17.11.2009

Comments and response to comments on Annex XV SVHC : Proposal and Justification 

Disclaimer: The European Chemicals Agency is not responsible for the content of this document. The Response to Comments table has been prepared by the competent authority of the Member State preparing the proposal for identification of a Substance of Very High Concern. The comments were received during the public consultation of the Annex XV dossier.
Substance name:
Anthracene oil, anthracene paste, anthracene fraction
CAS number: 
91995-15-2
EC number: 

295-275-9
Reason of the submission of the Annex XV: PBT, vPvB
General comments
	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20090908
	Individual, Democratic People's Republic of Korea
	Regarding Antracene oil series and coal tar pitch , These materials can not be controlled effectively. because there are no official methods to analyse these material.
	Thank you for this comment. At this point it is not relevant if the material can be controlled efficiently or not. The aim of the Annex XV-Dossier is to identify the compound as a substance of very high concern because of its PBT  and vPvB-properties.

	20091005
	Individual, United Kingdom
	I support the nomination of this chemical to the Candidate List, and believe it is important, given its properties, for it to be as strictly controlled as possible.
	Thank you for your support.

	20091006
	On behalf of an organisation, European Chemicals Agency, Helsinki
	Comment on the SVHC properties suggested for identification in accordance with Article 59 of the REACH Regulation:
'Anthracene oil, anthracene paste, anthracene fraction' has been proposed for identification as a substance meeting the criteria of Article 57 (d) and 57 (e) (substance with PBT and vPvB properties). However, the substance is as well classified as a carcinogen (category 2 or 1B) in accordance with Annex VI of Regulation (EC) No 1272/2008. As only the risks to human health and/or to the environment arising from the intrinsic properties specified in Annex XIV need to be addressed in an authorisation application or can be considered for granting authorisation, it may be worthwhile to consider proposing the substance as well as a carcinogen meeting the criteria of Article 57 (a). Supplementary identification as a carcinogen would assure coverage and consideration of all SVHC properties if the substance, as follow-up to its inclusion in the Candidate List, would be subjected to the authorisation requirement.
	 “Anthracene oils” are classified as Carc. Cat 2, R 45. However, the classification as a carcinogen need not apply if it can be shown that the substance contains less than 0,005 % w/w benzo[a]-pyrene (EINECS No 200-028-5). 

The data collected for 

“Anthracene oil, anthracene paste, anthracene fraction” show that no manufacturer states the BaP content of the substance.
In our opinion the available data are not sufficient for a SVHC identification according to article 57a.

	20091009
	On behalf of an organisation, Inter-Environnement Wallonie (national NGO), Belgium
	We support the nomination of this chemical to the Candidate List, and believe it is important, given its properties, for it to be as strictly controlled as possible.
	Thank you for your support.

	20091012
	On behalf of an organisation, Norwegian Pollution Control Authority (national authority), Norway
	The Norwegian CA supports that the following substances:
- Anthracene oil (CAS No. 90640-80-5)
- Anthracene oil, anthracene paste (CAS No. 90640-81-6)
- Anthracene oil, anthracene-low (CAS No. 90640-82-7)
- Anthracene oil, anthracene paste, anthracene fraction, anthracene oil fraction   (CAS No. 91995-15-2)
- Anthracene oil, anthracene paste, distn. Lights (CAS No. 91995-17-4)

fulfil the PBT and the vPvB criteria according to the criteria in Article 57 (d) and (e) of the REACH regulation and should be included in the “Candidate List” of substances of very high concern for authorisation. These anthracene oils are UVCB substances consisting of PBT/vBvP constituents. One relevant constituent of the mentioned anthracene oils is anthracene which is present in different concentration ranges of 0.5-70 % w/w. Anthracene is identified as a PBT substance and has been placed on the “Candidate List” due to its PBT-properties. Moreover, the submitted anthracene oils consist of PAH in concentrations > 0.1 % (w/w), such as phenanthrene, fluoranthene, and pyrene which also fulfil the PBT and vPvB criteria.

The inclusion in the “Candidate List” is the main mechanism in REACH to identify PBT and vPvB substances.
	Thank you for your support.

	20091014
	On behalf of an organisation, WWF (international NGO), Belgium
	WWF supports the inclusion of this substance in the candidate list based on the identified PBT/vPvB properties.
	Thank you for your support.

	20091014
	On behalf of an organisation, Health & Safety Authority (national authority), Ireland
	The Irish Competent Authority agrees with the identification of anthracene oil, anthracene paste, anthracene fraction as a substance meeting the criteria set out in Article 57 of REACH.
	Thank you for your support.

	20091014
	On behalf of an organisation, Health and Environment Alliance (international NGO), Belgium
	HEAL supports the inclusion of this substance to the candidate list on the basis of the information summarised on page 3 of the Annex XV dossier submitted.
	Thank you for your support.

	20091014
	On behalf of an organisation, Centre for Chemical Substances and Preparations (national authority), Slovakia
	We agree with the conclusion that anthracene oil, anthracene paste, anthracene fraction fulfils PBT and vPvB criteria according to article 57 d) and e) of the REACH regulation. 
Anthracene oil, anthracene paste, anthracene fraction is a UVCB substance consisting of different constituents among them are various PAH. One relevant compound is anthracene, which is present in anthracene oil, anthracene paste, anthracene fraction in the range of 50-70 %. Anthracene has been placed on the Candidate List due to the identification as PBT-substance. Moreover, anthracene oil, anthracene paste, anthracene fraction consists of further PAH in concentrations >0.1% (w/w) such as phenanthrene, which fulfils vPvB criteria, too. In addition the experimental data indicate a high chronic and acute toxicity of the phenanthrene for aquatic organisms (EC10 values close to10 μg/l) i.e. close to fulfiling T criterion. Hence, we are of the opinion, that phenanthrene should be considered as PBT substance, too. 
This conclusion is in line with guidance document which allows flexibility in the application of the criteria e.g. in cases where one criterion is marginally not fulfilled but the others are exceeded considerably.
	Thank you for your comment. Nevertheless, we changed the assessment of the T criterion according to a strict compliance with Annex XIII. Now the assessment of the CTPHT dossier and the anthracene oils and pastes dossiers are harmonised.  The overall assessment of the dossier is not changed by this change.

