality, turbidity and
so on) and so may be highly uncertain. Emission controls are usually based on total
concentrations in discharges too. When faced with such situations, the assessor should agree
thepreferred method of EQS expression/compliance assessment with policy makers or river basin
managers.
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3 STANDARDS TO PROTECT WATER QUALITY

3.1  General approach

QSs for the protection of pelagic communities (organisms inhabiting the water column) are
required for all substances. This Section covers the protection of freshwater and saltwater pelagic
communities from both long-term and short-term exposure, as well as those in transitional waters.
In addition, this Section also covers the assessment of risks to human health from drinking
water.

For the water column, four different QS values can be derived:

e A QS based on direct ecotoxicity (QSsw, eco OF QSsw, eco (Section 3.2),

e A QS based on secondary poisoning of predators (QSpiota sec pois fw OF QSbiota sec pois fw)7 (Section
4.4),

e A QS based on human consumption of fishery products (QShiota, hn food)7 (Section 4.5)

and

e A QS for human consumption of drinking water (QSgnnn) (Section 3.9)

As explained in Section 2.4.3, the QSpiota, sec pois aNd QSpiota, n ONly Need to be derived if specific
trigger values are met. The lowest of these values is set as the overall EQS, although the drinking
water standard is only adopted as an overall standard for waters intended for drinking water
abstraction.

As explained in Section 2.5.1, in order to select an overall EQS, it will be necessary to translate
biota and human health standards (ie biota, hh) into an equivalent water concentration, so they can
be compared directly with other water column QSs. Some jurisdictions may also prefer to assess
compliance with these standards by sampling the water column rather than biota. The conversion
of biota QSs into their equivalent water column concentrations is covered in Section 4.7.2.

The particular requirements for deriving water column standards for metals are dealt with in
Section 3.5.

3.2 Derivation of QSs for protecting pelagic species
3.2.1 Relationship between water column QS and MAC-QS

As explained in Section 2.11, two QSs are required for the water compartment to cover both long-
term and short-term exposure to a chemical:

(i) an annual average concentration (QS) to protect against the occurrence of prolonged
exposure, and

(i) a maximum acceptable concentration (MAC-QS) to protect against possible effects from
short term concentration peaks. The temporary standard during derivation is termed MAC-
QS to distinguish this value from the QS mentioned in (i)

7 The QS biota, sec pois AN QS piota, hh food @re based on biota standards and are unlikely to be implemented as
annual average concentrations in practice. They may be converted to equivalent water concentrations e.g. to
set an overall EQS or to enable compliance assessment using water samples instead of biota sampling.

33



Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

Whilst derivation of the QS typically employs chronic toxicity data, the MAC-QS always relies on
acute data. When data are sparse or the ratio between acute effects and chronic no-effects is
narrow, the estimated MAC-QS can sometimes be more stringent than the QS. It is also possible
that the effects observed in chronic studies are due to the initial contact with the test substance,
rather than to prolonged exposure. In that case it is also reasonable that the MAC-QS and QS are
similar. When the MAC-QS is lower than the QS, a further analysis should be presented in which
the possible causes are discussed. When acute and chronic critical data for the QS derivation
relate to the same species, and the acute L/EC50 is lower (more stringent) than the chronic NOEC,
the data should be re-evaluated and justified, and/or an EC10 should be derived instead of a
NOEC to derive the QS if the statistical analysis to derive the NOEC has insufficient discriminating
power. Since effects of chronic exposure normally occur at lower concentrations than those of
acute exposure, MAC-QS values below the QS make little toxicological sense.Therefore, where
the derivation of the MAC-QS leads to a lower value than the QS, the MAC-QS is set equal to
the QS for direct ecotoxicity. This is summarised below in Table 3.1.

Table 3.1 Summary of MAC-QS recommendation based on relationship with QS for direct
ecotoxicity

Relationship between estimated AA Recommendation
and MAC

MAC-QS < QS Set MAC-QS equal to AA-QS

MAC-QS > AA-QS Derive MAC-QS.

3.2.2 Preparing aquatic toxicity data

Aquatic toxicity data are the key inputs to the derivation of water column standards for direct
ecotoxicity. Before the assessor can derive QSs the available data must be properly assessed for
reliability and relevance. This is because all data contribute to the final outcome, especially when a
probabilistic analysis (SSD) is performed. Guidance on data quality assessment is detailed in
Appendix 1.

Before starting the extrapolation steps, the following steps are also taken:

e Data are aggregated when there are multiple data for the same species and endpoint
(Section 2.6.1.2);

e Analyses are performed to see whether freshwater and saltwater data can legitimately be
combined. This is covered in detail in Section 3.2.3.

As an aid to properly understanding the available data, the assessor should plot all the data
graphically so that he/she can develop (and communicate) an appreciation of the quantity of data
and spread of species and effects over a range of concentrations. A convenient way to do this is to
separate acute and chronic data for freshwater and saltwater species, rank effect concentrations or
NOECs, and simply plot the cumulative ranks against concentration. This can be achieved simply
in Excel (or using the ETX programme (Van Vlaardingen et al., 2004)), ideally identifying the
different taxonomic groups by different symbols so any particularly sensitive or tolerant taxa
become immediately obvious. This presentation helps inform an understanding of acute: chronic
ratios. It also identifies outliers and different sensitive groups, especially if groups are given
different symbols.

34



Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

3.2.3 Combining data for freshwater and saltwater QS derivation

3.2.3.1 Organic compounds

In principle, ecotoxicity data for freshwater and saltwater organisms should be pooled for organic
compounds, if certain criteria are met. Where the criteria for combining data are met (see
below), the pooled datasets are then used to derive both freshwater and saltwater QSs, but
with different assessment factors (see Sections 3.3.1 and 3.3.2).

The presumption that for organic compounds saltwater and freshwater data may be pooled must
be tested, except where a lack of data makes a statistical analysis unworkable. In those cases
where there are too few data (either freshwater or saltwater) to perform a meaningful statistical
comparison and there are no further indications (spread of the data, read-across, expert

judgement8) of a difference in sensitivity between freshwater vs saltwater organisms, the data sets
may be combined for QS derivation.

To enable a robust comparison, it is important that a comprehensive set of data is included. For
compounds with a specific mode of action, this should include particularly sensitive taxonomic
group(s). This reinforces the need for a search strategy for ecotoxicological data that is as wide as
possible.

Where there are sufficient toxicity data in both the freshwater and saltwater datasets to enable a
statistical comparison, the following procedure should be followed. The null hypothesis is that
freshwater and saltwater organisms do not differ in their sensitivity to the compound of interest; i.e.
they belong to the same statistical population:

1. All freshwater data are collected and tabulated (note: this data set contains one toxicity
value per species). Next, a logarithmic transformation of each of these toxicity values is
performed.

2. All saltwater data are collected and tabulated (note: this data set contains one toxicity value
per species). Next, a logarithmic transformation of each of these toxicity values is
performed.

3. Using an F-test, determine whether the two log-transformed data sets have equal or
unequal variances. Perform the test at a significance level (a) of 0.05.

4. A test for differences between the data sets e.g. a two tailed t-test where the data are
normally distributed (with or without correction for unequal variances, depending on the

results of step 3), is performed. Perform the test at a significance level (a ) of 0.059.

5. Especially for compounds with a specific mode of action, it is important to identify
particularly sensitive taxonomic groups and perform a separate statistical analysis for this
specific group. If enough data are available to make a comparison for individual or related
taxonomic groups (e.g., insects, crustaceans, arthropods, fish, vertebrates), this may help
to determine if there are differences between saltwater and freshwater species.

8 Information on a closely related compound(s) may be used (‘read across’) (See Section 6). The toxicity
data of the related compound should not be used, but toxicological information or knowledge may be used to
underpin conclusions. Any use of information from related compounds should be well documented. This can
be especially useful when differences are expected for a compound but the dataset is too small to to perform
a meaningful statistical comparison.

9 Beware of confounding factors. For example: (i) a specific group of organisms might be more sensitive
than other organisms, (ii) over representation of results from one study or species from a specific taxonomic
group in one of the two data sets might cause bias in the results. Results of statistical tests become
increasingly meaningful with increasing sample size.
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When a significant difference in sensitivity cannot be shown, the two data sets remain
combined for QS derivation and the QSy,, o and the QS .., are derived using the same
data set. However, different extrapolations should be used for the two compartments
(detailed in Sections 3.3 and 3.4).

When a difference in sensitivity is demonstrated based on toxicity, the freshwater and
saltwater data sets should not be pooled and QSs for both compartments should be derived
using the respective data sets separately and the appropriate extrapolation method.

3.2.3.2 Metals

Freshwater and saltwater toxicity data for metals should be separated a priori. This is because
differences in toxicity between freshwater and saltwater species are likely because of differences in
metal speciation and bioavailability as well as (osmo)regulation. Datasets should only be combined
when there is no demonstrable difference in sensitivity. If metals effects data are expressed as
dissolved metal concentrations, freshwater and saltwater sensitivities can be compared to assess
whether they can be combined, as described for organic substances (Section 3.2.3.1).

However, when metal bioavailability correction is being considered for the freshwater QS, such
correction can not be extrapolated to the marine environment and therefore freshwater and marine
NOECs can not be combined.

3.3 Deriving a Qwa, eco
3.3.1 Derivation of a QS for the freshwater community (QSsw, eco)

For the derivation of the QSs,, «.co COMbined toxicity data sets (with one toxicity value per species) of
freshwater and saltwater species may be used (see Section 3.2.3), if after evaluation of the
freshwater and saltwater toxicity data it appears that the data can be pooled. Where data permit,
the QSsy, eco is derived in three ways:

1. deterministic approach: assessment factor applied to the lowest credible datum (‘AF method’,
Section 3.3.1.1)

2. probabilistic approach using species sensitivity distribution modeling (‘SSD method’, Section
3.3.1.2),

and

3. using results from model ecosystem and field studies (Section 3.3.1.3).

The methodology is consistent with the REACH provisions for effects assessment for substances
that are released continuously. If the conditions to use the SSD-method for the derivation of
quality standards are met, it should always be used. However, a QS should also be derived
using the AF method, and, where valid data exist, also using model ecosystems. In all three
methods, remaining uncertainty is taken into account by applying an assessment factor. This
implicitly means that the resulting QS, whether it is derived using the AF method, the SSD method,
or using model ecosystem studies, are all considered reliable. It is possible, however, that the
results differ. These should be covered in the report on the derivation of the QS, with an
explanation of possible discrepancies in the results and the reason for choosing the final method. If
all methods can be performed, the final QSy,, eco Should preferably be based on the results from the
SSD method or the model ecosystem-studies, since these entail a more robust approach towards
assessing ecosystem effects. It cannot be stated beforehand which method is preferred, the
selection of the final QS «co remains subject to expert judgement. The SSD gives a robust
estimate of the range of sensitivities to be encountered in an ecosystem, but it is still based on
single species data, and species-interactions at the ecosystem level are not covered. In the case of
mesocosm studies, it is often not possible to disentangle the exact cause-effect relationships, but

36



Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

they may point to long-term effects on the ecosystem that cannot be shown in single-species
laboratory studies (i.e. indirect effects, predator-prey interactions). The relevance of the ecosystem
structures of the available model ecosystem studies is an important consideration. In any case,
both the SSD and mesocosm should include species that are likely to be sensitive. If sensitive
species are not available, nor represented in the mesocosm studies, the deterministic approach
may still be preferred, because it makes greater allowance for uncertainty.

Rarely, there may not be appropriate data for the water column available but there are suitable
tests with benthic studies (e.g. only sediment tests with chironomids for an insecticide). In such a
case it might be considered to apply the equilibrium partitioning method (section 5.2.1.2) in a
reversed way from how it is usually applied. However, in such a case it must be considered
whether exposure to the substance is primarily through the aqueous phase. This means that for
highly hydrophobic substances, where food ingestion contributes significantly to the exposure, this
approach could not be applied.

3.3.1.1 Extrapolation using assessment factor method

For substances with small datasets, the deterministic approach or assessment factor method (AF
method) is the only realistic option because the data requirements of the SSD method (Section
3.3.1.2) are too demanding. The quantity and types of data available determines the assessment
factors used (Table 3.2). The procedures for estimating an AA-QS;, e are the same as the
aquatic effects assessment and the calculation of the PNEC (= AA-QS,ar) described in the
guidance prepared for REACH (ECHA, 2008).

If an assessment factor equal to or higher than 100 is used, this implies a high level of
uncertainty and it should always be highlighted in a ‘residual uncertainty’ paragraph in the
technical report describing the derivation of the AA-QStcshwater, eco» together with possible
ways to reduce this uncertainty (e.g. perform an additional toxicity test for a specific
species).

When only short term toxicity data are available an assessment factor of 1000 will be applied to the
lowest L(E)C50 of the relevant available toxicity data, irrespective of whether or not the species
tested is a standard test organism (see notes to Table 3.2). A lower assessment factor will be
applied to the lowest NOEC derived in long term tests with a relevant test organism.

The algal growth inhibition test of the base set is, in principle, a multigeneration test. However, for
the purposes of applying the appropriate assessment factors, the EC50 is treated as a short term
toxicity value. The NOEC from this test may be used as an additional NOEC when other long-term
data are available. In general an algal NOEC should not be used unsupported by long term
NOECs of species of other trophic levels. However if the short term algal toxicity test is the most
sensitive of the short term tests, the NOEC from this test should be supported by the result of a
test on a second species of algae. The investigations with bacteria (eg growth tests) are regarded
as short term tests. Additionally, blue-green algae should be counted among the primary
producers due to their autotrophic nutrition i.e. they assume the same status as green algae.

The assessment factors presented in Table 3.2 should be considered as general factors that under
certain circumstances may be changed. In general, justification for changing the assessment factor
could include one or more of the following:

e evidence from structurally similar compounds (Evidence from a closely related compound
may demonstrate that a higher or lower factor may be appropriate);

e knowledge of the mode of action (some substances, by virtue of their structure, may be
known to act in a non-specific manner);

o the availability of test data from a wide selection of species covering additional taxonomic
groups other than those represented by the base-set species;

o the availability of test data from a variety of species covering the taxonomic groups of the
base-set species across at least three trophic levels. In such a case the assessment factors
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may only be lowered if these multiple data points are available for the most sensitive

taxonomic group.

Specific comments on the use of assessment factors in relation to the available data set are given
in the notes below Table 3.2.

Table 3.2

Assessment factors to be applied to aquatic toxicity data for deriving a QS eco

Available data

Assessment factor

At least one short-term L(E)C50 from each of
three trophic levels (fish, invertebrates (preferred
Daphnia) and algae) (i.e. base set)

1000 "

One long-term EC10 or NOEC (either fish or
Daphnia)

b)

100

Two long-term results (e.g. EC10 or NOECs) from
species representing two trophic levels (fish
and/or Daphnia and/or algae)

<)

50

Long-term results (e.g. EC10 or NOECs) from at
least three species (normally fish, Daphnia and
algae) representing three trophic levels

d)

10

Species sensitivity distribution (SSD) method

5-1 (to be fully justified case by case) R

Field data or model ecosystems

. )
Reviewed on a case by case basis

b)

The use of a factor of 1000 on short-term toxicity data is a conservative and protective factor and is
designed to ensure that substances with the potential to cause adverse effects are identified. It
assumes that the uncertainties identified above make a significant contribution to the overall
uncertainty. For any given substance there may be evidence that this is not so, or that one particular
component of the uncertainty is more important than any other. In these circumstances it may be
necessary to vary this factor. This variation may lead to a raised or lowered assessment factor
depending on the available evidence. A factor lower than 100 should not be used in deriving an QSy,,
eco from short-term toxicity data.

Variation from a factor of 1000 should not be regarded as normal and should be fully supported by
accompanying evidence.

An assessment factor of 100 is applied to a single long-term result (e.g. EC10 or NOECs) (fish or
Daphnia) if this result was generated for the trophic level showing the lowest L(E)C50 in the short-
term tests.

If the only available long-term result (e.g. EC10 or NOECs) is from a species (standard or non-
standard organism) which does not have the lowest L(E)C50 from the short-term tests, applying an
assessment factor of 100 is not regarded as protective of other more sensitive species.. Thus the
hazard assessment is based on the short-term data and an assessment factor of 1000 applied.
However, the resulting QS based on short-term data may not be higher than the QS based on the
long-term result available.
An assessment factor of 100 can also be applied to the lowest of two long-term results (e.g. EC10 or
NOECs) covering two trophic levels when such results have not been generated from that showing
the lowest L(E)C50 of the short-term tests. This should, however, not apply in cases where the
acutely most sensitive species has an L(E)C50 value lower than the lowest long term result (e.g.
EC10 or NOECs) value. In such cases the QS might be derived by using an assessment factor of
100 to the lowest L(E)C50 of the short-term tests

An assessment factor of 50 applies to the lowest of two long term results (e.g. EC10 or NOECs)
covering two trophic levels when such results have been generated covering that level showing the
lowest L(E)C50 in the short-term tests. It also applies to the lowest of three long term results (e.g.
EC10 or NOECs) covering three trophic levels when such results have not been generated from that
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trophic level showing the lowest L(E)C50 in the short-term tests. This should however not apply in
cases where the acutely most sensitive species has an L(E)C50 value lower than the lowest long
term result (e.g. EC10 or NOECs) value. In such cases the QS might be derived by using an
assessment factor of 100 to the lowest L(E)C50 of the short-term tests.

d) An assessment factor of 10 will normally only be applied when long-term toxicity results (e.g. EC10
or NOECs) are available from at least three species across three trophic levels (e.g. fish, Daphnia,
and algae or a non-standard organism instead of a standard organism).
When examining the results of long-term toxicity studies, the QSs,, <o Should be calculated from the
lowest available long term result. Extrapolation to the ecosystem can be made with much greater
confidence, and thus a reduction of the assessment factor to 10 is possible. This is only sufficient,
however, if the species tested can be considered to represent one of the more sensitive groups. This
would normally only be possible to determine if data were available on at least three species across
three trophic levels. It may sometimes be possible to determine with high probability that the most
sensitive species has been examined, i.e. that a further long-term result (e.g. EC10 or NOECs) from
a different taxonomic group would not be lower than the data already available. In those
circumstances, a factor of 10 applied to the lowest long term result (e.g. EC10 or NOECs) from only
two species would also be appropriate. This is particularly important if the substance does not have
a potential to bioaccumulate. If it is not possible to make this judgment, then an assessment factor of
50 should be applied to take into account any interspecies variation in sensitivity. A factor of 10

cannot be decreased on the basis of laboratory studies. 10
e) Basic considerations and minimum requirements as outlined in Section 2.6.1.2.

f)  The assessment factor to be used on mesocosm studies or (semi-) field data will need to be
reviewed on a case-by-case basis (see Section 3.3.1.3 for further guidance).

