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Abstract

Bioaccumulation of polycyclic aromatic hydrocarbons in aquatic organisms

RIVM has evaluated the available data on bioaccumulation of polycyclic aromatic hydrocarbons
(PAHs) in aquatic organisms. As a result the categorisation of PAHs regarding their bioaccumulation
potential was adapted. Phenanthrene and fluoranthene are now no longer considered ‘very
bioaccumulative’ in fish, but ‘bioaccumulative’.

The level of accumulation of compounds in organisms (bioaccumulation) is an important criterion in
chemicals regulation. It gives an indication that higher in the food chain higher concentrations of a
compound are found that may become harmful. Data on individual PAHs, including data on
bioaccumulation, are used in risk assessment of (mixtures of) compounds in which PAHs are major
components, e.g. oil and oil compounds.

As measure for accumulation the bioconcentration factor (BCF) of a compound is used. This is defined
as the ratio between the uptake rate of a compound from water into the organism and its elimination
rate to water. In the European REACH legislation compounds are divided over three BCF categories:
not bioaccumulative (BCF is below 2000), bioaccumulative (BCF is between 2000 and 5000) and very
bioaccumulative (BCF is above 5000).

Fish are capable of transforming PAHs into compounds that are better soluble in water, which
facilitates elimination. This results in lower measured BCF values in fish. Mussels and other
invertebrates are much less capable of PAH transformation, which results in higher accumulation of
PAHs in these organisms.

Key words:
bioaccumulation, polycyclic aromatic hydrocarbons (PAHs), risk assessment
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Rapport in het kort

Bioaccumulatie van polycyclische aromatische koolwaterstoffen in waterorganismen

Het RIVM heeft beschikbare gegevens over ophopingen van polycyclische aromatische
koolwaterstoffen (PAK’s) in waterorganismen ge€valueerd. Naar aanleiding hiervan is de indeling van
deze stoffen voor regelgeving aangepast. Fenantreen en fluoranteen worden nu niet meer als ‘zeer
bioaccumulerend’ beschouwd in vis, maar als ‘bioaccumulerend’.

De mate waarin stoffen in organismen ophopen (bioaccumulatie) is een belangrijk criterium voor
regelgeving. Het is een indicatie dat hoger in de voedselketen hogere concentraties van de stof worden
aangetroffen die schadelijk kunnen zijn. Gegevens van individuele PAK’s, waaronder bioaccumulatie-
gegevens, worden gebruikt voor de risicobeoordeling van stoffen(mengsels) waarin PAK’s een
belangrijk bestanddeel zijn, zoals bijvoorbeeld olie en olieachtige stoffen.

Als maat voor de ophoping wordt de bioconcentratiefactor (BCF) van een stof gebruikt. Dat is de ratio
tussen de snelheid waarmee het organisme de stof vanuit water opneemt en de snelheid waarmee het
naar water wordt uitgescheiden. Op grond hiervan worden stoffen in de Europese REACH-regelgeving
ingedeeld in drie categorieén: niet bioaccumulerend (de BCF is kleiner dan 2000), bioaccumulerend (de
BCF ligt tussen 2000 en 5000) en zeer bioaccumulerend (de BCF is hoger dan 5000).

Vissen zijn in staat om PAK’s om te zetten in stoffen die beter in water oplosbaar zijn waardoor ze
makkelijker kunnen worden uitgescheiden. Hierdoor worden in vissen vaak lagere BCF-waarden
gemeten. Mosselen en andere ongewervelden kunnen PAK’s veel minder goed omzetten waardoor
PAK’s in deze organismen meer ophopen.

Trefwoorden:
bioaccumulatie, polycyclische aromatische koolwaterstoffen (PAK’s), risicobeoordeling
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Summary

In risk assessment the potential of a substance to accumulate in a food web is an important criterion.
Bioaccumulation may result in increasing internal concentrations in organisms higher in the food chain
and then it is called biomagnification. Whether this process of biomagnification actually takes place
depends on the properties of the compound itself (e.g. stability, lipophilicity) and on the organisms in
the food chain (ability to metabolize and/or excrete the compound). This may result in situations where
at lower trophic levels bioaccumulation and biomagnification take place, while higher in the food chain
organisms are capable of handling the compound and efficiently excreting it. In the present report and
in agreement with regulatory frameworks, therefore, bioaccumulation data on fish (higher in the food
chain) and other aquatic organisms (lower in the food chain) are evaluated. These organisms include,
but are not restricted to molluscs, crustaceans, insects, oligochaetes and polychaetes.

As a measure for bioaccumulation usually the bioconcentration factor (BCF) is used as a trigger. The
BCF is defined as the ratio between uptake and depuration rates, which in a steady state situation
equals the ratio between the internal concentration in an organism and the concentration in water. Since
this ratio not only depends on compound properties and test organisms, but also on the test setup used,
quality criteria for testing and reporting bioconcentration have been debated. Using such criteria in the
present report reliabilities of reported BCF values for polycyclic aromatic hydrocarbons (PAHs) in
aquatic organisms are evaluated, focussing on the 16 PAHs defined as priority substances by the United
States Environmental Protection Agency (naphthalene, acenaphthene, acenaphthylene, 9H-fluorene,
anthracene, phenanthrene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[ghi]perylene, dibenz[a,h]anthracene, and indeno-
[1,2,3-cd]pyrene).

Based on existing databases and reviews, as well as a search in the recent literature, 133 original papers
were examined to evaluate the reliability of 855 BCF values.

Only about 34% of these values were deemed reliable (in many cases with restrictions), but another
40% were deemed not assignable (due to lack of information in the report).

As part of the present study the (re-)evaluated BCFs are compared with previous evaluations of BCF
studies and differences in opinion are discussed. Also the role of dietary uptake is discussed but it is
concluded that at present not enough data are available to use and compare bioaccumulation data from
dietary studies with those from aqueous tests.

Finally the evaluation is summarized and conclusions on bioaccumulation potential for each of the
16 PAHs are given, applying the triggers as used in the EU-legislation REACH: compounds are
considered as bioaccumulative (B) when their BCF is between 2000 and 5000 and very
bioaccumulative (vB) when the BCF is >5000. Naphthalene, acenaphthene, acenaphthylene and 9H-
fluorene are considered not bioaccumulative. Anthracene, phenanthrene and fluoranthene are
considered B for fish, but they are vB at lower trophic levels (molluscs, crustaceans). Pyrene,
benz[a]anthracene and benzo[a]pyrene do not accumulate in fish (due to biotransformation), but are vB
at lower trophic levels. For chrysene, benzo[k]fluoranthene, benzo[ghi]perylene, and
dibenz[a,h]anthracene only reliable data on daphnids are available which deem these compounds as vB.
For benzo[b]fluoranthene and indeno[1,2,3-cd]pyrene no reliable data are available at all, so
bioaccumulative potential could not be established.
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1 Introduction

In risk assessment the degree of bioaccumulation of a compound is an important criterion. This is based
on the assumption that compounds that accumulate in organisms can accumulate in a food web,
resulting in higher internal concentrations in organisms higher in the food chain. This process is known
as biomagnification. Whether biomagnification will actually take place depends on the
physicochemical properties of the compound (e.g. stability, lipophilicity) and on the organism(s) that
take up the compound (ability to metabolize and/or excrete the compound) (Gobas et al., 2009). This
may result in situations where at lower trophic levels bioaccumulation and biomagnification takes
place, while higher in the food chain organisms are capable of handling the compound and efficiently
excreting it (e.g. Wang and Wang, 2006; Wan et al., 2007; Nfon et al., 2008; Takeuchi et al., 2009).
Nevertheless, specifically this metabolization may activate the toxicity of some compounds. For
regulatory purposes the process of biomagnification is often simplified by assessing the
bioaccumulation, especially in fish. According to the European REACH' legislation, however, ‘the
assessment of bioaccumulation shall be based on measured data on bioconcentration in aquatic species’
(EU, 2007). Also in other frameworks (e.g. Stockholm Convention, 2001) assessment of
bioaccumulation is not restricted to fish, so in this report bioaccumulation data on other aquatic
organisms are evaluated as well.

In aquatic tests the degree of bioaccumulation is usually expressed as a bioconcentration factor (BCF),
defined as the ratio between uptake from water into an organism and elimination from an organism to
water. In a steady state situation this ratio is independent of time and then it equals the ratio between
the concentration in the organism and the concentration in water.

The BCF is used as a trigger for bioaccumulation in several regulatory frameworks (e.g. REACH,
OSPAR?, GHS?), but the trigger values in these frameworks may differ. In this report we focus on the
triggers defined in REACH: a compound is defined as bioaccumulative (B) when the wet-weight BCF
value (normalized to lipid content) is higher than 2000 and as very bioaccumulative (vB) if this value is
higher than 5000. Lipid normalization is applied when bioaccumulating compounds tend to accumulate
in the lipids of organisms (ECHA, 2008), resulting in higher BCF values for organisms with higher
lipid content. To enable comparison between species BCF values are normalized to an organism that
contains 5% lipids, the average value for the small fish species used in OECD guideline 305 (OECD,
1996; Tolls et al., 2000).

The degree of bioaccumulation of compounds depends on several factors. First of all, it depends on the
compound tested and its properties as well as the test species used, but in addition several test
conditions have an influence, e.g. the time of exposure, the type of exposure (static vs. continuous
flow), etc. To minimize variation between tests guidelines were developed in which test conditions
were described (e.g. OECD, 1996). Still comparisons between bioaccumulation studies are difficult,
because quite a few data were generated before guidelines were established. In addition, in some cases
not all relevant details on the test setup are described. This has lead to a debate to come to quality
criteria for BCF values (e.g. Parkerton et al., 2008), as this is seen as essential in getting a clearer
picture on the possibility of predicting BCF values from physicochemical properties of compounds.

The present report gives an evaluation of reported BCF values for polycyclic aromatic hydrocarbons
(PAHs) in aquatic organisms. By examining the studies in detail the reliability of reported values is

! REACH: Registration, Evaluation, Authorisation and restriction of CHemicals.
2 OSPAR: OSlo and PARis conventions (OSPAR, 1992).
* GHS: Global Harmonizing System of classification and labelling of chemicals.
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examined. The study was limited to the 16 PAHs defined as priority substances by the United States
Environmental Protection Agency (US EPA; http://www.epa.gov/waterscience/methods/pollutants.htm;
further indicated as EPA-PAHSs, Figure 1

naphthalene acenaphthene acenaphthylene
0 oY
9H-fluorene anthracene phenanthrene
“- ‘ “'
fluoranthene pyrene benz[a]anthracene
I‘
chrysene benzo[a]pyrene benzo[blfluoranthene

benzo[k]fluoranthene benzo[ghilperylene dibenz[a,h]anthracene

¥

e

indenol[1,2,3-cd]pyrene

Figure 1: Structural formulae of the 16 polycyclic aromatic hydrocarbons defined as priority substances by
the United States Environmental Protection Agency.
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Methods

In collecting reported BCF values the following sources were used to create an overview.

The Ecotoxicology Database (ECOTOX) of the US EPA. This database is a source for locating
single chemical toxicity data for aquatic life, terrestrial plants and wildlife. ECOTOX was created
and is maintained by the US EPA, Office of Research and Development (ORD), and the National
Health and Environmental Effects Research Laboratory’s (NHEERL’s) Mid-Continent Ecology
Division (MED). It is publicly available at the internet (http://cfpub.epa.gov/ecotox/).

The bioconcentration Gold Standard Database of the European Academy of Standardization
(EURAS). This database was established in 2006 in the framework of the Cefic Long-range
Research Initiative. Cefic is de European Chemical Industry Council, representing the European
chemical industry. The database is linked to the AMBIT database and available at
http://ambit.acad.bg.

The database of the Japanese National Institute of Technology and Evaluation. The Chemical
Management Field of this institute aims at collecting and transmitting information required for total
risk assessment and management of chemical substances. Their Biodegradation and
Bioconcentration database is available in English at http://www.safe.nite.go.jp/english/kizon/
KIZON_start_hazkizon.html. Test details are published in the Official Bulletin of Economy, Trade
and Industry (in Japanese only).

The EU risk assessment report (RAR) that was produced in the framework of EU regulation
EEC/793/93 (EU, 1993) for coal-tar pitch and copied into an Annex XV Transitional Dossier under
REACH (The Netherlands, 2008). The risk assessment of coal-tar pitch is based on data for the 16
EPA-PAHs (Figure 1). This report includes an overview of bioconcentration factors for fish and
mussels, as well as for oligochaetes, polychaetes, crustaceans and insects.