	20091014
	On behalf of an organisation, Allgemeine Unfallversicherungsanstalt, (national authority), Austria 
	"Anthracene or compounds thereof" (2.303) is listed in Annex I and "Polycyclic aromatic hydrocarbons which do not come under other headings" (2.170) are listed in Annex II of the Commission Recommendation concerning the European schedule of occupational diseases (2003/670/EC) 
Anthracene, a main constituent of anthracene oil is allready on the candidate list.
p15
Due to the wide and dispersive use of the substance we cannot agree that human health hazard assessment is not relevant fort his dossier.
	Thank you for your comment. Indeed the wording is misleading and has been changed to “Not considered in this dossier” since the SVHC identification is based on PBT and vPvB properties.

	20091014
	On behalf of an organisation, Coal Chemical Sector Group (CCSG) representing all European producers of Anthracene oil, anthracene paste, anthracene fraction , Belgium
	The dossier aims at justifying the classification of the UVCB substance “Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2) as PBT and vPvB substance. 

The dossier does not cover any scientific information on “Anthracene oil, anthracene paste, anthracene fraction” as placed on the market but exclusively refers to single PAHs and a heterocyclic compound  (anthracene, phenanthrene, carbazole) and justifies the PBT and vPvB classification of phenanthrene. 

The conclusion of the authors that a UVCB substance containing unintended PBT ingredients of more than 0.1% is a PBT substance is not backed by the REACH regulation in force. 

The dossier is rejected in total as it does not cover the target substance.
	 In the Guidance for the preparation of an Annex XV dossier on the identification of SVHCs it is stressed that for multi-constituent substances it is necessary to consider the PBT properties of the constituents of the substance. “The PBT properties of a multi-constituent substance depend on the respective properties of its constituents and of its degradation and transformation products”. An Authority may prepare an Annex XV dossier “if a substance contains a constituent or an impurity at or above 0.1% which has PBT properties”. “Any substance containing a constituent or an impurity at or above 0.1% which has PBT properties, may be identified as a SVHC and by that included in the candidate list”.

	20091015
	On behalf of an organisation, Portuguese Environment Agency, Protugal
	We agree that the PBT criteria is fulfilled according to article 57(d), but not the vPvB criteria (article 57(e)).
The only constituent meeting the vB criteria is phenantrene.
	Since Phenanthrene is one of the main constituents of  ”Anthracene oil, anthracene paste” the vPvB-criteria are also met.

	20091015
	On behalf of an organisation, Industrial Quimica del Nalon, S.A. (company), Spain
	The dossier aims at justifying the classification of the UVCB substance “Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2) as PBT and vPvB substance. 

The dossier does not cover any scientific information on “Anthracene oil, anthracene paste, anthracene fraction” as placed on the market but exclusively refers to single PAHs and a heterocyclic compound  (anthracene, phenanthrene, carbazole) and justifies the PBT and vPvB classification of phenanthrene. 

The conclusion of the authors that a UVCB substance containing unintended PBT ingredients of more than 0.1% is a PBT substance is not backed by the REACH regulation in force. 

The dossier is rejected in total as it does not cover the target substance. 
	 See response to CEFIC comment above.

	20091015
	On behalf of BE REACH CA: FPS Health, food chain safety and environment, Belgium
	The presence of anthracene in a concentration higher than 0.1% makes that the PBT criterion is fulfilled. 
	Thank you for your support.

	20091015
	On behalf of an organisation, CONCAWE (industry or trade organisation), Belgium
	The justification for designating Anthracene oil, anthracene paste, anthracene fraction (CAS# 91995-15-2) as a substance of very high concern should be based on the facts that (a) this substance contains anthracene at > 0.1% and (b) ECB TCNES PBT Working Group had reviewed the PBT properties of anthracene and concluded the PBT criteria are fulfilled (EC 2008a).  However, since the TCNES PBT Working Group had not agreed on the PBT/vPvB properties of other PAHs it is premature and inappropriate to draw definitive conclusions for other PAHs in this Annex XV dossier.  Moreover, a recent critical review of the bioaccumulation properties of 15 PAHs (see accompanying attachment: CONCAWE Bioaccumulation Assessment of PAHs.doc) provides an updated compilation of reliable laboratory fish bioconcentration data that confirms the low bioaccumulation potential of PAHs.  Field data are also presented that clearly demonstrate these substances do not biomagnify in the foodchain but rather may undergo trophic dilution as a result of biotransformation in fish and higher trophic levels.  Thus, available evidence does not support the broad, tentative conclusions included in this draft dossier that PAHs beyond anthracene meet B or vB criteria using recent guidance for interpreting Annex XIII criteria provided by the REACH Competent Authorities (EC 2008b).

Therefore, it is requested that all text related to PAHs other than anthracene be deleted from the Annex V dossier for Anthracene oil, anthracene paste, anthracene fraction (CAS# 91995-15-2).  In addition, to ensure that the conclusions proposed in the revised dossier are consistent, Anthracene oil, anthracene paste, anthracene fraction (CAS# 91995-15-2) should be identified a PBT according to Article 57(d) but not as vPvB under article 57(e).

References:
EUROPEAN COMMISSION (2008a) 17th Technical Committee on New and Existing Chemicals following Council Regulation (EEC) 793/93, Directive 67/548/EEC7, 9 April 2008, Status Report – TC NES sub-group on PBT/vPvB Substances and POPs, ECBTCNES/02/08, 16 pp.

EUROPEAN COMMISSION (2008b) 6TH MEETING OF THE REACH COMPETENT AUTHORITIES, 5-16 December, Review of Annex XIII, Doc. CA/56/2008, 16 pp.
	 The critical review presented by CONCAWE is based on aspects frequently found in publications. Though, the majority of these aspects are useful, one of the key aspects for ranking reliability of literature is a parent substance based BCF. 

