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Executive Summary

This report was written in the context of Task 1.1 of Workpackage 1 of Stream 4, deadling with
intercomparison between contaminant thresholds at molecular, individual, population and ecosystem
levels. Its main objective is the study of individual responses to chemicals and the establishment of
robust dose-response relationships.

The contaminants selected by the Thresholds project were divided in organic. PCBs
(polychlorobiphenyls), PBDEs (pentabromodiphenyl ethers), PAHs (polycyclic aromatic
hydrocarbons) and metals (cadmium and mercury) (see Milestone 4.2.1). After this selection, it was
decided to look for information on their behaviour in the marine environment in order to study
ecotoxicity and toxicity data that alow definition of dose-response relationship and derivation of
thresholds of no effect.

Given the low availability of data it was not possible to define a robust dose-response relationship for
none of the substances studied except for cadmium. For the same reason it was not possible to derive
thresholds of no effect for most substances. Thresholds could be derived for pelagic organisms for
benzo[a]pyrene, benzo[k]fluoranthene, benzo[g,h,i]perylene and cadmium; as well as thresholds of no
effect for sediment dwelling organisms for benzo[k]fluoranthene. Pentabromodiphenyl ethers and
fluoranthene were the only substances for which thresholds of no effect were derived for the three
media. water (pelagic organisms), sediment (benthic organisms) and top predators (secondary
poisoning). No thresholds were derived for pyrene, benzo[b]fluoranthene and indeno[1,2,3-cd]pyrene.
The most complex substance studied was mercury since it is necessary to consider also secondary
poisoning effects and the role of speciation. Given the knowledge on bioaccumulation and toxicity of
organic mercury and considering the considerable uncertainties encountered, no reliable overall
threshold of no effect of mercury could be derived for the marine environment. It was deemed more
appropriate to wait until a decision is taken at the European Commission level in the context of the
Water Framework Directive.
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1. Introduction

1.1. Context and objectives of the study

This deliverable is included in Stream 4 of the Thresholds Integrated Project, dealing with "Thresholds
and drivers of contaminants' (Stream leader: JRC), in Workpackage 1 of 'Intercomparison between
contaminant thresholds at molecular, individual, population and ecosystem levels”. Objectives of this
Workpackage are 'to compare and assess the differences between contaminant thresholds (individual
and mixtures) at several levels (molecular, individual, population and ecosystem), to study the effects
of the speciation of contaminants and the influence of loading terms (pulse, seasonal, etc.) in their
thresholds values".

Figure 2.2.1-1: Deliverable D4.1.2 in Thresholds|ntegrated Project

Thresholds | P Project

Stream 4

Workpackage 1

Task 1.1

Individual leve : This report

The objective of this report is the "study of individual responses to chemicals' that alow the
"establishment of robust dose-response relationships’, including reporting on "differences between
size, sex, and morphometrics".

1.2. Effective work reported

Chemicals effects assessment comprises two steps of the risk assessment procedure: hazard
identification and dose-response assessment. At this last step, the Predicted No Effect Concentration
(PNEC) shall be determined. This PNEC is considered as the threshold above which an unacceptable
effect is most likely to occur. The methodology to derive PNECs is based on a European consensus
described in the Technical Guidance Document (TGD) in support of European regulation on new
notified, existing substances and biocidal products (European Commission, 2003).
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To derive PNECs, it is very important to evaluate ecotoxicity data with respect to their adequacy and
completeness. Adequacy of a test data can be defined by the reliability of data, covering the inherent
quality of atest relating to test methodology and the way that the performance and results of the test are
described (according to international and/or European guidelines), and the relevance of data, covering
the extent to which a test is appropriate for a particular hazard or risk assessment (appropriate
endpoints studied under relevant conditions, etc.).

Two methods are available to assess dose-response relationships. a method using assessment factors
and a method using statistical extrapolation techniques. To establish robust dose-response
relationships and derive a Predicted No Effect Concentration from a statistical extrapolation, the
method commonly used is Species Sensitivity Distribution, where a large, reliable and relevant dataset
of long-term tests is needed. For most of the substances chosen in Thresholds IP, there is an obvious
lack of relevant and reliable ecotoxicity data. Indeed, most of the time there is not enough data in the
literature to use Statistical extrapolation method, nor to study differences between sex or
morphometrics. Therefore, when dtatistical requirements for the use of statistics were not fulfilled, it is
proposed to deliver literature based thresholds which are PNECs derived on the basis of assessment
factor method, as described in the TGD (European Commission, 2003).

It has to be kept in mind that those PNECs consist in thresholds of no effect for the marine organisms
but in no way of thresholds of no return, given that data on reversibility of effects were too sparse to be
studied.

2. Methodology

2.1. Datacollection

Sources used for the collection of physico-chemical properties, ecotoxicity data and toxicity data are:

= Retrospective literature search using public literature and reviews,

*  On-line chemicals databases;

»  On-line downloaded reports;

= Handbooks of physico-chemical data and environmental fate;

Substantial parts of datasets for HAPs were based on Marchand and Tissier (2002). Where relevant, it
is precised when other specific sources are used.

2.2. Guidancefor ecotoxicity and toxicity data selection and validation

All the following recommendations are given so as to define "guidance” for the work but in no way
they should be taken as compulsory or necessary for studying dose-response relationships or derivation
of ecotoxicity thresholds. In fact, it has to be kept in mind that evaluation of ecotoxicity and toxicity
data as well as effects assessment must undergo expert judgement and can be judged on a case by case
basis. Therefore, many of the following recommendations may not be strictly followed as long as every
choice isjustified.

2.2.1. Toolsfor validation

Validation step of a study is supported by two main technical tools:

- OECD Guidelines for the Testing of Chemicals (OECD, 1981-2004)

- Part II: Assay methods for the classification, packaging and labelling of dangerous substances in
the European Union.
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22.2. Data validation

Guidance followed for this study (and generally recommended)

Given that it was decided to use the methodology recommended in the EC TGD (European
Commission, 2003), tests taken into account should be monospecific and lead on one substance but not
in mixtures.

Data are pooled all together in a database and roughly sorted out. In this database some of the
following information is essential and necessary for validation of the test:

Critical Concentration. This is the concentration that permits the derivation of the PNEC. As far as
possible, the chronic value should be a "No Observed Effect Concentration” (NOEC), which is
preferable to a 'Lowest Observed Effect Concentration” (LOEC), and the acute values should be a
"Lethal Concentration” or an "Effect Concentration” for 50% of the population (LCsp or ECsp).

Test duration and type of toxicity. Toxicity is said to be "chronic" when exposure duration to the
chemical is ca. the duration of the life cycle of the species studied or longer. It is "acute”" in opposite
situations. To derive the PNEC, it is always better when chronic toxicity data come together with acute
toxicity data. Indeed, when acute toxicity values are such that they confirm long term toxicity
(consistency of dataset) it is often possible to lower the assessment factor for PNEC derivation. For
effects and risk assessment purposes, tests on algae are considered chronic as soon as the duration is
equal or superior to 72 h. On the other hand, for crustaceans and fish, tests are considered chronic from
21 and 28 days, respectively. There is one exception, the case of the crustacean Ceriodaphnia dubia
which reproduces quicker than other daphnids and for which exposure is considered chronic as soon as
the test lasts 7 days.

Tests for which test duration is lower than 24 hours can be considered as acceptable but are not usually
used as valid data for PNEC derivation.

Media type. The media in which exposure takes place can be freshwater or saltwater. It is obviously
better to have saltwater data to derive PNEC4ine but there is a serious lack of data in this domain.

Organisms tested. Obvioudy, fresnwater organisms must be tested in freshwater and marine and
estuarine species in salted water. Moreover, some species are recommended by OECD guidelines, like
for example freshwater green algae Selenastrum capricornutum, Scenedesmus subspicatus and
Chlorella vulgaris for growth inhibition tests, and Daphnia magna for bioassays on invertebrates.
Concerning marine species, no species are recommended by OECD yet among algae and invertebrates.
Among fish, the only marine recommended species is Cyprinodon variegatus. On the other hand,
freshwater fish species are very numerous (e.g. Brachydanio rerio, Pimephales promelas, Orysias
latipes, Cyprinus carpio, Lepomis macrochirus, Oncorhynchus mykiss, Poecilia reticulata). In pratice,
a considerable amount of other species is reported in literature data.

Endpoint observed and criteria. Given that the main final purpose is the protection of the environment,
it is always better to work on sublethal effects than on lethal effects. The effects more frequently
observed and taken into account in effects assessment are effects on growth (total body weight,
absolute and relative organ weight), reproduction and larval development.

Tests for which endpoints are not likely to cause adverse effects at populational scale (e.g. effects on
enzymatic activities, endocrine disrupting effects, histological effects, etc.) can be considered as
acceptable but are not usually used as valid data for PNEC derivation.
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Controls. Exposing organisms to the media without chemical is one of the sine qua non conditions to
the validation of the test. Controls are necessary to validate experimenta conditions, i.e. to verify that
no invisible event (e.g. contamination by another chemical than the one studied, sudden change of
temperature, etc.) has occurred during the test being the possible cause for adverse effects or mortality
of organisms. Furthermore, observation of controls allows the differenciation of natural mortality from
mortality only due to occurrence of the chemical. Finally, in the case of use of another solvent than
water it is of prime necessity that controls with solvent are made to deny toxicity of the latter in the
conditions of the test. Low mortality of controls (generallyE10%) is a prime criterion for validity of
tests.

Analysis of chemical. In aquatic media, diverse degradation processes can occur and it is thus important
to report actual concentrations to which organisms are exposed so that effect concentration, calculated
from concentration-effect curves is not biaised. Low variations between measured and nominal
concentrations (£20% variation) is a prime criterion for validity of tests.

Other information. Breeding and culture conditions, conditions of exposure (water temperature,
physico-chemical characteristics of water (pH, O, sdinity, etc.), renewa of exposure media (flow-
through, intermittent or stetic), feeding, etc. are information that can be indicated in the test report.
Tests conditions must be as close as possible to living conditions of the organisms in the field
(continuous flux of media or static media). Finally, a minimum oxygen concentration in the media of
60% of air saturation is also a prime validity criterion.

Data validation is a complex step of the study that has to be based on expert judgement of all
information available in the test report and cited.

Reliability index (Klimischet al., 1997)

It was decided to use Klimish et a. (1997) systematic approach of evaluation of the quality of data in
this study. This evaluation is used in hazard and risk assessment and "intends to harmonize data
evaluation processes worldwide".

The scoring system used to categorize the reliability is as follows:

= 1 =reliable without restrictions: “data[ ...] generated according to generally valid and/or
internationally accepted testing guidelines (preferably performed according to GLP) or in
which the test parameters documented are based on a specific testing guideling]...]Jor in
which all parameters described are closely related/comparable to a guideline method”;

= 2 = reliable with restrictions. “data[...] (mostly not performed according to GLP), in
which the test parameters documented do not totally comply with the testing guideline, but
are sufficient to accept the data or in which investigations are described which cannot be
subsumed under a testing guideline, but which are nevertheless well documented and
scientifically acceptable”

= 3 =not reiable: “data[...]in which there were interferences between the measuring system
and the test substance or in which organisms/test systems were used which are not relevant
in relation to the exposure [...] or which were carried out or generated according to a
method which is not acceptable, the documentation of which is not sufficient for assessment
and which is not convincing for an expert judgment”

= 4 = not assignable: “data[...]which do not give sufficient experimental details and which
are only listed in short abstracts or secondary literature (books, reviews, etc.)”
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2.3. PNEC Derivation according to the TGD methodology (European Commission, 2003)

When validated, data are used for the derivation of the Predicted No Effect Concentration (PNEC). To
this aim, critical concentrations (effect and no effect concentrations) have to be observed and
interpreted : Is their a sufficient number of datato be used in statistical method of derivation? Are acute
and chronic data available for the three main trophic levels (algae, crustaceans, fish)? Are there
available data for both freshwater and saltwater species? Are the data consistent between each others?
These are some of the main questions that have to be raised when deriving a PNEC.

2.3.1 PNEC derivation according to the assessment factor method

Principle
The main principle of PNEC derivation is to divide an effect concentration or a no effect concentration
by an assessment factor.
The purpose of the assessment factor is to take into account:
= extrapolation of data :
- from laboratory studies to the actual environment
- from acute toxicity to chronic toxicity
- from freshwater to saltwater (if necessary)
» uncertainty of data:
- interspecific and intraspecific variations
- interlaboratories and intralaboratory variations
= |ow availability of data (if necessary)

PNEC is derived most of the time from the lowest critical concentration reported in the dataset,
applying aminimal assessment factor of 10 (except case by case), taking into account extrapolation of
data from laboratory to the actual environment. Additionally to this minimal assessment factor, other
assessment factors are used depending on availability of data (see Table 2.3.1-1, Table 2.3.1-1, Table
2.3.1-3and Table 2.3.1-4)

It is far better if PNEC for the marine environment are derived from marine and/or relevant estuarine
toxicity data. Unfortunately, there is an obvious lack of saltwater ecotoxicity data. Therefore, PNEC for
the marine environment are often derived from freshwater data, when there is evidence that no
significant difference of sensitivity exists between freshwater and saltwater toxicity data.
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Table2.3.1-1: Assessment factors proposed for deriving PNECuae for saltwater for different data
sets (European Commission, 2003)

Data set Assessment factor

Lowest shori-term L(E)C50 from freshwater or saltwater representatives of three taxonomic 10,000 .
groups (algae, crustaceans and fish) of three trophic levels

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

One long-term NOEC (from freshwater or saltwater crustacean reproduction or fish growth 1000
studies)
Two long-term NOECs from freshwater or saltwater species representing two trophic levels 500

{algae andlor crustaceans andfor fish)

Lowest long-term NOECs from three freshwater or saltwater species (normally algae and/or 100 -
crustaceans andor fish) representing three trophic levels

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

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

Table 2.3.1-2 : Assessment factors for derivation of PNECnarine sediment from short-term sediment
toxicity tests (European Commission, 2003)

Available test results Assessment factor PNECmarine sedimant

One acute freshwater or marine test 10,000 Lowest of LC50/10,000 and equilibrium-
partitioning method

Two acute tests including a minimum of one marine 1000 Lowest of LC50/1000 and equilibrium-

test with an organism of a sensitive taxa partitioning method

Table 2.3.1-3 : Assessment factors for derivation of PNECmarine sediment from long-term sediment
toxicity tests (European Commission, 2003)

Available test results Assessment factor
One long-term freshwater sediment test 1000

Two long-term freshwater sediment tests with species representing different living and feeding conditions 500

One long-term freshwater and one saltwater sediment test representing different living and feeding 100
conditions

Three long-term sediment tesis with species representing different living and feeding conditions 50

Three long-term tests with species representing different living and feeding conditions including a minimum 10

of two tests with marine species

10
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Table 2.3.1-4 . Assessment factors for extrapolation of mammalian and bird toxicity data
(European Commission, 2003)

TOXoral Duration of test AForal
LCH0 girs 5 da:-."ﬁ 3,000
NOECeirs chronic 30
MNOECmammal. focd chr 28 da\;s 300
80 days a0
chronic 30
2.3.2. PNEC derivation according to the statistical extrapolation method (European

Commission, 2003)

General considerations

If a large dataset from long-term tests for different taxonomic groups is available and therefore the
database on Species Sengitivity Distributions (SSDs) is sufficient (OECD, 1992), then statistical
extrapolation methods may be used to derive a PNEC.

The main underlying assumptions of the statistical extrapolation methods are that the distribution of
species sengitivities follows a theoretical distribution function and that the group of species tested in the
laboratory is a random sample of this distribution (OECD, 1992).

In generd, the method consists in log transforming long-term toxicity data and fitting them according
to the distribution function (a prescribed percentile of that distribution is used as criterion).

Guidance

To use statistical extrapolation method, the method commonly used is Species Sensitivity Distribution,

where a large, reliable and relevant dataset of long-term tests for different taxonomic groups is needed.

The sine qua non conditions are the following:

*= |nput data : reliable available NOECs from chronic/long-term studies, preferably on full life-cycle
or multi-generation studies

=  Minimum sample size : at least 10 reliable chronic data (preferably more than 15)

= Taxonomic groups represented: at least 8 taxonomic groups (fish, another vertebrate, crustacean,
insect, algae, higher plants, a family in a phylum other than Arthropoda or Chordata, a family in
any order of insect or any phylum not already represented).