Not all circumstances can be dealt with in these footnotes and specific cases may require specific
considerations with respect to the choice of the AF. Any deviation from the scheme should be
explained. To help with some questions that might arise, further guidance is offered below:

1.  The base set (acute data for fish, Daphnia, algae) is complete, but chronic data are only available for
one trophic level of the base set. This relates to footnotes a and b because we have to decide
whether to use an AF of 100 applied to chronic data or 1000 applied to acute data. An AF of 100 is
applied to the lowest chronic NOEC or EC10 but (a) it has to be either Daphnia or fish and (b) the
NOEC or EC10 should be from the same trophic level as that of the lowest acute L(E)C50. If (a) and
(b) are not the case, an AF of 1000 is applied to the lowest L(E)C50 and the two results are
compared: lowest L(E)C50/1000 versus NOEC (or EC10)/100; the lowest value is selected as QS

eco-

2.  The base set is complete, but chronic data are only available for two trophic levels from the base set.
This relates to footnotes b and c. An assessment factor of 50 is applied to the lowest chronic NOEC
or EC10, if such chronic data are available from two trophic levels from the base set. The trophic
levels of the NOECs and/or EC10s should include the trophic level of the lowest acute L(E)C50. If
the trophic level for the lowest acute L(E)CS50 is not included in the chronic data (NOECs and/or
EC10s) then:

- an assessment factor of 100 is applied to the lowest NOEC or EC10 if the lowest L(E)C50 is
higher than the lowest NOEC or EC10;

- an assessment factor of 100 is applied to the lowest L(E)C50 if the lowest L(E)C50 is lower than
the lowest NOEC or EC10.

3. The base set is complete and chronic data for each of the trophic levels of the base set are
available:
This relates to footnote ¢ and d. An assessment factor of 10 is applied to the lowest chronic NOEC
or EC10 if chronic data are available from all three trophic levels of the base set. The trophic levels

10 However, this only refers to the deterministic approach. If the SSD approach is used, which is also based
on laboratory data, a lower assessment factor than 10 can be used (1-5).
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of NOECs and/or EC10s should include the trophic level of the lowest acute L(E)CS50. If acute
toxicity data are available for trophic levels not covered in the chronic toxicity data, and the trophic
level of the lowest L(E)C50 is not included in that of the NOECs and/or EC10s then:
- an assessment factor of 50 is applied to the lowest NOEC or EC10 if the lowest L(E)C50 is higher
than the lowest NOEC or EC10;
- an assessment factor of 100 is applied to the lowest L(E)C50 if the lowest L(E)C50 is lower than
the lowest NOEC or EC10.

4. The base set is not complete, because data are missing
Although the table refers specifically to Daphnia, any reliable data for small crustaceans would be
acceptable. In practice, Daphnia data will be the most readily available, but other species such as
Ceriodaphnia, Gammarus, or Acartia, the latter in the case of the marine environment, can be
considered to fill the gap when data for Daphnia are missing. A similar approach can be followed
when data for algae or cyanophytes are missing, but macrophyte data are present. If there is
evidence that the missing trophic level would not be the potentially most sensitive species (e.g.
Daphnia in case of a herbicide) or when it can be assumed that the available species are potentially
sensitive (i.e. insect and Daphnia data in case of an insecticide, where algae are missing), the
assessment scheme can be followed as if the base set were complete.

5.  Insect growth regulators
For this specific type of pesticides, Daphnia may not be the most sensitive species. Within the
context of pesticide authorisation, it is advised that insects should be tested when for an insecticide
the toxicity to Daphnia is low (i.e. 48 h EC50 > 1 mg/L, 21 d NOEC > 0.1 mg/L; EC, 2002). This
means that where the presence of acute and chronic data for algae, Daphnia and fish normally
allows for an AF of 10, in this case additional information from insects is considered necessary.

In line with the REACH guidance (ECHA, 2008), data for bacteria representing a further taxonomic
group may only be used if non-adapted pure cultures were tested. Studies with bacteria (e.g.
growth tests) are regarded as short-term tests. Consequently, NOECs or EC10 values derived
from bacterial studies may not be used in the derivation of the QSy,, co Using assessment
factors. EC50 values from bacterial tests may be used but they cannot substitute any of the
other trophic levels (acute data on algae, Daphnia, fish) for completion of the base set. The
same principle applies to toxicity data using protozoans. Nevertheless, NOECs or EC10 values
from bacterial studies are valuable and should be tabulated amongst the toxicity data because they
are relevant as inputs in an SSD.

Blue-green algae should be counted among the primary producers due to their autotrophic nutrition
(ECHA, 2008). Thus, cyanobacteria (blue-green algae or Cyanophyta) belong to the trophic level of
primary producers. This means that data from (both chronic and acute) tests with
cyanobacteria are considered as additional algal data and are treated in the same way (i.e. if
they represent the lowest endpoint, the AF will be based on cyanobacteria, even when data
for green algae are present). They can also be used to complete the base set where there
are no algal data.

When there are indications that a substance may cause adverse effects via disruption of the
endocrine system of mammals, birds, aquatic or other wildlife species, the assessor should
consider whether the assessment factor would be sufficient to protect against effects caused by
such a mode of action, or whether a larger AF is needed (Section 2.9.1).

Use of non-testing methods to reduce uncertainty

Emphasis is placed on experimental toxicity data for deriving an EQS. However, non-testing
methods (e.g. QSARSs, read-across methods) are also available which can be used to predict
toxicity of certain organic chemicals and endpoints. They should not be used to generate critical
data to derive an EQS, but predicted data can play a role in reducing uncertainty and thereby
influence the size of AF chosen for extrapolation. Detailed guidance on the use of non-testing
methods is given in Section 6.
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3.3.1.2 Extrapolation using SSDs

Statistical extrapolation in line with the provisions of the REACH guidance (ECHA, 2008), namely
the species sensitivity distribution method (SSD), can be used for the derivation of EQSs for water.
Extensive information on the backgrounds and use of SSDs is given in Posthuma et al. (2002).

To construct an SSD, toxicity data are log-transformed and fitted to a distribution function from
which a percentile (normally the 5™ percentile; often referred to as the HC5) of that distribution is
used as the basis for an EQS. Several distribution functions have been proposed. The US EPA
(1985) assumes a log-triangular function, Kooijman (1987) and Van Straalen and Denneman
(1989) a log-logistic function, and Wagner and Lakke (1991) a log-normal function. Aldenberg and
Slob (1993) and Aldenbeg and Jaworska (2000) further refined the way to estimate the uncertainty
of the 95th percentile by introducing confidence levels. The log-normal distribution is a pragmatic
choice from the possible range of distributions because its mathematical properties are well-
described (methods exist that allow for most in depth analyses of various uncertainties) although
others are permissible

Data requirements

For estimating a QSy,, eco the input data to the SSD should be quality-assessed chronic NOEC or
EC10 data according to the criteria recommended in Section 2.6.2. As for deterministic
extrapolation, data should first be aggregated to one toxicity value per species, and statistical
comparisons undertaken to decide if freshwater and saltwater data can be pooled. In practice, the
same dataset is used for both the deterministic and probabilistic methods.

Ideally the dataset for an SSD should be statistically and ecologically representative of the
community of interest (Posthuma et al., 2002). An EQS should be protective for the wide range of
surface waters and communities that can occur within Europe. Given this broad scope of protection
of the WFD, the requirements of the REACH guidance with respect to the number of taxa and
species to be included in the dataset (ECHA, 2008) are followed, ie the output from an SSD-based
QS is considered reliable if the database contains preferably more than 15, but at least 10
NOECs/EC10s, from different species covering at least 8 taxonomic groups. For estimating a QSy,
eco, the following taxa would normally need to be represented:

» Fish (species frequently tested include salmonids, minnows, bluegill sunfish, channel
catfish, etc.)

* A second family in the phylum Chordata (e.g. fish, amphibian, etc.)
* A crustacean (e.g. cladoceran, copepod, ostracod, isopod, amphipod, crayfish etc.)
* An insect (e.g. mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge, etc.)

» A family in a phylum other than Arthropoda or Chordata (e.g. Rotifera, Annelida, Mollusca,
etc.)

+ A family in any order of insect or any phylum not already represented
* Algae
* Higher plants

SSDs for substances with a specific mode of action

For a substance exerting a specific mode of action, SSDs should be constructed using

(a) the entire dataset (i.e. all taxa, so that the relative sensitivities of taxa can be examined) and
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(b) only those taxa that are expected to be particularly sensitive (e.g. for a herbicide acting by
photosynthetic inhibition, this would be data for higher plants and algae).

In other words, the minimum requirements to perform an SSD should be also be met for a
compound with a specific mode of action, in order to be able to demonstrate deviations from the
expected distribution. If there is clear evidence of a ‘break’ in the distribution between the sensitive
and other species, or poor model fit, the HC5 should be estimated using only data from the most
sensitive group, provided that the minimum number of 10 datapoints is present. If other evidence is
available that indicates there might be a specific sensitive group of species, for example, ‘read-
across’ data from a structurally similar substance, this could also be used.

Testing goodness of fit

Different parametric distributions e.g. log-logistic, log-normal or others may be used. For example,
the Anderson—-Darling goodness of fit test can be used in addition to the Kolmogorov-Smirnov-test,
to help choose a parametric distribution for comprehensive data sets, because it gives more weight
to the tails of the distribution. Further details are given in REACH guidance (ECHA, 2008). The
following guidance is offered:

Whatever the model fitted to a distribution, results should be discussed with regards to the
graphical representation of the species distribution and the different p-values (~probability value:
the likelihood of wrongly rejecting a statistical hypothesis when it is true) obtained with each test. (p
< 0.05 means a probability of < 5%).

The choice of a distribution function other than the log-normal or log-logistic distribution should be
clearly explained.

If the data do not fit any distribution, the left tail of the distribution (the lowest effect concentrations)
should be analysed more carefully. If a subgroup of species is particularly sensitive and, if there
are sufficient data, an SSD may be constructed using only this subgroup. However, this should be
underpinned if possible by some mechanistic explanation e.g. high sensitivity of certain species to
this particular chemical.

The SSD method should not be used in cases where there is a poor data fit to all available
distributions.

Calculating the HC5

The method of Aldenberg and Jaworska (2000) is considered most appropriate because it enables
the calculation of a confidence interval (normally the 90% interval) for the HC5. This method is
used in the ETX-computer program (Van Vlaardingen et al., 2004).
The HC5 according to Aldenberg and Jaworska is calculated as follows:

Log HC5 = Xm-k*s

Where:
Xm = mean of log-transformed NOEC and EC10 data

k= extrapolation constant depending on protection level and sample size (according to Aldenberg
and Jaworska, 2000)

s=standard deviation of log-transformed data
The extrapolation constant k is taken from Aldenberg and Jaworska (2000). Three values are

given for k. The 5%ile cu-off value (HCS) is calculated with the median estimate for k and, in
addition, the confidence limits are calculated using the upper and lower estimates of k.
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The median estimate of the HC5 (sometimes denoted as HC5-50) is used as the basis of the QS.
SSD modelling deals explicitly with differences in sensitivity between species. According to the
requirements set out above, an SSD can only be constructed when data are plentiful but there may
still be some residual uncertainty that needs to be accounted for in the final QS. For this reason,
the HC5 is divided by an additional AF:

QS =HC5/ AF

Choice of AF applied to HC5

An AF of 5 is used by default but may be reduced where evidence removes residual uncertainty.
The exact value of the AF depends on an evaluation of the uncertainties around the derivation of
the HC5. As a minimum, the following points have to be considered when determining the size of
the assessment factor (ECHA, 2008):

¢ the overall quality of the database and the endpoints covered, e.g., if all the data are
generated from “true” chronic studies (e.g., covering all sensitive life stages);

¢ the diversity and representativity of the taxonomic groups covered by the database, and the
extent to which differences in the life forms, feeding strategies and trophic levels of the
organisms are represented;

¢ knowledge on presumed mode of action of the chemical (covering also long-term exposure).
Details on justification could be referenced from structurally similar substances with
established mode of action;

o statistical uncertainties around the HC5 estimate, e.g., reflected in the goodness of fit or the
size of confidence interval around the 5th percentile, and consideration of different levels of
confidence (e.g. by a comparison between the median estimate of the HC5 with the lower
estimate (90% confidence interval) of the HC5);

e comparisons between field and mesocosm studies, where available, and the HC5 and
mesocosm/field studies to evaluate the level of agreement between laboratory and field
evidence.

3.3.1.3 Use of field and mesocosm studies for derivation of the QS:, eco

Field studies and simulated ecosystem studies such as microcosm and mesocosm experiments
(e.g. ponds and streams) are frequently used to assess the environmental risks posed by
pesticides. They can be a valuable tool to assess the impact of a chemical on populations or
communities of aquatic ecosystems under more realistic environmental conditions than is
achievable with standard single-species laboratory studies. If such studies are available, and they
fulfil the criteria regarding reliability and relevance as defined below, they may be used either as
the basis of QSy,, «co derivation or, when an SSD is used, to help select the size of AF applied to
the HC5. This section specifically deals with the use of mesocosm studies for derivation of the
QS eco- The use of mesocosm data for derivation of the MAC-QS is addressed in Section 3.4.1.3.

Mesocosms

For more detailed guidance on the conduct and evaluation of micro- or mesocosm studies see e.g.
Hill et al. (1994), Giddings et al. (2002) and De Jong et al. (2008). The following criteria should be
addressed when assessing mesocosm data:

e Adequate and unambiguous experimental set-up

e Realistic community

¢ Adequate description of exposure patterns, especially in the compartment of interest e.g.
water column

¢ Sound statistical evaluation
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e Sensitive endpoints that are in accordance with the mode of action of the chemical

Irrespective of the framework under which the studies were originally conducted, these basic
principles apply to all simulated ecosystem studies. However, there may be some features that are
of particular importance to QS derivation since the objectives of risk assessment under Council
Directive 91/414/EEC and QSs under the WFD are not entirely compatible. The following points
are particularly important:

1. For QS o derivation, exposure in the test system must be properly characterised. Therefore
a prerequisite for using a field or mesocosm study is that the concentration of the substance is
measured over the course of the experiment so that time-weighted average concentrations
(TWA) within a well-defined time window can be calculated for persistent active ingredients.

2. All effects observed (and all NOECs derived), must be related to the respective TWA
concentration. It is not acceptable to use the initial concentration as the basis for assessment
unless there is evidence that this level of exposure has been maintained.

3. This means that, for QS «co derivation, mesocosm studies with rapidly dissipating compounds
(with half-lives of hours) cannot be used unless steps have been taken to replenish the test
substance at intervals consistent with the substance’s half-life in the environment. For
experiments with a repeated pulse application it should be evaluated on a case-by-case basis
whether long-term exposure can be considered to be maintained.

4. In risk assessment of plant protection products, the potential for recovery following removal of
the chemical stressor is normally taken into account. This principle does not apply in QS
derivation i.e. a temporary impact is not normally tolerated, especially when deriving a QS eco
which is intended to protect against long-term exposure when recovery conditions might never
actually occur.

5. The scope of protection of an EQS under the WFD is broader than that of the “acceptable
concentration” in the risk assessment of pesticides. The EQS must be protective for all types of
surface waters and communities, not just the type covered by a particular mesocosm or field
study. We therefore need to assess whether the test system can be considered as
representative for the full range of waterbodies that might be subject to pesticide exposure.
Higher tier (e.g. mesocosm) studies in the context of the pesticide risk assessment are
normally focused on shallow, eutrophic, waterbodies occurring in the immediate vicinity of
agricultural areas. An EQS under the WFD, however, must also assure protection for
waterbodies that differ significantly from this paradigm, for instance those with a wide range of
flow regimes, subject to point source inputs of plant protection products (e.g. formulation
plants), occurring in different climatic zones, or with different trophic status. Preferably, the
available (semi-)field data should cover this wide range of water types, but in reality this is not
the case and therefore the guidance presented here should be considered when deciding on
the choice of the AF (see below).

6. In general, the more similar the test system is to the field situation, the higher its relevance for
risk assessment and EQS setting. Differences between experimental mesocosms and the field
can result in either an over- or underestimation of the response of the field ecosystem.

e Species composition: more relevant NOECs are likely to arise when the species
composition in a mesocosm is representative of that found in the field. This does not mean
that the species composition in a micro- or mesocosm experiment should be exactly the
same as that in the field; it is more important that a sufficient number of representatives of
sensitive taxonomic groups are present, especially taxa that are expected to be sensitive
given the substance’s mode of action (e.g. insect larvae in a study with an insecticide that
acts by disrupting moulting). Maltby et al. (2005) showed that taxonomy plays a more
important role than habitat and geographical region in predicting the sensitivity of water
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organisms to pesticides with a specific toxic mode of action. Furthermore, the
representativeness of the biological traits of the tested species is important. In general,
vertebrates are not incorporated in mesocosm studies. If laboratory data suggest
vertebrates belong to the most sensitive group, little weight should be given to a mesocosm
study without vertebrates.

e Avoidance and drift: examples are known from the literature (for example, Gammarus
pulex; see Schulz and Liess, 1999) of organisms that detect and avoid toxic substances by
moving to areas with lower concentrations. Sessile organisms cannot avoid exposure.
Although avoidance and drift are relevant endpoints, in general, laboratory and mesocosm
studies do not accommodate avoidance reactions.

Selecting an AF to apply to a mesocosm NOEC

According to the REACH guidance, the AF applied to mesocosm studies or (semi-) field data will
need to be reviewed on a case-by-case basis (footnote ‘f' to Table 3.2 ), but no guidance is given
with respect to the range of AFs to be applied. Brock et al. (2008) compared micro/mesocosm
experiments for several chemicals in which long-term exposure was simulated. They estimated a
geographical extrapolation factor based on the ratio of the upper and lower limit of the 95%
confidence interval of NOECs for toxic effects. These factors ranged between 1.4 and 5.4. This
suggests that, where there is (a) only a single model ecosystem study, and (b) sensitive taxa are
included in the study of a compound with a specific mode of action, an assessment factor of 5
would account for variation in the NOECs. When additional, confirmative mesocosm studies are
available, the AF may be lowered. Further discussion around the selection of AFs on mesocosm
studies is to be found in Giddings et al (2002).

In determining the size of AF to be applied, the following should be considered:

— What is the overall quality of the micro- or mesocosm study/studies from which the NOEC has
been derived?

— What is the relationship between the mode of action of the investigated substance and the
species represented in the available micro- or mesocosm studies? Are sensitive species
represented?

— Do the available micro- or mesocosm studies include vulnerable species or representatives of
taxonomic groups (e.g. families, orders) of vulnerable species that are part of the aquatic
ecosystems to be protected?