On the one hand biotransformation may lead to a complete elimination of a substance either via faeces or via uncritical incorporation. On the other hand biotransformation may also lead to bioaccumulating metabolites, whose emergence can not be detected by tracking parent substance alone. The only way to do so is radiolabelling and a BCF based on total radioactivity which ideally should be accompanied by specific analysis of the parent substance and its metabolites. Though potentially overestimating bioaccumulation a BCF based on total radioactivity is the only way to ensure that there will be no underestimation of bioaccumulation. Thus we do not agree with the reliability ranking presented here.

Nevertheless, we will evaluate the RIVM-report concerning the same topic before MSC-10 and, if necessary, change the assessment of the Bioaccumulation potential of individual PAH accordingly (see also response to comment on behalf of RIVM).

Aside from this we would like to point to the presently unclear status of dietary studies in assessment. Though they may prove useful in future interpretation and use of data gained here is still under consideration, i.a. by revision of OECD guideline 305.

	20091015
	On behalf of an organisation, WECF (international NGO),  Netherlands
	We support the nomination of this chemical to the Candidate List, and believe it is important, given its properties, for it to be as strictly controlled as possible.
	Thank you for your support.

	20091015
	On behalf of an organisation, Federal Ministry of Agriculture, Forestry, Environment and Water Management, Austria
	The Austrian CA supports the proposal. Anthracene oil and anthracene paste are a potential source of pollution of the environment by a number of PAHs of which several individual components clearly fulfil the PBT-criteria and thus are substances of very high concern according to REACH article 57d. 

It is noted that PBT properties are amongst the three priority criteria for the inclusion in Annex XIV listed in REACH article 58 (3). This indicates the high relevance that the legislator has attributed to the progressive substitution of PBT substances. Due to the very high persistence and bioaccumulation of PAHs even relatively small uses of PAHs containing substances or mixtures can be of importance and the authorisation policy seem to be an appropriate approach to motivate industry to search for alternatives.
	Thank you for your support.

	20091015
	Member State, United Kingdom
	Please see comments provided for the Anthracene Oil dossier.
	See Anthracene Oil dossier


Specific comments on the justification
	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20090908
	Individual, Democratic People's Republic of Korea
	I think it's better to analyse total PAHs than to analyse Antracene oil series and Coal tar pitch. 

actually, It's difficults to tell each items(Antracene oil and coal tar pitch). even though PAHs detected in sample.
	Thank you for your comment.
The analysis of total PAH might be easier in practice, but until now only the PAH anthracene has been identified as an SVHC. 

Not all PAH present in “Anthracene oil, anthracene paste, anthracene fraction” or CTPHT have SVHC-properties according to Annex XIII of the REACH regulation. That is why we can only make a proposal for several constituents in these UVCB-substances.



	20091014
	Member State, France
	- Paragraph “4.1.2.2 Screening tests”:
The model calculations results (Mackay et al., 1992) should rather take place in paragraph “4.1.2.1 Biodegradation estimation” which is more appropriate for this type of data.

- Paragraph “4.1.2.2 Screening tests”:
Contrary to table 6 (biodegradation of several PAH according to the test method MITI I), phenanthrene should not be considered as “readily biodegradable”. The percentage of biodegradation of phenanthrene (54% according to the test method MITI I - OECD guideline n°301C) is not sufficient to conclude that the substance is readily biodegradable. Indeed, the pass level for ready biodegradability is 60% of ThOD production for respirometric methods. Moreover, Biowin 6 (MITI non-linear model prediction) gives a low probability of biodegradation of phenanthrene (p = 0.19). This result confirms that the substance is not readily biodegradable.

- Paragraph “4.1.3 Summary and discussion of persistence”:
The screening studies (OECD TG 301C) show that phenanthrene (constituent present in anthacene oil) is also not readily biodegradable (MITI-List, 2002), as for acenaphtene, fluorene, carbazole and dibenzofuran. This should be corrected. 

Considering that annex XIII of the REACH Regulation requires the data to be collected under the adequate conditions; it should be noted that priority is given to half-lives obtained under realistic conditions, i.e. field conditions. Thus, particularly for phenanthrene data, a study in field conditions would rather be selected as the key study for the P assessment.

- Paragraph “7. Environmental hazard assessment”:
It could be useful to develop part 7 by specifying for each substance the aquatic toxicity value and to conclude on this basis.
	Paragraph “4.1.2.2 Screening tests”:
Thank you for the remark. The document has been corrected accordingly.
- Paragraph “4.1.2.2 Screening tests”:

This table was not in the document of  ”Anthracene oil, anthracene paste, anthracene fraction”. 

Paragraph “4.1.3 Summary and discussion of persistence”:
Thank you for the remark. The document has been corrected accordingly.


	20091014
	On behalf of an organisation, Allgemeine Unfallversicherungsanstalt, (national authority), Austria 
	p19
Anthracene oils are used as cited within the Annex XIV dossier as wood impregnation agent, as component of asphalt for road construction, as industria viscosity modifier, etc.
Therefor Anthracene oil is clearly used wide and dispersive.
	Thank you for this information on use.

Nevertheless we consider that there is a negligible emission of “anthracene oil, anthracene paste, anthracene fraction” to the environment because of its characteristics. In our opinion it will be used almost exhaustive as intermediate in the production of pure anthracene.

	20091014
	On behalf of an organisation, Coal Chemical Sector Group (CCSG) representing all European producers of Anthracene oil, anthracene paste, anthracene fraction , Belgium
	pp. 4-5
The concentration range provided for the ingredients could not be detected in the respective IUCLID IV file of “Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2).  

p.18
The conclusion that the presence of anthracene in “Anthracene oil, anthracene paste, anthracene fraction” is sufficient to qualify this substance as PBT is not backed by the REACH regulation. 
 
p.18
Phenanthrene is discussed for the first time regarding PBT classification. The conclusion that phenanthrene meets the PBT and vPvB criteria is premature. Furthermore the REACH regulation does not support the conclusion that unintended PBT ingredients >0.1% in UVCB substances induce PBT classification.
	The Values represent the lowest and highest concentrations for the ingredients written down in the IUCLID-4 files originally submitted by the manufacturers of “Anthracene oil, anthracene paste, anthracene fraction” who are mentioned in the IUCLID data sheets available at the ECB website.