"Deviations from these recommendations can be made, on a case-by-case basis, through consideration

of sensitive endpoints, sensitive species, mode of toxic action and/or knowledge from structure-activity
considerations."

11
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Estimation of the PNEC

The PNEC is calculated as: PNEC = 5%SSD / AF
"AF is an appropriate assessment factor between 5 and 1, reflecting the further uncertainties identified.
Lowering the AF below 5 on the basis of increased confidence needs to be fully justified. The exact
value of the AF must depend on an evaluation of the uncertainties around the derivation of the 5n
percentile. As a minimum, the following points have to be considered when determining the size of the
assessment factor:
= 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);
- statistical uncertainties around the 5th percentile estimate, e.g., reflected in the goodness of
fit or the size of confidence interval around the 5h percentile, and consideration of different
levels of confidence (e.g. by a comparison between the 5% of the SSD (50%) with the 5% of
the SSD (95%));
= comparisons between field and mesocosm studies, where available, and the 5n percentile
and mesocosm/field studies to evaluate the laboratory to field extrapolation.”

Warning

"The approach of statistical extrapolation is still under debate and needs further validation. An
advantage of these methods is that they use the whole sensitivity distribution of species in an ecosystem
to derive a PNEC instead of taking always the lowest long-term NOEC. However, such methods could
also be criticised. Among the most common drawbacks, the reasons put forward are: the lack of
transparency by using this method compared to the standard approach, the question of representativity
of the selected test species, the comparability of different endpoints, the arbitrary choice of a specific
percentile and a statistical confidence level, etc.”

3. Sdected chemicals

The foIIowmg chemicals (or families of chemicals) were selected in Stream 4 (see Milestone 4.2.1) :

Polychlorobiphenyls (PCBs)

» Pentabromodiphenyl Ethers (PBDES)

= Polycyclic Aromatic Hydrocarbons (PAHS), specifically:
- Pyrene
- FHuoranthene
- Benzo[a]pyrene
- Benzo[b]fluoranthene
- Benzo[K]fluoranthene
- Benzo[g,h,i]perylene

Indeno[1,2,3-cd]pyrene
. Cadml um
=  Mercury

12
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4. Doseresponse relationships and thresholds for
chemicalsin the marine environment

41. General issues

Except where specifically reported:
= all tests were lead with substances pure or amost pure (3 98%)
» when severa results are given for one reference (several endpoints tested or different values for
one endpoint) the worst case has always been taken into account, that is to say the highest
toxicity data e.g. the lowest EC or NOEC.

4.2. PolyChloroBiphenyls (PCBs)

4.2.1. General issues, physico-chemical characteristics and behaviour in the marine
environment

The name PolyChloroBiphenyls (PCBs) denotes a family of organochlorine compounds of high
molecular weight, which molecular formula is G2H(10.nCly, N being the number of chlorine atoms
which can vary between 1 and 10.

They are manufactured via direct chlorination of the biphenyl ring system and this chemical reaction
can lead theoretically to the production of 209 discrete congeners (Ballschmiter and Zell, 1980),
distinguishable from one to another by the number and the position of chlorine atoms on the molecule.
Ballschmiter and Zell, 1980) introduced the original nomenclature system of PCBs in which congeners
are arranged in the ascending numerical order with a number (IUPAC number) based on the number of
chlorine atoms and their substitution pattern on the biphenyl ring.

Selected chemicals

Two criteria have been taken into account for the selection of PCBs congeners to be studied: the hazard
or toxicity and the occurency of monitoring data. Severa PCBs congeners are found in the marine
environment and the most frequently monitored are the following: 28, 52, 101, 105, 118, 138, 153, 156,
180. As the purpose of this report is the effects of contaminants, it was decided to study only PCB
congeners reported as diowin-like compounds i.e. structurally related to polychlorodibenzodioxins
(PCDDs) and therefore to possess similar high toxic properties. The mono-ortho substituted PCBs 105,
114, 118, 123, 156, 157, 167, 189 as well as a few di-ortho substituted PCBs like 170 and 180 are
considered “dioxin-like” compounds (Ahlborg et al., 1994). Therefore, crossing the two criteria, PCBs
chosen to be studied are the following: pentachlorobiphenyls (PeCB) 105 and 118, hexachlorobiphenyl
(HexCB) 156 and heptachlorobiphenyl (HepCB) 180.

PCBs have been widely described in many literature sources, but not always precisely enough so as to
get information on specific congeners 105, 118, 156 and 180. Therefore, physico-chemica properties
in Table 4.2.1-1 are given for PeCBs, HexCB and HepCB, but for PCBs 105, 118, 156 and 180
specificaly only when possible. Moreover, as literature sources are numerous and give dlightly
different values, it was decided to give ranges with maxima and minima, that is why one source is
mainly cited (Mackay et al., 2000) wherein other precise references can be found.

13
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Figure4.2.1-1: CAS numbers, structural features and chemical formula of PCBs.

PolyChloroBiphenyls
C12H(10-n)C|n,

PCB 105 : CAS n° 32598-40-4
2,3,3 ,4,4' -Pentachloro-1,1’ -biphenyl
C12HsCls

(PeCB)

PCB 118 : CAS n° 31508-00-6

2,3 ,4,4' 5-Pentachloro-1,1"-biphenyl
C12HsCls

(PeCB)

PCB 156 : CAS n° 38380-08-4

2,3,3 ,4,4' 5-Hexachloro-1,1’ -biphenyl
C12H4Cls

(HexCB)

PCB 180 : CAS n° 35065-29-3

2,2',3,4,4 515 -Heptachloro-1,1’ -biphenyl
C12HsCl;

(HepCB)

Table 4.2.1-1 : Physico-chemical characteristics of PCBs influencing their behaviour in the
marine environment.

Properties Remarks Molecule Values References

Molecular weight (g.mol %) PeCB 326.4
HexCB 360.9
HepCB 395.3

Water solublility (ug.L™) PeCB 4-72

25°C HexCB 0.4-38 (Mackay et al., 2000)

PCB 180 0.31-6.56

log Kow PCB 105 6.53 -6.93 (Ballschmiter et al ., 2005)
PCB 118 6.61-6.74 (Ballschmiter et al., 2005)
HexCB 6.7-7.3 (Mackay et al., 2000)
PCB 180 7.14—-7.36 (Ballschmiter et al., 2005)

Vapour pressure (mPa) PeCB 0.304 - 30

25°C HexCB 02-12 (Mackay et al., 2000)

PCB 180 0.0858 — 0.506

Henry Constant (Pa.nv.mol %) PeCB 12.2-151.4
HexCB 6.7 -86.0 (Mackay et al., 2000)
PCB 180 3.24-102

log Koc (L.kg™) PeCB 6.21
HexCB 4.785 — 6.869 (Mackay et al., 2000)
PCB 180 55-7.3

* Based on natural isotopic abundance os carbon, chlorine and hydrogen
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PCBs are practically insoluble in water, whereas they dissolve easily in lipids and are readily
accumulated in fatty tissues (WHO/EURO, 1987).

Physico-chemical properties of the PCBs are determined by their structural features, that is to say: the
number of chlorine atoms and their substitution pattern on the biphenyl ring. The parameters
influencing these physico-chemical properties are reported in Table 4.2.1-1. In this table, it is clearly
indicated that the higher the chlorination level, the lower the solubility in water, the higher the partition
to fatty tissues and the higher the accumulation potential. High chlorinated compounds have also less
capacity to evaporate and volatilize.

Therefore, it can be considered that PCBs will not be found in great concentrations in the water column
but more likely in sediments and in fatty tissues of aguatic organisms where they highly bioconcentrate.

4.2.2. Toxicological properties

Acute toxicity

PCBs often do not appear to be very acutely toxic to aquatic species in static test due to their low
solubility in water.

Sea urchin embryos exposed 72h to PCBs showed irregular mass of lysed or undifferenciated cells
(posthatch malformation) and other type of abnormalities e.g. prehatch malformations, skeleta
abnormalities, gut abnormalities and development retardation (Schweitzer et al., 1997). The effects of
an exposure of developing tadpoles to acute and high concentrations of Aroclor 1254 (containing ca.
14% of PCB 118 and 7% of PCB 105) have aso been reported to cause significant reductions in
survival and body size, histological abnormalities, including aberrant tail tip, myotomal, and
melanocyte morphologies (Fisher et al., 2003).

Chronic toxicity

- Mechanism of toxicity mediated by the Ah-receptor (AhR)
Dioxin-like PCBs (coplanar) are reported to work in a similar manner as dioxins, that is to say to bind
to AhR, leading via the ADN traduction process to the production of anormal proteins which can
induce pathologies, development disorders, etc.

. Reproductive toxicity and immunotoxicity
It is well-known that PCBs and their metabolites have potentialities to alter the reproductive processes
by interfering with endocrine function in human (Kester et al., 2000; Portigal et al., 2002), and in fish
(Fossi et al., 2004; Orn et al., 1998; Thomas, 1988; Thomas, 1989; Vaccaro et al., 2005), e.g. by
feminisation of fish (US-EPA, 1997) of altering sex ratio (Matta et al., 1998). It has also been
demonstrated that PCBs may impair lipid metabolism and reproductive success in oysters (Chu et al.,
2003).

Some PCBs are reported to strongly bind to Ah-Receptor (AhR) and have anti-estrogenic effects in fish
(Vaccaro et al., 2005) whereas others do not bind to AhR and have strong estrogenic effects (Vega
Lopez et al., 2006). PCBs are aso likely to affect hormone metabolism by interfering with CYP1A1
(Yeunget al., 2003).
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In mammals, numerous studies have been undertaken to demonstrate that PCBs can alter hormonally
mediated effects on reproduction and developments. In particular, many studies have been carried out
to show that PCBs may be cofactor of immunotoxic effects to marine mammals such as seals (Barron
et al., 2003; Brouwer et al., 1989; Reijnders, 1986), but the establishment of a credible dose-effect
relationship in mammalian population had not been reported until recently. In fact, a study lead by
Levin et al. has demonstrated for the first time causal relationship between exposure to non-coplanar
PCBs and impaired immune function in dolphins and belugas (Levin et al., 2004).

Carcinogenicity and mutagenicity

PCB are classified in Group 2A by IARC, as ‘probably carcinogenic to humans” (IARC, 1987). In
fact, IARC reports that there is “limited evidence of carcinogenicity” in humans and “sufficient
evidence of carcinogenicity” in experimental animals.

Carcinogenic effects are observed at the individual levels but there occurrence and possible
consequences on populations are not well known for the moment. This is the reason why such effects
are not taken into account in data set and derivation of thresholds for the marine environment.

4.2.3. Effects on organisms

Many reports have linked endocrine effects with environmental and experimental exposures to PCBs
mixtures, but few have examined congener-specific effects, and while data on bioaccumulation of
PCBs in aguatic organisms are fairly numerous, occurrence of congener-specific effects data issued
from valid bioassays is very low.

Moreover, data on ecotoxiciy of PCBs are often reported from studies that have not been realised
according to International or European guidelines and which therefore do not fit for risk assessment
purposes and use in determination of reliable thresholds.

Therefore, data reported therafter do not represent an exhaustive list of ecotoxicity data for PCBs but
the data which could be considered as relevant for risk assessment purposes for the marine
environment.

Effects on pelagic organisms

Few valid ecotoxicity data of PCBs to pelagic organisms are reported. Actualy, only one of the tests
reported in Table 4.2.3-1 has been validated according to OECD Guidelines for PCB 105 (Mayer et al.,
1998). Other data, reliable with restriction, are nevertheless reported in this table. All values reported in
Table 4.2.3-1 have been considered as valid in the RIVM report on Maximum Permissible
Concentrations for PCBs (RIVM, 1999).

Effects on benthic organisms

There is no data available in the literature issued from valid water-sediment toxicity tests, reporting
toxicity of sediment spiked with PCBsto benthic organisms.
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Table4.2.3-1 : Acute and chronic toxicity of PCB to pelagic organisms

) EC/NOEC | Expo. Expo
Chemicals | Taxa Species’ EC type” value Conc’ | 1 ped' RI® | References
wol® gt [P

PCB105 | Al oY i ECs (480)

gae enastrum capricornutum (FW) GRO, 46 nr SM 1 (Mayer et al., 1998)
PCB105 | Fish Brachydanio rerio (FW) ErOso (7d) 13 nr nr 4 | (Petersenet al., subm.)

Invertebrates " NOEC (21d) 9 j f .

PCB 118 Crustaceans Daphniamagna (FW) nr >] nr 3 (Dillonet al., 1990)
PCB 156 -
PCB180 | Fish Pimephales promelas(FW) NOEC ) <28 2525 | CINIO |3 | (Suedel et al, 1997)

&FW : fresh water organisms; SW : marine and estuarine organisms.

P EC : Effect Concentration; EGo : EC for 50% of the population; NOEC : No Observed Effect Concentration; GRO : growth; GROy : growth for which
endpoint criterion is biomass, MOR : mortality; REP : reproduction.

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

4 S : static exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nominal concentrations; M : EC/NOEC value based on
measured concentrations; O : open vessel.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Information on methodology was not available (RI=4) or could not be validated according to OECD guidelines (RI=3) but test was considered as
« acceptable » given that it isused in RIVM report (RIVM, 1999).

9 No effects were observed, even at the highest concentration tested.

" Effects were observed at lowest concentration tested.

Effects on top predators : secondary poisoning

Many ecotoxicity data of PCBs to avian and mammalian species indicated in the RIVM report on
Maximum Permissible Concentrations for PCB (RIVM, 1999) have been considered as reliable enough
to be used to derive MPCs According to the TGD (European Commission, 2003), only toxicity studies
reporting on dietary and oral exposure are relevant as the pathway for secondary poisoning is referring
exclusively to the uptake through the food chain. Therefore, in this report, it was chosen not to report
all of the data indicated in RIVM report, because it is not considered reliable to take into account data
exported from tests where animals have been exposed via intraperitoneal injections. In fact, this kind of
exposure is not representative of what happens in the actual environment. For avian species, absolutely
no ecotoxicity data could be validated for PCB 105, 118, 156 and 180 according to OECD Guidelines
205 (OECD, 1984a) and 206 (OECD, 1984b). For mammals, it was decided to report as “acceptable”
the 7 ecotoxicity data that are indicated in Table 4.2.3-2, of which 1 is related to effects of PCB 105, 4
to effects of PCB 118 and 2 to effects of PCB 156. Within the 4 data for PCB 118, one of them could
be validated according to OECD guidelines (OECD, 1981-2004), however with some restrictions. No
validated or “acceptable”’ ecotoxicity data could be reported for PCB 180.
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Table4.2.3-2 : Toxicity of PCB to mammalian species

- - a EC/NOEC value’ | Expo. Conc. Expo. e

Chemicals | Species | EC type (ma.kg" food, ww) | (makg® food, ww) | Type® RI References

PCB105 | Rat Ega(”r) 05 04,1,25 O-nrinr | 4 | (Mooreetal., 199)

PCB118 |Rat | NOEC(90d) 2P 0002,002,02,2 | ODinr |4" | (Héanson et 4., 1994)
BCM\.viTa

PcB118 |Rat | “QEC(90d) 0.002 0002,002,02,2 | O-Dinr |4' | (MacLelanetal,1994)
HSTi-ceil.abn.
NOEC (90d) 0.2 (f) 0.002,0.02, 0.2, 2 (f)

PCB118 |Rat | GRO,.* GROow, ENZ, HRV 0.1 (m) 0.00L 001 0.1 1 (m) | OPM |2 | (Chuetdl., 1995)
NOEC (10-16 d) f

PCB118 | Rat RO GRO, HRM 4 4,16 O-Ghna |3 | (Nessetal.,1993)

PCB118 | Rat NOEC (30d) 3 3,75,15,30 O-Glna | 4' | (ven Birgdlen et dl., 1995)
BCMI-prm
nr (10-13 d) f .