The database of 1535 data points for 702 chemicals in fish as summarized in the supplementary
information for the paper by Arnot et al. (2008). In this paper measured bioconcentration values are
compared with values estimated by several quantitative structure-activity relationships (QSARs).

An assessment of the bioaccumulation data of the 16 EPA-PAHs for fish by Lampi and Parkerton
(2008). This document complements the review in the EU risk assessment for coal-tar pitch and
identifies preferred values for the PBT* Working Group of the Technical Committee New and
Existing Substances. In 2009 an update of this document (Lampi and Parkerton, 2009) was provided
to the European Chemicals Agency (ECHA) in a reaction to their proposal to include coal-tar pitch
high temperature on the list of compounds for which authorisation is needed.

Finally recent or additional literature was scanned in Scopus (http://www.scopus.com) for each
individual PAH (identified by substance name or CAS registration number) using the following
keywords: bioconcentrat*, bioaccumulat*, uptake, depuration, food-web, trophic, biomagnificat®,
BCF*, BAF*, FWMF*, TMF*, BMF*, or BSAF*.

Information from these sources showed considerable overlap, but eventually the data collection resulted
in a list of 855 BCF values, reported in 133 references. With a few exceptions (see below), each of
these references were consulted individually and the reliability of reported BCF values was examined
by using similar criteria as those formulated by Parkerton et al. (2008). These criteria are:

1.

2.
3.
4

(details of) test compound and test organism are clearly described

the compound is analysed both in water and in the organism

no significant adverse effects are reported

the reported BCF reflects steady-state conditions with unambiguous units

4 . . . .
Persistent, Bioaccumulating and Toxic compounds.
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However, due to different interpretation of the results, the assessment of the studies is not necessarily
the same as in the assessment recently submitted to ECHA (Lampi and Parkerton, 2009).

Based on this analysis Klimisch scores (Klimisch et al., 1997) were assigned to each BCF value to
indicate the reliability. Data that are generated from studies that comply with or are comparable to
published guidelines or are conducted with accepted methods that are described in sufficient detail are
rated reliable (validity = 1). Studies that include adequate documentation details, but lack specific
details or deviate from guideline requirements are deemed reliable with restrictions (validity = 2). Data
are rated as unreliable if key information is lacking or when documentation details reveal unacceptable
test performance or methodological flaws (validity = 3). The most common reasons for unreliability are
exposure concentrations above water solubility and a clear absence of steady state while steady state
BCFs are reported. When insufficient details are provided on critical study aspects data are defined as
not assignable (validity = 4). Reasons for assigning a validity of 4 include BCF values being based on
total radioactivity (which deems it impossible to distinguish between the concentration of the parent
compound and that of its transformation products), uncertainty about the exposure concentration (e.g.
exposure concentration reported in graphs only, nominal concentration reported only, exposure via
sediment or diet, exposure to oil) or (pre-)exposure duration (e.g. for field collected animals). In
addition, two studies (Dunn and Stich, 1976; Rantaméki, 1997) that reported depuration half-lives were
scored as not assignable, because information was lacking to calculate BCF values from these half-lives
(validity = 4).

In addition to these 4 scores to indicate reliability we added the score 5 for BCF values that were
reported in one of our sources (see above), but for which the original publication could not be
evaluated. For instance, a small number of references (US-EPA, 1976; Linder, 1982; Hall, 1993) could
not be traced and BCF values from these references (as reported in the ECOTOX-database) were
assigned a validity of 5 (not evaluated). In addition Veith et al. (1979) refer to unpublished data by Call
and Brook (1977). As such data are by definition untraceable this reference was also assigned a validity
of 5. It is, however, possible that (part of) these unevaluated data were reported in public literature as
well. In the assessment by Lampi and Parkerton (2009) several references are made to reports by
EMBSI (EMBSI, 2001; 2005; 2006; 2007c; 2007b; 2007a; 2008a; 2008b; 2009). These reports are not
publicly available and thus the BCF values of these references were also assigned a validity of 5.
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3.1

3.2

Results

Reliability of reported BCF values

For almost 40% of the reported BCF values reliability could not be assigned (validity = 4; see Annex
II). The main reason for assigning this validity is given for each BCF value as a reliability remark in
Annex II. For the majority of unassignable BCF values this was the result of the BCF being based on
total radioactivity.

Those BCF values that were assigned not reliable (invalid due to experimental flaws or design
limitations; validity 3) are summarized in Annex I. This was about 25 % of the BCF values. The main
reasons for deeming the study unreliable are given as reliability remark in Annex I.

Only 293 BCF values (circa 34 %) were deemed reliable, although in many cases (264) with
restrictions (i.e. non-guideline studies, but documented and defensible, validity = 2), because many of
these studies were performed before guidelines were established. These 293 BCF values were derived
for different types of organisms and are summarized in Table 1.

The remaining few BCF values were not evaluated.

Additional data

Most of the data (re-)evaluated in the present study were already described in the RAR’ (The
Netherlands, 2008). Additional studies are briefly described here.

Landrum and Poore (1988) determined the role of lipid content and temperature in the bioaccumulation
of phenanthrene and benzo[a]pyrene by mayfly (Hexagenia limbata). The values for benzo[a]pyrene
were reported already in the RAR, but those for phenanthrene were not. The study report includes
enough details to rate this study reliable with restrictions (validity = 2). In Table 1 the range of BCF
values given from this study is based on fresh weight. When lipid normalization (to 5% lipid content) is
applied the range for phenanthrene yields 666 — 2600 L/kg and for benzo[a]pyrene this range yields
3400 — 7800 L/kg.

Hall and Oris (1991) determined BCFs for male and female fathead minnows and for eggs of this
species exposed to a concentration series of anthracene for 21 d. Steady water concentrations were
maintained, but lipid content was not presented. BCFs were calculated for male and female carcasses
individually, and is rated reliable with restrictions (validity = 2).

Weinstein (2001) exposed glochidia of Utterbackia imbecillis to fluoranthene in a flow-through system.
Both a steady state (1735) and a kinetic BCF value (1813) is given, which are very similar. This is in
agreement with the observed steady state. Also further details provided in the study report are sufficient
to rate this study as valid with restrictions (validity = 2).

Schuler et al. (2004) exposed crustacean species (Diporeia spec. and Hyalella azteca) and insect larvae
(3rd instar Chironomus tentans) to fluoranthene to determine the influence of exposure concentration on
bioaccumulation and compare species specific differences. The study report provides sufficient detail to

> RAR: Risk Assessment Report, produced in the framework of EU regulation EEC/793/93 (EU, 1993).
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rate this study as valid with restrictions (validity = 2). The exposure concentration appears not to have a
big influence, but in contrast to Diporeia spec. the other species are able to metabolise fluoranthene,
resulting in higher elimination rates and lower BCF values.

Richardson et al. (2005) conducted semi-batch seawater experiments to follow the uptake and release
of anthracene, fluoranthene, pyrene and benzo[a]pyrene, as well as 4 organochlorine pesticides, in
semi-permeable membrane devices and green-lipped mussels (Perna viridis). This study was well
conducted and appears to yield reliable BCF values based on lipid weight (anthracene: 380000;
fluoranthene: 245000; pyrene: 891000; benzo[a]pyrene: 170000). Normalised to a 5% lipid content
(ECHA, 2008), these BCF are 19000, 12250, 44550, and 8500, respectively. Lipid weight itself was not
given in the study. This study is rated as reliable with restriction (validity = 2).

Wang and Wang (2006) studied the bioaccumulation and transfer of benzo[a]pyrene in a simplified
marine food chain. Both dietary and aqueous exposure to benzo[a]pyrene were examined in copepods
(Acartia erythraea) and fish (Lutjanus argentimaculatus), but details are not always clear deeming this
study unassignable (validity = 4).

Yakata et al. (2006) tested seven organic compounds including acenaphthylene in carp (Cyprinus
carpio). The tests were conducted according to OECD Guideline 305 (OECD, 1996), resulting in a
BCF for acenaphthylene of 271 L/kg (560 after lipid normalization). Sufficient details were provide to
rate this guideline study as reliable (validity = 1).

Jonker and Van der Heijden (2007) determined BCF values for Lumbriculus variegatus in several
different test setups. These studies were, however, deemed unreliable (validity = 3), because sediment
was present in the test (adding uncertainties to the exposure route) and BCF values were given in
graphs only.

In a study by Cheikyula et al. (2008) fish (Paralichthys olivaceus, Pagrus major and Oryzias
Jjavanicus) were exposed for ten days to a mixture of 4 PAHs (phenanthrene, pyrene, chrysene and
benzo[a]pyrene). The exposure concentration of chrysene in this study appeared to be above the water
solubility of this compound, and consequently the mixture as a whole must be oversaturated. So BCF
values from this study are not reliable (validity = 3).

Bioavailability of benzo[k]fluoranthene was reported for Oryzias latipes by Chen et al. (2008). From
this study a BCF value could only be estimated from concentrations in water and fish that were
reported in graphs. In addition the reported exposure concentrations appear to be nominal
concentrations (validity = 3).

Grass shrimp larvae were exposed to fluoranthene and benzo[a]pyrene by Weinstein and Garner
(2008). The reported BCF values were averages for several exposure concentrations, but information is
lacking to examine the validity of this procedure. In addition, BCF values appear to be based on dry
weight and the exposure concentration for benzo[a]pyrene appears to be above water solubility
(validity = 3).

A rather reliable study in estuarine copepods (Cailleaud et al., 2009), reports dry weight based BCF
values for phenanthrene (550), pyrene (900), chrysene (950), benzo(b+k)fluoranthene (1300), and
benzo[a]pyrene (1750). These values are only reported in a graph deeming this study as reliable with
restrictions (validity = 2). Since no distinction was made between benzo[b]fluoranthene and
benzo[k]fluoranthene the value for benzo(b+k)fluoranthene is rated as unassignable (validity 4).

In a study by Takeuchi et al. (2009) biomagnification profiles were elucidated for a range of PAHs,
alkylphenols and polychlorinated biphenyls. The molluscs, crustaceans and fish that were examined
were collected in the Tokyo Bay, which makes the actual exposure concentrations uncertain (although
measured water concentrations were given). However, the reported concentrations in seawater and the
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3.3

organisms can be used to calculate bioaccumulation values (BAFs) and thus this study is rated reliable
with restrictions (validity = 2). In general 5% lipid normalized BAF values for all species tested are
>5000 L/kg for anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo(jt+k)fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, and benzo[ghi]perylene, with a few
exceptions: in the fish (Acanthogobius flavimanus) BAF values are lower for anthracene (4527),
fluoranthene (629), pyrene (1010), and indeno[1,2,3-cd]pyrene (4167), and in the crustacean
(Hemigrapsus penicillatus) BAF values are lower for anthracene (4026) and fluoranthene (1713). For
phenanthrene the values fall within the 2000 — 5000 L/kg range, with the mollusc Mytilopsis sallei
(BAF: 1781), the crustacean (BAF: 776) and the fish (BAF: 1019) as exceptions. Because these values
cannot be directly compared with BCF values, the BAF values are not included in Table 1.

Evaluation of reliable BCF values

From Table 1 it can be concluded that BCF values are low for naphthalene (in fish: 66 — 999 L/kg; in
crustaceans: 131 — 736 L/kg), acenaphthene (in fish: 735 — 760 L/kg), acenaphthylene (in fish: 271 —
387 L/kg) and 9H-fluorene (in fish: 590 — 1467 L/kg; in Daphnia magna: 506 L/kg; in Lumbriculus
variegatus: 400 L/kg).

In aquatic plants (Lemna gibba) this holds for all PAHs tested (anthracene: 4 — 28 L/kg; phenanthrene:
11 — 92 L/kg; benzo[a]pyrene: 7 — 910 L/kg). Also polychaetes (Nereis virens) do not highly
accumulate the PAHs tested (BCF values for phenanthrene, fluoranthene and pyrene are all below
1000 L/kg).