According to the Guidance for the preparation of an Annex XV dossier on the identification of SVHCs an Annex XV dossier may be prepared if a substance contains a constituent or an impurity at or above 0.1%. “Anthracene oil, anthracene paste, anthracene fraction” contains 50-70 % anthracene.

Phenanthrene was discussed in the transitional dossier on CTPHT and is discussed now in the Annex XV Dossier on CTPHT. Based on the comments to our Annex XV dossiers on anthracene oils we have revised our evaluation of phenanthrene and it is now regarded as a vPvB, but not as a PBT. This is in line with the Annex XV Dossier on CTPHT. However, anthracene has been identified as a PBT and is contained in “anthracene oil, anthracene paste, anthracene fraction” with a percentage of 50-70%. This means that “anthracene oil, anthracene paste, anthracene fraction” is to be regarded as a PBT in any case. Consideration of phenanthrene and other constituents is rather meant as an indication that even more SVHCs are present in “Anthracene oil, anthracene paste, anthracene fraction”.

According to the Guidance for the preparation of an Annex XV dossier on the identification of SVHCs “any substance containing a constituent or an impurity at or above 0.1% which has PBT properties, may be identified as a SVHC and by that included in the candidate list”.

	20091015
	On behalf of an organisation, Industrial Quimica del Nalon, S.A. (company), Spain
	pp. 4-5
The concentration range provided for the ingredients could not be detected in the respective IUCLID IV file of “Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2).

p.18
The conclusion that the presence of anthracene in “Anthracene oil, anthracene paste, anthracene fraction” is sufficient to qualify this substance as PBT is not backed by the REACH regulation. 
 
p.18
Phenanthrene is discussed for the first time regarding PBT classification. The conclusion that phenanthrene meets the PBT and vPvB criteria is premature. Furthermore the REACH regulation does not support the conclusion that unintended PBT ingredients >0.1% in UVCB substances induce PBT classification.
	See response to CEFIC CCSG comments above.



	20091015
	On behalf of BE REACH CA: FPS Health, food chain safety and environment, Belgium
	An observation which does not influence the general conclusion that the substance is a SVHC: 
according to the results in the environmental hazard assessment in the Annex XV transitional dossier on CTPHT (The Netherlands - Bureau REACH, 2008) the smallest NOEC value for phenanthrene is 13µg/l which is larger than the cut-off value of 10 µg/l that is stated in Annex XIII. Therefore, the T criterion is not fulfilled for phenanthrene. However, a weight of evidence approach may justify such a conclusion (this was not verified by us). This comments is made mainly to highlight the difference between the CTPHT and anthracene dossiers: the threshold value is taken strictly in the CTPHT dossier (13µg/l does not comply with the T criterion), while at the same time 13µg/l does comply with the T criterion in the anthracene dossier. This leads us again to the necessity of clarifying weight of evidence approaches into annex XIII itself (reference of discussions regarding annex XIII revision).
	Thank you for your comment. The assessment of the T criterion was changed according to a strict compliance with Annex XIII. Now the assessment of the CTPHT dossier and the anthracene oils and pastes dossiers are harmonized. We also believe it is necessary to clarify weight of evidence approaches

	20091015
	On behalf of an organisation, RIVM (national authority), Netherlands
	We agree with the overall conclusions that „anthracene oil, anthracene paste, anthracene fraction“ should be considered as a substance meeting both the criteria of Article 57(d) and of Article 57(e) of the REACH Regulation. 

However, with respect to the bioaccumulation potential a number of additional studies became available after the EU Risk Assessment Report on coal tar pitch high temperature was completed, with different BCF values for fish than those reported in the EU RAR. Especially for the high molecular PAHs, the fish BCF values might not meet the trigger for B or vB. 

For anthracene, a main constituent in anthracene oil, anthracene paste, anthracene fraction, we still believe the B-criterion is met on a BCF value in fish. For phenanthrene it is a borderline case whether the vB criterion is met based on the bioaccumulation in fish. Based on the toxicity data phenanthrene does not meet the T criterion and should therefore not be considered as a PBT-substance. An evaluation report will become available by the beginning of November 2009.. 

For invertebrates no additional data was retrieved and therefore the conclusion for the B-assessment based on bioaccumulation in invertebrates remains unchanged. 
	 Thank you very much for your comments.

It would have been helpful to provide the authors of these studies.

Since we received the draft of your report only very shortly before the Deadline of the “Response to Comments”-Phase, we were not able to evaluate the results thoroughly, yet. We will do so before MSC-10 and, if necessary, change the assessment of the Bioaccumulation potential of individual PAH accordingly. Nevertheless, the general conclusion that “Anthracene oil, anthracene paste, anthracene fraction” is a SVHC - as you stated yourself - is not changed by your revaluation of the Bioaccumulation potential.

Concerning the toxicity of phenanthrene, you are correct, Phenanthrene does not meet the T-criterion. The text has been changed in the dossier.




Information on use, exposure, alternative and risks on Annex XV SVHC 
Substance name:
Anthracene oil, anthracene paste, anthracene fraction
CAS number: 
91995-15-2

EC number: 

295-275-9
Reason of the submission of the Annex XV: PBT, vPvB
Specific comments on use, exposure, alternatives and risks
	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20091014
	On behalf of an organisation, International Chemical Secretariat – ChemSec (international NGO), Sweden
	Used as Preservative, Wood protector in wood. Also used as base chemical
	Thank you for this information. When the dossier was created little information on the use was available.