PCB156 | Mouse | dmoyx GROL, 20 10,20 O-Glna | 4' | (Birmbaum et al., 1985)
NOEC (90d) A - )

PCB 156 | Rat GRObu*, GROu . ENZ*, HRMF £12 12,6,12 O-D/nr | 2 (van Birgelen et al., 1994)

PCB180 |- - - - -

2ED : Effect Dose; EDy for x% of the population; NOEC : No Observed Effect Concentration; HRM : Hormone level; BCM | : biochemica effect in the
liver for which endpoint is vitamin A level (VITA) or certain protein level (prot); HST i.calan: histological effect for which endpoint is liver cell

abnormality; GRObw : growth for wich endpoint criterion is body weight; GRO,w : growth for which endpoint criterion is an organ weight; ENZ :
Enzyme(s) induction/inhibition. *: endpoint for which value is reported (when several endpoints observed and different EC/NOEC). lItalics : endpoints
which are usually not considered as acceptable for risk assessment purposes.

P EC/NOEC: value can be reported specifically for females (f) or for males (m).

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

9 nr : information not reportect na: not applicable; O : oral exposure; D : dietary exposure; G: exposure via gavage ; N : only nominal concentrations in

food are reported; M : analysis of dietary substances was carried out and measured concentrations are 380% of nominal concentrations.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Vdid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Information on methodology was not available (RI=4) or could not be validated according to OECD guidelines (RI=3) but test was considered as
« acceptable » given that itisused in RIVM report (RIVM, 1999).

9 NOEC isinthistest isthe highest concentration tested.

" NOEC isin thistest isthe lowest concentration tested.

Many of the tests realised on rats have been led on female and male separately. For those tests, the
lowest value (most of the time data on female) has been reported so as to consider the worst case.
Unfortunately, those data are not usable for comparison of differences with sex because for amost all
of them, NOECs were reported as “superior to”, that is to say being the highest concentrations tested.

424, Thresholds of no effect

Thresholds of no effect for pelagic organisms
There is fairly not enough valid ecotoxicity data to derive any thresholds of no effect for the marine
environment, considering pelagic compartment.

Thresholds of no effect for benthic organisms

Given that absolutely no valid data are available in the literature, it is not possible to derive a thresholds
of no effect of PCBs for benthic organisms. Moreover, data obtained for pelagic organisms are not
sufficiently reliable to be used for derivation in sediments via the equilibrium partitioning method.
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Thresholds of no effect for marine top predators

Concerning secondary poisoning, there is neither enough data for PCB 105 nor PCB 156 to derive
thresholds of no effect. On the other hand, 5 ecotoxicity data are reported in Table 4.2.3-2 for PCB 118.
Therefore, a Predicted No Effect Concentration for marine top predators (PNECr4) can be proposed.
Data reported from MacLellan et al. (1994) does not refer to a classical ecotoxicity endpoint but to liver
cell abnormality which is a histological endpoint. For this reason, it was decided not to take it into
account to derive thresholds for top predators. The NOEC reported for the 13 weeks dietary exposure
of male and female rats to PCB 118 is related to growth endpoint, the criteria of which is body weight.
As the methodology of this test was shown to be ailmost validated, it seems appropriate to take it into
account for the derivation of the PNEC,4, dividing it by an assessment factor (AF) of 90, according to
the procedure described in the TGD (European Commission, 2003) :

PNECoa = 0.1 (mg/kg* food ww.)/ 90 = 0.0011 mg.kg* food ww. = 1.1 pg.kg* food ww.

This value shall not be taken as a reliable threshold because the dataset is poor and data are not
consistent between each others: LOEC reported by MacL ellan et al. (1994) differs from a factor of 100
compared to NOEC reported by Chu et al. (1995).

In the RIVM report (RIVM, 1999) an important list of available bioconcentration factors (BCF) and
biomagnification factors (BMF) is indicated that could be used to have an idea of the corresponding
thresholds of no effect for marine predators in water.

-  BCRa, for fish: 59,000 (Opperhuizen and Jongeneel, 1986), crustaceans. 26,000 (Dillonet al.,

1990)

- BCFyigq for filtrating molluscs = 4 10° — 1.3 107 (Delft Hydraulics, 1995)

- BMFg, =6 (Fisk et al., 1998)

-  BMFjag=7—35 (Leonards et al., subm.; Smit et al., 1996)

Applying aworst case, highest BCF of 1.3 10’ and highest BMF of 35 shall be used :
PNECoral water = PNECora (mgkg ™ ww)/[BCF x BMF] =0.0011/[1.3 10" x 35] =2.4 103 pg.L*

Overall threshold of no effect for marine environment

Thresholds of no effect for marine top predators are the only one that could be derived (1.1 pg.kg*
food ww.) and it is not areliable value. As a matter of fact, it is very different from regulatory values,
e.g. 8— 12 pg.kg? food ww. in fish and crustaceans consumed by human (Regulation 199/2006/CE?)
On the other hand the corresponding value in water obtained according to application of the worst case
is far lower than water quality criteria reported in the literature : in USA, water quality criteria for
PCBsis 30 ng.L! (US-EPA, 1980) and in Canada it is 10 ng.L't (CDWR, 1995)°.

In conclusion, toxicity data which are available in the literature nowadays are not in sufficient number
and reliable enough to derive arelevant threshold of no effect for the marine environment.

Other questions are not dealt with in the present study because it is not clearly stated how to take them
into account in environmental risk assessment methodology (e.g. indirect toxic effects such as
mutagenicity and cancerogenicity). Those questions have to be raised and answered to reach an
appropriate result and derive thresholds of ecological relevancy for PCBs.

& Commission Regulation (EC) No 199/2006 of 3 February 2006 amending Regulation (EC) No 466/2001 setting maximum levels for certain contaminants
in foodstuffs as regards dioxins and dioxin-like PCBs

P Guidelines was updated in 2005 and it was decided to withdraw this value. In fact, as ewironmental exposure is considered to occur predominantly via
sediment, soil, and/or tissue, it was considered not relevant to keep this value in water and to refer to the respective guidelines for these media
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4.3. Pentabromodiphenyl ethers (PBDES)

Data indicated in this report have been mostly extracted from the finalized Risk Assessment Report
published of the European Union (EU-RAR) (European Commission, 2000).

4.3.1. General issues, physico-chemical characteristics and behaviour in the marine environment

Figure4.3.1-1: CAS number, structural features and chemical formula of PBDEs.

Pentabromodiphenyl ethers ) i
377 ST N Sy
C12H5BrsO 5;,‘{--- ...... { ( ------- 2 ------ By,
CAS n° 32534-81-9 AN P H&:,ci .
£ -3

Chemicals considered

Brominated flame retardant available commercially are mixtures of diphenyl ethers with varying
degrees of bromination. This is therefore the case of the product referred as "pentabromodiphenyl
ethers’ (PBDEs) and studied in this report which is not a pure substance but a mixture of congeners,
(which may be grouped to homolog classes , while each class contain different isomers). The term
pentabromodiphenyl ether denotes the main component of the mixture. The specification of the
commercial product referred as "pentabromodipheny! ether" may vary but is generally 50-62% wi/w of
pentabromodiphenyl ether (CAS No 32534-81-9), 24-38% w/w of tetrabromodiphenyl ether (CAS No
40088-47-9), 4-12% w/w of hexabromodiphenyl ether (CAS No 36483-60-0), 0-1% w/w of
tribromodiphenyl ether (CAS No 49690-94-0) and traces of w/w of heptabromodiphenyl ether (CAS
No 68928-80-3).

No ecotoxicity data could be found testing the pure substance. Therefore, the term
"pentabromodiphenyl ethers’ and the abbreviation "PBDES" will be used in this report to refer to the
commercially available product. Percentages will be specified where possible.

Table 4.3.1-1 : Physico-chemical characteristics of PBDEs influencing their behaviour in the
marine environment.

Properties Remarks Values References
Molecular weight (g.mol %) with 70.8% bromine by weight 564.7 -
commercial product, 25°C 13.310°
Water solublility (mg.L™) pentaBDE component, 25°C 24103 (Stenzel and Markley, 1997)
tetraBDE component, 25°C 10.910°
log Kow commercia product, measured 6.57 (MacGregor and Nixon, 1997)
Vapour pressure (Pa) comm. product, 21°C 4.6510° (Stenzel and Nixon, 1997)
Henry Constant (Pa.n.mol %) | calculated from vapour pressure 11 -
log Koc (L.kg™) calculated from logKow 5.42

Physico-chemical properties of the PBDES are determined by their structural features, that is to say to
some extent by the number of bromine atoms and their substitution pattern on the main ring structure.
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The parameters influencing these physico-chemical properties are reported in Table 4.3.1-1. The low
vapour pressure of PBDES indicates that they are unlikely to volatilize from spillage to land whereas
their low water solubility indicates that their volatilisation from solution may still be significant.
However, partition coefficients between octanol and water on one hand and organic carbon and water
on the other hand, permit to assume that PBDES will not be found in great concentrations in the water
column but more likely in sediments and fatty tissues of aguatic organisms where they highly
bioconcentrate.

4.3.2. Toxicological properties

Acute toxicity

Chronic toxicity
The main effects of repeated dose exposure to PBDES appear to be on the liver.

PBDEs have been shown to cause significant induction or EthoxyResorufin-O-Deethylase (EROD),
MethoxyResorufin-O-Deethylase (MROD) and PentothoxyResorufin-O-Deethylase (PROD) activities
(Hallgren and Darnerud, 1998).

Effects on the thyroid hormonal system have also been shown. For example, it was demonstrated using
phenobarbital induced rat liver microsomes that metabolites of certain lower brominated diphenyl
ethers can undergo competitive binding with thyroxin (T4) to transtyretine (Bergman et al., 1997;
Sinjari et al., 1998). A similar study (Meertset al., 1998) reported that some of the lower brominated
diphenyl ethers, including some PBDEs congeners, can give rise to strong (specificaly 2,2',4,4',6-
pentabromodiphenyl ether) or slight competitive binding to human transtyretine after incubation with
phenobarbital induced rat liver microsomes.

This competitive binding with thyroxin indicates that metabolites of some of the lower brominated
diphenyl ethers may have potential to cause endocrine disturbing effects in wildlife (Bergman et al.,
1997).

4.3.3. Effects on organisms

Ecotoxicity data issued from valid bioassays testing PBDES are not so numerous.
Data reported thereafter do not represent an exhaustive list of ecotoxicity data for PBDES but the data
which could be considered as relevant for risk assessment purposes for the marine environment.

Effects on pelagic organisms

Few valid ecotoxicity data of PBDES to pelagic organisms can be cited from the EU-Risk Assessment
Report (European Commission, 2000). Actually, 5 data which are "valid" or "valid with restrictions®
are reported in Table 4.3.3-1 : one reported from a chronic agae test, two reported from tests on
crustacean (one acute and one chronic test) and also two reported from tests on fish (also one acute and
one chronic test). Other data reported in EU-RAR are not reported in Table 4.3.3-1 because they were
considered as not reliable.
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Table4.3.3-1 : Acute and chronic toxicity to pelagic organisms

) EC/NOEC | Expo. Expo
Taxa Species’ EC type® value Conc.t Tyg o RI? | References
= ECo (24h) — ,(Au aL) ™
enastrum 10 tto:
Algae Capricornutum (FW) GRO, 27" 17,31,5.9,12,26 | 54.6%PBDEs | 2 |(PAmeretal,19973)
ECx (48h) 14 .
Invertebrates Atto: C/IM i
NOEC (48h) | 4.9 2 | (Pameretal, 1997b)
CrUStaceans | poio e (EW) MoR 12,2.4,49,9.1,20 | 54.6%PBDES
NOEC (21d) 53 Atto: C/IM 1 (Drottar and Krueger,
GRO ) 14,2.6,5.3,9.8, 20 | 54.6%PBDEs 1998)
LGy (960) _ o
Fish NOEC (96h) | >21' 11,23,39,78,21 54.6% PBDEs 2 (Palmeret al., 1997c)
Oncorhynchusmykiss (FW) | MOR )
NOEC (87d) |, 89 Over thetest : C/IM 1 (Wildlife International,
ELS ) 12,25,4.0,89,16 | 55.1% PBDEs 2000a)

° FW : fresh water organisms.

4 EC : Effect Concentration; LC : Lethal concentration; EGaro (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

'S : satic exposition; R : renewa exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nominal concentrations; M :
EC/NOEC value based on measured concentrations; O : open vessel; Cl. : closed vessel.

9 RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" No effect were seen at 96h, whatever concentration.

' Values higher than solubility of commercial product in water.

| Effects seen could have been due to physical impairment rather than to direct toxic effect.

Effects on benthic organisms

Three valid long-term data are available for testing of sediment toxicity of PBDEs on benthic
organisms.

Table 4.3.3-2 : Acute and chronic toxicity of PBDEsto benthic organisms

EC/INOEC ;
Taxa Species® ECtype” | value Expo.Conc. Expo, RI® | References
(mg.kg" dw) (mg.kg™ dw) Typé€
Inver tebrates : , NOEC (280) 31,63, 13, 25,50 (N) | /N (M) (Wildiife Tnternationd,
Annelids Lumbriculusvariegatus | pep opa | 31 OM <2% 55.19%PBDEs | 2 | 2000d)
NOEC (280) 31,63, 13, 25,50 (N) | /N (M) (Wildiife Internationd,
Crustaceans | Hyalella azteca (FW) MOR, GRO | &3 OM <2% 55.1%PBDEs |2 | 2000b)
NOEC (284) — )
} — 3.1,6.3,13,25,50(N) | C/M (Wildlife International,
Insects Chironomus riparius(FW) II\E/IMOS DVP,| 28 OM <2% 55.1% PBDES 2 20000)

& FW : fresh water organisms.

P LCx : Lethal Concentration for 50% of the population; NOEC : No Observed Effect Concentration; MOR : mortality; REP : reproduction; EMG :
emergence of larvae.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations are expressed as nomina (N)

concentrations. n=number of exposure concentrations apart from controls. OM : Organic Matter content.

4 M : EC/NOEC value based on measured concentrations. N (M) : Concentrations were measured during the test but LC value is based on nominal
concentrations because gpproximately no loss of chemicals occurred in the whole system.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Vdid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on top predators : secondary poisoning

All data reported in top predators are extracted from the Risk Assessment Report of the European
Union (European Commission, 2000).
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Table 4.3.3-3: Toxicity of PBDEsto mammalian species

. a EC/NOEC valué® | Expo.Conc’® Expo. e
Species | EC type (ma.kg® food, ww.) | (mgkg® food, ww.) | Type® % PBDEs | RI References
(Luneval Products Ltd., 1977)
(Great Lakes Chemical
Corporation, 1975)
(Ethyl Corporation, 1984)
LD50 (acute)
> 2000 (fm) Upto 10000 O-DG/nr | CP, %nr uk -
MOR (1.S.C. Chemicals Ltd., 1977a)
(1.S.C. Chemicals Ltd., 1977b)
(von Meyerinck et al., 1990)
Rat (Fowles et al., 1994)
NOEC (28d)
MOR, FDC, GROpw 31000 (fm) (Great Lakes Chemical
GROL, 100 (fm) 0, 100, 1000 O-Dinr | CR9% |1 | Comoration 1976)
HST < 100 (fm)
NOEC (900)
MOR, GROuy 3100 (fm) .
GROuw 2:10 (fm) 0,2, 10, 100 oDnr | CcPwnr |1 (ccf)rr%aotraﬂ on 'igksff) Chemical
BCMcha, prots HRM#, 73| 2 (fm) ,
HST 2(f), <2(m)
NOEC (300) :
MOR, GROb, FDC, 210 (fm) 0,01,051,510 |ODir |CPomr |1 grr%a; o ng‘ézs) Gz
BEH, HST, BCM ’
Rat | poeC (909 <88 0,8.8, 2000 O-nrnr | CM Wk | (Carlson, 1980)
EDeo-70 (14d)
Mouse | GRO <150"-600° 0, 150, 300, 600 onrinr | CP%w |4 | (Fowlesetal., 1994)
HRM, IMM 600
Mouse | e (14d) 150 0,150, 300 ot | CP, % |4 | (Damerudand Thuvander, 1998)

2LD : letha dose ; ED : effect dosg;ED /LDy for x% of the population; NOEC : No Observed Effect Concentration; MOR : mortdlity; FDC : Feeding
Consumption; GROyw : growth for wich endpoint criterion is body weight; GRO,w : growth for which endpoint criterion is organ weight; HST ¢ :
Histological effect (in: on thyroid gland); BCM | : biochemical effect in the liver for which endpoint is vitamin A level (VITA) or certain protein level (prot)
; HRM : Hormone levels (T4 and/or T3); ENZ : Enzyme(s) induction/inhibition, IMM : immunologica effect. *: endpoint for which value is reported
(when severa endpoints observed and different EC/NOEC). Italics: endpoints which are usually not considered as acceptable for risk assessment purposes.
® EC/NOEC : value can be reported for both sex, or specifically for females (f) or for males (m).
¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.
90 oral exposure; D : dietary exposure; G: exposurevia gavage ; i : informatio on analysis of dietary substances not reported.
°RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable, uk : information
given in EU-RAR was not sufficient enough to estimate RI.