Anthracene is clearly accumulated. Both for carp (Cyprinus caprio) and for fathead minnows
(Pimephales promelas) BCF values are reported above 2000 L/kg. For female fathead minnows, the
highest BCF (4973 L/kg) is even close to the very bioaccumulative (vB) limit of 5000 L/kg. Hall and
Oris (1991) argue that this may be due to a higher lipid content in females, but unfortunately they did
not measure lipid content in the fish. The only study that reports lipid content in Pimephales promelas
(Carlson et al., 1979) does not distinguish between males and females, but their highest reported lipid
content value is 4.8 + 1.5 % (average + SD). Assuming that the females are in the higher region of this
range (i.e. around 6%), the lipid normalized BCF value will be around 4100. For the amphipod
Pontoporeia hoyi the BCF is (far) above this limit (16800 — 40000 L/kg) and also the polychaete
Stylodrilus heringianus show a high BCF value for anthracene (5206 L/kg).

For phenanthrene BCF values are reported above 2000 L/kg for sheepshead minnows (Cyprinodon
variegatus; 2229 L/kg) and fathead minnows (Pimephales promelas; BCFx: 3611 L/kg). For both
species also values below 2000 L/kg are reported, but for fathead minnows also a final BCF value of
5100 L/kg is reported on day 28, although concentrations in fish appear to decrease over the period
from day 18 to 28 of the uptake phase. In molluscs phenanthrene is accumulating, but BCF levels
remain well below 2000 L/kg (maximum: 1280 L/kg). In crustaceans BCF values are generally very
high (cf. Diporeia spp. and Pontoporeia hoyi >5000 L/kg), but low values are also reported (cf.
Daphnia sp. and Crangon septemspinosa: 210 — 325 L/kg). Whether these differences are due to
differences between species is difficult to judge, since other experimental settings (e.g. exposure time)
also differ. For insects (Hexagenia limbata) BCFs clearly depend on lipid content of the organism, but
on average values are above 2000 L/kg. For oligochaetes (Stylodrilus heringianus) the BCF for
phenanthrene is 5222 L/kg.

Fluoranthene does accumulate in fish (Pimephales promelas; kinetic BCF calculated from the
presented data: 2439). The uptake curve does not fit well to a first order kinetic model. This is mainly
because the concentrations in fish are remarkably lower at 28 days than at 4, 7, 14, and 21 days. Static
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BCF values at these time intervals are 2275, 3265, 2962, and 3443, respectively. In contrast, the static
BCF at 28 days is only 1507 — 1884. In juvenile fish, fluoranthene accumulation may be significant,
e.g. Cho et al. (2003) reported a kinetic BCF of 14839, although exposure in this experiment was very
short (24 h, followed by 24 h depuration phase) and the value may be based on dry weight (study
validity = 4). In molluscs (Mya arenaria and Mytilus edulis) fluoranthene is clearly accumulating and
also in some crustaceans (Diporeia spp. and Hyalella azteca) fluoranthene shows very high BCF
values. The low BCF value for Crangon septemspinosa is likely species specific, since this species
generally shows lower BCF values in comparison with other invertebrates (cf. McLeese and Burridge,
1987). For insects (Chironomus tentans larvae) BCF values for fluoranthene are around 2000 L/kg.
Fluoranthene is also the only PAH tested on an amphibian (Rana pipiens), but for this species BCF
values are (far) below 2000 L/kg.

Based on Table 1 BCF values for pyrene in fish are lower than 2000, most likely because it is
metabolized and subsequently excreted. For a study with fathead minnows (Carlson et al., 1979) the
BCFg was estimated as 1279 L/kg. As with fluoranthene, however, these data appear to deviate from
first order kinetics. The concentrations in fish after 28 d are much lower than those after 14 or 21 days,
resulting a much lower BCF after 28 d (785 L/kg) than the ones reported after 14 and 21 days (2300
and 2600 L/kg respectively). Yet, in a recent field study (Takeuchi et al., 2009) pyrene was not highly
accumulating (BAF: 1010), supporting the non-bioaccumulative behaviour of pyrene in fish. Also
insects (Chironomus riparius larvae) do not highly accumulate pyrene (Wildi et al., 1994). In molluscs,
however, BCF values are generally (far) above 5000 L/kg, which is only partly due to their relatively
high lipid content (cf. Bruner et al., 1994; Baussant et al., 2001a). In crustaceans (Diporeia spp.,
Pontoporeia hoyi) BCF values are also very high. Only Cragon septemspinosa shows again a low BCF
value (see also the results for fluoranthene). The oligochaete Stylodrilus heringianus shows a very high
BCF for pyrene (6688), but for Lumbriculus variegatus the BCF is much lower (1720).

Benz[a]anthracene hardly accumulates in fish (Pimephales promelas) but in crustaceans BCF values
are very high (>10000).

Benzo[a]pyrene shows similar patterns with fish hardly accumulating and invertebrates that do so
significantly, with the exception of Chironomus riparius that is capable of metabolizing benzo[a]-
pyrene (Leversee et al., 1981; 1982).

For chrysene, benzo[k]fluoranthene, benzo[ghi]perylene and dibenz[a,h]anthracene only for Daphnia
magna valid data are available, showing very high BCF values for all compounds.

For benzo[b]fluoranthene and indeno[1,2,3-cd]pyrene no reliable data are available at all, although
these compounds appear to accumulate in molluscs in the field (Takeuchi et al., 2009).

Table 1. Overview of reliable BCF values.

Species Test Chem. BCF (L/kg) Type® V¥ Ref.?
System®  analysis”

Naphthalene

Pisces
Cyprinodon variegatus FT GCMS 895,999 " Kin. 1 [12]
Cyprinus carpio FT GC 66,76 " Equi. 2 [26]
Lepomis macrochirus FT “c 300 Kin. 2 [20]

Crustacea
Daphnia pulex S Flu.Spec. 131 Equi. 2 [31]
Diporeia spp. SR Yc 311,459,736"  Kin. 2 [15]
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Species Test Chem. BCF (L/kg) Type® V¥ Ref.?
System?  analysis®
Acenaphthene
Pisces
Cyprinus carpio FT HPLC 735,760 " Equi. 2 [27]
Acenaphthylene
Pisces
Cyprinus carpio FT HPLC 385,387 " Equi. 2 [28]
FT HPLC 271 Equi. 1 [34]
9H-fluorene
Pisces
Cyprinus carpio FT GCMS 590, 637 " Equi. 2 [29]
Pimephales promelas | FTo HPLC 112,145 Kin. 2. M
Crustacea
Daphnia magna SR HPLC 506 Equi. 2 [23]
Oligochaeta
Lumbriculus variegatus SR HPLC 400 Equi. 2 [1]
Anthracene
Pisces
Cyprinus carpio FT GCMS 1890, 2225 " Equi. 2 [25]
2545, 19602 Kin.
Pimephales promelas (eggs) FT HPLC 563 — 966 " Equi. 2 [10]
Pimephales promelas (male) FT HPLC 1126, 2476 " Equi. 2 [10]
Pimephales promelas (female)  FT HPLC 35814978  Equ. 2 [10]
Mollusca
Pemaviidis SR 6 19000%  Equi. 2 [24]
Crustacea
Daphnia magna SR HPLC 970 Equi. 2 [23]
Daphnia pulex S Flu.Spec. 917 Equi. 2 [31]
Hyalella azteca FT c 1800 Equi. 2 [14]
Pontoporeia hoyi FT “c 16800 Kin. 2 [16]
FT “c 39727 Kin. 1 [17]
Oligochaeta
Lumbriculus variegatus SR HPLC 1370 Equi. 2 [1]
Stylodrilus heringianus | FT R 5206 Kin. 2. BBl
Magnoliophyta
Lemna gibba S “c 4-28" Kin. 2 [6]
Phenanthrene
Pisces
Cyprinodon variegatus FT GCMS 810, 2229 " Kin. 1 [12]
Pimephales promelas FT HPLC 2050 — 5100 " Equi. 2 [4]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2086-3611"  Kin. 2
Mollusca
Mya arenaria FT HPLC 1280 Kin. 1 [21]
Mytilus edulis FT HPLC 1240 Kin. 1 [21]
17
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Species Test Chem. BCF (L/kg) Type® V¥ Ref.?
System?  analysis®

Crustacea
Crangon septemspinosa FT HPLC 210 Kin. 1 [21]
Daphnia magna SR HPLC 324 Equi. 2 [23]
Daphnia pulex S Flu.Spec. 325 Equi. 2 [31]
Diporeia spp. SR “c 5513 -11440"  Kin. 2 [15]
Eurytemora affinis GCMS 550 Equi. 2 3]
Pontoporeia hoyi FT “c 28043 Kin 1 [17]

Insecta

Hexagenia limbata | FTo e 493-5697%  Kin. 2 [13]

Oligochaeta
Stylodrilus heringianus FT “c 5222 Kin. 2 [8]

Polychaeta
Nereis virens FT HPLC 500 Kin. 1 [21]

Magnoliophyta
Lemna gibba S “c 11-92" Kin. 2 [6]

Fluoranthene

Pisces
Pimephales promelas FT HPLC 2439 Equi 2 [4]

Mollusca
Mya arenaria FT HPLC 4120 Kin 1 [21]
Mytilus edulis FT HPLC 5920 Kin 1 [21]
Perna viridis SR GC 12250% Equi 2 [24]
Utterbackia imbecillis (glochidia)  FT HPLC 1735, Equi., 2 [32]

1813 Kin.

Crustacea
Crangon septemspinosa FT HPLC 180 Kin. 1 [21]
Daphnia magna SR HPLC 1742 Equi. 2 [23]
Diporeia spp. SR Yc 15136 — 58884 " Kin. 2 [30]
Hyalella azteca SR “c 1202 - 5370 " Kin. 2 [30]

Insecta
Chironomus tentans SR c 891 -2512" Kin. 2 [30]

(3 instar larvae)

Polychaeta )
Nereisviens | T HPLC 720 Kin. 121

Amphibia
Rana pipiens FT HPLC 611 —1659" Equi. 1 [22]

Pyrene

Pisces
Cyprinodon variegatus FT GCMS 97, 145" Kin. 1 [12]
Pimephales promelas | LI HPLC . teor K 2[4

Mollusca
Dreissena polymorpha S °H 13000 — 35000 Kin. 2 2]

S °H 22000 - 770007 Kin. 2 [9]
Mya arenaria FT HPLC 6430 Kin. 1 [21]
Mytilus edulis FT HPLC 4430 Kin. 1 [21]
Perna viridis SR GC 445503 Equi. 2 [24]
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Species Test Chem. BCF (L/kg) Type® V¥ Ref.?
System?  analysis®
Crustacea
Crangon septemspinosa FT HPLC 225 Kin. 1 [21]
Daphnia magna SR HPLC 2702 Equi. 2 [23]
Daphnia pulex S Flu.Spec. 2702 Equi. 2 [31]
Diporeia spp. SR “c 12300 - 36333"  Kin. 2 [15]
Eurytemora affinis GCMS 900 Equi. 2 3]
Pontoporeia hoyi FT °H 166000 Kin. 1 [17]
Insecta
Chironomus riparius (larvae) S Yc 713 -1227% Equi. [33]
Oligochaeta )
Lumbriculus variegatus SR HPLC 1720 Equi. 2 [1]
Stylodrilus heringianus FT °H 6688 Kin. 2 [8]
Polychaeta
Nereis virens FT HPLC 700 Kin. 1 [21]
Benz[a]anthracene
Pisces
Pimephales promelas FT HPLC 260 Equi. 2 [5]
Crustacea
Daphnia magna SR HPLC 10226 Equi. 2 [23]
Daphnia pulex S Flu.Spec. 10109 Equi. 2 [31]
Pontoporeia hoyi FT “c 63000 Kin. 1 [17]
Chrysene
Crustacea
Daphnia magna SR HPLC 6088 Equi. 2 [23]
Eurytemora affinis GCMS 950°% Equi. 2 [3]
Benzo[a]pyrene
Pisces
Lepomis macrochirus FT “c 367 — 608 Kin. 2 [11]
FT “c 30 Kin. 2 [20]
Mollusca )
Dreissena polymorpha S °H 41000 — 84000  Kin. 2 2]
S °H 24000 — 2730007 Kin. 2 9]
Perna viridis SR GC 8500 % Equi. 2 [24]
Crustacea
Daphnia magna SR HPLC 12761 Equi. 2 [23]
S c 2837 Equi. 2 [18]
Eurytemora affinis GCMS 1750 Equi. 2 [3]
Mysis relicta FT °H 8496 Kin. 2 [7]
Pontoporeia hoyi FT “c 73000 Kin. 1 [17]
FT °H 48582 Kin. 2 [7]
Insecta )
Chironomus riparius S Yc 650 Equi. 2 [19]
(4" instar larvae)
S “c 166 Equi. 2 [18]
Hexagenia limbata FT °H 2725-111679  Kin. 2 [13]
19
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Species Test Chem. BCF (L/kg) Type® V¥ Ref.?