Nevertheless we consider that there is a negligible emission of “anthracene oil, anthracene paste, anthracene fraction” to the environment because of its characteristics. In our opinion it will be used almost exhaustive as intermediate in the production of pure anthracene because of its high anthracene concentration and its physical nature.

	20091014
	On behalf of an organisation, Coal Chemical Sector Group (CCSG) representing all European producers of Anthracene oil, anthracene paste, anthracene fraction , Belgium
	p. 19
“Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2) is not notified as biocide and thus cannot be used for purposes requiring biocidal properties. 

p.21
An Annex XV dossier is not the adequate place to extend the scope of the REACH regulation and to endorse the classification and authorisation strategy for substances not covered by the respective Annex XV dossier.
	Such a statement is not included in the document. According to our information some anthracene oils may be used as wood impregnation agents.  Impregnation agents for wood preservation do not necessarily have to possess biocidal properties.

In June 2009 UBA and CEFIC CCSG had an informal meeting and discussed anthracene oils. At this meeting CCSG pointed out that the coal chemical sector is discriminated against the oil industry, because anthracene oils are to be included in the candidate list, while numerous UVCBs containing anthracene, which are handled by the oil industry, are not subject of any Annex XV dossiers.

In this short paragraph included under the heading “other information” we tried to raise this issue. Since anthracene is a PBT substance, all UVCBs, multi-constituent substances and mixtures containing anthracene (> 0.1%) should be considered for inclusion in the candidate list (and possibly authorization) in the future. This is only a remark and refers to what should be done in the future in order to minimise emissions of SVHCs and not to discriminate any industry sectors.



	20091015
	On behalf of an organisation, Industrial Quimica del Nalon, S.A. (company), Spain
	p. 19
“Anthracene oil, anthracene paste, anthracene fraction” (CAS-No. 91995-15-2) is not notified as biocide and thus cannot be used for purposes requiring biocidal properties. 

p.21
An Annex XV dossier is not the adequate place to extend the scope of the REACH regulation and to endorse the classification and authorisation strategy for substances not covered by the respective Annex XV dossier.
	See response to CEFIC CCSG comments above.
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Introduction

REACH requires that a PBT/vPvB assessment be performed for all substances for which a Chemical Safety Assessment (CSA) must be conducted. This generally translates to all substances manufactured or imported in amounts above 10 tpa that are not exempted from registration or substances that are not solely used as isolated intermediates.  The objective of the PBT/vPvB assessment is to determine in a stepwise manner if a substance fulfills the criteria specified in Annex XIII of this regulation. For complex substances, this assessment must be applied to all constituents that are present at greater than 0.1% (EU 2006).

Guidance provided by the ECHA (EC 2008a) on how to interpret the Annex XIII criteria and the recent discussion on the proposed revision of those criteria, indicate that the assessment of B/vB properties should be done on the basis of the following relevant information:


· Bioaccumulation in aquatic species, preferably fish (as indicated in Section 9.3.2 of Annex IX); 

· Information on the ability of the substance to biomagnify in the food chain, expressed by biomagnification factors or trophic magnification factors in accordance with Section 9.3 of Annexes IX and X;

· Information on the bioaccumulation potential, for example: 


· Results from chronic toxicity study on animals,


· Assessment of toxicokinetic behaviour from available and relevant information, or


· Results from bioconcentration study with invertebrates; or

· Other information provided that its suitability and reliability can be reasonably demonstrated.

The use of fish data are preferred over that from other sources, including invertebrates, due to the fact that biotransformation is included, giving a reasonable indication of whether the potential for food-chain magnification exists.  These data, with further information on trophic level biomagnification or dilution, can be used in a weight of evidence approach to demonstrate whether the longer term uncertainties associated with PBT/vPvB substances exist.

The objective of this review is to update the information that was previously presented to the ECB-TCNES PBT Working Group and expand the compilation of fish bioconcentration factors (BCFs) included in the EU Coal Tar Pitch High Temperature Risk Assessment Report (CTPHT RAR) for 15 PAHs (Table 1) and provide a critical review of data reliability.  Anthracene is excluded in this analysis since this substance has been agreed to fulfill the B criteria by the PBT Working Group under ECB-TCNES (EC 2008b).  Other relevant lab and field bioaccumulation studies are also presented in this review to assess the potential of these substances to biomagnify in the foodchain.  This information is an important compliment to bioconcentration data since biomagnification is regarded as the principal determinant for identifying substances posing a bioaccumulation concern (Weisbrod et al. 2009).

Fish bioconcentration data

Data reliability assessment


The assessment of fish BCF data was based on the Klimisch scale (1997), assigning studies to four categories: reliable (well-documented guideline studies, validity = 1); reliable with restrictions (non-guideline studies, but documented and defensible, validity = 2); not reliable (invalid due to experimental flaws or design limitations, validity = 3); not assignable (insufficient documentation/information, validity = 4) using recent guidelines for evaluating in-vivo bioaccumulation studies (Parkerton et al. 2008).  Data identified in the EU CTPHT RAR as ‘unreliable’ (validity = 3), were excluded in the present review.  Some of the remaining studies were classified differently in this analysis than the CTPHT RAR as described below.  Data are presented in Table 1 as the reported wet weight BCF study result, and as the BCF value normalized to 5% lipid content (wet weight), which is the default used to standardize B decision-making (Pedersen et al. 1994, ECHA 2008b).  

A series of BCFs were calculated for fluorene and pyrene in a study by de Voogt et al. (1991), which was based on a 7 d semi-static renewal bioaccumulation test in fish with 9% lipid content. Data for water concentrations were not presented, nor were the final fish body concentrations for any of the three PAHs tested in this study, making a determination of whether steady-state was achieved impossible. It should also be noted that the BCF values are calculated based on the concentration in the two fish at the end of the experiment, which varies from the minimum of four replicates required for OECD TG 305 (OECD 1996). There is no mention of whether the fish were fed during the exposure phase of the experiment, and lack of feeding is known to affect bioaccumulation by decreasing movement of bile to the intestinal tract. Due to this lack of information, this study is rated not assignable (validity = 4). 