— Do the available micro- or mesocosm studies represent the range of flow regimes that should
be protected by the EQS? Consider specific populations of species inhabiting the lotic and
lentic water types to be protected.

— How representative are the mesocosm studies: do they represent the range of trophic statuses
of waterbodies that should be protected by the EQS?

3.3.2 Derivation of a QS for the saltwater pelagic community (QSsw, eco)

The QS eco protects the saltwater ecosystem from potential chronic toxic effects. For the
derivation of the QS «co cOMbined toxicity data sets (with one toxicity value per species) of marine
and freshwater species may be used when the provisions for pooling data are met (see Section
3.2.3). As with estimation of the QSrw eco, the QSsw, eco may be derived by several different
approaches:

e adeterministic approach using assessment factors applied to a critical datum,

e a probabilistic approach using SSD modelling, and
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e using mesocosm data (although field and mesocosm studies are rarely available for
saltwater)

3.3.2.1 Extrapolation using the AF method

The procedures for the marine effects assessment as described in the REACH guidance (ECHA,
2008) are adopted here, i.e. specific AFs for marine effects assessment (Table 3.3) are applied to
the lowest credible data (critical data) to derive the QSgy, eco- The AFs (Table 3.3) for deriving the
QS.w, eco are higher than those used for freshwater. This is justified by the need to account for the
additional uncertainties associated with extrapolation for the marine ecosystem, especially the
general under-representation in the experimental dataset of specific marine key taxa and possibly
a greater species diversity. As a result, the QS ., is often more stringent than the corresponding
standard derived for the freshwater environment.

Even when based on the same set of data, the QSsy, «co may differ therefore from the QSsy, eco-
Where data are available for additional marine taxonomic groups, the uncertainties are reduced
and so the magnitude of the AF applied to a data set can be lowered (Table 3.3).

Data from studies with marine test organisms other than algae, crustaceans and fish, and/or
having a life form or feeding strategy differing from that of algae, crustaceans or fish can be
accepted as additional marine taxonomic groups and will allow a reduction in the AF applied
(provided that the toxicity data are reliable and relevant). Marine species from taxa other than
algae, crustaceans and fish include:

— Macrophyta. e.g. Sea grass (Zosteraceae)

— Mollusca. e.g. Mytilus edulis, Mytulis galloprovincialis.

— Rotifers. e.g. Brachyonus plicatilis.

— Hydroids (e.g. hydroids: Cordylophora caspia, Eirene viridula );

— Annelida. e.g. Neanthes arenaceodentata.

— Echinoderms (e.g. sea urchins: Arbacia punctulata, Strongylocentrotus purpuratus,
Strongylocentrotus  droebachiensis, Echinocardium cordatum, Paracentrotus lividus,
Psammechinus miliaris, or asteroids: Asterias rubens).

In addition, marine organisms that belong to the taxa algae, crustaceans or fish but have a different
life form or feeding strategy than the representatives in the freshwater toxicity dataset can be
considered additional marine taxonomic groups and may also allow a reduction in the size of the
AF:

— Macro-algae. e.g. Enteromorpha sp., Fucus sp and Champia sp.

— Crustaceans (including crabs) are found in both freshwater and marine water. However, crabs,
for example, have a life form and feeding strategy very much different from Daphnia sp., which
is the test organism which is nearly always present in the freshwater toxicity data set, or other
common freshwater crustaceans. Thus, such species can be used to reduce the AF where
other crustaceans may not. Examples of crabs used in toxicity tests include Cancer magister,
Cancer pagurus, Carcinus maenas and Cancer anthonyi.
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Table 3.3 Assessment factors to be applied to aquatic toxicity data for deriving a QSsy, eco
Data set Assessment factor
Lowest short-term L(E)C50 from freshwater or saltwater 10.000 a)

representatives of three taxonomic groups (algae, crustaceans and
fish i.e. base set) of three trophic levels

Lowest short-term L(E)C50 from freshwater or saltwater 1000 "
representatives of three taxonomic groups (algae, crustaceans and
fish) of three trophic levels, plus two additional marine taxonomic
groups (e.g. echinoderms, molluscs)

One long-term result (e.g. EC10 or NOEC) (from freshwater or 1000 ®)
saltwater crustacean reproduction or fish growth studies)
Two long-term results (e.g. EC10 or NOEC) from freshwater or 500 R

saltwater species representing two trophic levels (algae and/or
crustaceans and/or fish)

Lowest long-term results (e.g. EC10 or NOEC) from three 100
freshwater or saltwater species (normally algae and/or crustaceans
and/or fish) representing three trophic levels

Two long-term results (e.g. EC10 or NOEC) from freshwater or 50
saltwater species representing two trophic levels (algae and/or
crustaceans and/or fish) plus one long-term result from an additional
marine taxonomic group (e.g. echinoderms, molluscs)

Lowest long-term results (e.g. EC10 or NOEC) from three 10®
freshwater or saltwater species (normally algae and/or crustaceans
and/or fish) representing three trophic levels + two long-term results
from additional marine taxonomic groups (e.g. echinoderms,
molluscs)

d)

Notes:
General note:

Evidence for varying the assessment factor should in general include a consideration of the availability of data
from a wider selection of species covering additional feeding strategies/ life forms/ taxonomic groups other than
those represented by the algal, crustacean and fish species (such as echinoderms or molluscs). This is
especially the case, where data are available for additional taxonomic groups representative of marine species.
More specific recommendations with regard to issues to consider in relation to the data available and the size
and variation of the assessment factor are indicated below.

When there are indications that a substance may cause adverse effects via disruption of the endocrine
system of mammals, birds, aquatic or other wildlife species, it should be considered whether the assessment
factor would also be sufficient to protect against effects caused by such a mode of action, or whether an
increase of the factor would be appropriate.

a) The use of a factor of 10,000 on short-term toxicity data is a conservative and protective factor and is
designed to ensure that substances with the potential to cause adverse effects are identified. It assumes that
uncertainties identified above make a significant contribution to the overall uncertainty. For any given
substance there may be evidence that this is not so, or that one particular component of the uncertainty is
more important than any other. In these circumstances it may be necessary to vary this factor. This variation
may lead to a raised or lowered assessment factor depending on the evidence available. Except for
substances with intermittent release, as defined in ECHA (2008), under no circumstances should a factor
lower than 1000 be used in deriving a QSsy, «co from short-term toxicity data.

Evidence for varying the assessment factor could include one or more of the following:

- evidence from structurally similar compounds which may demonstrate that a higher or lower factor may be
appropriate.

- knowledge of the mode of action as some substances by virtue of their structure may be known to act in a
non-specific manner. A lower factor may therefore be considered. Equally a known specific mode of action
may lead to a higher factor.

- the availability of data from a variety of species covering the taxonomic groups of species across at least
three trophic levels. In such a case the assessment factors may only be lowered if multiple data points are
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available for the most sensitive taxonomic group (i.e. the group showing acute toxicity more than 10 times
lower than for the other groups).
Variation from an assessment factor of 10,000 should be fully reported with accompanying evidence.

b) An assessment factor of 1000 is applied where data from a wider selection of species are available
covering additional taxonomic groups (such as echinoderms or molluscs) other than those represented by
algal, crustacean and fish species; if data are at least available for two additional taxonomic groups
representative of marine species.

An assessment factor of 1000 is applied to a single long-term result (e.g. EC10 or NOEC) (freshwater or
saltwater crustacean or fish) if this result was generated for the taxonomic group showing the lowest L(E)C50
in the short-term algal, crustacean or fish tests.

If the only available long-term result (e.g. EC10 or NOEC) is from a species which does not have the lowest
L(E)C50 in the short-term tests, applying an assessment factor of 1000 is not regarded as protective of other
more sensitive species.. Thus, the hazard assessment is based on the short-term data with an assessment
factor of 10,000 applied. However, normally the lowest QSgy, «co Should prevail.

An assessment factor of 1000 can also be applied to the lowest of the two long-term results (e.g. EC10 or
NOEC) covering two trophic levels (freshwater or saltwater algae and/or crustacean and/or fish) when such
results (e.g. EC10 or NOEC) have not been generated for the species showing the lowest L(E)C50 of the
short-term tests.

This should not apply in cases where the acutely most sensitive species has an L(E)C50-value lower than
the lowest long term value. In such cases the QS,,, .o Might be derived by applying an assessment factor of
1000 to the lowest L(E)C50 of the short-term tests.

c) An assessment factor of 500 applies to the lowest of two long term results (e.g. EC10 or NOEC) covering
two trophic levels (freshwater or saltwater algae and/or crustacean and/or fish) when such results have been
generated covering those trophic levels showing the lowest L(E)C50 in the short-term tests with these
species. Consideration can be given to lowering this factor in the following circumstances:

- It may sometimes be possible to determine with a high probability that the most sensitive species covering
fish, crustacea and algae has been examined, that is that a further longer-term result (e.g. EC10 or NOEC)
from a third taxonomic group would not be lower than the data already available. In such circumstances an
assessment factor of 100 would be justified;

- a reduced assessment factor (to 100 if only one short-term test, to 50 if two short-term tests on marine
species are available) applied to the lowest long term result (e.g. EC10 or NOEC) from only two species may
be appropriate where:

- short-term tests for additional species representing marine taxonomic groups (for example echinoderms or
molluscs) have been carried out and indicate that these are not the most sensitive group, and;

- it has been determined with a high probability that long-term results (e.g. EC10 or NOEC) generated for
these marine groups would not be lower than that already obtained. This is particularly important if the
substance does not have the potential to bioaccumulate.

An assessment factor of 500 also applies to the lowest of three long term results (e.g. EC10 or NOEC)
covering three trophic levels, when such results have not been generated from the taxonomic group showing
the lowest L(E)C50 in short-term tests. This should, however, not apply in the case where the acutely most
sensitive species has an L(E)C50 value lower than the lowest long term result (e.g. EC10 or NOEC) value. In
such cases the QSsy, «co Might be derived by applying an assessment factor of 1000 to the lowest L(E)C50 in
the short-term tests.

d) An assessment factor of 100 will be applied when longer-term toxicity results (e.g. EC10 or NOEC) are
available from three freshwater or saltwater species (algae, crustaceans and fish) across three trophic levels.
The assessment factor may be reduced to a minimum of 10 in the following situations:

- where short-term tests for additional species representing marine taxonomic groups (for example
echinoderms or molluscs) have been carried out and indicate that these are not the most sensitive group,
and it has been determined with a high probability that long-term results (e.g. EC10 or NOEC) generated for
these species would not be lower than that already obtained;

- where short-term tests for additional taxonomic groups (for example echinoderms or molluscs) have
indicated that one of these is the most sensitive group acutely and a long-term test has been carried out for
that species. This will only apply when it has been determined with a high probability that additional long term
results (e.g. EC10 or NOEC) generated from other taxa will not be lower than the long term results already
available.

e) A factor of 10 cannot be decreased on the basis of laboratory studies only. It may be permitted if justified
by mesocosm or field data.
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3.3.2.2 Extrapolation using the SSD approach for deriving an QSsy eco

In principle, for quality standards referring to saltwater, the same approach as described in Section
3.3.1.2 can be used. Marine and freshwater toxicity data are combined, unless evaluation of
the freshwater and saltwater toxicity data shows that the data can not be pooled. In such a
case, the combined data set can be used to establish a common SSD that is relevant for
both freshwater and saltwater effects assessment (Section 3.2.3).

If a combined dataset is used, the AF of 1-5 applied to the HC5 estimated from the SSD should
only be applied for coastal and territorial waters if the data set used to establish the SSD
comprises long-term NOECs or EC10s for at least 2 additional typically marine taxonomic groups,
other than fish, crustaceans and algae. When there are no additional marine taxonomic groups in
the dataset, an AF of 10 is applied in addition to the AF of 1-5 to deal with residual uncertainty.
This is analogous to the additional AF of 10 for QSsy, eco derivation in the deterministic method.
When only one additional marine taxonomic group (as defined above) is present in the dataset, an
AF of 5 is used in addition to the AF of 1-5. This is consistent with the provisions of REACH for
marine effects assessment where a larger AF is recommended to cover the increased uncertainty
resulting from the larger diversity of marine ecosystems and the limited availability of effects data
for marine life forms.

When freshwater and saltwater datasets cannot legitimately be combined, constructing an SSD
with ecotoxicological data for marine organisms has the same requirements regarding the quantity
and quality of input data as described in Section 3.3.1.2. However, taxa that are poorly represented
in the marine environment, like insects and higher plants, may be replaced by more typical marine
taxa such as, e.g., molluscs, echinoderms, annelids, specific marine species of crustaceans or
coelenterata. This means that the additional marine species are automatically present in this non-
combined dataset, and no additional AF is needed in addition to the AF of 1-5 applied to the HC5.

3.3.2.3 Use of simulated ecosystem studies for deriving an QS eco-

Saltwater mesocosm or field studies can be used for QSs,, <o derivation and the guidance for the
freshwater situation (Section 3.3.1.3) also applies here. Marine mesocosm data often apply solely
to small pelagic organisms such as calanoid copepods, and such studies will therefore seriously
under-represent many taxa e.g. benthic epifauna. Thus, it should be taken into account how
representative the marine mesocosm study is, when determining the assessment factor to be
applied and which standard will be selected as final QSsy, eco (ie AF method, SSD method or
mesocosm).

Freshwater ecosystem studies could be used for marine effects assessment. However, in such a
case an extra assessment factor of 10 should be applied to derive the QSsy, eco in addition to the
factor applied for the derivation of the QSs, . However, preference may be given to the
deterministic or SSD approach, if the laboratory studies do contain additional marine taxonomic
groups.

3.4 Deriving a MAC-QS

For deriving a MAC-QS, the REACH guidance for effects assessment of substances with
intermittent release is adopted. If enough short-term EC50/LC50 data are available to construct an
SSD this extrapolation approach should be used as well as the deterministic approach, as detailed
in Section 3.4.1. Relevant mesocosm studies may be available (especially for pesticides) and
these can be used to derive the final MAC-EQS, as described in Section 3.4.1.3 Field monitoring
data are unlikely to have a useful part to play in informing the estimation of a MAC-QS because
they typically describe changes in biology arising from long-term exposure, so they are more
relevant to AA derivation. Any discrepancies in the results obtained with the different extrapolation
approaches need to be discussed and the decision for the preferred MAC-QS derivation justified.
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Predicted data using QSAR models or ‘read across’ approaches can be used as supporting
information but not as a basis for the derivation of a QS.

Under some circumstances, a MAC-QS may not be justified, eg for substances that exert only sub-
lethal effects after prolonged exposure. Steroid oestrogens would be one example.

3.4.1 Deriving a MAC-QS for the freshwater pelagic community (MAC-QSsw, eco)

3.4.1.1 Extrapolation using the AF method

For exposures of short duration, acute toxicity data are relevant and the AFs to use are given in
Table 3.4. Combined acute toxicity data sets for freshwater and saltwater species may be used if
the data can be pooled (Section 3.2.3). Where there are at least 3 short term tests using species
from three trophic levels (base set), an AF of 100 applied to the lowest L(E)C50 is normally used to
derive the MAC-QSy,, .co- Under some circumstances an AF less than 100 may be justified, e.g.

For substances which do not have a specific mode of action (e.g. acting by narcosis only), if the
available data show that interspecies variations are low (standard deviation of the log transformed
L(E)C50 values is < 0.5) an AF<100 may be appropriate.

For substances with a specific mode of action, the most sensitive taxa can be predicted with
confidence. Where representatives of the most sensitive taxa are present in the acute dataset, an
AF <100 may again be justified.

Where there is a good understanding of the relationship between acute and chronic toxicity (e.g.
acute: chronic ratios for a range of species), the AF used to estimate the MAC may be selected to
reflect this, or at least to ensure the MAC is not lower than the AA.

In no case should an AF lower than 10 be applied to a short-term L(E)C50 value.

Table 3.4 Assessment factors to derive a MAC-QSq, eco-
Toxicity data Additional information Assessment
factor
Base set not complete - -2
At least one short-term L(E)CS50 100

from each of three trophic levels of
the base set (fish, crustaceans and
algae)

At least one short-term L(E)CS50 | Acute toxicity data for different species do 10°
from each of three trophic levels of | not have a higher standard deviation than a
the base set (fish, crustaceans and | factor of 3 in both directions® OR known
algae) mode of toxic action and representative
species for most sensitive taxonomic group
included in data set

Notes.

a) When the base set is not complete, a MAC-QS,, eco cannot be derived. It should be considered if
the base set could be completed with non-testing data (See Section 2.6.). Non-testing data should
not be used as critical data in the derivation of the MAC-QSs, eco.

b) To assess the span of the acute toxicity data, all reliable acute toxicity data collected are used,
with a minimum of three LC50 or EC50 values, for species representing each of the base set

50



Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

trophic levels (algae, Daphnia, fish). If the standard deviation of the log transformed L(E)C50
values is < 0.5, an assessment factor of 10 could be applied, otherwise an assessment factor of
100 should be applied.

c) Lowest assessment factor to be applied.

For the specific group of insect growth regulators, acute data do not give information on delayed
effects and cannot be used for derivation of the MAC-QS because the test duration is too short to
detect long-term effects of a single peak of exposure. In general, for compounds with a (very) high
acute to chronic ratio, the possibility of delayed effects resulting from a single peak should be
considered and the chronic data should be consulted.

3.4.1.2 Extrapolation using the SSD approach

The same approach as described in Section 3.3.1.2 can be applied. However, instead of long-term
NOECs, acute L(E)C50 data are the appropriate input data. Combined acute toxicity data sets for
marine and freshwater species may be used, if, after evaluation of the freshwater and saltwater
toxicity data, the data can be pooled (Section 3.2.3).

The resulting HC5 refers to a 50% effect concentration for 5% of the species, not a no-effect
concentration for 5% of the species, because the input of the SSD are L(EC)50 values. An AF is
therefore needed to extrapolate to the MAC-QSs,, eco.(to account for the effects to no-effects
extrapolation. This AF should normally be 10, unless other lines of evidence (e.g. acute
EC50:acute EC10 (or NOEC) ratios are narrow, or criteria presented in Section 2.9) suggest that a
higher or lower one is appropriate.

3.4.1.3 Use of simulated ecosystem studies in deriving a MAC-QS#y eco

General guidance regarding the derivation of a QS from micro/mesocosm studies is given in
Section 2.9.2. For determining the MAC-QSsy, eco, €Xperiments simulating short-term exposure are
most relevant.