System?  analysis®

Oligochaeta
Stylodrilus heringianus | LI Ho T K 2 8
Magnoliophyta

Lemna gibba S “c 7-910" Kin. 2 [6]
Benzo[k]fluoranthene

Crustacea

Daphnia magna SR HPLC 13225 Equi. 2 [23]
Benzo[ghi]perylene

Crustacea

Daphnia magna SR HPLC 28288 Equi. 2 [23]
Dibenz[a,h]anthracene

Crustacea

Daphnia magna SR HPLC 50119 Equi. 2 [23]

A FT: flow-through system; S: static; SR: static renewal. ®) C: radioactive carbon in the parent compound; GC: Gas chro-
matography; GCMS: Gas chromatography with mass spectrometry; Flu.Spec.: fluorescence spectrometry; ®H: radioactive
hydrogen in the parent compound; HPLC: high pressure liquid chromatography. % Kin.: Kinetic BCF, i.e. ki/kz; Equi.: BCF at
(assumed) equilibrium, i.e. Corganism/Cuater. © V: validity; 1: valid without restrictions; 2: valid with restrictions. ® References:
[1] (Ankley et al., 1997); [2] (Bruner et al., 1994); [3] (Cailleaud et al., 2009); [4] (Carlson et al., 1979); [5] (De Maagd et al.,
1998); [6] (Duxbury et al., 1997); [7] (Evans and Landrum, 1989); [8] (Frank et al., 1986); [9] (Gossiaux et al., 1996); [10]
(Hall and Oris, 1991); [11] (Jimenez et al., 1987); [12] (Jonsson et al., 2004); [13] (Landrum and Poore, 1988); [14]
(Landrum and Scavia, 1983); [15] (Landrum et al., 2003); [16] (Landrum, 1982); [17] (Landrum, 1988); [18] (Leversee et al.,
1981); [19] (Leversee et al., 1982); [20] (McCarthy and Jimenez, 1985); [21] (McLeese and Burridge, 1987); [22] (Monson
et al., 1999); [23] (Newsted and Giesy, 1987); [24] (Richardson et al., 2005); [25] (RIITI, 1977); [26] (RIITI, 1979); [27]
(RIITI, 1990a); [28] (RIITI, 1990b); [29] (RIITI, 1990c); [30] (Schuler et al., 2004); [31] (Southworth et al., 1978); [32]
(Weinstein, 2001); [33] (Wildi et al., 1994); [34] (Yakata et al., 2006)

" Values represent (a range of) BCF values from (a range of) different exposure concentrations. ? Kinetic model with
estimated uptake rate constant based on fish size applied to the data, high and low concentration, respectively. ¥ In this
study BCF values are based on lipid weight, values given in this table are normalized to 5% lipid content. * Kinetic value
based on the presented data. However, the uptake curve for phenanthrene does not show the re%ular levelling off in time.
Therefore, static BCF values at the end of 28 d do exceed 5000. ® BCFs are based on dry weight. ) BCFs were determined
with test animals that differ in lipid content. " BCFs were determined at different exposure temperatures. ® BCFs were
determined at different exposure pHs. 9 BCFs were determined at different feeding regimes, i.e. fed both during uptake and
depuration, not fed during uptake but fed during depuration.
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4.1

Discussion

In the Risk Assessment Report (RAR) on coal-tar pitch, high temperature (The Netherlands, 2008) and
in the assessment by Lampi and Parkerton (2009) validity was also assigned to the different BCF
studies. In the present report the re-evaluation of the studies resulted in different validity scores in
comparison to these references which are discussed below.

Evaluating the bioaccumulation assessment by Lampi and Parkerton

In a study by De Voogt et al. (1991) BCFs were calculated for 9H-fluorene, anthracene and pyrene,
based on 7-day semi-static renewal bioaccumulation tests with guppy (Poecilia reticulata). In the RAR
(The Netherlands, 2008) these BCF were assigned a validity of 2 (valid with restrictions), but Lampi
and Parkerton (2009) argue that many details on test set-up and results (e.g. whether fish are fed or not,
measured water concentrations) are lacking from the paper, so they rate these values not assignable
(validity = 4). De Voogt et al. (1991) also report BCF values from 48-hour static exposures. Our re-
evaluation of this source showed some inconsistencies within the study and thus reliability of the
reported BCF could not be assigned (validity 4). First, the static renewal study with renewal every 12 h
showed a steady state BCF for pyrene at 48 h of 11300 L/kg, which is extraordinarily high, even
considering the high lipid content of 9%. However, in the static Banerjee method during 48 h, with
correction for loss due to volatilisation and sorption in controls, the BCF was 4810 L/kg. Analysis of
the fish was only performed at the end of this 48 h period. The amount of pyrene in fish was only 62%
of that estimated from the loss of the water phase. The remaining 38% might be attributed to
metabolism, which would yield a BCF value of circa 3000 L/kg. The elimination of pyrene from fish
was followed as well during 6 days after the static exposure had ended. This yielded an elimination rate
constant of 0.66 d'. With the estimated rate constant from the static uptake phase this would yield a
BCF value of 4863 L/kg. However, the uptake rate constant estimated by the Banerjee method is
remarkably high, even considering the small size of the fish (135 mg). If the uptake rate constant would
be estimated from the fish size (ECHA, 2008), similar to what is done in the dietary bioaccumulation
tests (see section 4.3), the BCF would only be 1485 L/kg. The results from this study are therefore
rather inconclusive (validity 4).

For similar reasons the short-term BCF values as reported in De Maagd (1996) were rated as unreliable
(validity = 3) by Lampi and Parkerton (2009). However, the BCF values from De Maagd (1996) were
derived kinetically with the adjusted Banerjee method, in which not only the decrease in the water
concentration is monitored but the increase in the concentration in fish as well. Additional measure-
ments were done with piperonyl butoxide added to the water to stop metabolism in the fish by
inhibiting the cytochrome P450 isoenzymes. The test duration is very short and induction of
metabolization may occur if fish are exposed for a prolonged period. Yet, for benz[a]anthracene De
Maagd et al. (1998) found that the exposure time did not influence the metabolic rate. This substance,
however, is metabolized to a large extent by fish and for the PAHs that are less easily metabolised,
induction may still be an important process. The BCF values from De Maagd (1996) for anthracene,
phenanthrene and fluoranthene are indeed higher than values obtain from studies with the same species
but a longer exposure time, with constant exposure over time (Carlson et al., 1979; Hall and Oris,
1991), but still within a factor of 1 to 3. Therefore, the results from De Maagd (1996) should be
considered with care, but are still important as circumstantial evidence in a weight of evidence
approach to decide on the bioaccumulation potential of the studies PAHs.
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Further, Lampi and Parkerton (2009) state that the water concentrations of several PAHs as used by De
Maagd (1996) approach the LCso. However, such LCsy values can only be obtained by irradiation with
ultraviolet light, such that the PAHs exert phototoxic effects. Under normal laboratory conditions with
gold or cool white fluorescent lighting or similar, under which BCF studies are performed, such
phototoxic effects will not occur. Most PAHs are not acutely toxic to fish up to their limit of solubility
under such conditions.

Values for benz[a]anthracene as reported by De Maagd et al. (1998) were rated as unassignable by
Lampi and Parkerton (2009), in contrast with the rating in the RAR (validity = 2). This appears to be
based on the absence of lipid data only, which in our opinion is not sufficient for rating a study as
unassignable. We therefore still support the rating from the RAR (validity = 2).

A study by Weinstein and Oris (1999) with larval fathead minnows reports a BCF for fluoranthene of
9054. This value, however, is based on dry weight, which makes it difficult to compare with BCF
values based on wet weight. Lampi and Parkerton (2009) assigned the study as unassignable (validity =
4), which we consider justified given the uncertainties regarding the expression of the concentration.
Assuming a water content of 75 — 85%, which is not uncommon in fish, the BCF will be 1358 — 2264
based on wet weight. In addition, it might be assumed that this value is an overestimation for the larger
fish regularly used in bioconcentration tests, because biotransformation systems in larvae are not yet
fully developed, although for the same species a BCF of 2439 was derived from a 28-day study with
fish that were 5 to 6 weeks old (Carlson et al., 1979).

Another study with larval fathead minnows (Cho et al., 2003) was rated reliable (validity = 1) in the
RAR. Lampi and Parkerton (2009) rated the same study as unreliable (validity = 3), based on the
absence of reported units for BCF, the absence of reported lipid content, the test concentration being
close to LCsg, and uncertainty about whether the BCF is based on dry weight or wet weight. In our
opinion these reasons just rate this value as unassignable due to a lack of information provided (validity
= 4). Moreover, given the fact that an earlier publication from this group (Weinstein and Oris, 1999)
are based on dry weight and for the analysis a reference is made to this publication, it seems plausible
to assume that BCF values are on a dry weight basis. With the same assumptions as above for the dry
weight content, BCF values on wet weight basis of 2225 — 3709 are calculated, in the presence of
40 pg/L methyl-tert-butyl ether the range is 4381 — 7302. With respect to toxicity, it should be noted
that fluoranthene is only acutely toxic to fish at the used concentrations in the presence of UV-lighting
and certainly not under laboratory lighting.

From a study by Finger et al. (1985) in which bluegills are exposed to 9H-fluorene for 30 days
exposure concentrations and internal fish concentrations could be derived. These values were based on
dry weight and Lampi and Parkerton (2009) rated the study as unassignable (validity = 4), which is
agreed upon. Using the highest reported value (1800) and assuming a water content of 75 — 85%, the
BCF will be 270 — 450 based on wet weight.

Baussant et al. (2001a; 2001b) reported BCF values for several PAHs based on studies in which turbots
were exposed to crude oil. Due to the absence of reported fish and water concentrations these BCF
values were rated as unassignable by Lampi and Parkerton (2009). Exposure concentrations, are
however given in a figure, and although these values did not exceed water solubility, the test was
performed using a dispersed crude oil. Consequently, the solution is oversaturated and BCF values are
rated unreliable (validity = 3) instead of unassignable. A depuration phase was also reported in these
studies. The half-lives for naphthalene, fluorene, phenanthrene and chrysene were remarkably constant,
varying only between 14 and 29 hours. With the uptake rate constant estimated from fish size (see
section 4.3), BCF values of 196 to 407 are calculated for these compounds. However, the lack of
differentiation in the BCF values for the studied PAHs is not in accordance with other studies. Possibly,
the use of saturated concentrations leads to high fish concentrations of total PAH, such that interference
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4.2

of the different single PAHs can not be excluded. Therefore, these results should be considered as
unassignable (validity =4).

A study by Carlson et al. (1979) reports BCF results for fathead minnows exposed to a series of PAHs
via flow-through conditions for 28 d, followed by a 5 d depuration phase. Although this is not a
guideline study, enough details are provided to rate this study as reliable with restrictions (validity = 2).
Instead of using the reported BCF values for day 28 we calculated kinetic BCF values based on the
reported fish and water concentrations to minimize variability. Lampi and Parkerton (2009) indicated
that phenanthrene exposures in one exposure (experiment 2, tank #1) are unreliable, because of
declining water concentrations during the 28 d exposure. In addition they assign the results from
another exposure (experiment 2, tank#2) reliable only up to 10 days (averaging reported BCF values
for days 7 and 10), considering data later in the experiment as unreliable ‘due to lack of steady state,
and fluctuating test concentrations’. We agree that in this experiment a steady state is lacking, but in
our opinion the test concentrations in this study do not fluctuate too much. Using the average BCFg
value of the last three reported values (day 18, 25 and 28; resulting in a BCF value of 4300) appears
more reasonable than the approach by Lampi and Parkerton.

Evaluating the bioaccumulation assessment in the RAR

Freitag et al. (1982; 1985) report steady state BCF values for golden ide (Leuciscus idus melanotus)
exposed to different PAHs for 3 d. In the RAR these studies are rated unassignable (validity = 4). The
exposure, however, is static for 3 days, which deems it unlikely that a steady state has been established.
In addition, no aeration of the water column was provided, suggesting additional stress for the fish and
deeming these studies unreliable (validity = 3).