In the CTPHT RAR, BCFs were also calculated for fluorene and pyrene based on static mass balance data presented by de Voogt et al. (1991) after 48 h exposure. These were calculated based on the highest water concentration, rather than the mean water concentration. Using the mean calculation, the BCF is 2120 L/kg based on values of 724 and 3516 L/kg calculated with the low and high water concentration. If the mean value is subsequently lipid normalized to 5%, the value is 1177 L/kg. A similar case can be made for pyrene, resulting in a 5% lipid normalized BCF of 1087 L/kg. Finally, the duration of the exposure for the mass balance data was only 48 h. These test conditions may not provide sufficient internal exposure to allow for induction of, and action of biotransformation enzymes, as would be the case in a long-term exposure (Weisbrod et al. 2007).  Thus, this study is rated unreliable (validity = 3) and not included in Table 1.

Use of the adjusted Banerjee method as in de Maagd (1996) involves transient short-term exposure. These test conditions may not have provided sufficient internal exposure to allow induction of, and action of biotransformation enzymes, as would be the case in a guideline BCF test.  Although BCFs that are derived from experiments that take into account time-variable exposures may be judged in principle to be reliable, little work has been done to standardize such approaches or to demonstrate equivalence with BCF test results from accepted test guidelines. Recent data provide evidence that accumulation of PAH over a 48 h exposure may not be reflective of steady-state tissue concentrations over longer exposure periods. Further, other studies have shown that 48 h exposure is not adequate to allow for up-regulation of biotransformation enzymes (Sun et al. 2006). It is suggested that at present, the reliability of studies based on the adjusted Banerjee method be designated as not assignable. However, the paper by de Maagd (1996) had a short exposure duration, with decreasing concentration of PAH, a limited number of samples, and water concentrations approaching LC50s for some of the compounds. Given these concerns, this study is rated as unreliable (validity = 3).


A study by Weinstein and Oris (1999) with larval fathead minnows exposed to fluoranthene for a 24 h uptake period in a static dosing system reports a BCF of 9054 L/kg. This value was calculated on a dry weight rather than wet weight basis, and lipid content was not presented. These results were based on the mean measured concentration during the static renewal period, but it is unclear how much the exposure concentration varied during the test. As previously discussed, this short exposure duration is insufficient to allow for up-regulation of biotransformation enzymes and this study was rated not assignable (validity = 4). The BCF was corrected for wet weight, using a correction factor of 0.15 g dry weight/g wet weight, resulting in a value of 1358 L/kg wet wt. 


In another study with larval fathead minnows exposed to fluoranthene using a flow-through system for only a 24 h exposure, Cho et al. (2003) did not report units for BCFs, nor lipid content. They reference a previous study (Weinstein and Oris 1999) for the analytical methodology, and it should be noted that this previous study presented BCFs on a dry weight basis. This study was also conducted at a concentration very close to the LC50 (Diamond et al. 1995), and is rated as unreliable (validity = 3).


A study by Finger et al. (1985) appears to be of high quality with a 30 d exposure duration and measured concentrations. However, the authors do not present lipid data, and BCFs are determined on a dry weight basis. A conversion factor of 0.15 kg wet wt/kg dry wt was applied to the highest BCF reported in this study, which is rated as not assignable (validity = 4).


Additional Bioconcentration Data

Several in-vivo fish BCF studies are available that were not included in the CTPHT RAR.  While some of these studies are designated with a reliability that is not assignable, these studies are included to provide weight of evidence in selecting preferred values as discussed below.

Several PAHs were tested using OECD TG 305 with carp (CITI 1992). Although these studies were guideline studies involving long-term, flow-through exposure conditions yield steady-state conditions, not all relevant information is provided (e.g. variation in water concentration).   Consequently, these studies are considered reliable with restrictions (validity = 2).  These studies are conducted at a high and low exposure concentrations, and reported as BCF range at the respective concentration level. The normalized BCF reported in Table 1 was calculated as the mean of the reported range after adjustment to a 5% lipid content. 

Baussant et al. (2001a) exposed turbot to a concentration-series of dispersed blended Arabian light topped crude for 21 d, followed by a 9 d depuration period in a continuous-flow system. Steady-state BCFs derived from a kinetic analysis were reported for several PAHs.  Since the reported fish and water concentrations used to calculate the BCF were not explicitly reported this study was rated unassignable (validity = 4).  In a companion study, Baussant et al. (2001b) exposed turbot to a single concentration of North Sea crude oil dispersed mechanically at 0.5 mg/L for 21 d uptake, and 9 d depuration in a continuous flow system. Kinetic BCFs were again reported for several PAHs, and are presented in Table 1. These values were calculated using time-variable (non-constant) water PAH concentrations that were not reported, and this study was also ranked as not assignable (validity = 4).

In an OECD TG 305 study, Yakata et al. (2006) tested a range of compounds including acenaphthylene to determine the influence of dispersants on BCFs in carp. BCFs were calculated both in the presence and absence of a dispersant at concentrations less than water solubility for 28 d exposure in a flow through test system. Steady water concentrations were maintained, and the BCFs calculated with and without dispersant were not significantly different. This study reported all relevant information in detail, and is rated reliable without restrictions (validity = 1). Values presented in Table 1 are individual BCFs with and without dispersant. 

Carlson et al. (1979) exposed fathead minnows to a series of PAHs via flow-through conditions for 28 d, followed by a 5 d depuration. Water and fish PAH concentrations were determined at several points. BCF values were taken from the 28 d experiment that included four PAHs (fluorene, phenanthrene, fluoranthene and pyrene), and consisted of two trials. The mean of the two trials is presented in Table 1. Although this is not a guideline study, it has a sufficient exposure duration, flow-through conditions, and is considered reliable with restrictions (validity = 2).  Other experiments with PAHs including one for fluorene, and four that included phenanthrene were also reported. A second flow-through study with fluorene was considered reliable with restrictions (validity = 2). A test including phenanthrene was ranked as unreliable (validity = 3) due to decreasing water concentrations. A second phenanthrene experiment deviates significantly from steady state later in the experiment, and accompanies decreasing water concentrations. The mean of BCFs from day 7 and day 10 from this test are presented in Table 1 and are considered reliable with restrictions (validity = 2), however values after day 10 are considered unreliable (validity = 3) due to lack of steady state, and fluctuating test concentrations. Two further phenanthrene studies were both considered reliable with restrictions (validity = 2).