Relative liver weight
9 Total body weight, Relative spleen weight

Overadl, the results of studies cited in Table 4.3.3-3 and led on dietary toxicity in rats and mice
demonstrate that the liver is the key organ affected by PBDES. The effects observed include marked
increase liver weight associated with cytoplasmic changes, together with disturbances in porphyrin and
cholesterol synthesis. Indirect consequences of induction of liver enzymes are aso observed:
hyperplasia and decrease of thyroid hormone (T4) levels. Finally, even though sexes were
differenciated most of the time in studies cited, there does not seem to be a specific trend leading to
marked differences in toxicology between sexes.
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4.34. Thresholds of no effect

Thresholds of no effect for pelagic organisms

Long-term NOECs are available for fish, crustaceans and algae. The lowest value NOEC issued from a
21 day reliable chronic test is 5.3 ug.L™* (Drottar and Krueger, 1998). Results available for the algal test
are difficult to interprete but indicate that effects on green algae are likely to occur for similar
concentrations of PBDES.

According to TGD (European Commission, 2003), the recommended assessment factor to apply to this

NOEC value for saltwater organismsis 100.

PNECeeanater = 5.3 (/L' 100 = 0.053 pg.L2

Q} Threshold of no effect for marine pelagic organisms = 53 ng.L*

Thresholds of no effect for benthic organisms

Three chronic freshwater values are available for derivation of PNEC for marine benthic organisms
(PNECmarine sediment), 1Ssued from tests carried out on species which represent different living and
feeding conditions. According to the TGD, an assessment factor of 50 can thus be chosen for the
derivation of the PNEC for benthic organisms. Moreover, ‘for soil organisms, the NOEC should be
normalised to the standard organic matter of soil [...]. This normalisation is not suggested in the TGD
for NOEC from sediment tests, but, in principle, it seems sensible to carry out such a normalisation
assumes that the toxicity seen is due to the chemical present in porewater of the soil and sediment.|...].
The actual organic carbon contents of the sediments used in the tests are unknown. [...] The test
reports indicates that the organic carbon contents of the sediments used was <2% in each test. Snce
organic matter content are usually very approximately two times higher than the organic carbon
contents, this would imply that the organic contents of the sediment used were very low at <1%.
Assuming this value and the standard organic carbon content of sediment to be 5%" according to the
TGD, the lowest NOECtangarg Should then be 5 times the NOEC reported in Table 4.3.3-2.

Among them, the 28 day NOEC of 3.1 mg.kg* dw obtained for Lumbriculus variegatus is the lowest
one. Therefore, the equivalent NOECgangard iS considered to be 15.5 mg.kg* dw :

PNEC marine seiment = 15.5 (mg/kg™® dw)/ 50 = 0.31 mg/kgt dw

Q} Threshold of no effect for marine benthic organisms = 310 pg.kg* dw
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Thresholds of no effect for marine top predators

It has clearly been demonstrated that the main effects of repeated dose exposure to PBDES appear to be
on liver. Based on mammalian toxicity data, the NOEC determined as the more relevant one for
secondary poisoning is thus issued from the 30 day reliable study run on male and female rats by Gresat
Lakes Chemical Corporation (1985), that is to say 10 mg.kg" of food. The PNECa Will therefore be
estimated from this NOEC.

As it is not very clear why an assessement factor of 10 was chosen in the Risk Assessment Report of
the European Union (European Commission, 2000), it was decided not to follow this decision but to
consider as appropriate to apply an assessment factor of 300 — as recommended in the TGD (European
Commission, 2000) for the derivation of a PNEC from aresult of a 28 day (ca. 30 day) repeated dose
study — and to divided it by 10, given that the NOEC chosen for the derivation represents the most
sensitive toxicological endpoint seen in a range or repeated dose studies. Finally, it seems that an
assessment factor of 30 may then be the most appropriate :

PNECra = 10 (mgkg ™ food ww.)/ 30 = 0.333 mg.kg* food ww.

Q} Threshold of no effect for marine top predators = 333 pg.kg* food ww.

Overall threshold of no effect for the marine environment

Thresholds of no effect are available for the three compartments considered: pelagic and benthic
organisms as well as marine top predators.

The PNECscawater iS53 ng.L ™.

To compare them, values have to be derived in the same unity.

= Derivation of PNECmarinesediment In water :
Taking into account a Koc of approximately 26327 L.kg, the corresponding value of the
fNECmarinesedimmt of 0.31 mg.kg* permits to calculate a corresponding value in water of 61.3 ng.L

= Derivation of PNEC 4 in water :
Several studies led on the accumulation of PBDEs in aguatic species have shown that
bioaccumulation of this chemical is important (European Commission, 2000). The value retained
for calculations was a BCF for fish of approximately 27400 L.kg*. Dividing the PNECora of 333
ug.kgt ww by this factor, the corresponding value obtained in water (PNECora, water) iS12.2 ng.L 2.

Comparing those three data all together, is seems that the most protective threshold is the one obtained
with marine top predators. Therefore, it is decided to consider this threshold as the overall threshold for
the marine environment.

Q} Overdl threshold of no effect for marine environment for PEBDE :
= 333 pg.kg! in marine organisms (wet weight)
= ~122ng.Ltinwater
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4.4, Properties common to PAHs

4.4.1. General issues, physico-chemical characteristics and behaviour in the marine environment

Figure 4.4.1-1 : CAS numbers, structural features, chemical formula and physico-chemical
characteristics of PAHs influencing their behaviour in the marine environment
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Due to their concern for adverse effects to human health and the environment, PAHs are widely studied
contaminant. Thus, reliable sources of information describing chemical properties of PAHs are
numerous. For this reason, for easiness, and also because describing physico-chemical properties of
contaminant is not the main aim of this report, it was decided not to cite all origina references as
usualy done but to refer to MacKay et al. Handbook (Mackay et al., 2000) as a unique source of
information.

Physico-chemical properties are mainly determined by the conjugated alpha-electron systems, which
vary fairly regularly with the number of rings and molecular mass, giving rise to a more or less wide
range of values for each parameter.

All PAHs have very low solubility in water whereas PAHs are soluble in many organic solvents
(IARC, 1983; Lide, 1991). Solubility in water tends to decrease with increasing molecular mass as does
their vapour pressure (varying by more than 10 orders of magnitude), but they are considered to be low
anyway. Therefore, it can be considered that PAHs will not be found in great concentrations in the
water column and it could be expected that they will highly bioconcentrate in sediments and in fatty
tissues of aguatic organisms. However, it is not so clear whether these substances bioaccumulate or not.
Indeed, PAHs have been reported to bioaccumulate in invertebrates (Cid Montaries et al., 1995; van
Hattum et al., 1998), while they undergo biotransformation and/or excretion in birds and mammals.

4.4.2. Toxicological properties

Acute toxicity
PAH are expected to have low acute toxicity (Kalf et al., 1995).

Chronic toxicity

It is known that many possible processes can lead to the formation of reactive PAHs metabolites and/or

intermediates, that may be highly toxic, mutagenic or carcinogenic (Neff, 1985).

For example, PAHs can be transformed by light induced (photo)oxidation. Polycyclic aromatic

hydrocarbons phototoxicity is caused by the absorbance and transfer of UV radiation energy from the

excited state of the PAH compound to molecular oxygen, thereby forming excited single state

molecules that may damage tissues directly or cause redox cycling and subsequent cell death (Ankley

et al., 1994; Ankley et al., 1995; Landrum et al., 1986; Newsted and Giesy, 1987; Oris et al., 1984).

Therefore, this process of phototoxicity is a function of the chemical, but is also dependent of the

capacity of organisms to bioaccumulate it.

The existence of such phenomenon has led RIVM to establish criteria of how to deal with literature

concerning phototoxic effects in their report dealing with Integrated Environmental Quality Objectives

for PAHs (Kalf et al., 1995). In this report, it is stated that 'most toxicity studies found in the literature

are performed under standard laboratory conditions" where "animals are exposed to light regimes of

12h:12h or 16h:8h light:dark and light sources like bulbs or fluorescent lamps”. As phototoxicity

phenomenon are very likely to happen aso in the actua environment, it was decided in this report to

validate tests for which:

- light regime used in the test is as much as possible comparable with natural conditions (duration of
light:dark exposure, intensity of light)

- light source used in the test provides visible light, UV-A and/or UV-B as close as possible as
natural conditions

- incubation of PAH during a pre-incubation period in the dark is allowed but incubation time has to
be mentioned.
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In the present report, it was decided to stick as close as possible to these criteria established by RIVM
in their report for validation of study.

PAHs are aso known to be subjet of biological transformations, via the cytochrome P-450 Mixed
Function Oxidase System (MFO system). These transformations may also lead to generate highly toxic
metabolites, sometimes more toxic than parent compounds.

Carcinogenicity and mutagenicity

Some report have demonstrated that action of the MFO system may lead to transformation of PAHs to
metabolites which may bind to cellular macromolecules such as DNA, RNA and protein (Neff, 1985)
possibly causing mutagenic and/or carcinogenic effects.

Benzo[a]pyrene is classified in Group 2A by IARC, as ‘probably carcinogenic to humans’ (IARC,
1983). In fact, IARC reports that there is “limited evidence of carcinogenicity” in humans and
“sufficient evidence of carcinogenicity” in experimental animals.

Benzo[b]fluoranthene, Benzo[k]fluoranthene and Indeno[1,2,3-cd]pyrene are classified in Group 2B
by IARC, as ‘possibly carcinogenic to humans’ (IARC, 1983). In fact, IARC reports that there is
“inadequate evidence of carcinogenicity’ in humans but there is “sufficient evidence of
carcinogenicity” in experimental animals.

Benzo[g,h,i]perylene, Fluoranthene, Pyrene Group 3 are classified as “not classifiable as to its
carcinogenicity to humans’ (IARC, 1983) because the evidence of carcinogenicity is ‘inadequate” in
humans and “inadequate’ or “limited” in experimental animals.

Carcinogenic effects are observed at the individual levels but there occurrence and possible

consequences on populations are not well known for the moment. This is the reason why such effects
are not taken into account in datasets and derivation of thresholds for the marine environment.
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4.5. Pyrene
45.1. Effects on organisms

Effects on pelagic organisms

Acute and chronic ecotoxicity data are available for freshwater and marine algae and crustaceans but
absolutely no valid data is reported for fish.

Table4.5.1-1 : Acutetoxicity of Pyreneto pelagic organisms

EC/NOEC p
Taxa Species® EC type® | value¢ EXpE‘.lc onc. Expoe. RI" | References
(gL (Mg.L?) ype
Ivertebrates | Mulinia lateralis (SW) TCo (@) [109(UV) ] 0,13, 10,30, 100 (UV) (N) )
Molluscs (embryos) MOR 58.8 0,10, 100, 1000, 10000, 20000 (N) | SM |1 | (Pelletier etal,, 1997)
- . LCs (24h) [2.63 (UV) (Weinstein and Poalk,
Utterbackia imbedillis (FW) | % 260 53,80, 12,6, 19.3 (M) RM |1 | 00
Crustaceans LCo (48 1246 nr (n>4) sM |1 | (Bissonetal,2000)
) ECx (24h) |>1024 (Wernersson and
Daphnia magna (FW) MM 57 (UV) nr nr 4 Dave, 1997)
ECo (@8 [330(UV) | 001—4L7 ("=7) —
IMM 29.2-54.8 (D) | 0.1—99.0(n=6) SN |2 | (Nikkilaetal, 1999)
... LCo (@) [532(UV) | 0,13, 10,30, 100 (UV) (N) )
Mysidopsisbahia (SW) MOR 63.8 0,10, 100, 1000, 10000, 20000 (N) | SM |1 | (Pelletier etal,, 1997)

2 FW : fresh water organisms.
P EC : Effect Concentration; LC : Lethal concentration; EGono (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.
€UV : exposure carried tou under UV radiations; D : exposure carried out in the dark.

4 Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nominal (N) or
measured (M) concentrations. n=number of exposure concentrations gpart from controls.
¢S datic exposition; R : renewa exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nominal concentrations; M :
EC/NOEC value based on measured concentrations; O : open vessdl; Cl. : closed vessdl.

"RI : Reliahility Index (Klimish et ., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.
Table4.5.1-2 : Chronic toxicity of Pyreneto pelagic organisms
EC/NOEC ¢
Taxa Species’ EC type” | value Expo. Conc. EXpo, | pie | References
(ug.L'l) (Hg-l- ) Type
Algae ;f‘;;':‘artgh(”g,:g'a Egamh) 12 fr (n>4) sM |1 |(Bissonetal,2000)
Invertebrates | cevingaphniadubia (Fw) | EC0 7D | 21 >4 RM |1 |(Bissonetal,2000
Crustaceans aphniadubia (FW) | pep . nr (n>4) (Bissonet al., 2000)

2 FW : fresh water organisms.
P EC : Effect Concentration; LC : Lethal concentration; EGoo (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.
4'S: static exposition; R : renewal exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC value based on measured concentrations; O : open vessel; Cl. : closed vessel.
®RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on benthic organisms

There is no data available in the literature issued from valid water sediment toxicity tests, reporting
toxicity of sediment spiked with pyrene to benthic organisms.
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Effects on top predators: secondary poisoning

Only one study is available for repeated dose-exposure of mammalian species to pyrene. This 90 day
study carried out by US-EPA lead to a LOAEL of 125 mg.kgtj?* and a NOAEL of 75 mg.kglj™
corresponding to a NOEC of 622.5 mg.kg* food according to conversion factors indicated in the TGD
(European Commission, 2003) for mice.

Table4.5.1-3 : Toxicity of Pyreneto mammalian species

EC/NOEC value® Expo. Conc. Expo.
(mg.kg™ food, ww.) (mg.kg* food, ww.) Type"

Mouse gegc (90d) 622.5 (fm) 0,622.5,1037.5, 2075 O-G 4 (US-EPA, 1989)

Species | EC type® RI® | References

&LOEC : Low Observed Effect Concentration; NOEC : No Observed Effect Concentration; DYS : rena dysfonctioning.

P (fm) : value reported for both sex: females (f) and males (m).

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

90 oral exposure ; G: exposure via gavage.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Vaid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

45.2. Thresholds of no effect

Thresholds of no effect for pelagic organisms

Acute toxicity data to pelagic organisms are solely available for one marine mollusc, marine and
freshwater crustaceans (see Table 4.5.1-1) and long-term data are available for freshwater crustaceans
and algae (see Table 4.5.1-2). As the taxa of fish is not represented at al in these datasets, it is not
possible to state if the more sensitive species would be taken into account in the derivation of a
threshold from such datasets.

Therefore, it is not reliable to derive a threshold of no effect of Pyrene based on data available at
present.

Thresholds of no effect for benthic organisms

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of pyrene for benthic organisms.

Thresholds of no effect for marine top predators

Asonly one datais available (see Table 4.5.1-3), lack of data is obvious and it is not possible to derive
any threshold of no effect of Pyrene for top predators.

Overall threshold of no effect for the marine environment
Due to important lack of data, no reliable threshold of no effect can be derived.
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4.6. Fluoranthene

4.6.1. Effects on organisms

Looking at short term data, no significant difference of sensitivity can be demonstrated between marine
and freshwater organisms. Phototoxicity to UV radiation was observed in many of the tests reported
above. Boese et al. (1997) have shown that this phenomenon can aso be influenced by other
parameters, such adaptation to high UV radiation. Therefore, in order to take this parameter into
account correctly, species studied have to be chosen carefully.