Barrows et al. (1980) report a reliable study on the accumulation of acenaphthene in bluegill sunfish
(Lepomis macrochirus) (RAR: validity = 2). Unfortunately, concentrations were based on total
radioactivity and since biotransformation can be expected this study is rated unassignable (validity =
4).

Also the study by Weinstein and Polk (2001), which reports BCF values for Utterbackia imbecillis
glochidia exposed to anthracene and pyrene is a very good study (RAR: validity = 2) with one major
flaw: BCF values are based on dry weight, resulting in very high values and complicating comparisons
with BCF values based on wet weight (validity = 4). In general, however, BCFs in this study are low.
Assuming a water content of 75 — 85% the highest value for anthracene (420) would result in a wet
weight BCF of 63 — 105, and for pyrene this value (1229) would result in a wet weight BCF of 184 —
307.

McCarthy and Jimenez (1985) report both a kinetic and a steady state BCF for bluegill sunfish
(Lepomis macrochirus) after a 2 d benzo[a]pyrene exposure, followed by a 4 d depuration phase In the
RAR these values are rated valid with restrictions (validity = 2). In this re-assessment, the short
exposure time and the presence of humic material in some of the tests, and the high fish loading should
rate these values as unreliable (validity = 3), especially since these values are based on total
radioactivity. A correction for parent substance in fish between 16 and 32 hours of the uptake phase is
not accurate but would indicate a BCF value well below 100 for benzo[a]pyrene. The results for
naphthalene, without added humic material, can be considered as more reliable as it was shown that
naphthalene was not metabolized to a significant degree.
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Dietary bioaccumulation studies

Lampi and Parkerton (2009) underline the importance of dietary exposure scenarios, especially for the
more lipophilic PAHs. Although we agree with their views in this respect, the available data that could
be evaluated were restricted to two studies (Niimi and Palazzo, 1986; Niimi and Dookhran, 1989).
Other dietary studies only appear to be done by EMBSI (EMBSI, 2001; 2005; 2006; 2007c; 2007b;
2007a; 2008a; 2008b), which could not be evaluated for this study (validity = 5).

For the dietary studies that could be evaluated, Lampi and Parkerton (2009) give half-lives (#s) and
normalized BCF values. These BCF values are calculated based on the following two equations
(ECHA, 2008):

t. Kk
BCF =k, -—% =21
In(2) &,

and
k, =(520)- w0

in which: & = uptake rate (ml/gye; weigh/day); k> = elimination rate (/day); W = fish wet weight (g); f5 =
growth-corrected half-life in fish (days).

With the weight of the fish at the beginning of the depuration phase (estimated from the values
presented during the depuration phase) of 658 g (Niimi and Palazzo, 1986), BCF values were estimated
to be 645 for fluorene, 847 for phenanthrene, 672 for anthracene, 582 for fluoranthene, 286 for
benzo[a]pyrene, and 356 for benz[a]anthracene. Values for phenanthrene, anthracene and fluoranthene
are remarkably lower than from studies with aqueous exposure (Table 1). For the study with
acenaphthylene (Niimi and Dookhran, 1989) a weight of 250 g is reported and a BCF of 139 can be
calculated from the presented data.

These values differ from the values reported by Lampi and Parkerton (2009) and the reason for these
differences could not be produced, even if other weight assumptions were applied. For instance, for
phenanthrene Niimi and Palazzo reported a growth corrected depuration rate (k, = #5/0.693) of
0.077 (d'l), resulting in a fs of 9 d (in agreement with Lampi and Parkerton). The calculated &
depends on the fish weight. Niimi and Palazzo reported a weight range of 651 + 132 to 875 £ 141 g,
resulting in a k; range of 57 — 70 (using 1016 and 519 g as weights). These values would result in a
BCF range of 738 — 915. When these values are normalized to a fish with 5% lipid content (using the
lipid content of 8% as reported in Lampi and Parkerton, although no lipid content is indicated in the
Niimi and Palazzo study) this results in a range for the normalized BCF of 461 — 572, while a
normalized BCF of 407 is reported by Lampi and Parkerton (2009). Similar differences were found for
the other compounds from the Niimi and Palazzo study, which suggests that the calculations in Lampi
and Parkerton (2009) are not as straightforward as indicated in that report.

Further, very low BCF values are reported by Lampi and Parkerton (2009) for chrysene and pyrene
based on the study by Niimi and Palazzo (1986). This was based on the fact that these compounds were
not detected at all in fish tissues and the assumption that this could be attributed to low half-lives of less
than 2 days. However, this assumption could be incorrect, because the absence of the compounds in the
fish tissue may be fully attributable to a very low absorption efficiency. This is also indicated in a
subsequent paper (Niimi and Dookhran, 1989), where the same was observed for the PAHs
dibenz[a,h]anthracene and benzo[ghi]perylene.
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4.4

In addition, the reported BCF values from dietary studies in Lampi and Parkerton (2009) show other
oddities, e.g. the data for benz[a]anthracene, pyrene and benzo[a]pyrene from the EMBSI 2005 study
show the same BCF value for all compounds, which is highly unlikely.

Due to the uncertainties in calculating BCF values from the evaluated dietary studies (Niimi and
Palazzo, 1986; Niimi and Dookhran, 1989) and the fact that the study reports from EMBSI could not be
evaluated at all, in the present report BCF values based on dietary studies were not considered in the
assessment of bioaccumulation of PAHs.

Using bioaccumulation data for regulatory purposes

In regulatory frameworks BCFs values are usually considered as a measure for the biomagnification
potential of a certain compound. As stated before in the introduction, several factors influence the level
of biomagnification of a compound, which may result in situations where at lower trophic levels
bioaccumulation and biomagnification takes place, while higher in the food chain organisms are
capable of handling the compound and efficiently excreting it (e.g. Wang and Wang, 2006; Wan et al.,
2007; Nfon et al., 2008; Takeuchi et al., 2009).

According to the European REACH legislation, ‘the assessment of bioaccumulation shall be based on
measured data on bioconcentration in aquatic species’ (EU, 2007). When data are available for several
aquatic species (preferably from several levels within a food chain) all these data should be taken into
account. It might be argued that in this case it appears to make sense to take a weight-of-evidence
approach in which (reliable) information from fish (which are higher in the food chain and serve as
food for mammals, including humans, and birds) add more weight to an assessment of
biomagnification than information on e.g. daphnids (lower in the food chain), although it cannot be
excluded that bioaccumulation in the lower food chain may result in effects higher up in the food chain
that are not directly related to internal concentrations. In addition, although mussels are relatively low
in the food chain, (reliable) results from mussel studies, may add more weight to a biomagnification
assessment than data on daphnids, because mussels serve as food for mammals and birds as well.

Recently the European Chemicals Agency (ECHA) published an Annex XV Report proposing coal-tar
pitch, high temperature, for identification of a substance as a CMR, PBT, vPvB or substance of
equivalent level of concern. Part of this report is an assessment of the aquatic bioaccumulation of this
substance, which is based on the bioaccumulation potential of the 16 EPA-PAHs. This assessment is
solely based on data that were published in the RAR (The Netherlands, 2008). As argued above (see
sections 4.1 and 4.2), the present re-evaluation of bioaccumulation data resulted in conflicts with the
conclusions from the RAR, which may result in a different conclusion on the PBT/vPvB assessment for
the individual PAHs, but not for coal-tar pitch, high temperature as a substance and other substances
for which such an assessment is based on PAHs, considering the fact that at least some of the
substances that can regarded as PBT and/or vPvB are present in amounts amply exceeding 0.1%.

ECHA did not assess the bioaccumulation potential of naphthalene, acenaphthene, acenaphthylene, and
9H-fluorene, as these were not detected in coal-tar pitch high temperature in concentrations exceeding
0.1%. Anthracene was deemed bioaccumulative (B: BCF 2000 — 5000) and each of the other EPA-
PAHs were deemed very bioaccumulative (vB: BCF >5000), although only for fluoranthene and pyrene
this was based on fish data. For the other PAHs the vB status was based on invertebrates.
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Table 2. Summary of highest reliable BCF values for the 16 EPA-PAHS.

Substance BCF BCF value Species Type ®  Reference
value (5% lipid
(WW)  norm.)?

Naphthalene” 999 515 Cyprinodon variegatus (Fish) ~ Kin. 6]

Acenaphthene” 760 1000 _Cyprinus carpio (Fish) _ _____ Equi. | U
Acenaphthylene” 387 509 Cyprinus carpio (Fish) Equi [11]

Shfuorene’ 159 1658 Pimephales promelas (Fsh)  Kin. (1]
Anthracene 4973 -2 Pimephales promelas (Fish) Equi. [4]
-3 19000 Perna viridis (Mollusc) Equi. [9]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 39727 21098" _Pontoporeia hoyi (Crustacean) _ Kin.  [7]
Phenanthrene 3611 4751 Pimephales promelas (Fish) Kin. [1]
28043 14893%  Pontoporeia hoyi (Crustacean) Kin. [7]

Fluoranthene 2439 2772 Pimephales promelas (Fish) Kn. M
-3 12250  Perna viridis (Mollusc) Equi. [9]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 58884 -  Diporeiaspec. (Crustacean)  Kin.  [12]
Pyrene 1297 1474  Pimephales promelas (Fish) Kin. [1]
=3 44550  Perna viridis (Mollusc) Equi. [9]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 166000 _ 88157" Ponioporeia hoyi (Crustacean) _ Kin.  [7]
Benz[a]anthracene 260 -9 Pimephales promelas (Fish) Equi. [2]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 63000  33457" Pontoporeia hoyi (Crustacean)  Kin.  [7]

Chrysene 6088 - Do Daphnia magna (Crustacean)  Equi.  [8]
Benzo[a]pyrene 608 -8 Lepomis macrochirus (Fish) Kin. [5]
191000° 119375 Dreissena polymorpha (Mollusc)  Kin. [3]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 73000 38768" _Pontoporeia hoyi (Crustacean) _ Kin. [7]

Benzolblfluoranthene U — ____Noexperimental data available - .

Benzo[K[fluoranthene - 13225 - Daphnia magna (Crustacean)  Equi.  [8]

Benzolghilperylene 28288 - Daphniamagna (Crustacean)  Equi.  [8]

Dibenzfa hjanthracene ! 50119 - Daphniamagna (Crustacean)  Equi.  [8]
Indeno[1,2,3-cd]pyrene - - No experimental data available - -

@ BCF values are normalized to organisms with a lipid content of 5%. ® Kin.: kinetic BCF value (ki/kz); Equi. BCF value at
(assumed) equilibrium (Corganism/Cuater). < [1] (Carlson et al., 1979); [2] (De Maagd et al., 1998); [3] (Gossiaux et al., 1996);
[4] (Hall and Oris, 1991); [5] (Jimenez et al., 1987); [6] (Jonsson et al., 2004); [7] (Landrum, 1988); [8] (Newsted and Giesy,
1987); [9] (Richardson et al., 2005); [10] (RIITI, 1990a); [11] (RIITI, 1990b); [12] (Schuler et al., 2004).