For substances that do not dissipate quickly, the MAC-QSs, <. Vvalues should be based on
measured time weighted average (TWA) concentrations, and biological effects determined over a
time span that is representative for most acute toxicity studies (i.e. 48-96 h). Measurement of
exposure concentrations should take account of both spatial and temporal changes within the
mesocosm. Furthermore it is important to determine which part of the exposure profile is most
relevant. For example, if the peak concentration causes the effect, the actual initial concentration in
the cosms is relevant, as well as the concentration at various time intervals (hours in the case of
rapidly-dissipating compounds). An understanding of the exposure phase that is most relevant to
any toxic effects (the Ecologically Relevant Concentration, ERC) is important because it (a)
influences how the assessor interprets the mesocosm data and (b) how the resulting MAC-EQS
should be expressed (e.g. a 24h or a 1 month peak). Such properties must be drawn to the
attention of policy makers because it will affect how compliance is assessed, or indeed whether a
MAC-EQS for compliance monitoring can be feasibly implemented at all. Such an EQS may still
have value for planning purposes.

3.4.1.4 Application of an assessment factor to the threshold concentration from a mesocosm to
derive a MAC-QS. oco

For substances for which the mode of action and/or the most sensitive taxa are known, an
assessment factor ranging from 1-5 is applied to the lowest threshold concentrations from the
available mesocosms, with the same considerations as given for the derivation of the QSs,, eco
(Section 3.3.1.3).

Brock et al. (2006, 2008) compared the outcome of 6 mesocosm studies with the insecticides
chlorpyrifos and lambda-cyhalothrin that simulated short-term exposure. They looked at the spread
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(= ratio of the upper and lower limit of the 95% confidence interval) of the threshold concentrations
for toxic effects. The spreads were 2.9 for chlorpyrifos and 2.6 for lambda cyhalothrin. They
concluded that for a substance with a specific mode of toxic action, an AF of 3 can be applied,
provided that the study is well-performed. This can be lowered depending on the number of
available mesocosms.

3.4.2 Derivation of a MAC-QS for the saltwater pelagic community (MAC-QSsw, eco)
The MAC-QS for coastal and territorial waters (MAC-QSsy, «c0) is intended to protect the saltwater
ecosystem from potential acute toxic effects exerted by transient exposure to toxic chemicals.
These peak concentrations can, for instance, occur at fish farms, in connection with batch effluent
releases on the ebb tide, or when a ship is cleaned. For transitional waters, the guidance in
Section 2.4.4.1 is relevant.

To derive a MAC-QS for saltwater, the same approach as described for the QS «c Can be
applied in principle. However, instead of using long-term NOECs, acute L(E)C50 data will serve as
input data. Combined acute toxicity data sets for marine and freshwater species may be used, if
analysis shows that the data can be pooled (Section 3.2.3.).

3.4.2.1 Extrapolation using the AF method

As in the derivation of the QSsy, eco, When additional information on the sensitivity of specific
saltwater taxonomic groups is available, the additional assessment factor of 10 can be lowered to 5
(one additional marine taxonomic group) or 1 (two or more additional marine taxonomic groups),
see Section 3.2 for explanation of what is meant by ‘additional marine taxonomic groups’. The AFs
to be used when deriving a MAC-QS,,, «co are given in Table 3.5.

Table 3.5 Assessment factors to derive a MAC-QSgy, cco
Toxicity data Additional information Assessmen
t factor
Base set not complete - -3
At least one short-term L(E)CS50 1000
from each of three trophic levels of
the base set (fish, crustaceans and
algae)
At least one short-term L(E)CS50 | Acute toxicity data for different species do 100
from each of three trophic levels of | not have a higher standard deviation than a
the base set (fish, crustaceans and | factor of 3 in both directions® OR known
algae) mode of toxic action and representative
species for most sensitive taxonomic group
included in data set
At least one short-term L(E)C50 500
from each of three trophic levels of
the base set (fish, crustaceans and
algae) + one short-term L(E)C50
from an additional specific
saltwater taxonomic group
At least one short-term L(E)C50 | Acute toxicity data for different species do 50
from each of three trophic levels of | not have a higher standard deviation than a
the base set (fish, crustaceans and | factor of 3 in both directions® OR known
algae) + one short-term L(E)C50 | mode of toxic action and representative
from an  additional specific | species for most sensitive taxonomic group
saltwater taxonomic group
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included in data set

At least one short-term L(E)C50 100
from each of three trophic levels of
the base set (fish, crustaceans and
algae) + two or more short-term
L(E)C50s from additional specific
saltwater taxonomic groups

At least one short-term L(E)C50 | Acute toxicity data for different species do 10°
from each of three trophic levels of | not have a higher standard deviation than a
the base set (fish, crustaceans and | factor of 3 in both directions® OR known
algae) + two or more short-term | mode of toxic action and representative
L(E)C50s from additional specific | species for most sensitive taxonomic group
saltwater taxonomic groups included in data set

Notes.

a) When the base set is not complete, a MAC-QSsy, «co Cannot be derived. It should be considered if the base
set could be completed with non-testing data(See Section 6). Non-testing data should not be used as
critical data in the derivation of MAC-QSqy, eco-

b) To assess the span of the acute toxicity data, all reliable acute toxicity data collected are used, with a
minimum of three LC50 or EC50 values, for species representing each of the base set trophic levels (algae,
Daphnia, fish). If the standard deviation of the log transformed L(E)C50 values is < 0.5, an assessment
factor of 10 should be applied, otherwise an assessment factor of 100 should be applied.

c) Lowest assessment factor to be applied.

3.4.2.2 Extrapolation using SSD approach

The same approach as described in Section 3.3.1.2 can be applied. However, instead of long-term
NOECs and EC10s, acute L(E)C50 data (one value per species) are the appropriate input data.
Combined acute toxicity data sets for marine and freshwater species may be used, if after
evaluation of the freshwater and saltwater toxicity data, the data can be pooled (Section 3.2.3).
This would result in the same HC5 for freshwater and saltwater assessments but, given the greater
uncertainties in extrapolation for the marine environment, a larger AF is required than that used to
deal with residual uncertainty in the freshwater MAC-QS.

For the MAC-QSsy eco , the default AF to be used on the HC5 is 10. However when the datasets for
fresh- and saltwater are combined, for a MAC-QS,y, «co derivation an additional assessment factor
of 10 is used to deal with residual uncertainty, resulting in a total AF of 100. In line with the
derivation of the QS.y, eco, When one typically marine taxonomic group is present in the dataset, an
additional AF of 5 is used on top of the default AF of 10 and when two typically marine taxonomic
groups are present, no additional assessment factor is necessary. When separate datasets are
used to calculate an SSD for MAC-QS derivation, it follows that the necessary amount of data for
marine taxa are available to calculate an SSD, and an additional AF on top of the default AF of 10
is no longer necessary.

3.4.2.3 Use of simulated ecosystem studies in deriving a MAC-QSsw eco

For the derivation of the MAC-QSsy, e the highest initial concentration in a simulated ecosystem
study that caused no ecologically relevant effects may be used. Further guidance regarding the
derivation of the MAC-QS from micro/mesocosm studies is given in Section 2.9.2. Freshwater
mesocosms should not be used in the derivation of an MAC-QSs, eco-
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3.5 Deriving EQSs for metals

Many of the principles outlined below also apply to all naturally occurring substances, including
metalloids.

3.5.1 Metal specific mechanisms of action

Advances in our understanding of the physiological processes that control the uptake of inorganic
metals and toxicity in aquatic systems indicate that for most metals (e.g. Cd, Cu, Zn, Ni, Pb, Ag),
the primary target tissues are ‘respiratory organs (gills or gill-like structures) at the interface
between the organism and the waterbody. Indeed, bioavailable metal species (especially free
metal ions) have a high affinity for negative binding sites at gills and gill-like surfaces. Some
metals, such as copper and zinc, are taken up and eliminated through the sodium, potassium or
calcium channels of the cellular membranes, and are often mediated by specific transport systems

(e.g. cation ATPases)11. Excessive uptake of metal ions can, thereby, cause impairment of the
physiological gill functions; the primary toxicity symptom is often an inhibition of active ion transport
(Na*, K*, CI") that results in ionic imbalances ultimately leading to toxicity (e.g. ICMM fact sheet No.
7; Pagenkopf, 1983; Playle et al, 1992; Di Toro et al., 2001; Grosell et al., 2002; Landner and
Reuther, 2004).

The understanding of the interactions between metal species, water characteristics and
ionoregulatory impairment of the respiratory organs, as well as acute and chronic toxicity, has
formed the basis for metal bioavailability models. The potential for additional toxicity through
dietary intake also has been assessed for a range of metals (Cu, Zn, Ni), and the data from
laboratory settings (waterborne versus dietborne toxicity, assessment of potential for secondary
posioning), mesocosms contaminated with metals (ECI, 2008) and field exposure assessments
(Crane et al., 2007; Tipping et al., 2007) demonstrated that metal EQSs derived from water-only
exposures and the application of metal bioavailability models are, at least for the metals
investigated, also protective for dietborne exposures as well as of ecosystem structures and
functioning.

Research data on metal speciation, metal bioavailability and metal ecotoxicity have been applied in
the EU risk assessments for cadmium, zinc, nickel and copper and in the context of the WFD for

cadmium (hardness correction)12. The models created through such work have allowed a
reduction in the intraspecies variability of several orders of magnitude by the normalisation of acute
and chronic toxicity data and they adequately predict metal toxicity within a factor of 2.

3.5.2 Generic guidance on setting quality standards for metals in water and

sediments
Look Out!
~ In case of use of bioavailability correction in deriving a QS, the following
‘ consideration should be also taken into account:

e« Use a QS reference that protects at least 95% of the surface waters
instead of 90% in order to follow a precautionary approach.
e Ensure that the use of BLM in upstream parts of a river basin should

11 Other metals and metalloids may be associated with other uptake mechanisms; for example, arsenic and
polonium are often associated with the uptake of phosphorus.

12 Chronic biotic ligand models (BLMs) have been built and validated in the laboratory and in the field for
several metals (Zn, Ni, Cu and to some extent Cd), and the models allow the prediction of chronic metal
toxicity in a wide range of waters worldwide. Acute BLMs are available for a much wider range of metals.
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not lead to environmental problems in downstream inland-,
transitional- or marine waters, either in the water phase and/or in the
sediment and/or in biota due to a changes in bioavailability.

¢ Investigate trend monitoring to evaluate the accumulation of pollutants
in sediment.

e Ensure that the efforts to reduce emissions (source oriented track) by
improving techniques are not diminished.

o Reconsider the applicability of bioavailability corrections by evaluating
the state of play, for instance every 6 years.

The following generic guidance relates to deriving QSs for metals in water and sediments. For
guidance on deriving standards for biota and secondary poisoning, see Section 4.6; for more
detailed guidance on sediments, see Section 5.2.2, for an explanation of the specific temporary
standards used to derive an EQS see appendix 6

The methods used to incorporate availability/bioavailability corrections will depend on the
availability of data and models and metal-specific considerations (e.g. importance of metal-DOC
binding in aquatic systems, and availability of a metal-specific biotic ligand model (BLM)).

Figure 3.1 and the text below outline the different steps that allow QSs for metals to be derived for
freshwater, marine and benthic compartments in a way that accounts for (bio)availability and
background concentrations. The guidance provided is focused on the setting of an AA-EQS, based
on chronic ecotoxicity data (NOECs/EC10s) and chronic bioavailability models. A similar approach
can nevertheless also be followed when a MAC-EQS is to be derived, based on acute data
(EC50s) and acute BLMs.

Because of the differences in iono- and osmoregulatory environments, there may be differences in
the toxicity of a substance, and especially of a metal, to freshwater and saltwater species, and it is
important to check for such differences. Thus, data should only be pooled if the sensitivity of
saltwater species cannot be shown to be significantly different from the sensitivity of freshwater
species. Availability corrections for freshwater cannot currently be directly translated to saltwater
conditions; therefore, pooling of freshwater and saltwater data should be avoided when availability
corrections have been applied.
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Evaluate/compile ecotox data. If possible, express data on dissolved basis (water) or dry weight basis (sediment)

l

STEP1: Generate a QS generic

Bio-availability models available?
(BLM, regression, speciation)

yes
Is between-species extrapolation possible?
yes
Keep QS generic STEP 2- baseline bioavailability correction STEP 2 - full bioavailability correction
No bio-availability correction — option 1 QS generic QS reference
y P Bio-availability correction — option 2 - BioF approach Bio-availability correction — option 2 or 3

l * l

Is the QS reference < background level?

yes
¥

STEP 3 - use ARA - Background correction
QS generic or QS reference, ARA

v
Keep TRA - no background correction

‘ QS generic or QS reference, TRA

Figure 3.1 Recommended general scheme for deriving QSs and the consideration of
bioavailability and background corrections

TRA = total risk approach, ARA = added risk approach (The ARA should not be used in combination with
bioavailability correction)

3.5.2.1 Deriving the QS for freshwater

There are three main steps in deriving the QS which are outlined in Figure 3.1. These three steps
are the development of a ‘generic’ QS using ecotoxicity data (Step 1), a QS using bioavailability
considerations (Step 2) and a QS accounting for natural backgrounds (Step 3).

The available toxicity data first needs to be compiled and evaluated (See Section 2.6.2.). The
quality criteria to be used are the same as those used for organic substances, but some metal-
specific issues are to be considered as outlined below.
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STEP 1

For the water compartment the first step is simply to express the toxicity data on the basis of the
dissolved concentration, after filtration using 0.45-um filters. Any matrix effects related to the

filtration of samples should be assessed 13.

If dissolved concentrations in the test media are not given, the relationship between the total and
dissolved metal concentrations in ecotoxicity media should be checked if possible, taking the
following into account:

e For some metals and soluble metal salts (e.g. Zn, Cu) tested in artificial media (and especially
when tested in semistatic or flow-through systems), no additional conversion into a dissolved

fraction has to be applied because there is evidence that all the metal is in solution 14.

e For other less soluble metals, however (e.g. lead), an additional step to convert the total
concentration into a dissolved fraction is needed. An analysis of relevant solubility products for
the relevant metal salts or the ratio of matched dissolved and total metal monitoring data can
inform this estimation of dissolved metal concentrations. Solubility products may be found in,
for example, the Handbook of Chemistry and Physics, 86" edition, CRC Press.

e If test media are natural waters, total concentrations from individual experiments can be
recalculated to dissolved concentrations using partition coefficients (taking binding to DOC into
account). It has to be borne in mind, however, that the calculated dissolved concentrations for
several metals may be uncertain since the partition coefficient (K,) has been found to vary by
several orders in magnitude.

Once data have been collated derive a QSgenericiw based on extrapolation from ecotoxicity data as
described in earlier sections. This should be based on conditions of high bioavailability and on a
total risk approach (i.e. backgrounds are not accounted for), thereby adopting a reasonable worst-
case approach, as outlined below.

STEP 2 - Bioavailability correction

The influence of the key abiotic factors on metal toxicity needs to be investigated and quantified.
The simplest (bio)availability correction is the application of speciation models. In cases where
speciation models (e.g. WHAM (Tipping et al., 1991); MINTEQAZ2, NICCA (Kinniburgh et al., 1999)

are available, (bio)availability corrections can be considered 19. For some metals, models have
been developed that go beyond metal speciation and these explain the relationships between
abiotic factors and metal bioavailability/toxicity. These are toxicity-based models ranging from

13 The handling of the samples should not affect the dissolved metal fraction in any way; contamination
during sampling and filtration should be avoided by using ultra-pure equipment. All laboratory equipment,
such as glassware, plastics, etc., must be rinsed with a dilute acid (e.g. 1% HNO; solution) and
demineralised water before use in order to remove all metals adsorbed. Acidification should be done after
filtration. Appropriate quality assurance measures (e.g. procedural blanks, assessment of the matrix effect)
are recommended.

14 1n most laboratory test systems, the suspended solids are low and the dissolved to total ratio is very high,
typically 95% or greater. Organic particles (e.g. from faeces and food) that appears in the test systems
throughout the test, do not significantly affect the dissolved metal concentration in the test when semistatic or
flow-through systems are used. Solubility products may be found in, for example, the Handbook of Chemistry
and Physics, 86th edition, CRC press.

15 Most often this is the free metal ion, but it should be noted that the free ion is not necessarily the best
predictor for all metals, and other metal species, such as neutral species (e.g. AgCl, HgS) and anionic
species (e.g. SeO*, AsO4>), may contribute to the observed toxicity (Campbell, 1995).
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simple regression models (e.g. Cd hardness function) to the more-comprehensive BLMs 16 for
copper (Santore et al., 2001; De Schamphelaere and Janssen, 2002 and 2004; De Schamphelaere
et al., 2002 and 2003b), nickel (Keithly et al., 2004; Hoang et al., 2004), silver (Paquin et al. 1999)
and zinc (Heijerick et al., 2002a; Heijerick et al., 2002b)) as applied in environmental risk
assessments. The use of these models could be considered for deriving QSs under the WFD.

Where toxicity in laboratory experiments is expressed in terms of dissolved metal concentrations
and speciation models, chronic regression models (e.g. Cd hardness correction) or BLMs
have been developed and validated for the metal/metal compounds of concern, it is recommended
that the no observed effect concentrations (NOECs) and/or the effect concentrations for 10% of the
tested species (EC10) are expressed on a ‘bioavailable’ basis (free metal ion concentrations if
speciation models are used; normalised dissolved metal concentrations when regression models
and BLMs are used).

Bioavailability models should, however, only be applied within their development/validation
domains. The ranges applicable to the models, such as those for pH, hardness (H) and DOC,
should therefore be specified in the manuals of the models that are used. In other cases, the use
of such bioavailability models is allowed on a case-by-case basis only when strong scientific
arguments can be formulated to support their application.

For bioavailability to be incorporated into compliance checking, the relevant physicochemical
parameters of the investigated site/region (for example pHgt, Hste, DOCsgie) affecting metal
bioavailability need to be gathered and checked against the applicability domain of the
bioavailability model. Site-specific physicochemical parameters are preferred, but if these are not
available, information from adjacent sites or similar eco-regions can be used.

The incorporation of (bio)availability into the QS means that compliance monitoring must also be
based on (bio)available concentrations. Details are given below.

Implementing a bioavailability based EQS

The following options can be used to correct for availability/bioavailability and for compliance
checking (see also Figure 3-1):

Option 1: If there is no relationship between the abiotic factors and toxicity the only viable option
is implementing a QSgenericiw @s the AA-EQS based, if possible on the lowest species-
specific geometric mean EC10s and/or NOECs or SSD approaches as described in
Appendix 1. Compliance monitoring is then simply based on dissolved concentrations
of metals.

If a bioavailability based approach can be adopted then there are two ways of implementing the
Qs.

Option 2: The first tier consists of comparing the monitoring results for the dissolved metal from a
particular region or site (site-specific Ctgra) With the QSieference iw Value.