Results issued from long term toxicity data reported in Table 4.6.1-1 are consistent between each other.
Although marine data are lacking, it seems that no significant difference can be seen between marine
and freshwater crustaceans. Occurrence of phototoxicity is still obvious for long term data.

Table4.6.1-1 : Acutetoxicity of Fluorantheneto pelagic organisms

_ EC/NOEC Exoo
Taxa Species® EC type” | Value’ Expo. Conc. (ug.L?) T PO |RI" | References
(ug.L") ype
Algae Soenedesussubspicatus (FW) | £ o6 | 15 nr SN |4 | (Kordd e al., 1981
Selenastrum capricornutm (FW) (EE(RZS(% (96) 54 400° nr nr 4 (USEPA, 1978)
Skeletonema costatum (SW) g&g (96h) 45 600° nr nr 4 (USEPA, 1978)
Invertebrates : LCs (96h) [ 2.2 (UV) _
Hydrozoans Hydra americana (FW) MOR 70 nr (n=5) CIM 2 (Speher et al., 1999)
Anndlids Sylaria lacustris (FW) I,:/I%*’R(“Sh) > 220 nr (n=5) SM 2 (13:9(36(;(3' and Roogers,
L Cs (961) 0,10,50,100,500,1000, .
Neanthes arenaceodentata (SW) MOR 500° 25005000 SM 1 (Rossi and Neff, 1978)
— . LCx (96h) | 1.09 (UV) | 0,1,3,10,30,100 (UV) (N) .
Molluscs Mulinia lateralis (SW) (embryos) MOR 58.8 010,107, 10% 10° 2. 10 (N) SM 1 (Pelletier et al., 1997)
Mytilus edulis (SW) ECo (3 g nr (n>4) SM |1 | (Donkinetal,1989)
Crustaceans ,';A%SOR(Z“h) >100 000350.353535100(N) | SN |2 %";;‘er and  Negel,
Ampelisca abdita (SW) L G (057
MOR 67 nr (n=5) R/M 1 (Speher et al., 1999)
Corophium insidiosium (SW, b) E&g (4d) gg V) nr R/M 2 (Boeseet al., 1997)
Lo (48 | OV e (nes) cM |2 | (Spehar etal., 1999)
Daphniamagna (FW) -2 (10 | 3026 nr (n=6) M |2 (13;)%1)6' and Rodgers,
ECo (48 | 45 nr M |4 | (Orisetal., 1991)
Emeritaanaloga (SW) ES"’& (96n) ;g V) nr R/M 2 (Boeseet al., 1997)
Eohaustoriusestuarius(SW) Efﬁ; (96n) Z%V) nr R/M 2 (Boeseet al., 1997)

& FW : fresh water organisms, SW : marine and estuarine organisms; b : benthic organisms.

P EC : Effect Concentration; LC : Lethal concentration; EGoo (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; FIL : inhibition of filtration capacity; BUR : inhibition of burrying capacity.

€UV : exposure carried tou under UV radiations.

4 Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nominal (N) or
mesasured (M) concentrations. n=number of exposure concentrations apart from controls.

¢S : datic exposition; R : renewal exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nominal concentrations; M :
EC/NOEC value based on measured concentrations.

"RI : Reliahility Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

9 Effect concentration above chemica solubility.

31



THRESHOLDS DELIVERABLE 4.1.2

EC/NOEC Exn0
Taxa Species’ EC type”® | Value® Expo. Conc.? (ug.L?) PO |RI" | References
Type
(ug.L™)
Excirolana (SW) ESSIOQ (96) :?% Lv) nr R/M 2 (Boeseet al., 1997)
Gammarus minus (FW) ErCso (96 32 nr nr/M 4 (Horne et al., 1983)
Grandidierella japonica(SW,b) | £ (%) | 19(WV) RM |2 | (Boeseetal,1997)
L Cs (10d) — (Suedel and Rodgers,
Hyalella azteca (FW) MOR 03 ) SM 12 |1998)
L Cs (10d) (Werner and Nage,
MOR > 500° 0, 1, 10, 100, 500 SN 2 1997)
Leptocheirus plumulosus (SW, b) 585& (96h) g? V) nr R/M 2 (Boeseet al., 1997)
LCs (48n) | 532 (UV) [0,1,3,10,30,100 (UV) (N) .
MOR 63.8 010107 10% 10'2. 10 () | SM |1 | (Pelletier etal., 1997)
Mysidopsisbahia (SW) ,';/I%OR(%“) 40 nr - 4 | (USEPA, 1978)
L Co (960) | LALAUV) | iy (n=s) oM |1 | (Spenar et al., 1999)
- @4 > 100 0,03535,3570,100 |SN |2 %V;;?er and Negdl,
Rhepoxynius abronius(SW) ECs (967 | 5 (0V)
BUR 63 nr R/M 2 (Boeseet al., 1997)
Insects Aedes aegypti (FW) I,;/I%SOR(%h) 10 nr nr 4 (Borovsky et al., 1987)
Chironomus tentans(FW) I,;A%*’R(lod) 37.8 nr (n=6) SM 2 g%é%(;d and Roogers,
Fish Cyprinodon variegatus(SW) kA%OR(%h) 560000 | nr (n>1) SN |3 (1';2‘{;““”” e al,
Ictalurus punctatus(FW) k/%OR(%h) 36 nr nr/M 4 (Gendusa, 1990)
Onchorhynchus mykiss (FW) k/%OR(%h) 187 nr nr’'M 4 (Horne et al., 1983)
Pimephales promelas(FW) kA%SOR(%h) 14-18 nr nr/M 4 (Diamond, 1995)

" Effect concentration above solubility of the chemical in water

Table4.6.1-2 : Chronictoxicity of Fluorantheneto pelagic organisms

EC/NOEC c
Taxa Species’ EC type® Value Expﬁ.iConc. _I?xpod. RI® | References
(gly |HoL) ype

Algae ;f‘éggﬁgt‘;h(’;'%e' la E%D(m) 86 nr (n>4) M 1 | (Bissonetal, 2000)
Scenedesmus subspicatus(FW) gglco) O 146 nr SN 4 | (Kérdel etal., 1981)

Invertebrates : f : ECyp (7d) .

Crust Ceriodaphnia dubia (FW) REP 1 nr (n>4) M 1 (Bissonet al., 2000)
Daphnia magna (FW) 'l\\IA%I;C (21d) 1;’ Lv) nr (n=5) R/M 2 (Spehar et al., 1999)
Mysidopsisbahia (SW) NOEC(1d) 1 96 (OV) oy (nes) oM |1 | (Spehar et dl., 1999)

) ! . NOEC(41d) (Hooftman and Evers-de Ruiter,

Fish Brachydanio rerio (FW) MOR/IGRO | 6.9/22-69 nr R/M 1 1992)

Pimephales promelas(FW) | MO=C(@80) | 28 (OV) gy (s oM |1 | (Spehar et dl., 1999)

&FW : fresh water organisms.

P | Cx : Letha Cconcentration for 50% of the population; NOEC : No Observed Effect Concentration; MOR : mortality.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls.
4 : static exposition; R : renewal exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC value based on measured concentrations.

®RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.
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Effects on benthic organisms

Toxicity data of sediment spiked with fluoranthene to marine crustaceans and some marine and
freshwater insects are quite consistent all together (see Table 4.6.1-3). It is rather surprising however to
see that some studies show quite important differences in vaues, i.e. high LCso of 99.4mg.kg*dw for
the marine amphipod R.abronius (Swartz et al., 1997) and even including high values of chronic
values: NOEC of 31 mg.kg*dw for C.riparius (Stewart and Thompson, 1995) and a NOEC of 61
mg.kgldw for Sknabeni (Lotufo, 1997). These differences may be explained by the nature of
sediments used in each study, the contents of organic carbon being much higher in those studies
compared to others.

Table4.6.1-3 : Acute and chronic toxicity of Fluoranthene to benthic organisms

Taxa Species® EC type” \E/ca:llllj\IeOEC Expo.C_lonc.C EXPO. | Rie | References
(makg® dw) | (MIKI™ W) Type
Invertebrales | pyaieila azteca (FW) a0 2374 D i 05% M |1 | (Suedd etal, 1993)
k/%’R(lOd) 34-10.7 %3%_11'213_’ 4%;') 13.6(M) M |2 |(swatzeta.,199)
I(?Srl;\e;))oxynius abronius b%mR(lod) 11.1-19.1 %é?.g',gén.?,m.zzs.s (N) M 5 (Dewitt et al., 1992)
h% o (10d) 994 %’ :1.3%%3.3, 64mgg‘ocm) |, 2 | (swatzad. 1907
Insects Chironomus tentans(FW) :\‘A%g(md) 387 ?_ro(g:(S()) 44-05% M 1 (Suedd et al., 1993)
e ol O e T N
Schizopera knabeni (SW) | NOEC (4D 1 61 o, 137,209 M |3 | (Lotufo, 1997)

&FW : fresh water organisms.

P | Cx : LC for 50% of the population; NOEC : No Observed Effect Concentration; MOR : mortality; REP : reproduction; EMG : emergence of larvae.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations apart from controls. (T)OC : (Total) Organic Carbon.

4N : EC/NOEC value based on nominal concentrations; M : EC/NOEC val ue based on measured concentrations.

®RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on top predators : secondary poisoning

Only one study is available for repeated dose-exposure of mammalian species to fluoranthene. This 90d
study carried out by US-EPA lead to a NOAEL of 125 mg.kg,j™* corresponding to a NOEC of 1037.5
mg.kg* food according to conversion factors indicated in the TGD (European Commission, 2003) for
mice.

Table 4.6.1-4 : Toxicity of Fluoranthene to mammalian species

. a EC/NOEC value® Expo. Conc. Expo. e
Species EC type (mg.kg* food, ww.) (mg.kg® food, ww.) Type® RI™ | References
Mouse gegc (90d) 1037.5 (fm) 0,622.5,1037.5, 2075 Oo-G 4 (US-EPA, 1988)

#LOEC : Low Observed Effect Concentration; NOEC : No Observed Effect Concentration; DY'S : rend dysfonctioning.

P (fm) : value reported for both sex: females (f) and males (m).

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

90 oral exposure ; G: exposure via gavage.

®RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.
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4.6.2. Thresholds of no effect

Thresholds of no effect for pelagic organisms

Acute toxicity data are available for the three main trophic levels (algae, crustaceans and fish) for both
freshwater and saltwater. Moreover, short term data are also available for additional freshwater taxa
(hydrozoans, annelids, and insects) and one additional saltwater taxa, i.e. molluscs. Results of long
term tests are available for the three main trophic levels in freshwater but only one long term data for
marine organisms is available for crustaceans taxa.

From this data set, there does not seem to be any significant difference of sensitivity between
freshwater and saltwater species. Therefore, PNECseawater CaN be determined from both saltwater and
freshwater dataset. The lowest chronic value issued from exposure under fluorescent light is obtained
by Bisson et al. (2000) for Ceriodaphnia dubia. Thisisan EC1o (7 day), taken as a NOEC(7d) = 1 ug/l.
This value is not far from the ones reported by Spehar et a. (1999) for other crustaceans (marine and
freshwater) and a fish after UV exposure.

As afirst approach, an assessment factor of 10 can be applied to the NOEC for Ceriodaphnia dubia :

PNECsawater = 1 (ng/LY)/ 10= 0.1 pg.L?

Q} Threshold of no effect for marine pelagic organisms = 100 ng.L™*

Thresholds of no effect for benthic organisms

Data issued from water-sediment toxicity tests are available but only one valid chronic data is reported.
This chronic available value is the one reported by Stewart and Thompson (1995) for Chironomus
riparius after a 28d exposure : 31 mg.kg* dw. According to the TGD (European Commission, 2003),
taking into account that only one chronic value is available; an assessment factor of 1000 shall be
applied. Moreover, as said in the Risk Assessment Report of PBDEs already cited above (European
Commission, 2000) “for soil orgnisms, the NOEC should be normalised to the standard organic matter
of soil [...]. This normalisation is not suggested in the TGD for NOEC from sediment tests, but, in
principle, it seems sensible to carry out such a normalisation assumes that the toxicity seen is due to
the chemical present in porewater of the soil and sediment.” In the case of Stewart and Thompson
(1995), the test reports indicate that the organic carbon contents of the sediments used is 1.1%.
“Assuming the standard organic carbon content of sediment to be 5% according to the TGD
(European Commission, 2003), the lowest NOECgandard Should then be about 5 times the NOEC of
Stewart and Thompson (1995), i.e. 155 mg.kg* :

PN ECmarine sediment — 155 (mg/kg'l dVV)/ 1000 = 0.155 mg/kgl dW

Q} Threshold of no effect for marine benthic organisms = 155 pg.kc* dw
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Thresholds of no effect for marine top predators

Only one 90 day toxicity data on mammals is available. Therefore, an assessment factor of 90 is
applied according to TGD (European Commission, 2003) :

PNECra = 1037.5 (mgkg ™ food ww.)/ 90 = 11.5 mg.kg* food ww.

Q} Threshold of no effect for marine top predators = 11.5 mg.kg* food ww.

Overall threshold of no effect for the marine environment

Thresholds of no effect are available for the three compartment considered: pelagic and benthic
organisms as well as marine top predators.

The PNECseawater is 100 ng.L ™.

To compare them between each other, values have to be derived in the same unity.

» Derivation of PNECmarinesediment in water :
Taking into account a Koc range of 41,687 — 251,189 L.kg?, the value of the PNEC naine segiment Of
155 ulg.kg' ! permit to calculate a corresponding value in water PNEC narine simentwater Of 32 — 193
ng.L.

» Derivation of PNECy 4 in water :
Several studies led on the accumulation of fluoranthene in aquatic species have shown that
bioaccumulation of this chemical is not negligible. Among these, two BCF values were retained : a
value of 378 L.kg* for fish (Gerhart and Carlson, 1978), and a value of 5920 L.kg* for molluscs
(McLeese and Burridge, 1987). Dividing the PNECqya of 11.5 mg.kg* ww by these factors, the
corresponding values obtained in water (PNECora, waer) @€ 1.9 pg.L ™t and 30.4 pg.L ™.

Comparing those three data al together, is seems that the most protective threshold is the one obtained
for benthic organisms. Therefore, it is decided to consider this threshold as the overall threshold for the
marine environment.

Q} Overdll threshold of no effect for marine environment for Fluoranthene :
= 155 pg.kg?! in sediment (dry weight)
= ~32ng.Ltinwater
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4.7. Benzo[a]pyrene

4.7.1. Effects on organisms

Effects on pelagic organisms

According to the dataset available presented in Table 4.7.1-1, there does not seem to be a significant
difference of sengtivity between marine and freshwater crustaceans. Data available are rather
consistent between each other and lower values are observed for the two tests realised with
measurement of concentration in the media during the test (Newsted and Giesy, 1987; Bisson et al.,
2000), suggesting that loss of chemicals occurs in tests and that toxicity may be underestimated where
effect concentrations are expressed in terms of nominal concentrations.

Table4.7.1-1 : Acutetoxicity of Benzo[a]pyrene to pelagic organisms

EC/NOEC c
Taxa Species® EC type” Value Expﬁ._lConc. Expod RI® | References
(oly |MoL) ype
Algae Scenedesmus acutus(FW) ECR% (72h) g Nr nr/N 4 (Schoeny et al., 1988)
Invertebr ates L N s RM |2 | (NewstedandGiesy, 1987)
acedr Daphnia magna (FW) L Ceo (@80)
MOR >2.7 nr (n>4) SM 1 (Bissonet al., 2000)
Daphnia pulex (FW) Lo (960 g 0-10 (n=nr) N |2 | (Truccoet al., 1983)
Eurytemora affinis (SW) kA%SOR(%h) 58' Nr R/nr 4 (Forget et al., 2001)
LCo (480 gy’ 0-1000 (n=nr) SN | @
Gammarus duebeni (SW) [ NOEC (134h) | 8 (Lawrence and Poulter, 1998)
LOEC (134h) | 12 0,4,8,12(n=3) SN 3
SWM

& FW : fresh water organisms.