Y For these compounds invertebrates showed lower BCF values than fish, so only fish data are given. % In this study no
lipid content was given, but based on lipid contents in fathead minnows reported by Carlson et al. (1979) lipid content is
expected to be 5 — 6 %, which would result in lipid normalized values ranging from 4100 — 5000. 9 In this study only lipid-
based BCF values were given, but lipid content itself was not reported. “In this study lipid content was expressed only as
percentage of dry weight (35%). In addition the ratio between total wet weight and dry weight was given (0.269). For lipid
normalization it was assumed that the same ratio holds for lipids, resulting in a lipid content of 9.4% based on wet weight.
% In this study no lipid content was given, but for a lipid normalized value to fall below the trigger value of 5000 the lipid
content needs to be 59%, which seems to be unrealistically high. % In this study no lipid content was given, but for a lipid
normalized value to exceed the trigger value of 2000 the lipid content needs to be 0.65%, which seems to be unrealistically
low. " In this study no lipid content was given, but Liu et al. (1996) report lipid contents in Daphnia magna ranging from 4 —
6%, suggesting that a lipid normalized BCF value will be similar to the wet weight value. If the lipid content is higher than
6.1%, the normalized BCF value will be below 5000. ® In this study no lipid content was given, but for a lipid normalized
value to exceed the trigger value of 2000 the lipid content needs to be 1.5%, which seems to be unrealistically low.
9 Higher BCF values were reported, but this is the highest value for which lipid normalization could be applied. ' In this
study no lipid content was given, but for a lipid normalized value to fall below the trigger value of 5000 the lipid content
needs to be 13%, which seems to be unrealistically high. ™ 1n this study no lipid content was given, but for a lipid
normalized value to fall below the trigger value of 5000 the lipid content needs to be 28%, which seems to be unrealistically
high. ™ In this study no lipid content was given, but for a lipid normalized value to fall below the trigger value of 5000 the
lipid content needs to be 50%, which seems to be unrealistically high.
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The results from the present evaluation of BCF values are summarized in Table 2. This table shows that
for most PAHs the same conclusions are reached for their bioaccumulative properties, i.e. naphthalene,
acenaphthene, acenaphthylene and 9H-fluorene are considered not bioaccumulative, and chrysene,
benzo[k]fluoranthene, benzo[ghi]perylene, and dibenz[a,h]anthracene are considered vB (based on
invertebrates). Anthracene is still considered B for fish, but additional data show that it is vB in
molluscs and crustaceans. For phenanthrene and fluoranthene, however, re-evaluation of data deemed
these compounds B instead of vB when based on fish. Based on invertebrates (crustaceans for
phenanthrene; mussels and crustaceans for fluoranthene) both compounds are considered vB. Similarly
pyrene, benz[a]anthracene and benzo[a]pyrene do not accumulate in fish (due to biotransformation),
but are very bioaccumulative at lower trophic levels (molluscs and crustaceans).
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Annex I Overview of BCF values from studies that were
rated as not reliable (validity 3)

Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)?® © 9
Naphthalene
Pisces
Brachydanio rerio SR ubD 1778 - Equi. Value based on dry weight [47]
(larvae)
Brachydanio rerio SR UD 1820 - Equi. Value based on dry weight [47]
(eggs)
Cyprinodon S ub nr nr —  Short exposure to oil; concentra-  [1]
variegatus tions only in graphs; steady state
unlikely
Leuciscus idus S U - 30 Equi. 3-day static exposure, no (17
melanotus aeration
Morone saxatilis FT" U - 2455 Equi. Exposure less than 96h [48]
FT ] - 283.7 Equi. Exposure less than 96h [48]
Oncorhgnchus S U 71.5, 4157 — Equi. Static exposure, biotransforma-  [40]
mykiss ) tion reported, BCF in bile
FT Uub 13000 - Equi. Biotransformation reported, BCF [40]
in bile
FT U 25, 25, - Equi. Biotransformation reported, BCF [40]
175% in different tissues
Pimephales S U - 302 Equi. No constant exposure, exposure [12]
promelas less than 96h
Theragra S ub - 6.1 Equi. Short, static exposure; steady [5]
chalcogramma state unlikely
(eggs)
Theragra S ub - 51.3 Equi. Short, static exposure; steady [5]
chalcogramma state unlikely
larvae)
Mollusca
‘Rangia cuneata | NR UD 930 61 Equi Nosteadystate ~ [44]
Crustacea
Daphnia magna S ] - 57 — 74% Equi. Static exposure, only nominal [30]
exposure concentration reported
S U - 19 Kin. Short, static exposure; constant  [38]
exposure unlikely
Hemigrapsus nudus S ub - 1270 Kin. BCF calculated based on con- [27]
centrations at beginning and end
of depuration phase and nominal
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, water concentrations
Insecta
Somatochlora S U - 249 — Equi. Static exposure, no monitoring of [10]
_oingulata 1548 water concentrations
Algae
Chilorella fusca S U - 130 Equi. Static exposure, steady state [18]
unlikely
Selenastrum S U - 6965 Equi. Static exposure, steady state [6]
capricornutum unlikely
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Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)® © 9
9H-Fluorene
Pisces
Poecilia reticulata S ub - 2230 Equi Short, static exposure [13]
Oncorhgnchus S UbD 422, - Kin. Short, static exposure; decrease [34]
mykiss ) (larvae) 512 Equi. in exposure concentration
Scophthalmus FT ub - 33100 Equi Exposed to oil, PAH concen- [2]
maximus tration > water solubility; BCF
based on lipid weight
FT ub - 1451 Kin. Exposed to oil, PAH concen- [3]
tration > water solubility; BCF
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, based on lipid weight
Oligochaeta
Lumbriculus SR U - 405,500  Equi. Exposure too short to reach [49]
_variegatus steady state
Magnoliophyta
Lemna minor NR UD 88, nr Kin. Based on total radioactivity of [34]
105 Equi. initial concentration
Anthracene
Pisces
Brachydanio rerio S UD 9500 - Kin. Sediment exposure, less than [14]
96h; parent compound not
distinguished
Carassius auratus NR U - 162 Equi. Exposure concentration and test [45]
system unknown
Lepomis S ] - 675 Equi. Juveniles exposed for 4h only [51]
macrochirus
Leuciscus idus S U - 910 Equi. 3-day static exposure, no [16;
melanotus aeration, no food 17]
Oncorhgnchus S ub - 190, 270 Equi. Decreasing exposure concen- [32]
mykiss ) tration, no steady state
SR ub - 5400 Equi. Exposure concentration above [33]
water solubility; exposure to a
mixture
SR UD - 9100 Equi. Exposure concentration above [33]
water solubility
Pimephales S U - 6760 Kin. Decreasing exposure concen- [12]
promelas tration, exposure less than 96h
Poecilia reticulata S ub - 7260 Equi. Static exposure, steady state [13]
unlikely
Scophthalmus FT ub - 17200 Equi. Animals exposed to oil; PAH [2]
maximus concentration > water solubility;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BCF based on lipid weight
Crustacea
Asellus aquaticus S ub - 560 Equi. Short, static exposure; steady [52]

state unlikely
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Species

Exp. Test

type ?

Total

BCF (ww)® BCF (ww)?

Parent

Tz?e

Reliability remark”

Ref.
g)

Daphnia magna

Hyalella azteca

NR

S

FT

FT

ub

u

ub

ub

200

319 — 607°

230, 370°

500
512

1419

Equi.

Equi.

Equi.

Equi.
Kin.
Kin.

Kin.

Exposure system and concen-
tration unknown

DOC present, only initial water
concentration used; static expo-
sure

Static exposure; also yeast
present in system (as DOC),
steady state unlikely

Static exposure; steady state
unlikely

Static exposure; constant expo-
sure unlikely

Biotransformation reported, but
not corrected for

Exposure via sediment; author
indicates this BCF to be mis-
leading

i. Exposure via sediment; author

indicates this BCF to be mis-
leading

[21]

(30]

[39]

[39]
[38]
[26]

(26]

Insecta
Hexagenia sp.
(nymph)

i. Exposure system and concen-

tration unknown; also yeast
present in system (as DOC),
steady state unlikely

Oligochaeta

Lumbriculus
variegatus

i. Static exposure; sediment

present; steady state unlikely

i. Steady state unlikely; exposure

concentration above water
solubility

Chilorella fusca

Selenastrum
capricornutum

7800

7770

Equi.

Equi.

i. Static exposure; steady state

unlikely; exposure concentration
above water solubility

Static exposure; steady state
unlikely; exposure concentration
above water solubility

Static exposure; steady state
unlikely; little details on setup
reported

Phenanthrene

Pisces
Brachydanio rerio

Clupea harengus

Gadus morhua
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SR

SR

ub

ub

ub

ub

11446
7943 —
9120%
20893

10715

Kin.
Equi.
Equi.

Equi.

Exposure via sediment for less
than 96h

BCF values based on dry weight;
early life stages used
BCF values based on dry weight;
early life stages used

BCF values based on dry weight;
early life stages used

[14]
[47]
[47]

[47]

39



Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type? ® BCF (ww)® BCF (ww)® °© 9

Leuciscus idus S U - 1760 Equi. No air or food was provided; [17]
melanotus exposure for 72h
Oryzias javanicus FT U - 150 Equi. Exposed to oversaturated PAH [71
mixture
Pagrus major FT U - 180 Equi. Exposed to oversaturated PAH [7]
mixture
FT U - 173,737  Equi. Exposed to oversaturated PAH  [7]
mixture ;BCF values in different
tissues
Parlychthys FT U - 75 Equi. Exposed to oversaturated PAH [7]
olivaceus mixture
FT U - 10,181?  Equi. Exposed to oversaturated PAH  [7]
mixture; BCF values in different
tissues
Pimephales S ] - 6760 Kin. Static exposure for less than 96h [12]
promelas
Scophthalmus FT ub - 10300 Equi. Exposure to oil, PAH concen- [2]
maximus tration appears to be above
water solubility
FT ub - 936 Kin. Exposure to oil, PAH concen- [3]

tration appears to be above
water solubility

SR UD 11220 - Equi. BCF values based on dry weight; [47]
early life stages used

Mollusca
Modiola modiolus S ub 3.1 - Equi. Low on experimental detail, [46]
exposure concentration unclear.
Rangia cuneata NR UD 240 32 Kin. Low on experimental detail, [44]
exposure type not reported;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, steady state notreached
Crustacea
Asellus aquaticus S ub - 1300 Equi. Short, static exposure; steady [52]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, state unlikely
Oligochaeta
Lumbriculus S U - 34700 Equi. Static exposure; sediment [24]
_variegatus present; steady state unlikely
Algae
Chilorella fusca S U - 1760 Equi. Short, static exposure; steady [18]
state unlikely
Selenastrum S U - 10620 Equi. Short, static exposure; steady [6]
capricornutum state unlikely
S ] 422 — - Equi. Static exposure; steady state [20]
4.47" unlikely; BCF value based on dry
weight and total radioactivity
Thalassiosira S U 17 - Equi. Static exposure; steady state [15]
pseudonana unlikely; BCF value based on dry
weight and total radioactivity
Thalassiosira S ] 38.3 - Equi. Static exposure; steady state [15]
weissfloggii unlikely; BCF value based on dry

weight and total radioactivity
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Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)® © 9
Fluoranthene
Pisces
Pimephales S U - 3388 Kin. Decreasing exposure [12]
promelas concentration
Scophthalmus FT ub - >10000 Equi. Exposure to oil, PAH concen- [2]
maximus tration above water solubility;
_________________________________________________________________________ BCF based onlipid weight =~
Mollusca
Utterbackia SR U - 2147 Equi. BCF averaged for 5 different ex- [56]
imbecillis posure concentrations; individual
(glochidia) exposure concentrations uncer-
_________________________________________________________________________ ain
Crustacea
Palaemonetes SR U - 142 Equi. BCF averaged for different ex- [54]
pugio posure concentrations; individual
(larvae) exposure concentrations uncer-
_________________________________________________________________________ ain
Oligochaeta
Lumbriculus S ] - 27500 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
FT U - 1510 — Equi. Short exposure; steady state [49]
3080% unlikely
Monopylephorus SR U - 10893 Equi. BCF averaged for different ex- [55]
rubroniveus posure concentrations; individual
exposure concentrations unce-
tain
Pyrene
Pisces
Brachydanio rerio S UD 4333 - Kin. Exposure via sediment for less [14]
than 96h
SR UD 10000 - - Equi. BCF values based on dry weight; [47]
54954%) early life stages used
Carassius auratus NR U - 457 Equi. Exposure concentration above [45]
water solubility
Clupea harengus SR UbD 97724 - Equi. BCF values based on dry weight; [47]
early life stages used
Gadus morhua SR UD 60256 - Equi. BCF values based on dry weight; [47]
early life stages used
Oryzias javanicus FT U - 15 Equi. Exposed to oversaturated PAH [7]
mixture
Pagrus major FT U - 10 Equi. Exposed to oversaturated PAH [7]
mixture
FT U - 9,57% Equi. Exposed to oversaturated PAH [7]
mixture ; BCF values in different
tissues
Parlychthys FT U - 5 Equi. Exposed to oversaturated PAH [7]
olivaceus mixture
FT U - 4,522 Equi. Exposed to oversaturated PAH [7]
mixture ; BCF values in different
tissues
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Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
e,