This QSieferencesw Should in principle be protective for all waterbodies that may be
monitored. Where possible, the toxicity data should be normalised to a well-defined
‘reference’ condition that is based on a reasonable worst case (to ensure all
waterbodies are protected). Different options are possible to define a reference
condition and thus to derive a QS eference, fw-

16 The BLM mathematically integrates the interaction of a trace metal with solution phase ligands to predict
its speciation and its subsequent interaction with receptor sites (the biotic ligand) on the organism (ICMM fact
sheet No. 7).
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Examples of this may be:

e Use the relevant 10th or 90th percentile (depending on parameter) of the bioavailability
parameters in Europe, e.g. if DOC is an important parameter, the DOC level used should
correspond to the lower 10th percentile of DOC concentrations found across Europe.
Unrealistic scenarios induced by combining parameters (e.g. pH, hardness) need to be
avoided.

e Use conditions that apply to a sensitive eco-region or river representative of a reasonable
worst case of the area to be protected by the QS cference fw-

e Considering that ecotoxicity tests are usually carried out under conditions that maximise

bioavailability, an alternative option would be to use the QSgeneric, v, (NON-Normalised QS),
as the QSiewerence, fw- This alternative has the disadvantage that the water conditions in
ecotoxicity tests are variable and, thus, the actual boundaries of the QS cference, w Water
conditions are not well defined or would have to be obtained indirectly from model
calculations. However, this option allows a common approach to setting QSieference, w fOr
metals, irrespective of whether bioavailability models are available or not (see Option 1).
To avoid the situation in which some EU countries have waterbodies that are unprotected
by the QS eference, w, the assessor should also define, when publishing the QS;eference, w» the
boundaries of the water conditions for which the QSieference, w iS derived. If the
physicochemical conditions of a specific river basin fall outside the QS eference protection
zone (e.g. DOC and/or pH values of <10th percentile of Europe or the most-sensitive eco-
region), but inside the BLM developed/validated boundaries; then to ensure protection of
the ecosystem, for each of these sites, a QSgjte-speciiic, w May be derived and assessed
against the monitoring data for compliance. If the physico-chemical conditions of the site
fall outside of the BLM boundaries the QSgyeneric, w IS applied.

Compliance is achieved when measured concentrations are less than the QS eference, v Value.
If the QS eference, w Value is exceeded (bearing in mind that the EQS derived from this value
may be expressed as an annual average, in which case several samples taken over the
period defined in the standard contribute to the decision about compliance or failure), then
a (bio)availability factor (BioF) will be applied to the monitoring data Cra. The BioF is
based on a comparison between the expected bioavailability at the reference site and that
relating to site-specific conditions.

Option 3: This is identical to that described in Option 2 except that bioavailability correction is
applied to the QS instead of the monitoring data. The end result is the same but Option
3 results in a site-specific QS, which might be preferable in some cases. |If the
QS ererence, W is exceeded then a site-specific QS is derived relevant to the site-specific
conditions (QSsite-specific, w), Which is assessed against the monitoring data for
compliance. Effectively, (bio)availability is accounted for in the QS rather than in the
monitoring data — the reverse of Option 2.

Options 2 and 3 only differ in that they apply the bioavailability correction to the exposure and
effects side of the assessment respectively.

The preferred choice of Options 1 to 3 and practice for site-specific QS and BioF calculations
depends on (1) the availability of suitable models (see Criterion 1 below), (2) the extent to which it
is possible to read across between species for which a BLM has been developed and species for
which a BLM has not been developed (Criterion 2) and (3) preferences from policy/administrative
points of view.

Criterion 1: The availability of models

If the (bio)availability correction relates to chemical availability (e.g. speciation modelling), it is not
organism-specific because it applies to the medium in which all organisms are living. In such
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cases, if a quantitative relationship between the parameter (e.g. [M*]) and ecotoxicity
(NOECs/EC50s) has been developed, the observed quantitative relationship can be applied to all
ecotoxicity data selected for EQS derivation, and a QSieerence, iw COrrected for availability can be
derived as described under one of Options 2 or 3.

If models are available that involve bioavailability correction (e.g. BLMs), the models may be
species-specific and, therefore, bioavailability correction is only possible if the BLM models
have been developed and validated for at least three higher taxonomic groups, including an
algal, an invertebrate and a fish species. Bioavailability corrections based on the three species
only is considered as the baseline correction. If read-across of the models to other species
cannot be demonstrated, bioavailability corrections can only be carried out for the BLM
species and the QSgeeric, w €an not be translated to a QS,cference, w- Therefore the most-
conservative BioF is subsequently used on a metal by metal basis. The most-conservative
BioF or baseline BioF is the ratio of QSgeneric, iw/QSsite-specific, i, determined as the highest ratio of the
NOECgeneric/ NOE Csite-specific Calculated for the three BLM (regression model) species. This approach
is expected to provide the most-conservative implementation of bioavailability. In such cases,
bioavailability correction of monitoring data is preferred over adjustments to the toxicity data. For
compliance assessment, the bioavailable exposure concentration of the monitoring data value is,
therefore, calculated as Ctra x BioF, and this is compared with the QSgeneric, w (Option 2).

Criterion 2: BLM read-across between species

Full BLM normalisation of the entire NOEC (for chronic data) dataset is justified and full
bioavailability correction can be performed only if models are available (Criterion 1) and if
additional quantitative evidence is available to confirm the applicability of the three BLMs to at least
three additional taxonomic groups_(at least at the level of class, but preferably at the level of
phylum, eg Cyanophyta, Protozoa, Mollusca, Rotifera, Insecta, higher plants). The accuracy of the
BLM predictions for the additional taxonomic groups should be proven by showing that the model
actually decreases the variability in the data for the investigated additional species, otherwise the
BLM read-across is not applicable for that species. In such cases, chemical (abiotic) normalisation
might be considered (more details are available from the background document). Full BLM
normalisation consists of applying the bioavailability model across species of similar trophic levels
(e.g. applying the Daphnia magna BLM for normalisation of the toxicity data from other
invertebrates). The bioavailability model normalises the chronic effects concentrations (NOEC or
EC10) of the metal for each species’ endpoint, and a normalised QSgjie-speciiic, fw (i-€. @ site-specific
QS) is calculated. This QSsite-specific. i IS cOMpared to the monitoring data for compliance checking
(Options 3). Alternatively, the QSsie-speciiic, w Can be used to calculate the site-specific BioF. In this
case, the BioF full bioavailability correction is calculated as QSieference, tw/QSsite-specific, fw (QSsite-specific, fw
calculated from full BLM normalisations). The bioavailable exposure concentration is then
calculated as Ctra x BioF, and this is compared with the QS eference, fw-

STEP 3 — Accounting for backgrounds: total risk versus added risk approach

In a TRA, no explicit account is taken of natural background levels; this approach accounts for the
total dissolved amount of a metal in a waterbody. This means that no distinction is made between
the fraction of a metal that is present in a waterbody for natural reasons and the fraction added
because of anthropogenic activities.

Preferably, metal QSs should be based on the TRA. However, QS values below natural
background levels may be generated if:

(1) The QS has been set to an unrealistically low level simply because of a (too) conservative
approach adopted in the QS derivation (i.e. a large AF) to compensate for uncertainties arising
from a lack of reliable (eco)toxicological data.

(2) The QS was set using ecotoxicity tests with organisms cultured/tested under conditions of low
metal concentrations compared with the surface water background levels (i.e. organisms locally
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may have adapted to higher natural concentrations). This may occur, especially for metals with a
significant background concentration in relation to the estimated QS.

Setting QSs below the natural background level would result in an EQS that serves little regulatory
purpose and is scientifically indefensible. Furthermore, many waterbodies would fail the QS even
though there is no risk to biota. A pragmatic way to overcome this problem is

e to evaluate the scope for refining the QS by reducing uncertainty (including making a

correction for bioavailability) and/or

¢ to use the added risk approach (ARA).
To assess the need for applying the ARA, the QSieference, fw (O QSgeneric, w) and the background
metal concentration in the EU, taken as the 90th percentile value from the FOREGS database
(http://www.gsf.fi/foregs/geochem), should be compared. If the 90th percentile background value is
higher or similar to the QS, the ARA should be used preferentially. The procedure for determining
local ‘natural’ background levels is described in Section 3.6.

The ARA was discussed for the purpose of setting QSs by Lepper (2005). This approach accounts
for natural background concentrations and avoids setting regulatory standards below this
background level in a simple manner: a maximum permissible addition (MPA) to the background
level of a certain metal is calculated. The MPA is the maximum amount of a metal that may be
added to the local background concentration of this metal without adversely affecting the assessed
ecosystem. Correct determination of the natural background level is key in this approach, and this
may not be easy to achieve. As background concentrations are often estimated from relatively
small datasets, the calculation of background concentrations should be an iterative process,
reviewing the values when new monitoring data become available.

In the ARA, the QS,ueq. w IS derived from toxicity data that are based on the added concentration
of the metal in the toxicity tests without the background concentration in the test media. In order to
use the ARA, the toxicity data should thus be re-evaluated. From each toxicity study, the
background concentrations presen tin test medium or test water should be subtracted from the
total measured concentrations in the test. The result of the study (NOEC, EC10) should then be
calculated on the basis of these ‘added’ concentrations. The QS should be derived using these
‘background-corrected’ NOECs or EC10s and is termed QS.q¢eq, - VWhere bioavailability correction
is possible an ARA approach will not normally be used — only the TRA approach.

To assess compliance, the background concentration (Cb) can either be added to the QSagged, fw
(QS = QS,q¢eq, w + Cb) or the monitoring data can be corrected for background concentration (Cagra
= Ctra — Cb). If the Crra < QS or Cara < QS,44ed, then compliance is demonstrated. If, for example,
the background is expressed as total dissolved metal, but the QS is expressed as bioavailable
metal, then the two options may not be comparable. These approaches require that the monitoring
data (including the background) and the QSs are compared on the same basis: dissolved
concentration or the bioavailable metal fraction.

Under specific local geological circumstances (e.g. in mineralised areas), the local background
concentration can be substantially higher than the regional background concentration. The ARA
may still be used to assess the possible risk related to anthropogenic emissions in such areas.
However, the variability of the local background levels can be substantial under such conditions
and policymakers will need to decide on a case-by-case basis whether the (generic) QS can still be
applied at all (the local natural ecosystem may be different from the generic ecosystem used to
derive the QS). In this respect, it should also be noted that the principle of the ARA cannot be
stressed infinitely: if possible, an upper limit for the value of the QS + background level
(QSaRa dissolvedivioavailable) May be derived. In practice, this upper value may be formed by the
calculated predicted no-effect concentrations for secondary poisoning or human health in water
(QSHw, secpois OF QSqw, nn) that have also to be considered when local background values are (very)
high. Another reason for setting an upper value is that, in reality, the relationship between toxicity
and natural background concentrations is unknown, and that some populations might in fact live
close to their tolerance limit. It should be stressed that this upper value is not a maximum
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acceptable concentration (MAC-EQS). The MAC-EQS refers to short-term exposures that occur in
peaks and in connection with intermittent releases, while the above-mentioned upper limit refers to
long-term exposures and to an average concentration (typically based on a year) for the release
period.

With data-poor substances, there will often be no information available on the relationship between
total and dissolved concentrations, or between abiotic parameters and the dissolved fraction.
Therefore, it will not be possible to take bioavailability into account if only total concentrations are
given. However, extra effort should always be made to try to take availability into account in the
reference ecotoxicity value to which the assessment factor is applied.

The decision to follow the ARA approach will be made after comparing the QS with the
background.

Following the ARA, bioavailability can further be considered as in Step 2, but considering only the
added fraction at the exposure side (Step 2, Option 2) or the added fraction at the effects site (Step
2, Option 3). Under no conditions should background levels be considered if a total QS eference, fw 1S
used.

3.56.2.2 Bioavailability correction for saltwater

Freshwater and marine organisms face very different iono- and osmoregulatory issues related to
living in either a very dilute or concentrated salt environment. Differences in iono- and
osmoregulatory physiology may also lead to differences in metal accumulation and metal toxicity
(Prosser, 1991; Wright 1995; Rainbow, 2002). Despite these apparent physiological differences, it
has been shown that marine fish also suffer from osmoregulatory disturbances under metal
exposure and, therefore, similar toxicity mechanisms may apply (ECI, 2008).

As for freshwater, the influence of DOC binding, metal speciation and metal ‘availability’ on metal
toxicity to marine organisms has been demonstrated for some metals (e.g. Smolders et al., 2004,
Cu RAR, 2008). The data show that metals binding to organic ligands can reduce metal toxicity to
marine organisms, so an availability correction may be needed. Therefore, if experimental data
allow the assessor to derive a quantitative relationship between DOC and ecotoxicity
(NOEC/ECsy), this equation can be used to normalise all marine ecotoxicity data.

In marine waters (coastal and open sea), hardness, pH and alkalinity do not play a role because
coastal/open sea waters are characterised by high pH (typically between 7.8-8.3), high salinity
(35%o0) and high ionic strength. Unlike the inorganic composition of marine waters, DOC levels may

vary considerably between marine waterbodies. The MAMPEC model 17 defines receiving marine
environment scenarios. The model includes DOC values for coastal and open ocean waters of 2.0
and 0.2 mg-I™', respectively. The applicability of 2.0 mg:I”' DOC as a reasonable worst case for
coastal waters was further confirmed from an extensive literature search (see Cu RAR, 2008). A

DOC normalisation of the ecotoxicity data to a standard level of 2.0 mg:-I"' DOC is, 18 therefore, to
be used for deriving a coastal water QS eference, sw-  Alternatively, and if no bioavailability correction
can be carried out, a non-normalised generic QS can be used as QSgeneric, sw-  This corresponds to
the Option 1 or Figure 3-1.

Where the waterbody does not comply with the QS eterence, sw,» @vailability can be accounted for by
applying Step 2 (see Figure 3-1). Similar to the procedure described for the freshwater
compartment (Section 3.5.2.1), availability can be corrected by several means:

17 Standard model employed for the risk assessment of antifouling paints in marine environments.

18 If DOC has been added to the test media (e.g. as humic acids), the difference in binding strength of the
natural DOC compared with added DOC is to be considered.
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Option 2: If the marine QSieference, sw IS €xceeded (Tier 1), then a BioF can be applied to the
monitoring data value. The BioF is based on a comparison between the expected
availability at the reference site and that relating to site-specific conditions. The
bioavailability correction for a site can be performed (Tier 2) as follows:

Calculate the BiOF USing BiOF = QSreference’ sw (2.0 rT]g'I_‘1 DOC)/QSsite_speciﬁc’ SW
(normalised to the site-specific mg-I”' DOC.

Determine the available dissolved metal concentration at the site, calculated as
dissolved metal concentration x BioF.

Compliance then can be checked as available dissolved metal concentration at the site
< C’)Sreference, Sw-

Option 3: If the marine QS eference, sw 1S €xceeded (Tier 1), then a marine QSsie.-specific, sw 1S derived
based on the site-specific DOC concentration (using the empirically observed
relationship between the NOECs/EC10s and DOC) and this value is assessed against
the monitoring data for compliance (Tier 2).

The DOC correction proposed for the marine environment is a simple ‘availability’ correction,
irrespective of the species considered and it is, therefore, not necessary to demonstrate the
applicability of the DOC correction for a wide range of species.

For estuarine waters, salinity, alkalinity or total carbonate also should be considered, if possible.

3.5.2.3 Using mesocosm and field data for metals

Similar to deriving a QS for organic substances, high quality mesocosm and field data can be used
for QS derivation for metals. The quality criteria to be used are the same as those used for organic
substances, but some metal-specific issues are to be considered as outlined in Section 3.6.

If a bioavailability correction can be applied, then QSs normalised to the physicochemistry of the
mesocosm/field studies are recommended .

3.6 Estimating background levels of metals
3.6.1 General comments

If the QS is below or close to the natural background level and there is no further scope for
reassessing either backgrounds or the derivation of the QS, then the ARA may be applied. The
general definition of natural background level is the concentration that is present owing to natural
and geological processes only, i.e. the background level with no anthropogenic contribution (‘pre
industrial’ levels). In reality, true pristine areas are rare within Europe, and it must be considered on
a case-by-case basis whether a given area represents a pristine condition for a specific metal.

In most areas in Europe, any estimate of a natural background concentration will inevitably include
a small contribution from anthropogenic sources because much of Europe’s landscape has been
altered by man’s activities for mineral extraction, agriculture or habitation for millennia and this
historical contribution may be obscure. In addition, long-term anthropogenic activities, such as
drainage, irrigation and special crops (e.g. conifers creating acid soil conditions), may influence
environmental release of metals. This contribution is difficult to quantify and distinguish from what
concentrations might have been in the absence of such activities. Finally, contributions from diffuse
anthropogenic sources, eg aerial deposition, may be impossible to eliminate entirely.

Therefore, any estimate of a background concentration will more likely be an ‘ambient’ background
concentration rather than a value relating to a purely natural pristine environment.
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3.6.2 Estimating backgrounds for freshwater

The natural background concentration is determined by mineral and biological factors. A major
contribution to the background concentration will be from weathering of surface geology and any
groundwater spring inputs. Therefore, a ‘global’ natural background level will normally not be
meaningful because of the great variation between different regions.

In freshwater, the preferred procedure for assigning a ‘natural’ background will usually be to
determine the concentrations in springs and/or in waterbodies in ‘pristine’ areas in the given region,
e.g. headwaters. Other possibilities are:

e To measure concentrations in deep groundwater. In some cases, however, the concentration
of the metal may be higher in the groundwater than in the surface water, e.g. because of the
groundwater’s contact with deep lying mineral rocks or soils and subsequent dilution by rain.

e To gather information from national or international databases, such as the FOREGS
Geological Baseline Programme (http://www.gsf.fi/foregs/geochem).

¢ Geological modelling, to estimate the contribution from erosion.

e To estimate the concentration in the water from natural background concentrations found in the
sediment by means of equilibrium partitioning models.

Pristine waters are scarce and, in practice, mainly restricted to the immediate vicinity of a source.
Further downstream, the water will take up the remnants of decaying organic material in the form
of DOC. Plants contain substantial amounts of essential elements extracted from the soil that
remain present through binding to DOC, thereby causing a natural increase in metal background
concentrations. De Schamphelaere et al. (2003b) have measured the natural zinc and copper
content bound to DOC. If such bound DOC concentrations measured in practice are taken into
account in many surface waters, this natural contribution appears to exceed the mineral
contribution described above (see VROM report VEM july 2004, appendix 3 in Dutch).

In other situations, biological depletion may take place, c.f. the great lakes in the USA, but also
European mountain lakes with long residence times. In such cases, the natural background
concentration might be below the pristine source concentration. This is due to the uptake of
essential elements from the upper water layers by organisms which, after death, fall to the deeper
regions of the waterbody, thereby taking with them the essential metal. Natural background
concentrations may decline in this biological depletion process by over one order of magnitude
(e.g. Nriagu et al., 1996).