P EC : Effect Concentration; LC : Lethal concentration; EGaoo (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations apart from controls.

4 : static exposition; R : renewal exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC va ue based on measured concentrations; Cl : Closed vesselsto limit loss by volatilisation.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Effect concentration above solubility of the chemical in water

9 Benzo[a] pryene diluted in presence of benzene.

Most chronic data are issued from tests where concentrations were measured during the bioassay.
Results are rather consistent between each others, even if many of the values are higher than water
solubility as chemica was diluted with solvent in the test media

There is an obvious lack of marine data. No clear difference can be shown between marine and
freshwater crustaceans.
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Table4.7.1-2 : Chronic toxicity of Benzo[a]pyreneto pelagic organisms

) EC/NOEC | Expo. Exno
Taxa Species® EC type” Value Conc.°1 Tyge‘i RI® | References
(ng.L7) (ng.L7)
Algae Pseudokirchnierella subcapitata (FW) ggamh) 0.78 nr(n>4) [SM |1 | (Bissonetal, 2000)
Invertebrales | Ceriodaphniadubia (FW) Eco(™ o5 (>4 [RM |1 | (Bissonetal, 2000)
Eurytemora affinis (SW) '\N/I(éic (10d) 12 nr R/nr 4 (Forget et al., 2001)
. NOEC (28d) f (Hooftman and Evers-de Ruiter,
i Brachydanio rerio (FW) ELS - " i - 1992)
erEC (@2d) 16 nr M |4 | TNO (1993)
Oncorhynchus mykiss (FW) EI(_) SE C(36d) 24 nr nr/M 4 (Hannahet al., 1982)
I(_;J]rb e?ydgn;s tenuis (FW) ErOEC (14d) | nr nr 4 | (Winkleret al., 1983)

&FW : fresh water organisms.

P EC : Effect Concentration; LC : Lethal concentration; EGao (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS : diverse endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations gpart from controls.

4'S: static exposition; R : renewa exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC value based on measured concentrations.

®RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Effect concentration above solubility of the chemical in water

9 Whole referenceis no cited in this report (6. References) because it could not be found.

Effects on benthic organisms

There is no data available in the literature issued from valid water-sediment toxicity tests, reporting
toxicity to benthic organisms of sediment spiked with benzo[a] pyrene.

Effects on top predators: secondary poisoning

Two acute toxicity data on mammals are available but no value could be found issued from tests
carried out with repeated dose long term exposure.

Table4.7.1-3 : Toxicity of Benzo[a]pyrene to mammalian species

. a EC/NOEC valué® [ Expo.Conc® Expo. e
Species EC type (mg.kg* food, ww.) [ (mg.kg* food, ww.) | Type RI" | References
Mouse r|§ Pso (acute) > 1600 Upto 1600 o-nr 4 | (Awogi and Sato, 1989)
f
Rat geggé“d) 1500 0,500, 1500 o-nr 1 | (Nousiainen et al., 1984)

2 LDso: Lethal Dosefor 50% of the population ; NOEC : No Observed Effect Concentration; DY Ssir : Gastric, Hepatic and Rena Dysfonctioning.

P (fm) : value reported for both sex: females (f) and males (m).
¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.
90 oral exposure; G: exposure via gavage.
®RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Not acceptable as a NOEC because exposure duration is to short
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4.7.2. Thresholds of no effect

Threshold of no effect for pelagic organisms

Given the consistent dataset available, no difference between marine and freshwater organisms can be
stressed. Therefore, both marine and freshwater data are usable to derive the threshold of no effect.
Chronic values are available for the three main trophic levels (algae, crustaceans, fish) in freshwater,
and for one estuarine crustacean. The lowest datais an EC;o obtained by Bisson et al. (2000) for their 7
day test on reproduction of Ceriodaphnia dubia. According to the TGD (European Commission, 2003),
this value can be assimilated to a NOEC and an assessment factor of 100 can be applied to it to derive a
PNEC for marine organisms :

PNECgawae = 0.5 (ug/L')/ 100 = 0.005 pg.L*

[5 Threshold of no effect for marine pelagic organisms = 5 ng.L™*

Thresholds of no effect for benthic organisms

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of benzo[a]pyrene for benthic organisms.

Threshold of no effect for marine top predators

According to the TGD (European Commission, 2003), secondary poisoning effects on bird and
mammal populations rarely become manifest in short-term studies. Therefore, results from long-term
studies are strongly preferred, such as NOECs for mortality, reproduction or growth.

In the case of Benzo[a]pyrene, as no adequate toxicity data for mammals or birds are available, an
assessment of secondary poisoning cannot be made.

Overall threshold of no effect for the marine environment

The threshold of no effect for pelagic organisms is the only one that could be derived.
As a first approach, this threshold will be considered for the protection of the whole marine
environment :

Q} Overall threshold of no effect for marine environment for Benzo[a]pyrene :
» 5ng.L ! of water
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4.8. Benzo[b]fluoranthene

4.8.1. Effects on organisms

Effects on pelagic organisms

Very few data are available for exposition of pelagic organisms to benzo[b]fluoranthene. At least, all
these datareported in Table 4.8.1-1 and Table 4.8.1-2 are of good reliability and very consistent betwen
each other because issued from the same study of Bisson et al. (2000).

Table4.8.1-1 : Acutetoxicity of Benzo[b]fluorantheneto pelagic or ganisms

ECINOEC .

Taxa Species” EC type” Value Expﬁ._lCmc. Engd' RI® | References
(ugly |MIL) yp

Inver tebr ales | paphniamagna (FW) L) | s (g SM | 1 | (Bissonetal,2000)

&FW : fresh water organisms.

P EC : Effect Concentration; LC : Lethal concentration; EGaio (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations apart from controls.

4'S: static exposition; R : renewa exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC value based on measured concentrations; Cl : Closed vesselsto limit loss by volatilisation.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Vdid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Table4.8.1-2 : Chronic toxicity of Benzo[b]fluorantheneto pelagic or ganisms

EC/NOEC | Expo.

Taxa Species® EC type® value | Conc® E;ggd' RI® | References
(ugLlh | (ug.L?

Algae Pseudokirchneriella subcapitata (FW) ECCI_‘OR(gfh) >1 nr(n>4) | M | 1 |(Bissonetal,2000)

Invertebrates ; " ; ECy (7d) .

Crustacean | C&riodaphniadubia (FW) REP >1.1 nr(n>4) | R™M | 1 | (Bissonetal.,2000)

2 FW : fresh water organisms.

P EC : Effect Concentration; LC : Lethal concentration; EGoo (L Go) : EC(LC) for 50/10% of the population; NOEC : No Observed Effect Concentration;
GRO : growth; MOR : mortality; ELS: diverse endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations apart from controls.

4 S : satic exposition; R : renewa exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations, M :
EC/NOEC value based on measured concentrations.

¢RI : Reliability Index (Klimish et a., 1997); 1 :Vaid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on benthic organisms

There is no data available in the literature issued from valid water-sediment toxicity tests, reporting
toxicity of sediment spiked with benzo[b]fluoranthene to benthic organisms.

Effects on top predators : secondary poisoning

One toxicity data on mammals is available but it could not be validated and it is reported in Table
4.8.1-3 only as an indicative value.
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Table 4.8.1-3 : Toxicity of Benzo[b]fluoranthene to mammalian species

. a EC/NOEC valué® | Expo.Conc?’ Expo. e
Spedies EC type (ma.kg food, ww.) | (makg" food, ww) | Typel | RI° | References
Mouse NOEC (560) <05 0,05,5 onm | 4 |(Leead srickland, 1993)

#NOEC : No Observed Effect Concentration; IMM : immunologic effects for which endpoint islevels of antibodies.

b (fm) : value reported for both sex: females (f) and males (m).

¢ Expo. Conc. : Concentration of the substance to which organisms were exposed during the test.

90 oral exposure ; G: exposure via gavage.

®RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

4.8.2. Thresholds of no effect

Threshold of no effect for pelagic organisms

Ecotoxicity data to pelagic organisms are solely available for freshwater organisms : one acute data for
Daphnia magna (see Table 4.8.1-1) and two chronic data for a green algae and Ceriodaphnia dubia
(see Table 4.8.1-2). As the taxa of fish is absolutely not represented in these datasets, it is not possible
to state if the more sensitive species would be taken into account in the derivation of a threshold from
such datasets.

Therefore, it is not relevant to derive a threshold of no effect of benzo[b]fluoranthene based on data
available at present.

Thresholds of no effect for benthic organisms

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of benzo[b]fluoranthene for benthic organisms.

Threshold of no effect for marine top predators

Given that only one data is available and that this data could not be validate, it is not possible to derive
athreshold of no effect for top predators.

Overall threshold of no effect for the marine environment

Given that derivation of thresholds can be done for none of the three compartment (pelagic, benthic,
top predators), it is not possible to evaluate a threshold of no effect for the marine environment.
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4.9. Benzo[k]fluoranthene

4.9.1. Effects on organisms

Effects on pelagic organisms

Few data are available for exposition of pelagic organisms to benzo[k]fluoranthene. They are reported
in Table4.9.1-1 and Table4.9.1-2.

Table4.9.1-1 : Acutetoxicity of Benzo[k]fluoranthene to pelagic organisms

EC/NOEC c
Taxa Species” EC type” Value (Eﬁ(gﬁ'%onc' E;g(e)‘; RI® | References
(ugL? :
LCo (3M) |4 4 RM |2 | (Newsted and Giesy, 1987)
Invertebrates } MOR
Crustacean Daphnia magna (FW) T Co (280)
MOR >1.1° nr (n>4) SM |2 | (Bissonetal. 2000)

&FW : fresh water organisms.

P | Cx : Lethal concentration for 50% of the population; MOR : mortality.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

¢S : static exposition; R : renewal exposition; N : EC/NOEC value based on nomina concentrations; M : EC/NOEC value based on measured
concentrations; Cl : Closed vesselsto limit loss by volétilisation.

°RI : Reliahility Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Effect concentration above solubility of the chemical in water.

Table4.9.1-2 : Chronic toxicity of Benzo[k]fluorantheneto pelagic or ganisms

EC/NOEC c
Taxa Species® EC type® value Expo. Conc.” | BXpO, | pre | References
(ng.L'l) (Hg.L?) Type
. ; ! ECu (72h) f i
Algae Pseudokirchneriella subcapitata (FW) GRO, >1 nr (n>4) SM 2 (Bissonet al., 2000)
Invertebrales | ceriodaphniacubia (FW) ECo (1 1oy r (n>4) RM |2 | (Bissonetal,2000)
. . . NOEC (42d) (Hooftman and Eversde
Fish Brachydanio rerio (FW) GRO 0.36 nr R/M 1 Ruiter, 1992)

2 FW : fresh water organisms.

P ECy : Effect Concentration for 10% of the population; NOEC : No Observed Effect Concentration; GRO : growth; MOR : mortality; ELS : diverse
endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. Concentrations can be expressed as nomina (N) or
measured (M) concentrations. n=number of exposure concentrations apart from controls.

4'S: tatic exposition; R : renewal exposition; C : continuous/flow-through exposition; N : EC/NOEC value based on nomina concentrations; M :
EC/NOEC value based on measured concentrations.

¢RI : Reliability Index (Klimish et a., 1997); 1 :Vaid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

" Effect concentration above solubility of the chemical in water.
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Effects on benthic organisms

Only one study is available for effects of benzo[k]fluoranthene on benthic organisms. This wate-
sediment test led by Verrhiest et al. (2001) was carried out with spiked sediment on two freshwater
invertebrates : the crustacean Hyalella azteca and the insect Chironomus riparius. Lethal concentration
for 50% of the populaiton could not be determined but 45% of Hyalella died at the highest
concentration tested, indicating that LCsq for this species was not much higher than the value of 300
mg.kg* dw. No more information is given for Chironomus riparius

Table 4.9.1-3 : Acutetoxicity of benzo[k]luoranthene to benthic organisms

EC/NOEC value [ Expo.Conc® | Expo.

Taxa ecies” EC type® . g RI® | References
Sp L%y(zsm (make'dw) | (mkg® dw) | Type’
>
invertebrales | yaleila azteca (FW) LCs (d8h) | 300
MOR 0-300(n=nr) |N(M) |2 (Verrhiest et al., 2001)
) — LCo (14d)
Insects Chironomus riparius(FW) MOR >300

2 FW : fresh water organisms.

P | Cx : Lethal Concentration for 50% of the population; MOR : mortality.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

4N (M) : Concentrations were measured during the test but L C values are based on nominal concentrations because no loss of chemicals occurred.

¢RI : Reliability Index (Klimish et a., 1997); 1 :Vaid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on top predators: secondary poisoning

Many toxicity data on mammals have been carried out with cutaneous exposition but no oral toxicity
data was found.

49.2. Thresholds of no effect

Threshold of no effect for pelagic organisms

Given the available dataset, it can not be stated if differences of sensitivity exist between marine and
freshwater organisms. Freshwater data will be used by default to derive PNEC seawater-

Chronic vaues are available for the three main trophic levels (algae, crustaceans, fish) in freshwater.
The lowest data is a NOEC obtained by Hooftman and Evers de Ruiter (1992) for a 42 day test on
growth of Brachydanio rerio. According to the TGD (European Commission, 2003), an assessment
factor of 100 can be applied to this value to derive a PNEC for marine organisms :

PNECeaaer = 0.36 (ug/L"y/ 100 = 0.0036 pg.L™*

Q} Threshold of no effect for marine pelagic organisms = 3.6 ng.L™*

However, this value has to be considered with precaution given that it is derived from freshwater data
only.
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Thresholds of no effect for benthic organisms

Two acute sediment toxicity data are reported in Table 4.9.1-3 for freshwater invertebrates. It was
decided to apply the worst case and consider the LCys for Hyalella azteca as a LCso, given that
difference between both must be very little.

According to the TGD (European Commission, 2003), when only acute data are available PNEC sgiment
should be derived using both assessment factor and Equilibrium Partitioning methods.

= Assessment factor method

Following the recommended methodology of TGD (European Commission, 2003), an
assessment factor of 10,000 should be applied if only one acute freshwater or marine test is
available, while an assessment factor of 1000 should be applied if two acute tests including a
minimum of one marine test with an organism of a sensitive taxa. In the case of
benzo[k]fluoranthene, the dataset is borderline, presenting two acute toxicity data but no result
on marine organisms. Moreover, the taxa of fish is not represented in the dataset while it seems
to be the most sensitive taxa (see Table 4.9.1-2). Therefore, is seems appropriate to apply an
assessment factor of 5000 to the LCys-50 of 300 :

PNEC marine sediment = 300 (mg/kg™ dw)/ 5000 = 0.06 mg/kg* dw

Q} Threshold of no effect for marine benthic organisms = 60 pg.kc™* dw

= Equilibrium partitioning method
Following the recommended methodology of TGD (European Commission, 2003), marine
PNEC for benthic organisms can also be derived using the following equation :

PN ECmarine sediment (mg/kg-l dw) = (K %d—water/ RHOsed) X PNECseawater x 1000

with  Ksedwater = Water/sediment partition coefficient = Fuater sed + Fsolid sed X KPsed X RHOlig
Fuater sed = fraction of water in suspension matter = 0.8 nv.m® (default value)
Feolid_sed = fraction of solid in suspension matter = 0.2 nt.ni® (default value)
Kpsed = solid/water partition coefficient in the sediment= Foc X Koc
Foc = weight fraction of Organic Carbon in the sediment = 0.05 (default value)
Koc = Organic Carbon/water partition coefficient = 550,000 — 7,760,000 L.kg !
RHOgig = solid phase density = 2.5 kg.L'™* (default value)
RHOseq = humid sediment density = 1300 kg.m? (default value)
PNECseawater = 3.6 10° mg.L?

PNEC marine seciment = [(0.8+0.2x0.05x550,000x2.5)/1300]x3.6 10°°x1000 ~ (min)
PNEC marine seciment = [(0.8+ 0.2x0.05x7,760,000x2.5)/1300] 3.6 10"°x1000 (max)

Q} Threshold of no effect for marine benthic organisms = 38 - 537 ug.kc* dw
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Threshold of no effect for marine top predators

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of benzo[k]fluoranthene related to secondary poisoning.