EMBSI (2009) exposed juvenile rainbow trout to a series of hydrocarbons, including fluoranthene and chrysene, for 28 d using a passive dosing semi-static renewal system. PAHs were dissolved in silicone oil that was then loaded into thin polydimethylsioloxane tubing that served as the passive dosing source.  PAH concentrations water were determined at 19 time points and fish were sampled at 7, 14, 21 and 28 days.  Steady-sate was obtained within 14 days and BCF values were determined by taking the mean of the BCFs on sampling days that were not statistically different. Although this is not strictly a guideline study, it has a sufficient exposure duration, a static renewal that ensured that test substance concentrations did not vary, and is considered reliable without restrictions (validity = 1). The BCFs are presented in Table 1. 

Inclusion of Lab Dietary Bioaccumulation Studies


Dietary data was not included in the RAR; dietary studies are included in this document since this study offers advantages over traditional aqueous BCF tests, particularly for hydrophobic substances, such as some of the larger PAHs.  Table 2 presents laboratory fish BMFs that have been lipid-normalized based on the experimentally determined lipid content in both fish and diet.

The experimentally determined growth-corrected half-life (t1/2), provided by the BMF test can be used in conjunction with a calculated uptake clearance (k1) to estimate the steady-state BCF (Peterson and Parkerton, 2004):

BCF =  k1(t1/2  / 0.693

(Peterson and Parkerton 2004)

     and



 
k1 = (520)(W-0.32

(Sijm and van der Linde 1995)

     where:

k1 = uptake clearance (ml / gwet / day)


W = fish wet weight (gwet)


t1/2 = growth-corrected half-life in the fish (days)


Data from ten laboratory dietary bioaccumulation studies with rainbow trout are included (EMBSI 2001; EMBSI 2005; EMBSI 2006; EMBSI 2007a; EMBSI 2007b; EMBSI 2007c; EMBSI 2008a; EMBSI 2008b; Niimi and Palazzo 1986; Niimi and Dookhran 1989). Growth-corrected parent substance half-lives given in Table 1, enable calculation of the accompanying BCFs using the above equations. These BCF estimates have not been corrected for bioavailability and hence BCF estimates for the more hydrophobic PAHs (log KOW > 5) thus may be conservative estimates of aqueous BCF values. All studies are assigned as reliable with restrictions (validity = 2), as a standard guideline for dietary bioaccumulation studies does not yet exist although a test protocol has been agreed by the PBT Working Group under ECB-TECNES for use in supporting B assessment decisions (Anon, 2006).

Summary of fish bioconcentration data

Available fish BCF data for the 15 investigated PAHs are presented in Table 1. Preferred values are highlighted in bold and selected based on the study of the highest quality, and weight-of-evidence if a preferred value was not obvious. Where possible, preferred values were based on the highest quality studies (Jonsson et al. 2004; EMBSI 2009) which were ranked reliable without restrictions. 

While five high quality BCFs above 2000 L/kg were reported for phenanthrene four values were obtained from Carlson et al. (1979) and one value from a dietary test-derived estimate.  Based on a critical review of available fish BCF data, none of the 15 PAHs investigated fulfills the B or vB criteria based on preferred BCF studies (Table 1).


Lab and Field Data to Assess Biomagnification Potential


Lab BMFs reported in Table 2 were obtained using kinetic analysis and reflect steady state conditions. BMF values for all PAHs are well below unity indicating that biotransformation in both the digestive tract and in fish tissues effectively limits the potential for significant trophic transfer.


Field data are also available that provides evidence that PAHs are not bioaccumulative with increasing trophic level in three food web biomagnification studies (Wan et al. 2007; Nfon et al 2008; Takeuchi et al. 2009). Slopes of log lipid-normalized PAH concentration versus trophic level for nineteen different PAHs are available.  Statistically significant positive slopes demonstrate evidence for biomagnification while zero or negative slopes provide evidence of no biomagnification or trophic dilution.  For all PAH investigated in these three studies, no significant positive slopes were observed.  TMFs were calculated as the anti-logarithm of these slopes and are reported in Table 3.  All 38 TMFs are below one except two values that are not statistically different from one.  Thus, field studies collectively support that PAHs do not biomagnify but instead may undergo trophic dilution.

Additional insights are provided by examination of field-derived fish biota-sediment accumulation factors (BSAFs).  Figure 1 summarizes box plots of fish BSAFs extracted from a USEPA database (US Environmental Protection Agency 2008).  BSAFs were normalized to fish lipid and sediment organic carbon for comparison to equilibrium partitioning theory which predicts a value of approximately one (Bierman, 1990).  Median, and 90th percentile fish BSAFs for all PAHs were well below unity, providing further evidence that PAHs exhibit a low bioaccumulation potential in the field.

Conclusions

In the assessment of the B properties of the 15 PAHs none of these substances meet the vB criterion since reliable BCFs do not exceed 5000 when adjusted to a 5% lipid content.  


With the exception of phenanthrene, reliable fish BCF data also indicate these substances also do not fulfill the B criterion since BCFs are below 2000. In the case of phenanthrene there are two high quality BCF values, both below 2000 and several values that are judged to be reliable with restrictions that fall between 2000 to 5000.  Thus a weight of evidence approach for phenanthrene would suggest it fulfills the B criterion if based only on bioconcentration data.