In practice, the input data needed to determine background concentrations in pristine areas by
modelling may be inadequate to estimate a reliable value. An alternative pragmatic approach in
these cases is to take the 10th percentile dissolved metal concentration of all the monitoring data
available for the waterbody or region (after removing sample results with elevated concentrations
from known point source discharges or pollution events). If this technique is used, some
interpolation of the distribution of values is needed from the laboratory’s reporting limit (the ‘less
than’ value) and zero. Using this approach, an example from the Mersey hydrometric area (UK)
produces 5th and 10th percentile values of 3.0 and 3.7 ugl™, respectively for dissolved zinc
(Figure 3-2).

Further, ‘hot spots’ may also be located using geological information.

64


http://www.gsf.fi/foregs/geochem�

Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

100
90
80
70
60
50
40
30
20

10 it
0 O—HJ

1 10 100 1000 10000

Percentile

Dissolved Zn concentration (pgl!)

Figure 3.2 Distribution of dissolved zinc concentrations in the Mersey hydrometric area
(UK)

A comparison of freshwater background concentrations based on a wider river basin level or more-
local hydrometric area is given in Table 3.6. The British Geological Survey (BGS) Geochemical
Baseline Survey of the Environment (G-BASE) project data of single measurements taken at small,
relatively unimpacted streams are also shown.

Table 3.6 Example freshwater background concentrations based on river basin and

hydrometric area levels obtained from different sources

Metal (Dissolved) FOREGS BGS G-BASE 10th  Percentile of
Ranges (ug-l") | (Median) (ug-l") | Monitoring Data (ug-l™")

Cu

UK South West England river | 1.45-1.97 1.6 1.8

basin district default

Tamar  hydrometric  area | <1.97 1.0 0.5

specific

Zn

UK South West England river | 2.68—4.00 3.4 3.2

basin district default

Tamar  hydrometric  area | <2.86 2.0 2.5

specific

3.6.3 Estimating background concentrations for saltwaters

In saltwater, the concentrations of metals (dissolved) far at sea will normally suffice as natural
background levels. Natural background concentrations (Cb) may be higher in coastal waters
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because of the natural input from rivers and the settling of particles. The determination of the
Cbgoastar in such waters may, however, be very difficult because rivers are likely to drain pristine
areas as well as areas influenced by anthropogenic inputs, and thus a pragmatic approach is
needed. As a starting point (see Figure 3-3), the dissolved metal concentration in the coastal water
is compared with the Cb at sea (Cbs,). If these values are equal, then the Cbyastal for the coastal
water is set equal to the Cbge,. If there are no measurements in the coastal water or if the
concentration is greater than Cbge, then the Cb in freshwater and at sea are compared. If they are
the same, it will be reasonable to set the Cb in estuaries and coastal waters equal to those in
freshwater and at sea. If the Cbgeshwater is different from Cbs,, the geometric mean of the two values
may be used for coastal waters. In cases where the concentration in coastal water is between
Cbgreshwater @Nd Cbgea, the Cbeoastal is set equal to the measured value. If the Cbgoastal Values derived
as above create no problems in relation to measured concentrations and compliance, then no
further refinement will be necessary. Alternatively, the Cbgastar Can be derived as the 10th
percentile of concentrations measured in coastal waters draining only relatively uncontaminated
areas.

Guidance is given in OSPAR (2004) on ambient metal concentrations measured in the waters of
the Convention area. However, these data should be interpreted with care when deriving coastal
background values. Indeed, the ranges presented for the different metals refer to open ocean
ranges which are usually lower in value than those for near and on the shelf (e.g. for Cd and Cu).

It is important to note that preference should be given to values reflecting natural background
concentrations for coastal zones, and that some might be found in the literature (e.g. see Laane et
al., 1992 for the North Sea; Landing et al., 1995 for the Atlantic Ocean, the UK National Marine
Monitoring Programme 2004 http://www.incc.gov.uk/pdf/nmmp2ndreport.pdf; and ICME, 1996).
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Alternatively, Cbc.astar = the 10th percentile of concentrations measured in coastal waters
draining only relatively uncontaminated areas. If the concentration in coastal waters is
between Cbsea and bereshwater then Cbcoastal = Ccoastal

Figure 3.3 Determining the natural background concentration of a metal in coastal

waters;

Ceoastal = CONcentration measured in coastal water, Cbgustas = Natural background concentration in coastal
water, Cbs, = natural background concentration at sea, Cbyeshwater = Natural background concentration in
freshwater; concentrations refer to the dissolved metal

3.7 Data requirements for deriving QSs for metals

As for organic substances, aquatic toxicity data to be used for the setting of water (sediment/biota)
quality criteria for metals are evaluated as described in Appendix 1. However, the following metal-
specific aspects need to be considered:

1. Measured versus nominal test concentrations: Because it is important to understand the true
exposure concentrations (including the background concentration in the culture medium), any
ecotoxicity study not supported by analytical data (i.e. endpoint concentrations reported
as nominal values) would automatically be excluded from the most reliable studies.

Nominal concentrations will usually1® overestimate the final concentration. Therefore, if the

19 Except for essential metals (nutrients may be added to the test waters) and if natural waters are used as
test waters (the metal concentrations in the natural waters may substantially contribute to the dissolved metal
concentration).
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lowest effect concentration is a nominal value, then the study should not be discarded unless
there are other reasons to invalidate it.

Total versus dissolved metal concentrations in test media: Measured data on the dissolved
fraction (0.45 um) are required in order to obtain the most reliable toxicity test data.
Measurements of dissolved metal concentrations are critical to the assessment of sparingly
soluble metals (particles and precipitation may occur) and in the use of natural waters as test
media (adsorption to suspended solids may occur). If only total metal measured data are
available, it may be possible, in some cases, to estimate the dissolved fraction from published
solubility constants for the principal anions present, e.g. sulphate or carbonate, and/or
suspended solids/water partitioning coefficients.

Culture conditions: If the test organisms have been cultured in conditions that are outside the
natural background concentration ranges (see Section 3.6), such data should be discarded
from the high quality database and, at best, may only be considered as supporting evidence

when selecting the assessment factor20.

Chelators: Data from studies in which the test media contain artificial chelators (e.g. EDTA)
should be excluded from EQS derivation, except in algal tests where small amounts of
chelators (EDTA (can be replaced by natural DOC)) are unavoidable.

Test medium characteristics:

For water. Considering the strong influence of water physicochemistry on metal toxicity, the
physicochemical conditions in a test should be adequately described, especially if corrections
for bioavailability are carried out. The aquatic medium used should be characterised by DOC
concentration, hardness, pH, alkalinity, presence of complexing agents, such as humic acids
and EDTA, and any other specific parameters of importance to the metal in question. Where
all the physicochemical data have not been reported for a test and are important for speciation
models, it may be possible to estimate the missing data from known physicochemical
parameters (e.g. estimate alkalinity from Ca and alkalinity relationships (Adams et al., 2008)) or
to use default values derived from other studies using standard test media or from historic
monitoring data for natural waters (Santore et al., 2002). The physicochemical parameters
should not only be measured at the beginning of the test because the factors may change, e.g.
because of food addition.

Metal-DOC equilibrations: The kinetics of metal-DOC binding in aqueous and sediment test
media may require an equilibration period between the metal and test medium prior to exposing
the organisms. This is to allow full metal-OC binding in a way that is representative of natural
environments (e.g. Ma et al., 1999). Where the kinetics for reaching equilibrium conditions for
binding to OC, etc., are known to be slow and may affect the test outcomes, reviewing the
details of the test design may provide additional information on the reliability of the data,
particularly for any extreme values.

Oxidation state: Many metals have more than one oxidation number, which poses several
complications. Firstly, chemical characteristics, and thus toxicity, can vary markedly between
different oxidation states. Consequently, the oxidation number of the trace element(s) in a
given substance must be known. This is not necessarily a trivial problem, as mixed oxidation
states can occur. Secondly, some oxidation states may be unstable in specific or all
environmental compartments, meaning that distinct changes in bioavailability may occur during
even a short-term toxicity assay (e.g. Cr(ll)/Cr(VI1)). In such cases, it may be necessary to
derive a separate EQS for each of the relevant oxidation states.

20 This is especially relevant under the TRA.
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7. Read-across and QSAR: If ecotoxicity data are lacking for a specific metal or metal compound,
read-across of ecotoxicity data from other inorganic compounds of the same metal should be
considered. The basic assumption is that the bioavailable metal ion is responsible for toxicity.
Ecotoxicity data for simple soluble metal salts, therefore, can be combined on condition that the
metal ion alone is responsible for the effects observed for all of the metal salts considered (e.g.
CuSO0,, CuCly). Toxicity data measured for all soluble metal salts should, therefore, be used
and the effects data (NOECs/EC4s or ECsps) should be expressed as the dissolved
(bioavailable) metal ion concentration (ug M-I"").

The development of QSAR methods for metals and inorganic metal compounds has not been
as actively pursued as for organic substances. However, for some inorganic substances,
predicting toxicity from chemical properties may be relevant. In this respect, quantitative ion
character—activity relationships (QICARs) and quantitative cationic activity relationships
(QCARs) have recently been developed (Ownby and Newman, 2003; Walker et al., 2003).

8. Combining freshwater and saltwater toxicity data: As explained in Section 3, freshwater and
saltwater data for metals should generally not be pooled if availability corrections have
been applied.

9. Interpreting biological effects: Metals can exhibit physical toxic effects (e.g. smothering by
metal precipitates) as well as effects caused by systemic toxicity. Some metals (e.g. Fe, Al)
precipitate over short timescales compared with the duration of chronic toxicity tests, making
the data difficult to interpret. Chronic data for metals exhibiting this behaviour should be
treated with caution. Greater reliance may need to be placed on field data for such metals.

10. Estimating bioaccumulation (for back-calculating water concentrations from biota standards):
Section 4.7.2 details how to determine the relevant experimental bioconcentration factor (BCF)
or bioaccumulation factor (BAF) data for metals.

3.8 Assessing compliance with a water-column EQS for organic compounds

3.8.1 Option to translate an EQS for dissolved water into an equivalent EQS for
total water and/or suspended particulate matter

Standard laboratory toxicity and bioconcentration tests contain low levels of total organic carbon

(TOC) in the test system21. As a result, the resulting EQSs refer to dissolved concentrations. It
follows that compliance assessment with a water column EQS should ideally be based on the
sampling and analysis of the dissolved fraction. This is similar to the way the PNEC is used
according to the TGD (Part 2, Section 2) (EC 2003) and REACH (R.16)(ECHA 2008).

Discrepancies between total and dissolved concentrations may only become evident for very
hydrophobic substances, ie K, values in excess of 10000 l.Lkg™” or Ko values for linear partitioning
into amorphous organic matter in excess of 100000 | kg™'. This will generally only be found for
substances with a log K,y above 6. Thus, for compounds with log K,<4 (or, if this value is not
available, log Koy <6), the EQSater, total iS €quivalent to the EQSyater gissolved-

21 OECD guidelines for the acute and chronic daphnid test, the fish early life stage test and short-term fish
embryo and sac-fry stage tests, the fish juvenile growth test, the chironomid test and the bioconcentration
test with fish all set a maximum level of 2 mg-I™" to the TOC content. In most laboratory studies, however, the
TOC content will not reach this level, which means that in practice toxicity results reflect dissolved
concentrations.
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As explained in Section 2.11 some Member States may have a preference to undertake monitoring
using total water samples, incorporating both the dissolved fraction and the chemical that is sorbed
onto suspended particulate matter (SPM) or the SPM fraction only. The fraction found on SPM is
likely to be particularly important for hydrophobic substances. To allow for this option, guidance is
provided here on converting the water column standard as derived for the dissolved concentration
(the final EQS value) into an equivalent total concentration in water (EQSyaterotal) that corresponds
to the quantity of the substance that is in true solution plus any of the substance sorbed to SPM. In
some cases, laboratory tests include significant levels of SPM (OECD test guidelines permit some
SPM). For such cases, the dissolved concentration must first be determined (Step 1). Only then
can the EQSyater total D€ €stimated (Step 2).

Step 1 — Estimation of EQS,ater,dissolved

If no organic carbon content is present, the concentration is assumed to be fully dissolved and this
step can be omitted. The derived quality standard should then be considered to refer to the
dissolved concentrations (EQS,ater, dissoived)- If Organic carbon is measured in the critical toxicity
studies, the dissolved concentration (Cyater, gissolved) Can be calculated from the total concentration in
critical ecotoxicity experiments (Ciest water, tota) @nd the total organic carbon content in these
experiments (TOC cst water) s follows, , where K, is in | kg'1 and TOC est water 1S In Mg I

1

C test water, total 1+ Koc -TOC

C

water,dissolved —

test result 1076
In this case, the concentrations are corrected for organic carbon, including DOC, that limits the
substance’s (bio)availability.

This equation may be used for laboratory toxicity or bioconcentration data, but could also be used
to convert data from a mesocosm study or a field bioaccumulation study. Where an EQS has been
derived using an SSD approach, it is useful to examine all studies that lie around or below the HC.

Step 2 — Estimation of EQS,ater total

For highly hydrophobic compounds the final derived EQS (which is an EQSater, dgissoved) Should be
corrected using the default concentration of suspended matter (Cspy) and the partition coefficient
to suspended matter (Kp,susp).

Estater,total = EQSwater,dissolved ’ (1 + Kp,susp ’ CSPM ’ 10_6)

where:

e  EQSyatertota = quality standard for the total concentration in water;

e  EQSyaterdissonved IS the value of dissolved concentration in water, mostly directly derived from the
toxicity or bioaccumulation tests;

e Kysusp = partition coefficient to suspended matter (I’kg™), which might be estimated as the
product of the K, value for the substance (I'kg™") and the organic carbon content (f,,) of
suspended matter (EU default from TGD (EU 2003) 0.1);

e Cgpy = concentration of suspended matter (mg:I™"; For several water types like large rivers the
SPM content is reasonably constant and a default value has been proposed for this type of
river. EU defaults are 15 mg:I™" for freshwaters and 3 mg-I"'/L for marine waters and for
example, the annual average TOC content of the Rhine in the Netherlands is about 4mg I”,
however, under deviating ‘local’ environmental conditions other values need to be applied); and

e 107°is = a conversion factor to convert mg into kg.

A further refinement is to base compliance monitoring on the analysis of the SPM instead of the
unfiltered water samples. This is because hydrophobic substances are more likely to be sorbed to
SPM than to be freely dissolved in the water column. For the purpose of comparing the analyses of
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SPM to the derived water column EQS, guidance is provided below on how to convert the water
column EQS into an EQS based on SPM (EQSspw).

When the EQS for an organic chemical is expressed as dissolved concentration in water (referred
to as EQSyater gissolved iN this section) , a corresponding concentration in SPM may be calculated and
used as a surrogate standard. This should be done for hydrophobic organic substances whose
partition coefficient triggers exceed those given above.

The algorithms to calculate the concentration in SPM from the dissolved concentration in water and
vice versa are as follows:

EQSSPM = Estater,dissolved‘ Kp,susp

where:

— EQSspy = quality standard for water referring to the substance concentration in SPM (EU TGD
(EU 2003) default has an organic carbon content of 10%);

—  EQSyater, dissoived = quality standard for water referring to the dissolved concentration;and

— K, susp = SUbstance-specific partition coefficient for SPM-water (e.g. f,. . Ko or any valid
experimental value);

3.9 Deriving quality standards for water abstracted for drinking water (QSqw, nhn)

Look Out!

B The approach chosen in this guidance in case of the absence of a drinking water

‘ standard is based on human toxicity. This implies that the precautionary principle
and organoleptic aspects such as smell, taste and colour are overlooked. For the
production of drinking water these elements play an important role. This means
that for some substances there is need for specific measures to limit the risks
because of concerns for the potability of drinking water in respect of taste and
odour as a consequence of exposure (Commission Recommendation
2001/838/EC).

3.9.1 Overview

In addition to potential exposure through the consumption of fishery products (see Section 4.5), a
second route for human exposure to substances in water is through drinking water. The WFD
therefore requires quality standards to protect humans against this route of exposure.

In principle, existing drinking water standards are adopted, e.g. EU drinking water standards from
Drinking Water Directive 98/83/EC and the World Health Organization (WHQO) drinking water
standards. These drinking water standards are used to set the QSgy, ny for those water bodies used
for the abstraction of drinking water (QSqw, nn). A treatment factor should be applied to the drinking
water standard so that the QSq,, nh relates to the ‘raw’ water (i.e. it is an ‘environmental’ standard).
Drinking water standards and treatment processes used to achieve them should be taken into
account in determiing quality standards for water abstraction resources. This should have regard
to Article 7 of the WFD with reference where appropriate to simple treatment.

WFD (Article 7(2) and (3)) and DWD (Article (4) require Member States to prevent any
deterioration of the present quality of water intended for human consumption or any increase in the
pollution of waters used for the production of drinking water.
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If no existing drinking water standards are available (either DWD or WHO standards) a standard
for drinking water abstraction from surface water may be derived by the procedure described in
Section 3.9.2.

3.9.2  QSgw, nn for drinking-water abstraction

A QS for the abstraction of drinking water (QS4w,nn) Needs to be derived as follows (see also Figure
3-4)22;

1. If an EU drinking water standard (from Directive 98/83/EC) or a WHO drinking water
standard is available, follow the procedure described below. If both the WHO and EU have a
drinking water standard and the values are different, the WHO drinking water standard is
preferred,.because it is health-based.

o If the drinking water standard is less stringent than the other QS,..r values already
derived ('e stw, ecos Qst, ecos Qwa ,SECpOIS» stw, secpois, QSwater, hh food)a |t COUId be deCided
that a QSqw, nn Need not be derived.

o If the drinking water standard is more stringent than the other QS values already
derived (|e stw eco Qst, ecos stw ,SEecpoiss Qst, secpois, stater, hh food)a the Qde, hh is
derived as follows:

e Substance-specific removal efficiencies are estimated. This may require
consultation with drinking water experts. The removal efficiency is expressed as the
fraction (F) not removable by treatment.

e The QSgw, nnis then calculated using equation A.

drinking water standard (98/83/EC)
F

not removable by treatment

QS dw,hh — (A)

2. If neither an EU or WHO drinking water standard is available,, follow the procedure described
below:
e A provisional drinking water standard is calculated according to equation B.

2 High treatment factors reflect the need for a high removal rate. Even where highly effective treatment is
already in place, relying on this to compensate for contamination is not the most sustainable approach.
Drawbacks include: (i) higher treatment costs; (ii) higher energy consumption and carbon footprints; (iii)
compromise of the multiple barrier principle - i.e. an inadequate margin of safety between pollutant
concentrations in raw water and drinking water, such that treatment failure could lead to exceedance of
maximum acceptable concentrations in drinking water. For this reason Art. 7(3) WFD requests, that “Member
States shall ensure the necessary protection for the bodies of water identified with the aim of avoiding
deterioration in their quality in order to reduce the level of purification required in the production of drinking
water.”