type? ' BCF (ww)® BCF (ww)? 9
Poecilia reticulata S ub - 4810 Equi. Short, static exposure; steady [13]
state unlikely
Scophthalmus FT ub - <5000 Equi. Exposure to oil, PAH concen- [2]
maximus tration above water solubility;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BCF based on lipid weight
Mollusca
Mytilus edulis FT ub - 334300 Equi. Exposure to oil, PAH concen- [2]
tration above water solubility;
_________________________________________________________________________ BCF basedonlipid weight
Crustacea
Asellus aquaticus S ub - 2050 Equi. Short, static exposure; steady [52]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, stateunlikely
Oligochaeta
Lumbriculus S U - 380000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
SR U - 1480 — Equi. Short exposure; steady state [49]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2870  wunlkely
Algae
Selenastrum S U - 16760 Equi. Static exposure; steady state [6]
capricornutum unlikely
Benz[a]anthracene
Pisces
Leuciscus idus S U - 350 Equi. No food, no aeration; exposure [17]
melanotus concentration above water
solubility
Scophthalmus FT ub - >10000 Equi. Exposure to oil, PAH concen- [2]
maximus tration above water solubility;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BCF based on lipid weight
Crustacea
Daphnia magna S U - 2920 Kin. Static exposure; constant expo-  [38]
_________________________________________________________________________ sureunlikely ..
Oligochaeta
Lumbriculus S U - 3090000 Equi. Static exposure; sediment [24]
_variegatus . present; steady state unlikely
Algae
Chlorella fusca S ] - 3180 Equi. Static exposure; steady state [17]
unlikely
Chrysene
Pisces
Oryzias javanicus FT U - 10 Equi. Exposure concentration above [71
water solubility
Pagrus major FT U - 15 Equi. Exposure concentration above [7]
water solubility
Scophthalmus FT uob - >10000 Equi. Exposure to oil, PAH concen- [2]
maximus tration above water solubility;
BCF based on lipid weight
FT ub - 54 Kin. Exposure to oil, PAH concen- [3]

tration above water solubility;
BCF based on lipid weight
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Species Exp. Test Total Parent  Type Reliability remark” Ref.
type? ' BCF (ww)® BCF (ww)® °© 9
Mollusca
Rangia cuneata NR UD 31.56 8.2 Equi. Exposure type not reported; [44]
_________________________________________________________________________ steady state unlikely
Crustacea
Rhepoxynius SD U - 1141 Equi. Exposure via sediment; exposure [4]
abronius concentration above water solu-
_________________________________________________________________________ oty .
Oligochaeta
Lumbriculus S ] - 3020000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
Benzo[a]pyrene
Pisces
Brachydanio rerio S UD 3600 - Kin. Exposure via sediment for less [14]
than 96h
SR UD 20893 - - Equi. BCF values based on dry weight; [47]
331131% early life stages used
Dorosoma FT U - 3.2,3.7 Equi. Short exposure; steady state [31]
cepedianum unlikely
Gambusia affinis D U - 30 - 140% Equi. Exposure in model ecosystem; [35]
exposure concentration appears
to be above water solubility
Gillichthys mirabilis S U 20 - Equi. Based on total radioactivity; [28]
740034 based on several organs; short
exposure concentration, steady
state unlikely
Lepomis S ] - 490 Equi. Very short static exposure; [51]
macrochirus steady state unlikely
FT ub - 3208 Kin. Not fed; short exposure [22]
FT u - 225 Kin. Humic material present; short [37]
exposure
FT ub - 301 Equi. Humic material present; short [37]
exposure; steady state unlikely
Leuciscus idus S ] - 480 Equi. Short, static exposure; steady [17]
melanotus state unlikely
Oryzias javanicus FT U - 5 Equi. Exposed to oversaturated PAH [71
mixture
Salmo salar FT ub 1160 - - Kin. Short exposure; uncertain expo- [23]
2310" sure concentration; based on
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, total radioactivity
Mollusca
Corbicula japonica FT U - 4-41% Equi. Short exposure; no constant [25]
exposure concentration
Crassostrea FT ] - 236 — 244% Equi. Initial concentration above water [11]
virginica solubility; steady state unlikely;

BCF values based on dry weight
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Species

Exp. Test

type ?

Total

Parent
BCF (ww)® BCF (ww)?

Tz?e

Reliability remark”

Ref.
g)

Mytilus edulis

Physa spp.

Rangia cuneata

Crustacea
Acatrtia erythraea

Asellus aquaticus

Daphnia magna

Palaemonetes
pugio (larvae)

FT

SR

FD

FD

FT

ub

ub

255

6294 —
15278%9

187, 236

5500000

100000

1400000

4860 —
7520%

24000
32400

838 —
2745%

1000 —
2500°)

8250

5771

289

Equi.

Equi.

Equi.

Equi.

Equi.

Equi.

Equi.

Equi.

Equi.

Based on total radioactivity but [41]
metabolism reported; no steady

state

BCF based on dry weight and [50]
nominal exposure concentra-
tions; photolytic breakdown

possible

Field collected animals; BCF [42]
based on dry weight; exposure

unclear

Field collected animals; BCF [42]
based on lipid weight; exposure

unclear

Exposed in model ecosystem; [35]
exposure concentrations appears
to be above water solubility

i. No measured water concentra-  [43]

tions reported; nominal exposure
concentration > water solubility

i. Short exposure to oil; no steady  [44]

state; exposure type not reported

Short, static exposure; also [53]

uptake via food

Short, static exposure; steady [52]

state unlikely

Short, static exposure; DOC

present; only initial exposure
concentration used; steady state

unlikely

Short, static exposure; yeast

present, resulting

[39]
in dietary

uptake as well; steady state

unlikely

Short, static exposure; biotrans-

(39]

formation reported; no constant
exposure; steady state unlikely

Short, static exposure; constant

exposure unlikely

i. BCF averaged for different expo-

(38]

[54]

sure concentrations; individual
exposure concentrations

uncertain

Insecta

Chironomus riparius S

(4" instar larvae)

ub

200

i. Exposure concentration reported  [9]

in graphs only and above water
solubility; sediment present

i. Short, static exposure; reported  [29]

BCF is average for several expo-
sure concentrations; steady state

unlikely
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Species Exp. Test Total Parent  Type Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)® © 9
Culex pipiens D U - 2093 — Equi. Exposed in model ecosystem; [35]
quinquefasciatus 2120 exposure concentration appears
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, to be above water solubility
Oligochaeta
Lumbriculus S U - 18200000 Equi. Static exposure; sediment [24]
varegatus . present; steady state unlikely
Nematoda
Caenorhabiditis S U >25000 - Equi. Short exposure above water so- [19]
elegans lubility; BCF reported in graphs
_________________________________________________________________________ only; steady state unlikely
Algae
Chlorella fusca S U - 3300 Equi. Short, static exposure; steady [17]
state unlikely
Fucus vesiculosus FT Ub 554 - Equi. Based on total radioactivity, but  [41]
metabolism observed; steady
state unlikely
Oedogonium D ] - 3610, Equi. Exposed in model ecosystem; [35]
cardiacum 4105 exposure concentration appears
to be above water solubility
Benzo[b]fluoranthene
Mollusca
Mytilus edulis FD U - 430000 Equi. Field collected animals; BCF [42]
based on dry weight; exposure
unclear
FD U - 2800000 Equi. Field collected animals; BCF [42]
based on lipid weight; exposure
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, unclear
Oligochaeta
Lumbriculus S ] - 13800000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
Benzo[k]fluoranthene
Pisces
Oryzias latipes nr U - 17 Equi. Only nominal exposure concen-  [8]
tration reported, concentration in
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, fishonly reportedingraphs
Mollusca
Mytilus edulis FD U - 300000 Equi. Field collected animals; BCF [42]
based on dry weight; exposure
unclear
FD U - 1700000 Equi. Field collected animals; BCF [42]
based on lipid weight; exposure
_________________________________________________________________________ unclear ..
Oligochaeta
Lumbriculus S U - 15100000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
Benzo[ghi]perylene
Crustacea
Asellus aquaticus S ub - 16000 Equi. Short, static exposure; steady [52]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, state unlikely
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Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type? ® BCF (ww)® BCF (ww)® °© 9

Oligochaeta

Lumbriculus S U - 33100000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely
Dibenz[a,h]Janthracene
Pisces
Leuciscus idus S ] - 10 Equi. Short, static exposure; steady [17]
_Mmelanotus .. stateunlikely
Crustacea
Daphnia magna S ] - 666 — 968°) Equi. Short, static exposure; DOC pre- [30]
sent; only initial exposure con-
centration used; steady state
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, unlikely
Oligochaeta
Lumbriculus S ] - 20000000 Equi. Static exposure; sediment [24]
_variegatus present; steady state unlikely
Algae
Chlorella fusca S U - 2380 Equi. Short, static exposure; steady [17]

state unlikely

Indeno[1,2,3-cd]pyrene
Oligochaeta

Lumbriculus S U - 39800000 Equi. Static exposure; sediment [24]
variegatus present; steady state unlikely

JED: organisms collected from the field; FT: flow-through system; S: static; SR: static renewal; NR: not reported. ” Test
phases: U: uptake phase only; UD: both uptake and depuration phase. “nr: not reported; —: only parent BCF available. D
not reported; — only total BCF available. ®Kin.: Kinetic BCF, i.e. ki/k;; Equi.. BCF at (assumed) equilibrium, i.e.
Corganism/Cuater. ' Main reason(s) for rating the specific BCF value(s) as unreliable. ? References: [1] (Anderson et al., 1974);
[2] (Baussant et al., 2001a); [3] (Baussant et al., 2001b); [4] (Boese et al., 1999); [5] (Carls and Rice, 1988); [6] (Casserly et
al., 1983); [7] (Cheikyula et al., 2008); [8] (Chen et al., 2008); [9] (Clements et al., 1994); [10] (Correa and Coler, 1983); [11]
(Couch et al., 1979); [12] (De Maagd, 1996); [13] (De Voogt et al., 1991); [14] (Djomo et al., 1996); [15] (Fan and
Reinfelder, 2003); [16] (Freitag et al., 1982); [17] (Freitag et al., 1985); [18] (Geyer et al., 1984); [19] (Haitzer et al., 1999a;
1999b); [20] (Halling-Serensen et al., 2000); [21] (Herbes, 1976); [22] (Jimenez et al., 1987); [23] (Johnsen et al., 1989);
[24] (Jonker and Van der Heijden, 2007); [25] (Kira et al., 1996); [26] (Landrum and Scavia, 1983); [27] (Laurén and Rice,
1985); [28] (Lee et al., 1972); [29] (Leversee et al., 1982); [30] (Leversee et al., 1983); [31] (Levine et al., 1997); [32]
(Linder and Bergman, 1984); [33] (Linder et al., 1985); [34] (Lockhart et al., 1983); [35] (Lu et al., 1977); [36] (Mailhot,
1987); [37] (McCarthy and Jimenez, 1985); [38] (McCarthy et al., 1985); [39] (McCarthy, 1983); [40] (Melancon Jr and
Lech, 1978); [41] (Moy and Walday, 1997); [42] (Murray et al., 1991); [43] (Neff and Anderson, 1975); [44] (Neff et al.,
1976a); [45] (Ogata et al., 1984); [46] (Palmork and Solbakken, 1981); [47] (Petersen and Kristensen, 1998); [48] (Seaton
and Tjeerdema, 1996); [49] (Sheedy et al., 1998); [50] (Skarphédinsddttir et al., 2003); [51] (Spacie et al., 1983); [52] (Van
Hattum and Cid Montafies, 1999); [53] (Wang and Wang, 2006); [54] (Weinstein and Garner, 2008); [55] (Weinstein et al.,
2003); [56] (Weinstein, 2002)

1)Exposed in salt water (35 %o). 2 Formerly known as Salmo gairdneri. ¥ Values represent (a range of) BCF values from (a
range of) different exposure concentrations. ¥ Values represent BCF values for different tissues. ® BCFs were determined
at different DOC concentrations. ® BCFs were determined at different exposure durations. 7 Values represent (a range of)
BCF values for (a range of) different lipid contents.
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Annex II Overview of BCF values from studies for which
validity was not assignable (validity 4)

Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)?® © 9
Naphthalene
Pisces
Fundulus S U 2.0,2.2" - Equi. Based on total radioactivity [13]
heteroclitus
S ] 1.0-105"? — Equi. Based on total radioactivity; [13]
values for different organs
Gillichthys mirabilis S UD 263 - Kin. Based on total radioactivity; [25]
37-10° 123 values for different organs
Mugil curema S ] - 81-11582 Kin. Values for different organs [11]
Oncorhynchus FT U - 20-80%  Equi. BCF based on dry weight [35]
kisutch
Platichthys stellatus FT U - 150 - Equi. BCF based on dry weight; values [35]
1100%% for different organs
FT UD - 100 — 700% Equi. BCF based on dry weight [35]
Salmo salar (eggs) S U - 18.5 — Equi. Based on total radioactivity; [23]
82.5"% exposure of eggs
Scophthalmus FT ub - 17800 Equi. Exposed to oil; BCF based on [3]
maximus lipid weight
] FT_W = 21 Kin. Exposedtooil 4]
Mollusca
Mytilus edulis FT uob - 266 Equi. Exposed to oil; BCF based on [3]
lipid weight
NR D nr nr —  Only half-life reported [33]
FT U - 48 Equi. Steady state reported, but no [43]
exposure concentrations
Ostrea edulis FT U - 24 — 59 Equi. Values for different organs [34]
_Rangia cuneata __ | FT U - . 23 Eaui Exposedtooil  [33]
Crustacea
Daphnia magna S ] 36.5 - Equi. Based on total radioactivity [6]
S ub 50 - Equi. Based on total radioactivity [15]
Daphnia pulex NR U 677, 2337" - Equi. Based on total radioactivity [37]
Hemigrapsus nudus FT U 325 - Equi. Based on total radioactivity; [18]
based on one organ
Acenaphthene
Pisces
Lepomis S ub 387 nr Equi. Based on total radioactivity [2]
macrochirus
FT ub 387 nr Equi. Based on total radioactivity [38]
Scophthalmus FT ub - 5500 Equi. Exposure to oil [3]
maximus
Mollusca
Mytilus edulis FT u - 1308 Equi. Exposed to oil [3]
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Species Exp. Test Total Parent Ty?e Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)® © 9
Acenaphthylene

Pisces

Oncorhynchus D D - 128 Kin. Exposed via diet [30]

mykiss‘”

Scophthalmus FT upb - 53300 Equi. Exposure to oil [3]
XS e
Mollusca

Mytilus edulis FT uob - 2892 Equi. Exposed to olil [3]
9H-Fluorene
Pisces

Lepomis FT U - 180 — Equi. No details on exposure [16]

macrochirus 1800" concentration

Oncorhynchus D D - 589 Kin. Exposed via diet [31]

mykiss“)

Poecilia reticulata SR U - 1050 Equi. No details on exposure [12]
_________________________________________________________________________ concentration ...
Mollusca
Mytius eduis  FT__UD - 1018 Equi. Exposedtooil 3]
Crustacea

Hyalella azteca SR UD 255-315" — Kin. Based on total radioactivity [26]
Anthracene
Pisces

Oncorhynchus D D - 773 Kin. Exposed via diet [31]

mykiss‘”

Pimephales SR U - 1016 Equi. Exposure concentration is [32]

promelas unclear

Poecilia reticulata SR U - 4550 Equi. Exposure concentration [12]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, uncertain, based on two fishonly
Mollusca

Utterbackia SR U - 247 — 420" Equi. Value based on dry weight [41]

imbecillis

_(glochidia)
Crustacea

Daphnia magna SR U - 2699 Equi. Exposure concentration unclear [32]

Daphnia pulex S U 760 - Equi. Based on total radioactivity [21]

Rhepoxynius SD U - 3267 — Equi. Exposure via sediment [7]
abronius 26786
Insecta

Chironomus riparius FT U 47 — 1964" Kin. Based on total radioactivity [17]
larvae)
Polychaeta

Capitella capitata  FD nr - 23.6 Equi. Exposed in the field [5]

Polychaete sp. FD nr - 6.6 Equi. Exposed in the field [5]
Phenanthrene
Pisces

Oncorhynchus D D - 613 Kin. Exposed via diet [31]

mykiss‘”
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Species Exp. Test Total Parent  Type Reliability remark” Ref.
type ? BCF (ww)® BCF (ww)® © 9
Mollusca
Mytilus edulis FT u - 2932 Equi. Exposed to oil [3]
NR D nr nr —  Only half-lives reported [33]
Crustacea
Daphnia magna S UD 600 - Equi. Based on total radioactivity [15]
Daphnia pulex NR U 1165 — - Equi. Based on total radioactivity [37]
14247
Hyalella azteca SR UD 440-504" — Kin. Based on total radioactivity [26]
Polychaeta
Capitella capitata  FD nr - 30.7 Equi. Exposed in the field [5]
Polychaete sp. FD nr - 5.7 Equi. Exposed in the field [5]
Fluoranthene
Pisces
Oncorhynchus D D - 531 Kin. Exposed via diet [31]
mykiss
Pimephales FT ub - 14836 Kin. Short exposure; BCF value [10]
promelas maybe based on dry weight
SR U - 9054 Equi. BCF value based on dry weight  [40]
Mollusca
Macomona liliana S ub 14 - Kin. Based on total radioactivity [1]
Mytilus edulis FT uop - 2932 Equi. Exposed to olil [3]
NR D nr nr —  Only half-lives reported [33]
Crustacea
Diporeia spp. SR ubD 28095 — Kin. Based on nominal exposure [22]
56757" concentration
Hyalella azteca SR UD 1932 — Equi. Based on nominal exposure [22]
2335" concentration
SR U 980 — - Equi. Based on total radioactivity [44]
4741"
Rhepoxynius SD U - 18470 — Equi. Exposure via sediment [7]
Labromius so484”
Polychaeta
Capitella capitata  FD nr - 12 Equi. Exposed in the field [5]
Polychaete sp. FD nr - 5.7 Equi. Exposed in the field [5]
Pyrene
Pisces
Acanthogobius FD U - 61 Equi. Exposed in the field [36]
flavimanus
Poecilia reticulata SR U - 11300 Equi. Based on 2 fish only; little detail  [12]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, reported
Mollusca
Mytilus edulis NR D nr nr Only half-lives reported [33]
Utterbackia SR U - 830 — Equi. Value based on dry weight [41]
imbecillis 1229"
Aglochidia)
Crustacea
Daphnia magna S U 1400 - Equi. Based on total radioactivity [18]
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type? ' BCF (ww)® BCF (ww)® °© 9

Hyalella azteca SR UD 2323- - Kin. Based on total radioactivity [26]
o osesY
Polychaeta

Capitella capitata  FD nr - 13.3 Equi. Exposed in the field [5]

Polychaete sp. FD nr - 5.2 Equi. Exposed in the field [5]
Nematoda

Caenorhabiditis S U >11000 - Equi. Values only reported in graph [20]

elegans only

Benz[a]anthracene
Pisces

Oncorhynchus D D - 325 Kin. Exposed via diet [33]
CMYKISST
Crustacea

Daphnia pulex NR U 803 — - Equi. Based on total radioactivity [37]

1106"

Rhepoxynius SD U - 2832 — Equi. Exposure via sediment [71
Labromius 25465
Polychaeta

Capitella capitata  FD nr - 3.6 Equi. Exposed in the field [5]

Polychaete sp. FD nr - 9.4 Equi. Exposed in the field [5]
Chrysene
Crustacea

Daphnia magna S ub 5500 - Equi. Based on total radioactivity [15]

Eurytemora affinis FT U - 950 Equi. BCF value reported in graph only [8]

Rhepoxynius SD U - 1560 — Equi. Exposure via sediment [7]

abronius 21080"

Polychaeta

Capitella capitata  FD nr - 6.2 Equi. Exposed in the field [5]

Polychaete sp. FD nr - 14.7 Equi. Exposed in the field [5]
Benzo[a]pyrene
Pisces

Gambusia affinis FT U - 22 Equi. Exposed in model ecosystem [28]

Gillichthys mirabilis S ] 158 — Kin. Based on total radioactivity; [25]

5745" based on several organs

Lepomis S UD 4700 nr Kin. Based on total radioactivity [27]

macrochirus

Lutjanus S ] 275000 nr Equi. Exposure in simplified marine [39]

argentimaculatus food chain

Oligocottus S U 70 - 200" Equi. Based on total radioactivity; [25]

maculosus based on several organs

Oncorhynchus D D - 261 Kin. Exposed via diet [31]

mykiss®

Oryzias javanicus FT U - 5 Equi. BCF value reported in graph only [9]

Salmo salar (eggs) S U 8.2 - - Equi. Based on total radioactivity [23]

70.7"%
Mollusca

Mytilus edulis FD D nr nr —  Only half-lives reported [14]

Physa spp. FT U - 2177 Equi. Exposed in model ecosystem [28]

RIVM report 601779002



riym

Species Exp. Test Total Parent  Type Reliability remark” Ref.
type? ' BCF (ww)® BCF (ww)® °© 9
FT U - 3056 Equi. Exposed to mixture in model [28]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ecosystem
Crustacea
Acartia erythraea S UD 5500000 24000 Kin. Exposure in simplified marine [39]
food chain
Daphnia magna S U 5990 - Equi. Based on total radioactivity [6]
S U 5990 - Equi. Based on total radioactivity [24]
Daphnia pulex NR U 1259, - Equi. Based on total radioactivity [37]
e AT20
Insecta
Culex pipiens FT U - 37 Equi. Exposed in model ecosystem [28]
quinquefasciatus
FT ] - 453 Equi. Exposed to mixture in model [28]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ecosystem .
Polychaeta
Aberenicola pacifica S U - 4700 — Equi. Exposed via sediment [42]
11000"
Capitella capitata  FD nr - 0.7 Equi. Exposed in the field [5]
Polychaete sp. FD nr - 13.8 Equi. Exposed in the field [5]
Benzo[b]fluoranthene
Crustacea
Eurytemora affinis FT U - 1300 Equi. Pooled value for benzo[k]fluoran- [8]
thene and benzo[b]fluoranthene
Rhepoxynius SD U - 1657 — Equi. Exposure via sediment [71
‘abromius err2
Polychaeta
Capitella capitata FD  nr - 1.7 Equi. Exposed in the field [5]
Polychaete sp. FD nr - 9.1 Equi. Exposed in the field [5]
Benzo[k]fluoranthene
Crustacea
Eurytemora affinis FT U - 1300 Equi. Pooled value for benzo[k]fluoran- [8]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, thene and benzob]fluoranthene
Polychaeta
Capitella capitata  FD nr - 1.8 Equi. Exposed in the field [5]
Polychaete sp. FD nr - 141 Equi. Exposed in the field [5]

?FD: organisms collected from the field; FT: flow-through system; S: static; SR: static renewal; NR: not reported ®) Test
phases: U: uptake phase only; UD: both uptake and depuration phase. 9 nr: not reported; —: only parent BCF available  nr:
not reported; —: only total BCF available. ® Kin.: Kinetic BCF, i.e. kilk;; Equi.. BCF at (assumed) equilibrium, i.e.
Corganism/Cuwater . Main reason for rating the specific BCF value(s) not assignable. ¥ References: [1] (Ahrens et al., 2002); [2]
(Barrows et al., 1980); [3] (Baussant et al., 2001a); [4] (Baussant et al., 2001b); [5] (Bayona et al., 1991); [6] (Black et al.,
1993); [7] (Boese et al., 1999); [8] (Cailleaud et al., 2009); [9] (Cheikyula et al., 2008); [10] (Cho et al., 2003); [11] (Correa
and Venables, 1985); [12] (De Voogt et al., 1991); [13] (DiMichele and Taylor, 1978); [14] (Dunn and Stich, 1976); [15]
(Eastmond et al., 1984); [16] (Finger et al., 1985); [17] (Gerould et al., 1983); [18] (Gharrett and Rice, 1987); [18] (Granier
et al., 1999); [20] (Haitzer et al., 1999a); [21] (Herbes and Risi, 1978); [22] (Kane Driscoll et al., 1997); [23] (Kuhnhold and
Busch, 1978); [24] (Kukkonen et al., 1990); [25] (Lee et al., 1972); [26] (Lee et al., 2002); [27] (Leversee et al., 1981); [28]
(Lu et al., 1977); [29] (Neff et al., 1976b); [30] (Niimi and Dookhran, 1989); [31] (Niimi and Palazzo, 1986); [32] (Oris et al.,
1990); [33] (Rantamaki, 1997); [34] (Riley et al., 1981); [35] (Roubal et al., 1978); [36] (Takeuchi et al., 2009); [37] (Trucco
et al., 1983); [38] (Veith et al., 1980); [39] (Wang and Wang, 2006); [40] (Weinstein and Oris, 1999); [41] (Weinstein and
Polk, 2001); [42] (Weston, 1990); [43] (Widdows et al., 1983); [44] (Wilcoxen et al., 2003).

Y Values represent (a range of) BCF values from (a range of) different exposure concentrations. ? Values represent BCF
values for different tissues. ¥ BCFs were determined at different exposure durations.? Formerly known as Salmo gairdneri.
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