Overall threshold of no effect for the marine environment

Thresholds of no effect are available for two of the compartments considered : pelagic and benthic
organismes.

The PNECseawater iS 3.6 ng.L 2.

To compare them between each other, values have to be derived in the same unity.

= Derivation of PNECmarinesediment in water :
Taking into account a K oc range of 550,000 — 7,760,000 L.kg?, the value of the PNEC mnaine segiment
of 60 pg.kg! based on sediment toxicity tests permits to calculate a corresponding value in water
(PNECmarine segiment, water) Of 0.4 —5.7 ng.L ™.

Comparing both pelagic and benthic data, is seems that the thresholds are quite consistent between each
other. However, it was decided to apply the worst case and to consider the lowest PNEC marine sediment,
water Of 0.4 ng.L'%, obtained when taking into account the highest Koc value of 7,760,000 L.kg™.

Q} Overdl threshold of no effect for marine environment for Benzo[k]fluoranthene :
= 60 pg.kg' of sediment (dry weight)
» ~0.4ng.L"?of water
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4.10. Benzo[g,h,i]perylene

4.10.1. Effects on organisms

Effects on pelagic organisms

Few data are available for exposition of pelagic organisms to benzo[g,h,i]perylene. They are reported
in Table4.10.1-1 and Table 4.10.1-2.

Table4.10.1-1 : Acutetoxicity of Benzo[g,h,i]peryleneto pelagic organisms

EC/NOEC
Taxa Species® EC type” Value Expo Conc® | EXpo, | gie | References
(ug.L ) (ug.L?) Type
LCo (380 |, RM |2 | (Newstedand Giesy, 1987)
Invertebrates Daphniamagna (FW) MOR
Crustacean aphniamag L Cs (48N) i
MOR >0.2 nr (n>4) SM 2 (Bissonet al., 2000)

&FW : fresh water organisms.

P | Cx : Lethal concentration for 50% of the population; MOR : mortality.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

4 S: static exposition; R : renewal exposition; M : EC/NOEC value based on measured concentrations.

°RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Table 4.10.1-2 : Chronic toxicity of Benzo[g,h,i]perylene to pelagic organisms

EC/NOEC c
Taxa Species® EC type® value Expcli._lConc. Expod RI® | References
(gL (hg.L?) ype
. ) . ECu (72) )
Algae Pseudokirchneriella subcapitata (FW) GRO >0.16 nr (n>4) SM 2 (Bissonet al., 2000)
INVer eI aes | eriodaphnia dubia (FW) Eglpo () 1008 nr (n>4) RM |2 | (Bissonetal,2000)
. ] . NOEC (28d) (Hooftman and Eversde
Fish Brachydanio rerio (FW) MOR, GRO >0.16 nr R/M 4 Ruiter, 1992)

2 FW : fresh water organisms.

P ECy : Effect Concentration for 10% of the population; NOEC : No Observed Effect Concentration; GRO : growth; MOR : mortality; ELS : diverse
endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

4 S: static exposition; R : renewal exposition; M : EC/NOEC value based on measured concentrations.

®RI : Reliability Index (Klimish et al., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on benthic organisms

There is no data available in the literature issued from valid water sediment toxicity tests, reporting
toxicity of sediment spiked with benzo[g,h,i]perylene to benthic organisms.

Effects on top predators: secondary poisoning

Many toxicity data on mammals have been carried out with cutaneous exposition but no oral toxicity
data was found.
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4.10.2. Thresholds of no effect

Threshold of no effect for pelagic organisms

Given the dataset available, it can not be stated if differences of sensitivity exist between marine and
freshwater organisms. Freshwater data will be used by default to derive marine PNEC.

Chronic vaues are available for the three main trophic levels (algae, crustaceans, fish) in freshwater.
The lowest data is an EC;p obtained by Bisson et al. (2000) for their 7 day test on reproduction of
Ceriodaphnia dubia. According to the TGD (European Commission, 2003), this value can be
assimilated to a NOEC and an assessment factor of 100 can be applied to it to derive a PNEC for
marine organisms:

PNECgawae = 0.08 (pg/L')/ 100 = 0.0008 pg.L?

[5 Threshold of no effect for marine pelagic organisms = 0.8 ng.L™

Thresholds of no effect for benthic organisms

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of benzo[g,h,i]perylene for benthic organisms.

Threshold of no effect for marine top predators

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of benzo[g,h,i]perylene for top predators.

Overall threshold of no effect for the marine environment

The threshold of no effect for pelagic organisms is the only one that could be derived.
As a first approach, this threshold will be considered for the protection of the whole marine
environment:

Q} Overal threshold of no effect for marine environment for Benzo[g,h,i]perylene :
= 0.8ng.L? of water
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4.11. Indeno[1,2,3-cd]pyrene

4.11.1. Effects on organisms

Effects on pelagic organisms

Few data are avallable for exposition of pelagic organisms to indeno[1,2,3-cd]pyrene. They are
reported in Table4.11.1-1 and Table 4.11.1-2.

Table4.11.1-1 : Acutetoxicity of Indeno[1,2,3-cd]pyreneto pelagic organisms

ECINOEC

Taxa Species® EC type” Value Expo Conc® | EXpo, | gie | References
(ugly | HoL) Type

Invertebrales | paphnia magna (FW) Lo (481 >a07 nr (n>4) SM |2 | (Bissonetal., 2000)

& FW : fresh water organisms.

P | Cx : Lethal concentration for 50% of the population; MOR : mortality.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

'S gtatic exposition; M : EC/NOEC value based on measured concentrations.

®RI : Reliability Index (Klimish et a., 1997); 1 :Valid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Table4.11.1-2 : Chronic toxicity of Indeno[1,2,3-cd]pyreneto pelagic organisms

EC/NOEC
Taxa Species® EC type® value | EXpo-Conc” | EXpO. | pre | peterences
(ug.L) (ng.L?) Type
: , . ECw (72h) )
Algae Pseudokirchneriella subcapitata (FW) GRO, 15 nr (n>4) SM 2 | (Bissonet al., 2000)
Invertebr ales | ceriodaphniacubia (FW) ECu (19 027 | nr(n>4) RM | 2 | (Bissonetal, 2000)

&FW : fresh water organisms.

P ECy : Effect Concentration for 10% of the population; NOEC : No Observed Effect Concentration; GRO : growth; MOR : mortality; ELS : diverse
endpoints observed during early life stage.

¢ Expo.Conc. : Concentration of the substance to which organisms were exposed during the test. n=number of exposure concentrations apart from controls;
nr : information not reported.

S gtatic exposition; R : renewal exposition; M : EC/NOEC value based on measured concentrations.

¢RI : Reliability Index (Klimish et a., 1997); 1 :Vaid without restriction; 2 :Valid with restriction; 3 :Not reliable; 4 :Not assignable.

Effects on benthic organisms

There is no data available in the literature issued from valid water-sediment toxicity tests, reporting
toxicity of sediment spiked with indeno[1,2,3-cd]pyrene to benthic organisms.

Effects on top predators: secondary poisoning

Many toxicity data on mammals have been carried out with cutaneous exposition but no oral toxicity
data was found.
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411.2. Thresholds of no effect

Threshold of no effect for pelagic organisms

Given the dataset available, it can not be stated if most sensitive species are represented as no data
could be found for marine and freshwater fish. Therefore, it is not possible to derive a threshold of no
effect of indeno[1,2,3-cd]pyrene for pelagic organisms.

Thresholds of no effect for benthic organisms
Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of indeno[1,2,3-cd]pyrene for benthic organisms.

Threshold of no effect for marine top predators

Given that absolutely no valid data are available in the literature, it is not possible to derive a threshold
of no effect of indeno[1,2,3-cd]pyrene for top predators.

Overall threshold of no effect for the marine environment
Given that derivation of thresholds can be done for none of the three compartment (pelagic, benthic,
top predators), it is not possible to evaluate a threshold of no effect for the marine environment.

49



THRESHOLDS DELIVERABLE 4.1.2

412. Cadmium

4.12.1. General issues, physico-chemical characteristics and behaviour in the marine environment

Cadmium (Cd) is a trace metal that naturally occurs in the environment. It is not considered to be
essentia to life but its role for carbon assimilation by phytoplankton has been recognized (Lane et al.,
2005).

Figure 4.12.1-1 : CAS numbers, structural features, chemical formula and physico-chemical
characteristics of cadmium forms influencing their behaviour in the marine environment (INRS,
1997)

Sol.W. (25°C) Vp
(mg.L™) (Pa)
Cadmium metal :
cd insoluble 0.0028 (157°C)
CASn° 7440-43-9 184 (400°C)
MW = 112.41 g.mol* 2,130 (500°C)

Cadmium oxyde::

CdoO insoluble 130 (1000°C)
CASn° 1306-19-0
MW = 128.41 g.mol™*

Cadmium chloride:

cdcl, 14 10° 400 (400°C)
CASn° 10108-64-2 82,400 (952°C)
MW = 183.32 g.mol*

Cadmium nitrate, hydrated :

Cd(NOs),, H,0 1510°
CASn° 10325-94-7
MW = 308.48 g.mol™*

Cadmium sulfate, hydrated :

3 (CdS0y), 8 H,0 1.1310°
CASn° 10124-36-4
MW = 769.53 g.mol™*

Cadmium sulfide:

Cds 1.3
CASn° 1306-23-6

MW = 144.47 g.mol™*
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Fate of cadmium in the environment (Cossa and Lassus, 1989)

Cadmium enters seawater mainly via atmospheric deposition, rain and sewage treatments or other
anthropic releases. It can be found in the marine environment in different forms : dissolved, particulate
or colloidal. Partition between dissolved and particulate phasis controlled by pH, redox potential, ionic
strength of water, occurrence of dissolved/particulate organic matter, inorganic material and living
organisms activities.

In freshwater, cadmium is mainly found in particular and colloidal forms and more precisely as organic
or inorganic complexes (Cd(OH), and Cd(HCO3)z). In estuarine areas, dissolved forms and
chlorocomplex (CdCh, CdCI") are predominant as salinity rises. Finaly, in marine waters strong
adsorption of cadmium (very high Kpsq of 85,000 and Kpwmes of 120,000) occurs on biogenic particles
and their subsequent sedimentation leading to an important decrease of dissolved cadmium
concentration in surface seawater. When settled with sediment, cadmium is strongly bound to sulfur in
the anoxic area.

According to different studies, cadmium does not undergo biomagnification.

4.12.2. Toxicological properties

Acute toxicity

Cadmium is considered to have high acute toxicity, based on short-term animal tests (U.S. Department
of Health and Human Services, 1993).

Chronic toxicity

Chronic inhalation or oral exposure of animals to cadmium results in effects on the kidney, liver, lung,
bone, immune system, blood, and nervous system (ATSDR, 2006; Calabrese and Kenyon, 1991).

This metal is embryotoxic, causing different kinds of malformations and lethality in mammals
(Belmonte et al., 1989; Fein et al., 1997) as well as amphibians (Herkovits and Pérez-Coll, 1990;
Pérez-Coll et al., 1986).

Animal studies provide evidence that cadmium has developmenta effects, such as low fetal weight,
skeletal malformations, interference with fetal metabolism, and impaired neurological development, via
inhalation and oral exposure (ATSDR, 2006; Caabrese and Kenyon, 1991; HSDB, 1993). Limited
mammalian data are available, although some reproductive effects, such as decreased reproduction and
testicular damage, have been noted following oral exposures (ATSDR, 2006).

4.12.3. Sources of information of effects data and thresholds deter mination

A Risk Assessment Report is currently in progress in the European Union (European Commission,
unpublished-1). At present, this report does not address risk assessment for the marine environment but
solely for freshwater. A Substance Data Sheet written in the context of the Water Framework Directive
(European Commission, unpublished-2) is moreover available, dealing with both freshwaters and
satwaters.

In order to be consistent with decision taken at the european level, it was decided to use this work lead
in the context of European Union and all information provided below have been extracted from those
two reports.
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412 4. Thresholds of no effect

Thresholds of no effect for pelagic organisms

There is awealth of data assessing toxicity of cadmium to freshwater and seawater organisms.

These data are evaluated for reliability in the Revised Draft Risk Assessment Report for Cadmium
metal and Cadmium oxide and it outcomes from the Revised Draft RAR that even after this selection
thereis still alot of data available.

Therefore, both methods for derivation of PNEC are available and will be reported thereafter.

= Derivation of PNEC by the assessment factor method
Data are available for all three trophic levels to calculate the PNECaer by the assessment factor
method. Therefore, according to TGD (European Commission, 2003), it seems approriate to divide the
lowest reliable NOEC of 0.16 pg.L™ by the lowest assessment factor of 100 to derive PNECsatwater :

PNEC seawater = 0.16 (Hg/L ™)/ 100 = 0.0016 pg.L?

Q} Threshold of no effect for marine pelagic organisms = 1.6 ng.L™*

However, the dataset used contains only freshwater results therefore it was not possible to observe if
significant differences appear between freshwater and saltwater data and this PNECseawater has to be
considered with precaution.

= Derivation of PNEC by the statistical extrapolation method
HCsfreshwater (EUropean Commission, unpublished-1)

In the Revised Draft RAR, different species sensitivity distributions (SSD) have been calculated from
the freshwater data available and different pool of reliable data are used to apply the statistical
extrapolation method of (Aldenberg and Slob, 1993) to determine the hazardous concentration fifth
percentile (HCs), with 50% confidence, of these species sensitivity distribution.

The two SSD approaches are the following:
- log-logistic SSD
- log-normal SSD

The four different approaches of data selection are the following:

- approach using al reliable data

- approach caculating a geometric mean of the NOEC vaues for each species (resulting in one
NOEC per species)

- approach on a case-by-case basis calculating a geometric mean of NOEC for the same species and
endpoint, tested in similar media (not resulting in one NOEC per species)

- approach using lowest NOEC for each species (resulting in one NOEC per species)

Results indicate that the choice of SSD (log-logistic or log-normal) does not affect the HCs.
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On the other hand, the choice of data selection (geometric mean calculation or not, lowest NOEC
selection or not) influences the HCs by a factor up to two. The decision is taken, based on expert
judgement, to use the third approach with geometric means of each NOEC for the same species,
endpoint and media (for details, see (European Commission, unpublished-1)).

This approach results in @ HCs = 0.38 ng L™ and the frequency distribution reported in Figure
4.12.4-1.

&

100

© fish/amphibians
A aquatic invertebrates

Cumulative frequency distribution (%)

@ primary producers
= distribution curve
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Figure 4.12.4-1: Frequency distribution and HCs, Cumulative frequency distribution of the
reliable NOEC values of Cd toxicity tests of data used to calculate the HCs (case-by-case
geometric mean calculation; n = 44) (European Commission, unpublished-1)

PNE Cseawater (European Commission, unpublished-2)

Marine effects data of cadmium have been provided in the context of the Expert Group on Quality
Standards. These data come from appendix 2 of the report from the RIVM (Crommentuijnet al., 1997).
Long-term NOECs for marine organisms are available for many taxa, i.e. marine fish, crustaceans,
severa groups of algae, shellfish, annelids, nematoda, and cyanobacteria. The species requirements for
using the SSD approach as given in the TGD is nevertheless not entirely fulfilled as NOECs of insects
and higher plants are not included in the database (see 2.3.2). "However, the recommendation of the
TGD is focused on freshwater environments and insects and higher plants are taxonomic groups that
are normally not of particular relevance in saltwater or transitional waters (with the exception of
higher plantsin mangrove or seagrass ecosystems).

The fifth percentile cut-off value was calculated with the same method as the one for freshwater data
(Aldenberg and Jaworska, 2000). The approach followed is in line with the approach used to derive the
HCs for freshwater. The different taxonomic groups have been given similar weight (i.e. nearly the
same number of toxicity tests per taxonomic group were included in the SSD if enough data were
available, only one endpoint - the most sensitive - per species). If more than one test result for the same

species, endpoint and exposure time was available the geometric mean of the individual NOECs was
calculated.
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The selected log-transformed data fit well to the expected distribution curve (see Figure 4.12.4-2), the
probability that they fit the normal distribution is 90,7% according to the Kolmogor off-Smirnoff
goodness of fit test."