Therefore, in line with the combined approach laid down in the WFD, when deriving EQS for water
abstracted for drinking water using treatment factors, Member States should in parallel strive to reduce
pollution in the raw water body (e.g. as part of the Programmes of Measures) to reduce the treatment
required to reliably meet the drinking-water standards. At a local level, the process of planning the
(combined) control measures for the drinking-water supply system, which determine the treatment factors,
calls for cooperation between the drinking-water sector experts and the authorities that manage the raw
water bodies
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0.1-TL,, -bw

QS dw, hh Uptakedw (B)

Use a human body weight (bw) of 70 kg and a daily uptake of drinking water (uptakeqn,) of 2 litres
(ECHA, 2008). By default, a fraction of 0.1 of the human toxicological standard (TL,) is allocated
to intake of the substance via drinking water. This default may be adapted, but this should only be
done when sufficiently underpinned data (e.g. total diet studies and total coverage of possible
intake routes) are available demonstrating that either a higher or lower value is justified. The value
for TLyy should be the acceptable daily intake (ADI) or tolerable daily intake (TDI) if these are
available, a reference dose (RfD) or a benchmark dose.

If no ADI or TDI is available, the TL,, could be calculated from the NOAEL;, (the lowest no
observed adverse effect level value from a review of mammalian toxicology data) using equation
C. However, before deriving a TDI or an ADI from a NOAEL, a human toxicologist should be
consulted in any case.

NOAEL,,
Ly, = ——mn c
b 100 (©)

If the compound of interest is potentially carcinogeni023, the TLy, is equal to the concentration
corresponding to an additional risk of cancer for 1 x 107 (for 70 years exposure).

. If the (provisional) drinking water standard is less stringent than the other QS values
already derived ('e Qwa ecos QSSW, ecos stw, ,SEecpoiss stw, secpois, stater, hh food)a it could be
decided that an QS n» Need not be derived and no further work is required.

. If the QSqw,nh Calculated using equation B is more stringent than the other AA-QS,,atr Values
already derived (|e stw ecos QSSW, ecos Qwa, ,SECcpoiss stw, secpois, stater, hh food)y the Qsdw, hh is
derived as follows:

1. The removal efficiency of the substance is estimated. This may require consultation with
drinking water experts. The removal efficiency is expressed as Fpot removable by treatment-
2. The QSgw nh is then calculated using equation A.

For metals, the same approach as described here is followed.

23 No guidance is given on how to establish the potential carcinogenicity of a compound, but the assessor
should check the appropriate R phrases. No guidance is available on how to estimate a concentration that
corresponds to an excess cancer risk of 107°. Therefore, a human toxicologist should be consulted.
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EU DW standard (DWD | yes | Is this value higher than | yes | No QSg, nn heeds
98/83/EC) or WHO » other QS values (QSy,, » to be derived.
standard available? ecor QSsw, eco, QStw, secpois»
Qst, secpois, stater, hh
food)?
no
no

The QSgyw, mn is calculated using the WHO
(preferred) or EU standard and substance-
specific removal efficiencies.

A
Calculate a provisional
drinking water standard.
Is this value higher than
other QS values (QSw, | yes
ecos QSSW, ecos stw, ,Secpois»
QSSW, secpois, QSwater, hh food)

B

The AA-QS4,, nn is calculated using the
calculated provisional drinking  water
standard and substance-specific removal
efficiencies of the current level of treatment.

A 4

No AA-QSgw, nn Needs to be derived.

Figure 3.3 Schematic overview of the derivation of the quality standard for
drinking water abstraction from surface water (QSqw, hn)
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4 DERIVATION OF BIOTA STANDARDS

4.1 Introduction

One of the factors leading to unmanageable water column standards is the very low concentrations
that may be estimated for some substances, especially those with very low water solubility or a
tendency to bioaccumulate through the food web. If these substances pose a significant risk
through indirect toxicity (i.e. secondary poisoning resulting from food-chain transfer) and their
analysis is more feasible in other environmental matrices, such as biota and/or sediments, then a
biota standard may be required alongside, or instead of, the water column EQS. This is typically
the case for hydrophobic substances, and biota standards have been proposed for
hexachlorobenzene, hexachlorobutadiene and mercury and its compounds in the Daughter
Directive to the WFD on EQSs (2008/105/EC), establishing concentration limits in prey tissue (fish,
molluscs, crustaceans and other biota). In line with the requirements of the EQS Directive, these
biota standards are presented as possible alternatives to a water column standard.

4.2 Protection goals
The WFD requires biota EQSs to protect:

1. Humans from adverse effects resulting from the consumption of chemical-contaminated food
(fish, molluscs, crustaceans, etc.).

2. Top predators, such as birds and mammals, from risks of secondary poisoning brought about
by consuming toxic chemicals in their prey.

3. Benthic and pelagic predators (e.g. predatory fish) that may also be at risk from secondary
poisoning.

This section provides guidance for dealing with the first two protection goals (for which the
temporary standards QSpiotann @and QSpiotasecpois@re derived, see Appendix 6). The methodology
applies to biota standards for freshwater (inland waters) and marine (transitional, coastal and
territorial waters) ecosystems. Currently, technical guidance for benthic and pelagic predators (the
third protection goal) is not well-developed. Possible approaches for the future are set out in
Appendix 4, but these will need to be developed and tested before they can be adopted as formal
guidance. At present, biota standards developed for birds and mammals are assumed to be
sufficiently protective for benthic and pelagic predators.

The process for deriving and using biota standards to meet these protection goals is illustrated in
Figure 4-1. In principle, to derive a biota standard, the assessor must estimate an acceptable level
of chemical input when it occurs in the organism’s food. Standard toxicity tests are available that
estimate a no observed adverse effect level (NOAEL) or a no observed effect concentration
(NOEC,a) and these values are used to derive a predicted no-effect concentration for the ingestion
of food (PNEC,) (taking account of variations between studies, species and test endpoints).
Extrapolation from NOEC,,, data to a PNEC,, (equivalent to a QSy.t.) is detailed in Section 4.4.
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Marine top

- ¥ | Water Predator
Predator

Aquatic Acceptable Toxicity data,
Organism BMF dose, from test species
toxicity test
Route considered data

only indirectly in
this guidance

Figure 4.1 Steps involved in deriving a biota standard

Biota standards are preferably expressed as a concentration in an organism — corresponding to the
prey items that may form the diet of top predators (including humans). Following the CSTEE (2001,
2004) opinion, biota quality standards are preferably expressed as biota concentrations and
assessment is based on direct assessment and monitoring of biota. However, some Member
States may wish to retain an option to sample and analyse only water column samples. Translation
of the biota standard to a water column threshold is also helpful when selecting an overall EQS
(Section 2.5), so that standards can be compared on the same (mass/volume) basis.

Whilst a biota standard could, in principle, be converted into the equivalent water concentration
(one that is predicted to give rise to the critical concentration in biota), there are technical
disadvantages with this approach for highly hydrophobic substances (those identified as B or vB
according to Annex Xlll of REACH). The translation to an equivalent water concentration depends
on a good understanding of the bioconcentration, bioaccumulation and biomagnification processes
from water and through the food web which can be uncertain for such substances.

4.3 Expression of a biota standard

There are several options for expressing a biota standard depending on the methodology used to
derive it. A biota standard may refer to:

- A specific species or group of species
- A surrogate matrix for a particular species (e.g. eggs, pellets, etc.)
- A specific group of food (diet products from aquatic ecosystems)

Any of these is acceptable, but prey species are prefereable. The QS should be expressed in
terms of g/kg (wet weight) of the whole organism. Since hydrophobic organic chemicals tend to
accumulate in body lipids, experimental residue data are sometimes expressed in terms of a lipid-
normalised concentration. If lipid normalisation is possible and scientifically justified (i.e. the
substance primarily accumulates in lipids), all data should be lipid normalised to a standard lipid
content of 5% (ECHA, 2008).

For water column standards, protection against long-term exposure is addressed by expressing the
standard as an average over a fixed time (usually a year). Although a biota standard is also
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intended to protect against prolonged exposure, residues in animals and plants effectively integrate
exposure over a period of time and, in any case, sampling of biota is likely to be rather infrequent.
Unlike water standards, there is likely to be greater variability in exposure between sites than there
is over time. Greater emphasis should be placed on the spatial design of sampling schemes.

4.4 Deriving a biota standard to protect against the secondary poisoning of
predators

Secondary poisoning is concerned with toxic effects at higher trophic levels of the food chain which
result from the ingestion of contaminated aquatic organisms from lower trophic levels.

In accordance with Romijn et al. (1993) and following the paradigm used under TGD (EC, 2003)
and REACH (ECHA, 2008), we will define our food chain with its trophic levels as water -BCF—
aquatic organisms -BMF,— fish — fish-eating predator for freshwater ecosystems. For marine
ecosystems, however, another trophic level may be introduced: water -BCF— aquatic organisms —
BMF— fish -BMF,— fish-eating predator — top predator (where BCF is the bioconcentration
factor and BMF is the biomagnification factor). This is illustrated in Figure 4.1.

A QS expressed as the concentration found in prey tissue which should protect predators from
secondary poisoning (QSpiotasecpois) IS Often referred to as the diet-based approach. In terms of
deriving the standard, only one extrapolation step, from food to predator (Figure 4.1), is necessary.
Extrapolation to take account of possible differences in sensitivity between species is covered in
detail in Section 4.4 .4.

4.4.1 Identifying the critical data

Few data for an oral route of exposure are available for organisms other than birds and mammals.
Whilst scientific and data developments may allow us to assess risks to aquatic predators in the
future, in the meantime we must adopt biota standards for birds and mammals, assuming these
values provide adequate protection to other taxa that might be at risk from secondary poisoning
(e.g. predatory fish). This assumption might only be valid if the secondary poisoning of predators is
the most-sensitive route and if the QSyiota, secpois With the corresponding water concentration is
significant lower than a QS for protecting pelagic species.

If relevant ecotoxicological information (e.g. fish feeding studies) can be found in the literature or
can be produced for supporting sound QSs, the same approach developed for bird and mammals
can be used for pelagic fish species.

The general methodology to derive a QSpiota, secpois IS based on the simple food chain described
above and assumes that all species at a certain trophic level contain similar concentrations of
pollutants. In addition, it assumes 100% reliance on a particular prey item. This assumption is
appropriate where EU-wide standards are required (e.g. for Priority Substances and Priority
Hazardous Substances) and to promote consistency in approaches across Member States for
Annex VIl substances (Specific Pollutants) of the WFD. However, if a site-specific assessment is
required, these assumptions may be refined as described in Appendix 4. The lowest reference
concentration is used to derive @ QSpiota, secpois fOr predators. For substances with a high potential to
biomagnify within food chains, it is important that the QSpota, secpois 0€ applied to the appropriate
aquatic trophic level to protect all predators feeding. Application of the QSpiota, secpois at that level will
also protect wildlife feeding at lower trophic levels. Monitoring should be based on the sampling
and analysis of tissues from the prey species.

Although it is not currently practical to develop separate quality standards for the protection of
pelagic predators, it is useful to assess whether or not the quality standard for biota is likely to be
protective of exposures via food and whether or not the quality standard for water is likely to be
protective of exposures via the water. It may be necessary to review this position if information
becomes available suggesting that combined exposures (i.e. from both the water and food) lead to
greater risks. Under these circumstances, the quality standards may not be protective and a review
may be warranted.
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4.4.2 Datarequirements

Only toxicity studies reporting on dietary and oral exposure are relevant because the pathway for
secondary poisoning deals exclusively with uptake through the food chain. Studies that assess
effects on developmental or reproductive endpoints are likely to be critical studies because these
tend to be more-sensitive endpoints (i.e. give rise to lower NOEC,, values) than survival
endpoints.

As secondary poisoning effects rarely become manifest in short-term studies, results from long-
term studies establishing long-term NOECs are strongly preferred. A QS derived where no chronic
effects data are available is subject to high uncertainty and this must be flagged in the datasheet.
The minimum duration for the study requirements is dependent on the characteristics of the
chemical and the lifespan and life-stage of the test species. Effects data should ideally relate to
tests of 90 days duration or longer (this would result in an AF of 90 or lower according to the TGD
and REACH guidance). However, many mammalian toxicity data are generated from 28-day
studies. These may be used after correction for daily food intake, as described in Section 4.4.3.
The risk of selecting a study with an insufficient length of exposure as the critical datum could
underestimate the potency of a compound, and therefore the QSyiota, secpois May not be protective.
On the other hand, by applying a higher assessment factor than needed, the QS may be over
protective.

As toxicity data for wildlife species are not normally available, it will be necessary to extrapolate
threshold levels from toxicity data of laboratory test species to wildlife species. If studies are
available for wildlife species as well as for conventional laboratory test species, both should be
included in the assessment.

Further guidance on bird and mammalian toxicity data and their evaluation is provided in the
REACH guidance (ECHA, 2008) and in the European Food Safety Authority guidance document
(EFSA, 2007).

4.4.3 Expressing toxicological endpoints as a concentration in food

Mammalian or avian toxicity data may be expressed as NOECs relating to concentration in food
(NOEC,a, expressed in units of mg-kg™ food) or as no observed adverse effect levels relating to
dose (NOAEL,, expressed in units of mg-kg‘1 bw-d‘1). For the standard derivation of EQSs for
secondary poisoning, the results need to be expressed as the concentration in food because this is
the basis of the adopted risk model. The general rule for the conversion is that the concentration in
food is equal to the daily dose multiplied by the body weight (bw) divided by the daily food intake
(DF1), or

bw

NOEC,,, = NOAEL ,,, —
DFI

oral oral

where:

—  NOEC, = no observed effect concentration (mg-kg‘1 food);

—  NOAELga = no observed adverse effect level [mg-kg™ bw-d™"];
—  DFI = daily food intake (g food-d™"); and

—  bw = body weight (g).

Table 4.1 presents a guide with a standard set of conversion factors that can be used to promote
internal consistency when converting concentrations from dose into diet for mammals. The guide
should be used only in the absence of more specific data from the study itself or other sources.
For example, a chicken (Gallus domesticus) typically consumes around one eighth of its body
weight per day, and so the conversion factor in this case would be 8 kg bw-d-kg—1 food. It should
be noted that the conversion factors for young birds and mammals might differ from those for
adults. For avian reproduction studies, a default factor of 10 can be used as a conversion factor
(i.e. bw/DFI = 10) (see Appendix 6 of EFSA, 2008). For this conversion to be valid, no food
avoidance should have occurred in the study. Recommendations from EFSA (2008) should be
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considered as indicative. REACH guidance (ECHA, 2008) should be followed rather than EFSA
(2008).

Table 4.1 Conversion factors for converting NOAELs (dose) from mammalian toxicity
studies into NOECs (concentration)
Species Age/study Conversion Conversion
Factor Factor
(bw/DFI) (bw/DFI)
(ECHA, 2008; (EFSA, 2008)
EC, 2003)
Rat (Rattus >6 weeks 20
norvegicus
Rat (Rattus <6 weeks 10
norvegicus)
Rat 28 and 90days 10
Rat Two generation 12.5
study first mating®
Rat Two generation 8.33
study overall
(females)®
Mouse (Mus 28 and 90days 8.3 5.0
musculus)
Vole (Microtus 8.3
spp)
Rabbit 33.3
(Oryctolagus
cuniculus)
Dog (Canis Adult/all 40 40
domesticus)
Monkey 20
(Macaca spp)
Chicken 8
(Gallus

domesticus)

@ The first mating value for a two-generation study should be used for assessment when effects (general or on
reproduction) are seen to relate to the pre-mating phase of the first mating, or effects are seen only in male
FO parents at any time. For all other aspects of a two-generation study, the overall conversion figure should
be used.

NOECs derived from NOAELs in this way are assumed to be equivalent to directly measured
NOECs.

4.4.4 Extrapolation to derive a QSpiota, secpois

Two approaches can be followed to determine this quality standard for biota. These approaches
are briefly described here with further detail provided in the following sections.
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The first is the standard approach from the TGD (EC, 2003; ECHA, 2008). In this methodology,
the concentration in the diet of the toxicity test is the basis for the quality standard in biota. The
extrapolation from diet to biota comprises the interspecies variation, differences in exposure
duration, as well as the difference in caloric content of the diet of laboratory animals and the diet of
fish-eating birds or mammals (EC, 2003).

In the second approach, the dose rather than the diet concentration, is used as a starting point
(EFSA, 2008), which helps to minimise bias relating to different food intake rates between
laboratory and field situations. A group of key species should represent all the organisms at risk
from secondary poisoning. Information on body weight, dietary composition and feeding rate by
predators are necessary to select those species most likely to experience the highest exposures to
contaminants through the aquatic food web. By definition, if these are protected (and the
assumptions are correct) other species will also be protected.

4.4.4.1 Derivation of QSbiota, secpois according to the standard approach in REACH

The quality standard that describes the threshold concentration of a substance in the food of a
predator, QSpiota, secpois (¥ PNECoqral, in mg-kg‘1 food), is derived by applying appropriate assessment
factors (AF.; see Table 4.3) to the selected NOEC oral for each species. There may be more
than one chronic study for the same species. Under these circumstances, the assessor should
select the more sensitive study. Data from two different toxicological studies should only be
merged if they have been conducted according to a similar guideline, use the same species and
test conditions and report the same key endpoints. It may be that a test with a shorter exposure
duration reports a more sensitive endpoint than the test with longest exposure duration. In such a
case, the assessment factor corresponding to the longest exposure time may be applied to the
most sensitive endpoint.

Table 4.2 Assessment factors for the extrapolation of mammalian and bird toxicity data
into QSbiotas secpois (EC, 2003)
TOXoral Duration of test AForal
NOECoraLbirds ChronIC 30
NOECora|‘mamma|s 28 dayS 300
90 days®? 90
chronic 30

A for consideration of reproduction studies

Since monitoring in biota in the marine compartment is preferably performed at the level of fish
rather than e.g. seals, the QSpiota, secpois fOr the marine compartment should include BMF, (cf. figure
4-1 in section 4.3. Therefore:

QS _ TOX oral

biota, secpois, fw AF
oral

TOX
QSbiota, secpois, sw = AF

oral

oral

-BMF,

The final value for the QS piota, secpois IS Selected by comparison of the different values for the tested
species and choosing the lowest resulting values (EC, 2003; Lepper, 2005). If sufficient data are
available, there is no reason why a probabilistic approach to extrapolation (ie an SSD approach)
should not be used. However it should be noted that in the applied assessment factor the factor of
10 to extrapolate from the lowest chronic NOEC values to the QSpjota, secpois iS already included and
that when applying a statistical extrapolation, the NOECs need ony to be converted from subacute
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(28d; factor 10) and subchronic (90d; factor 3) to chronic and from laboratory diet to fish or
mussels (all data; factor 3). For the application of a species sensitivity distribution (SSD), data
should be available for a minimum of 10 species. The dataset should include both birds and
mammals and should also include wildlife-relevant predatory species of both birds and mammals.
For further considerations, the assessor is referred to Section 3.2.4.2.

If chronic NOECs for both birds and mammals are available, the lower of the toxicity values is used
in the secondary poisoning assessment. In many cases, only acute toxicity data for birds will be
available. Although there is no predictable link between and acute and long term toxicity (ie a
substance that is of low acute toxicity will not necessarily be of low long-term reproductive toxicity),
a pragmatic approach in the absence of a chronic study is to derive an ‘indicative’ QSyota; birds BY
applying a large (precautionary) AF of 3000 to the lowest reliable lethal concentration for 50% of
the individuals (LC50) value (ECHA, 2008, section R.10.8.2). If the resulting ‘tentative’ QSpiota, birds»
is lower than the QSpiota, mammais then, given the lack of information on relative sensitivities between
birds and mammals, the uncertainties should be highlighted in the datasheet.

4.4.4.2 Derivation of QSbiota, secpois according to the refined approach using key species

If it is possible to identify the key indicator wildlife species in the ecosystem the following approach
can be used to derive the QSpiot, secpois- The key species is defined as the most susceptible
species on the basis of its ratio of body and daily food intake and its position in the trophic chain
(the latter only of the substance is subject to significant biomagnification). The NOEC for the key
indicator wildlife species can then be calculated from the lowest reliable NOAEL from laboratory
studies using information on body weight (bw) and daily food intake (DFI) for these species as
indicated below:

NOEC jgite = NOAELIaboratory * (bWuiigiite/ DF lwidiite)

Only the mammals NOAEL is used to extrapolate to mammalian wildlife species. Similarly, only
the avian NOAEL is used to extrapolate to avian wildlife species. Then the QSpiota, secpois IS derived
from the NOEC,qife in this case using the assessment factors from Table 4.4. In this table the
extra factor of three for the difference in caloric content between laboratory food and a diet based
on fish and/or mussels is omitted.

Table 4.3 Assessment factors for the extrapolation of mammalian and bird toxicity data
into QSpiota,secpois iN a refined assessment
TOX oral Duration of test AFca
NOECoraL birds Chronic 10
NOECra, mammals 28days ? 100
90days 30
Chronic 10

* Note: The AF of 3 accounting for extrapolation from laboratory to field is omitted because the method already takes the
dietrary intake differences between laboratory and field into account

The resulting AF should allow for interspecies variation in sensitivity to account for differences in toxicity. A factor of 10
accounting for interspecies variation is appropriate for this purpose. An additional AF of 3 to 10 is applied when exposure
periods are not truly chronic (ie subchronic to chronic extrapolation).

The same considerations as in the standard approach may be applied with regard to the use of
acute avian data and data treatment for the same species. For application of the SSD method the
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same considerations as in the standard approach are valid with the exception that in this case the
input data should be based on dose and not diet concentrations.

4.5 Protection of humans against adverse health effects from consuming
contaminated fisheries products

The QSbiota, hh food is intended to protect all humans against adverse health effects from
consuming contaminated fishery products. Dealing with risks to human health from substances in
drinking water is covered in Section 3.9. Like the biota standards for protecting predators, the
standards described here are expressed in terms of body residues in food items.

No internationally recognised approach exists for determining the uptake of contaminants from
fishery products by humans. However, several EU Directives (Council Directives 91/414/EEC and
97/57/EC) specifically deal with the risks to humans from several classes of organic contaminants,
such as dioxins, dioxin-like polychlorinated biphenyls (PCBs) — PCB congeners that exhibit
toxicological properties similar to dioxins — and polyaromatic hydrocarbons (PAHs) (Council
Regulation (EC) No 1881/2006 of 19 December 2006), and metals, such as lead, cadmium and
mercury (Council Regulation (EC) No 78/2005, amending Regulation 466/2001), via edible aquatic
species, such as fish, molluscs, crustaceans and cephalopods. Therefore, when legislation has
already led to the derivation of standards, the QSyiota, hh f0os Should refer to the maximum allowable
concentration in pg-kg™' wet weight in the specific tissue or sampling material.

Where no established QSpiota nh ood Value exists, the procedure described in Lepper (2005) is
recommended. It assumes that the uptake of a substance from fishery products does not exceed
10% of the relevant threshold level (TL), estimated from experimental data and expressed in
ug-kg™" bw-d™" for humans. For practical purposes, the acceptable daily intake (ADI), tolerable daily
intake (TDI) or NOAEL,4 (the latter divided by an assessment factor) provides such an estimate.
The QShiota, . food (€Xpressed as pg-kg™) is calculated using defaults for human bw (70 kg) and for
the consumption of fishery products (0.115 kg-d™") as follows:

0.1-TL-70
0.115

stiota, hh food —

This approach does not specifically consider possible sensitive groups, such as the developing
foetus or subpopulations that consume more fishery products than the European average.
However, the assumption that fishery products make up no more than 10% of the threshold level
value (0.1-TL) at the European average level of compound uptake provides a margin of safety.

4.6 Metals

The approach described above for secondary poisoning and human consumption of fishery
products, whereby NOEL, NOAELSs for secondary poisoning and ADI, TDI or a comparable human
threshold values for fishery products are used, is also applicable to metals. After the quality
standard in biota has been derived, it should be compared to the background levels of metals in
biota. The definition of the natural background level for metals in biota is as for in water, and the
same types of difficulties exist when determining the level. In general, the considerations
concerning natural background levels in biota are as for water (see Section 3.5).

Preferably, measurements of metals in biota should be taken from species living close to springs or
far at sea. It should be recognized that biota may take up metals from the water as well as from
particulate matter in water, including plankton, or from the sediment. In general, measurements in
biota living in water where metal levels are elevated in either the sediment or the water should not
be used for the determination of the natural background level of the substance in biota. The
background concentration in biota is species specific and is further influenced by organisms
age/size and the local food habits. Therefore background concentrations for biota should always
be reported with species age or size and origin.
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4.7 Monitoring compliance with biota standards
4.7.1 Biota monitoring

Procedures for species monitored through international conventions for inland, transitional, coastal
and marine waters already exist, e.g. Helsinki Commission (HELCOM), OSPAR, International
Commission for the Protection of the Rhine (ICPR). A separate background document summarises
current monitoring programmes in Europe, and detailed guidance on the sampling and analysis of
chemical residues in biota and sediments is the objective of another guidance document that is
being prepared by the Chemical Monitoring Activities Working Group (EC, 2010).

4.7.1.1 Selection of species for monitoring

The primary aim of existing biota monitoring programmes is to assess environmental
concentrations through long-term surveillance monitoring but, in principle, species that are already
used in existing national or international monitoring programmes should be used for biota
monitoring. The choice of particular species is not specified here, but certain criteria should ideally
be met:

e The choice of species monitored should depend on the identified protection goal (e.g. humans,
top predators).

e The standard in biota refers to a trophic level that is defined by the simple food chain (Section
4.4).

e The sampled organisms need to be potential food for predatory organisms or humans.

To provide an unbiased sample, the use of bulk samples of many individuals is recommended.
Furthermore, those life-cycle stages that are most likely to be consumed by predators should be
preferred and/or the organisms need to be of a size that is relevant to predator species. Large
animals have fewer predators and analysis of these individuals may not provide any useful
additional information about predator exposure. However, if the species selected is not high
enough in the food chain, the outcome from monitoring could be underprotective for biomagnifying
substances (if the concentration of a biomagnifying substance is close to the biota standard at
lower trophic level, the concentration would exceed the biota standard at higher trophic levels for
such substances). If selection of such a representative species is not possible from the point of
view of standard organisms to be monitored in routine monitoring programmes, the biota standard
should be adjusted to the appropriate trophic level of the monitored species .

4.7.1.2 Biota monitoring to infer water concentrations

Some Member States may prefer to monitor compliance with EQSs expressed as water
concentrations from residues in biota, i.e. to use biota for inferring concentrations in water. This
might apply when an EQS is lower than three times the LOQjs5 (limit of quantification). In this case,
it is not always possible to quantify some substances in water. In addition, because of dilution
effects and a decrease in the solubility of hydrophobic pollutants and metals in transitional, coastal
and marine waters, it is expected that low concentrations might occur in these systems. Biota and
sediments are able to integrate the pollutant concentrations over a period of time (usually
months/years), while water is more variable and, in the case of sea water, levels can be related to
the tide period as well as the main current or predominant wind during the sampling. If biota
sampling is used in this way, there must be a good correlation between levels of the contaminants
in the organism and in the surrounding water so that the biota concentration can be used to
estimate the water concentration with confidence. For example, mussels (Mytilus edulis, Mytilus
galloprovincialis) are likely to be a favoured genus in the marine environment because of the
existence of historical datasets.
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4.7.1.3 Sampling

The sampling frequency, sampling methods, sample preservation and cleanup should follow the
guidelines already defined in the WFD monitoring guidance (EC, 2010). Although there are greater
unit costs associated with collecting samples and performing the analysis for biota than for water,
the sampling frequency is lower than for water.

4.7.2 Converting QSs expressed as biota concentrations into equivalent water
concentrations

4.7.2.1 Organics

Normally, the EQSyitais expressed as a body residue. It follows that monitoring is also performed in
biota. The biota standard (pg-kg‘1diet) could, however, be converted into a water column
concentration standard (QSsw,secpois OF QSsw, secpois N ug-l‘1), e.g. for comparison with other water
column standards (see Section 2.5) to select an overall EQS, or to fit in with national monitoring
regimes that use only water sampling. This conversion uses the threshold in prey (QSpinta) and
bioaccumulation data (BCF, BMF and/or trophic magnification data) of the substance concerned.
Effectively, the back calculation to a water concentration is equivalent to estimating the PEC,, in
chemical risk assessment. As explained below, it is necessary to account for the longer food
chains in the marine environment where it concerns the secondary poisoning route, by
incorporating not only biomagnification in the prey of predators (BMF4, as for freshwater), but also
in the prey of top predators (BMF,). This does not apply to the EQS derivation for human fish
consumption as here, fish is the species consumed by the 'top predator' (humans). However, the
BMF,; is also needed to set the EQSy,ta for the marine environment because it is unacceptable to
monitor at the trophic level of the marine predators, such as seals, that serve as food for the top
predators, such as killer whales and polar bears. This leads to a different value for QS for
freshwater and QSy;i, for saltwater where it concerns secondary poisoning, which is explained in
the next section.

There are important issues involved in expressing the biota standard as a concentration in prey or
as as a concentration in water and these are summarised in Table 4-5.
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Table 4.4
in the water column

Considerations in expressing a biota standard as a concentration in prey or

Conversion into a water-column
Qs

Expression of the standard as
body residue

Selection of a suitable
‘matrix’ for monitoring

e Easy (Daughter Directive text

currently requires whole water
for organics)

o Analytical sensitivity issues likely

(see below)

Need to decide on appropriate
trophic level, and species and
tissue for monitoring (whole body
or specific organ?)

Uncertainty in
deriving EQS

e Uncertainty in BCF/BMF or BAF

used in converting into water-
column standard

Uncertainty  concerning  AFs
applied to TOXqa and TDI and
BMF, (only for the marine
environment)

Uncertainty in converting into
water-column standard eliminated

Comparison with
other water-column
EQSs

o Direct comparison possible

Different matrix so cannot
compare directly

Availability of data

¢ Requires toxicity data from

feeding studies and BCF and
BMF, or BAF

Requires only toxicity data from
feeding studies and BMF, (only
for the marine environment)

Analysis

¢ Consistent with existing practice
b Qwa, secpois or Qst. secpois or

QSwater, hh food Often < LOQ

¢ Individual sample costs < biota

sample costs, but method
development required to achieve
required sensitivity

e Several samples needed per

year

Method development (e.g.
cleanup) may be required to deal
with biological matrix

Individual sample costs > water
sample costs, but only infrequent

sampling needed (requested
actually 1/year, but 3 to 4
times/year seems more

reasonable)

Relevance to water
quality classification

¢ Need high quality data on food

webs and the identification of the
correct trophic level

¢ Existing classification rules can

apply, e.g. QA/QC Directive, but
with high uncertainties and,
therefore, low confidence that
failure has actually occurred, in
part because of sampling
uncertainties that come with spot
samples

High — biota residue effectively
integrates exposure over long
time periods

Need high quality data on food
webs and the identification of the
correct trophic level for sampling
the correct species

Where a QSyiota (in general) is to be converted into QS,.awr, €xperimental BCF and BMF data, or a
field derived BAF, are required. The water concentration value is calculated as follows:

stiota

stater = BAF

The term bioaccumulation refers to transfer mechanisms of hydrophobic contaminants by both
bioconcentration (accumulation via media) and biomagnifications (accumulation via food).
Normally, the combined effects of each step are combined in a multiplicative approach. Therefore,
the BAF may be calculated as:
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BAF = BCF - | | BMF,

i=1

where the number of BMFs depends on the trophic level or position of the organism in the food
web. According to REACH Guidance (ECHA, 2008), a simple food web is assumed that consists of
water —-BCF— aquatic organisms —BMF,— fish — fish-eating predator. As indicated above, for
marine top predators, an additional BMF in prey of top predators (BMF,) should be applied.
Therefore:

QSbiOta,sec pois, fw(:ug / kg)

S fusecpois (19 /1) =
Q fW,sechls(/ug ) BCF(|/kg)'BMF1

stiota, secpois, Sw (/Ug / kg)
BCF(l/kg)- BMF,

Qst,secpois (/ug / I) =

There are ways in which uncertainty in the calculation can be reduced:
1. The field BAF value for the correct trophic level should be used.
2. The laboratory BCF value is multiplied by the field BMF.

Ideally, the BMFs should be based on measured data. In general, the most reliable data on
biomagnification originate from trophic magnification studies. In such studies, the levels of
contaminants in several species in an ecosystem are measured and expressed as a function of the
trophic level. The trophic level is mostly derived from stable nitrogen isotope ratios and a
regression is made between contaminant concentration and trophic level. The contaminant values
should preferably be normalised to the fraction in the organisms that contains the substance, e.g.
lipids.

The advantage of this method is that it takes into account magnification along the whole food chain
and it is not subject to the rather arbitrary choice of two species for which a BMF is calculated. The
BMF; may be deduced from the increase in (lipid-normalised) concentration of the contaminant
over one trophic level in a simple pelagic food chain. Food web magnification factors (FWMFs) or
trophic magnification factors (TMFs) are based on the slope of the regression of the logarithm of
the concentration versus trophic level. The trophic level is calculated assuming an enrichment of 2
to 5%o (usually 3.4 or 3.8%o) for 5'°N (based on stable nitrogen isotope ratios) per trophic level. The
value of the FWMF or TMF can be taken as the BMF over one trophic level, equivalent to BMF; in
a pelagic food chain. Care must be taken that the regression is based on trophic level rather than
5"°N. If this is not the case, a correction for the increase of 3'°N per trophic level has to be applied.

For the marine environment, an extra BMF is included. In this case, poikilotherms (invertebrates
and fish) and homeotherms (seabirds and mammals) should be distinguished. As the first group is
related to the first BMF for fish, the second group is representative for the biomagnification in
predating birds and mammals. Thus, BMF, should preferably be extracted from a study that
describes such a food chain. In general, the biomagnification in homeotherms is larger than that in
poikilotherms and, thus, BMF; is generally larger than BMF;.

If it appears that the FWMF or TMF is not significantly greater than one, it is reasonable to
conclude that there is no significant biomagnification, and both values for BMF may be set to one.
If the value for FWMF or TMF is significantly below one, trophic dilution is indicated. For the
pelagic food chain, BMF, then equals one, as the BMF value represents biomagnification from
small fish to predatory fish, while the metabolic capacity in fish is assumed to be uniform and the
BCF will mostly refer to fish. For the marine environment, not only the top predators, but also the
predators that feed on fish should be protected. Therefore, even if trophic dilution occurs from
predator to top predator, this step in the food chain is then superfluous as both refer to toxicity of
mammals and birds. In this case, BMF, has to be set equal to one as well.
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Other sources of information are BMFs from field or laboratory studies. Care should be taken in
interpreting these values because they only represent one link in the food chain and may not
represent the overall biomagnification potential of a substance. A BMF is restricted to the ratio
between the concentrations in the predator and in its prey or food in the case of a laboratory study.

The availability of biomagnification data is limited; therefore, the default BMF values given in Table
4-6 (EC, 2003) may be necessary. However, a reliable experimental BCF value is always preferred
above the log K, to estimate the BMF value because it takes the metabolism of the substance into
account, which is an important parameter in food web accumulation.

Table 4-5 Default BMF values for organic substances

log K, of substance BCEF (fish) BMF, BMF,
<4.5 <2000 1 1
4.5-<5 2000-5000 2 2
5-8 >5000 10 10
>8-9 2000-5000 3 3
>9 <2000 1 1

The conversion from a biota standard into an equivalent water concentration can introduce
uncertainty, especially for highly lipophilic substance (i.e. BCF >2000). Generally, substances with
a BCF of 500 or less can be converted into an equivalent water concentration with reasonable
confidence. Where it is necessary to convert a biota QS into an equivalent water-column
concentration, the uncertainties involved in making the extrapolation may be taken into account by
performing the conversion for extreme BAF values as well as using the typical BAF value. If the QS
for water lies within the range of possible extrapolated values of the QS for biota, when considering
the uncertainties of the extrapolation, it is not possible to determine with high confidence which is
the ‘critical’ QS. The worked examples for hexachlorobenzene (HCB) and lindane below show that
for HCB the biota QS is likely to be the critical QS regardless of the uncertainties of the
extrapolation, whereas in the case of lindane there is uncertainty as to whether the biota QS or the
water QS is the critical QS.




Guidance Document No: 27
Technical Guidance For Deriving Environmental Quality Standards

HCB example
QSwater 13 ng'I”' (EQS Substance data sheet, 2005)
PNEC,ra 16.7 [1g-kg”'(EQS Substance data sheet, 2005)
BAF 52,300 L-kg™" (mean value; 26 experimental fish BAF values, min 8130, max
550,000, median 51,900) (Arnot and Gobas, 2006)
EQS,.
EQS 0y = o
BAF
Extrapolated QS ater
Calculated with median BAF 0.3 ng:I™
Calculated with minimum BAF 2 ngI™
Calculated with maximum BAF 0.03 ng'l™’
Lindane example
QSuater 20 ngI”' (EQS Substance data sheet, 2005)
PNECoraI 33 jgkg_‘1