Cumulative Frequency %

01 . 1o “w0 w0 10000
NOEC [pg/L]
Figure 4.12.4-2 : Cumulative frequency distribution of the saltwater data set used for the

derivation of the HCs by the method of Aldenberg and Jawor ska (2000) (European Commission,
unpublished-1)

This approach for seawater data resultsin aHCs = 0.42 ug.L™ (1C95% = 0.048 — 1.779 pg.L'}) (n=16)

"In order to account for further uncertainties it is foreseen in the TGD to divide the HCs by an
appropriate assessment factor between 1 and 5. Lowering the assessment factor below 5 on the basis of
increased confidence needs to be fully justified. The exact value of the assessment factor must depend
on an evaluation of the uncertainties around the derivation of the 5" percentile.

The data base used for the calculation of the HCs covers less than the 8 normally recommended
different taxonomic groups. Toxicity data on relevant marine taxonomic groups such as
echinodermata, coelenterata and porifera are lacking. Further the ratio between the 50% and 95%
confidence levels of the 5%-cut-off-value is quite high (8.75). However, on the other hand the lowest
reported NOECs for saltwater organisms are in the same range as for freshwater organisms and none
of the NOECs of the saltwater database is below the calculated HCs. It is therefore proposed to use the
same assessment factor used in the risk assessment report for the result of the SSD with freshwater
data, i.e. 2.", as alot of reliable data are available and as very few reliable LOECs are below the HC5
obtained :

PNEC seawater s, = 0.42 (ug/L)/ 2 = 0.21 pg.L?

Q} Threshold of no effect for marine pelagic organisms = 0.21 pg.L*
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Thresholds of no effect for benthic organisms

For freshwater, ‘the assessment factor method yields a PNECsediment for freshwater that is almost
identical as the PNECsqdiment derived with the equilirbium partitioning method. The assessment factor
method however predicts a PNECsuiment Which is even below the background value of the freshwater
sediment in which the lowest chronic NOEC was found (2.8 mg Cd kg'4,). The separation between the
PNEC and effect concentrations (n=15) is higher than 100-fold, and thisis large for natural elements.
Additional chronic toxicity data (currently not found) could remove this concern by reducing the
assessment factor to 10 or below. However, it should be recalled that sediment toxicity tests spiked with
Cd have little field relevance because Cd availability can remain low as long as the capacity of free
sulphides (AVS) in the sediment is not exceeded. Mixed metal pollution is the rule rather than the
exception in the field and the Cd availability in metal polluted sediment is larger than in clean
sediment.”

There is currently no data available for sediment toxicity testing of cadmium. Given this lack of data
and the uncertainties stressed above, it does not seem appropriate to derive a PNEC marine sediment Without
experimental data.

Thresholds for marine top predators

For freshwater, a PNECora 0f 16 mg.kg* (ww) was determined in the Revised Draft RAR of cadmium
but it is stated in this report that this derivation of PNEC4 is 'made for freshwater systems and not for
marine environments. Nephrotoxic lesions ascribed to Cd have been found in sea birds from areas that
are relatively uncontaminated and where natural Cd may be the source. It is therefore proposed in that
the PNEC,4 should not be used for the marine environment where the bioaccumulation of Cd differs
fromthat in freshwater dominated systems."
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4.13. Mercury
4.13.1. General issues, physico-chemical characteristics and behaviour in the marine environment

Mercury (HQ) is a trace metal that naturally occurs in the environment but is not essentia to life.

Figure 4.13.1-1 : CAS numbers, structural features, chemical formula and physico-chemical
characteristics of mercury forms influencing their behaviour in the marine environment

(INERI'S, 2005)

Sol.W. (20°C) Vp (20°C)
(mg.L™) (Pa)
Mercury metal :
Hg 0.0567 0.17

CASn°7439-97-6
MW = 200.59 g.mol*

I norganic mercury :
HgCl, 69,000 0.009

CASn° 7487-94-7
MW = 271.52 g.mol™*

Methylmercury chloride:

CH3HgCl 6,000 (25°C) 1.8 (25°C)
CASnN° 115-09-3

MW = 251.1 g.mol*

Fate of mercury in the environment (Fitzgerald and Lamborg, 2003; UNEP, 2002)

Mercury enters seawater mainly via atmospheric deposition and sewage treatments or other anthropic
releases via rivers input.

In both freshwater and saltwater, adsorption of mercury on suspended matter and sediments is very
high (Kp ca. 100,000). Biogeochemical processes involving mercury in the marine environement are
very complex, involving particularly air-seawater and particle-water exchanges, but their precise
description is not the aim of this study.

The main information that must be kept in mind for the study of mercury effects to marine organisms is
that this metal undergo processes of methylation in the aquatic environment leading to the formation of
organic forms of mercury (methylmercury CHsHg and dimethylmercury (CHs)>Hg). These organic
forms of mercury present fairly variable bioconcentration and biomagnification factors for diverse
aguatic organisms but they can be very high (up to 10), leading to important adverse effects.
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4.13.2. Toxicological properties

Toxicological effects of mercury have been known for avery long time.

Human and wildlife heath effects of mercury exposure have been the subjects of a number of
investigations (Meyers et al., 2000), but sublethal effects to aquatic species from chronic exposure,
have been less studied (Wiener and Spry, 1996).

The effects described depend upon different parameters like dose and exposure route. They include
organ lesions (kidney, liver, lung), haematological aterations (Iliopoulou-Georgudakis and Kotsanis,
2001; Kotsanis et al., 2000), as well as immunological effects (MacDougal et al., 1996; Voccia et al.,
1994).

Neurological effects also occurs when species are exposed to mercury. Indeed, mercury can affect the
synthesis, release, and metabolism of neurotransmitters and receptors as demonstrated in mammals
(Bondy et al., 1979; Castoldi et al., 1996; Kobayashi et al., 1979) and fish (Huang et al., 1997; Zhou et
al., 1999).

Finally, some behavioural changes have also been demonstrated in birds (Bouton et al., 1999), and in
fish (Weir and Hine, 1970; Zhou et al., 1996). This type of effect can be of importance because
modification of the ability of fish to forage, mate, compete or avoid predators can in turn affect the
survival of their populations.

4.13.3. Sources of information of effects data and thresholds determination

A Substance Data Sheet is currently in progress in the context of the Water Framework Directive
(European Commission, unpublished-3).

In order to be consistent with decision taken at the European level, it was decided to use this work lead
in the context of European Union and all information provided below have been extracted from this
report.

4.13.4. Thresholds of no effect

Thresholds of no effect for pelagic organisms

"There are many long-term no effect and short-term acute toxicity data for a broad range of species
from different taxonomic groups available. With regard to long-term/chronic exposure algae, fish and
crustaceans appear to be the most sensitive groups in freshwater whereas in saltwater molluscs and
coelenterata (e.g. jellyfish) appear to be even more sensitive as the before mentioned groups.”
However, as there is no significant difference between the lower limit of the sensitivity ranges of
freshwater and saltwater species, it seems appropriate to derive the thresholds for marine environment
from the both freshwater and seawater datasets.

As many long-term no effect data are available, both assessment factor method and statistical
extrapolation method are used for derivation of PNEC and will be reported thereafter.
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= Derivation of PNEC by the assessment factor method

The lowest NOEC of 0.1 pg.L'! has been obtained for the marine coelenterate Clavopsella michaeli.
Long-term freshwater toxicity data as well as short-term acute data are available for many species of 9
different taxonomic groups. Moreover, a ‘tomprehensive data base on marine species” is available.
Therefore, it seems appropriate, 'as suggested in the section on marine risk assessment in the TGD
(European Commission, 2003), to apply a safety factor of 10 on the lowest reported NOEC" :

PNECssavaer = 0.01 (ug/L™Y)/ 10 = 0.001 pg.L?

Q} Threshold of no effect for marine pelagic organisms = 1 ng.L™*

= Derivation of PNEC by the statistical extrapolation method

Among the species required by TGD methodology for the use of statistical extrapolation method, the
only missing taxa is higher plant species. 'Snce it is known that higher plants are not the group most
sensitive to mercury it was deemed reasonable to apply a statistical extrapolation method."

In the Substance Data Sheet for cadmium (European Commission, unpublished-2), the 5" percentile
cut-off value is calculated with the method of Aldenberg & Jaworska (2000). As far as possible the
different taxonomic groups have been given equal weight (i.e. the same numbers of toxicity tests per
taxonomic group have been included if enough data were available, only one test result per species was
used). If more than one test result for a species was available the lowest result has been used.

Different pool of reliable data are used to apply the statistical extrapolation method to determine the
HCs of the species sensitivity distribution:

- approach using both freshwater and seawater dataset

- approach using only freshwater dataset

- approach using only seawater dataset

Results indicate that the choice of dataset does not affect much the HCs. Therefore, both datasets are
chosen to be used for threshold derivation.

The selected log-transfomed data fit well to the expected distribution curve (see Figure 4.13.4-1) and
SSD calculation resultsin aHCs = 0.142 pg.L ™ (1C95% = 0.056 — 0.281 pg.L?).

"As the data base used for the calculation of the HCs covers 9 different taxonomic groups (but not all
groups that should be covered according to the TGD) and since the confidence interval of the HCs is
not very large (factor 2.5 between 50% certainty and 95% certainty) it is suggested to use 4 as
assessment factor" for the derivation of the PNEC scawater :

PNECseawater = 0.142 (ug/L'Y)/ 4= 0.036 pg.Lt

Q} Threshold of no effect for marine pelagic organisms = 36 ng.L™*
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Cumulative Frequency %

NOEC [ug/L]

Figure 4.13.4-1 : Cumulative frequency distribution of the combined freshwater and saltwater
data set used for the derivation of the 5SP-COV by the method of Aldenberg and Jawor ska (2000)

Thresholds of no effect for benthic organisms

"According to the TGD (European Commission, 2003), the PNECsiment May be calculated using the
equilibrium partitioning method in the absence of toxicity data for sediment dwelling organisms.

The equilibrium partitioning approach only considers uptake via the water phase. However, uptake
may also occur via other exposure pathways like ingestion of sediment and direct contact with
sediment. In such casesit is recommended in the TGD to use the equilibrium method in a modified way.
The suggestion is to increase the risk assessment ratio (Predicted Environmental
Concentration/PNEC) by a factor of 10 for the risk assessment. However, division of the PNEC e by
a factor of 10 will result in the same ratio. Thus, it can be inferred that division of the PNEC,xe by a
factor of 10 will result in a tentative PNECsdiment that accounts for possible uptake via the mentioned
additional routes of exposure.

As there is clear evidence for mercury that exposure routes other than direct uptake via the water
significantly contribute to its uptake into biota (see section 5 of this data sheet) these additional uptake
routes are accounted for by dividing the PNEC, 4 by ten as described above. According to the TGD
the partition coefficient water-sediment is used for the calculation.

The mean partition coefficient of the Rhine (Kp=100,000 L.kg") is used as an example and he
PNECsegiment IS therefore calculated as follows':

PNECsimen (Ng.kg?) = Kp (L.kg?) x PNECwaer (ng.L') / 10

PNEC seiment = 100,000 x 36 / 10 = 360,000 pg.kg* dw

Q} Threshold of no effect for marine benthic organisms = 360 pg.kc™* dw
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Thresholds of no effect for marine top predators

Secondary poisoning is the main concern for protection of ecosystems from mercury contamination.
Indeed, the most toxic form of mercury is the organic form (e.g. methylmercury) which is found in
marine birds and marine mammal preys at levels as high as 70-90% of total mercury (EURO CHLOR,
1999) and for which bioaccumulation factors in top predator fish can be as high as 10’ (Bowles et al.,
2001).

Therefore, in no way those parameters can be forgotten in the evaluation of effects of mercury to
marine organisms and in derivation of thresholds of no effect for marine top predators.

Ora toxicity data reported in the Substance Data Sheet of mercury (European Commission,
unpublished-3) al refer to inorganic mercury and the lowest reliable oral toxicity data found for birdsis
0.25 mg inorganic mercury.kg™ food ww.

Applying strictly the TGD methodology would lead to the application of an assessment factor of 30 and
a derivation of PNEC,y for inorganic mercury of 8.3 pug.kg! food ww. However, as toxicity data are
solely referring to inorganic mercury, such threshold can not be considered relevant to protect marine
top predators.

Work on derivation of PNEC4 is ill in progress and proposals have been made by industry and
contracting parties trying to take into account bioconcentration and biomagnification processes, as well
as proportion of inorganic mercury to organic mercury in organisms, but none of these proposals have
yet been officially selected as more reliable than another.

To our mind, no threshold should be derived as long as no reliable test are reported that give a NOEC
expressed as g of organic mercury per kg of food administered.

Overall threshold of no effect for the marine environment

"Vaues calculated for the pelagic communities are presumably not low enough for the protection of
predators from secondary poisoning.”

Given the knowledge on bioaccumulation and toxicity of organic mercury and the considerable
uncertainties cited above, no reliable overal threshold of no effect can be derived for the marine
environment.
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5. Conclusions

All thresholds of no effect that were reported in this report are summarized in Table 4.13.4-1. This
overview makes it possible to underline the great lack of data. As a matter of fact, only 6 of the 14
substances have been attributed a minimum of one reliable and relevant threshold. The pelagic
compartment is the one for which most data were available with 6 thresholds, while there are poor
datasets for sediments and secondary poisoning.

A full set of thresholds is indicated in this report for Pentabromodiphenyl Ethers. The toxicity dataset is
not that important but thresholds could be derived more easily than for PAH even when raw data were
not available because a great amount of work had already been assessed by experts in the context of the
European Union Risk Assessment Report. In the case of PCBs, it has to be stressed that very poor
reliable toxicity information could be found on these chemicals athough they are considered persistent
organic pollutants of concern and encountered all over the world. The same remark could be done for
some PAH, e.g. pyrene, benzo[b]fluoranthene and indeno[1,2,3-cd]pyrene where no thresholds could
be derived. On the contrary, quite alot of data are available for fluoranthene and benzo[g,h,i]perylene.

Table 4.13.4-1 : Overview of thresholds of no effect reported in the present study. AFM:
Assessment Factor Method; SEM: Statistical Extrapolation Method; EqPM: Equilibrium
Partitioning Method.

Thresholds of no effect for Overall threshold of no
effect for

Pelagic organisms | benthic organisms | marine top predators

Chemicals the marine environment
ng.L?t ug.kg ™ dw no.kgt ww ng.L?

PCB 105

PCB 118 - - 1.1 (low reliability)

PCB 156

PCB 180

E?E;agromodiphenyl 53 310 333 12.2 (-~ top predators)

Pyrene

Fluoranthene 100 155 11,500 32 (- sediment)

Benzo[a]pyrene 5 - - 0.005 (- seawater)

Benzo[b]fluoranthene

60 (AFM)

Benzo[k]fluoranthene 3.6 38-537 (EqPM)

0.4 (-~ sediment)

Benzo[g,h,i]perylene 0.8 - - 0.8 (— seawater)

Indeno[1,2,3-cd]pyrene

. 1.6 (AFM)
Cadmium 210 (SEM) 210 (- seawater)
Mercury 1 (not relevant)
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Cadmium is a very well known metal for which a wealth of data is available. Therefore, the existence
of the revised draft of the Risk Assessment Report made it possible to report thresholds for this
substance while selection of reliable data and relevant methods is sometimes a difficult thing when a
great amount of data is available. Finally, thresholds could not be derived for mercury, because so
much reliable testing that refers to organic mercury is missing. Therefore, it was deemed more
appropriate to wait until a decision is taken at the European Commission level in the context of the
Framework Directive so as to be consistent.

Application of TGD methodology allows derivation of thresholds for marine compartments when
seawater datasets are not so important. However, the work carried out during this study also permits to
stress limits of the application of strict TGD methodology, when studies reveal complicated issues such
as the one of toxicity of mercury. In such cases, it has to be kept in mind that methodology given in the
TGD has to be used as a guidance, but never forgetting the idea that logic and expert judgement are the
basis of chemical effects assessment.
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