Lab (BMF) and field (TMF and BSAF) provide complimentary information for assessing bioaccumulation properties of PAHs.  These data clearly demonstrate that all PAHs investigated, including phenanthrene, exhibit a low biomagnification potential.  Further, unlike anthracene, which exhibits unusually high toxicity due to photo-enhanced toxicity, phenanthrene does not pose this added concern.  This generalization is consistent with the review of toxicity data presented in the CTPHT RAR which concluded phenanthrene does not fulfill the T criterion.  Based on this review, none of the 15 PAHs included in the CTPHT RAR fulfill the vPvB or PBT criteria for REACH under Annex XIII.


Table 1. Fish bioconcentration factors (BCF) for 15 PAHs.

		PAH

		Normalized BCF

		BCF from ref

		% Lipid

		Exp.

Dur.

		Meth

		Rank

		Comment (reason for rank)

		Reference



		Acenaphthene

		979 (le)


carp

		489-1000

		3.8

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure concentrations)

		(CITI 1992)



		

		1003 (he)


carp

		254-1270

		3.8

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure concentrations)

		(CITI 1992)



		

		275


turbot




		165

		3

		21 d

		FT

		4

		Unclear how BCF calculated (what concentration from the series was used).

		(Baussant et al. 2001a)



		Acenaphthylene

		579, 596


carp

		271, 279

		2.33, 2.34

		28 d

		FT

		1

		OECD 305

		(Yakata et al. 2006)



		

		507 (le)


carp

		225-545

		3.8

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure concentrations)

		(CITI 1992)



		

		488 (he)


carp

		237-505

		3.8

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure conc)

		(CITI 1992)



		

		67

rainbow trout

		1 d (t0.5)

		8

		5 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Dookhran 1989)



		

		2665


turbot

		1599

		3

		21 d

		FT

		4

		Unclear how BCF calculated (what concentration from the series was used).

		(Baussant et al. 2001a)



		Benz[a] anthracene

		977

rainbow trout

		0.7 d (t0.5)

		2.4

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2005)



		

		90

rainbow trout

		2 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		260


fathead minnow

		260

		NR

		5-336 h

		FT

		4

		Only aqueous BCF study available; lipid content not provided.

		(de Maagd et al. 1998)



		Benzo[a]pyrene

		977

rainbow trout

		1.1 d (t0.5)

		2.4

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2005)



		

		172

rainbow trout

		2 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		Benzo[b] fluoranthene

		No data

		

		

		

		

		

		

		



		Benzo[k] fluoranthene

		327

rainbow trout

		0.6 d (t0.5)

		5.6

		10

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2007a)



		

		423

carp

		0.6 d (t0.5)

		3.6

		10

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2007b)



		Benzo[ghi] perylene

		303 


rainbow trout

		0.6 d (t0.5)

		3.3

		7 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2008)



		Chrysene

		153


rainbow trout

		435

		1.27

		28 d

		SR

		2

		Not guideline study, but long-term, static renewal exposure

		(EMBSI 2009)



		

		90


rainbow trout

		2 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		615

		0.8 d (t0.5)

		3.6

		7 d

		D

		2

		No standard dietary test guideline available.

		EMBSI (2008)



		

		2105


rainbow trout

		2.1 d (t0.5)

		3.2

		14  d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2006)



		

		90


turbot

		54

		3

		21 d

		FT

		4

		BCF calculated using time variable water concentrations that are not reported.

		(Baussant et al. 2001b)



		Dibenz[a,h] anthracene

		1466


rainbow trout

		0.9 d (t0.5)

		2.4

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2005)



		Fluoranthene

		435


rainbow trout

		435

		1.27

		28 d

		SR

		2

		Not guideline study, but long-term, static renewal exposure

		(EMBSI 2009)



		

		1931


fathead minnow

		1700

		4.4

		28 d

		F

		2

		BCF from lowest concentration.

		(Carlson et al. 1979)



		

		218


rainbow trout

		0.4 d (t0.5)

		5.6

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2007a)



		

		352


carp

		2.1 d (t0.5)

		3.6

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2007b)



		

		271


rainbow trout

		6 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		1358


fathead minnow

		9054

		NR

		24 h

		S

		4

		BCF in paper was dry wt., short duration, little concentration information.

		(Weinstein and Oris 1999)



		

		N/A


fathead minnow

		14836

		NR

		24 h

		FT

		3

		Ambiguous units; short exposure time (24 h); no lipid info presented; concentrations likely toxic.

		(Cho et al. 2003)



		

		N/A


fathead minnow

		3388

		NR

		48 h

		S

		3

		Short duration, decreasing concentrations, limited samples.

		(de Maagd 1996)



		Fluorene

		672 (le)


carp

		219-830

		3.9

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure conc).

		(CITI 1992)



		

		780 (he)


carp

		396-821

		3.9

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure conc).

		(CITI 1992)



		

		1875


fathead minnow

		1650

		4.4

		28 d

		FT

		2

		Not guideline study, but long-term, flow-through exposure.

		(Carlson et al. 1979)


Experiment 3, Tank 3



		

		1146


fathead minnow

		1100

		4.8

		28 d

		FT

		2

		Not guideline study, but long-term, flow-through exposure.

		(Carlson et al. 1979)


Experiment 1, Tank 1



		

		316


rainbow trout

		7 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		270 


bluegill

		1800

		NR

		30 d

		FT

		4

		No lipid info, dry wt used.

		Finger et al 1985)(



		

		1655


turbot

		993

		3

		21 d

		FT

		4

		Unclear how BCF calculated (what concentration from the series was used).

		(Baussant et al. 2001a)



		

		2418


turbot

		1495

		3

		21 d

		FT

		4

		BCF calculated using time variable water concentrations that are not reported.

		(Baussant et al. 2001b)



		

		1177

guppy

		2120

		9

		2 d

		S

		4

		n = 2; no feeding information; no water or fish concentration information

		(de Voogt et al. 1991)



		Indeno[1,2,3-cd] pyrene

		303 


rainbow trout

		0.6 d (t0.5)

		3.3

		7 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2008)



		Naphthalene

		515 (le)


sheepshead minnow

		999

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		461 (he)


sheepshead minnow

		895

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		85 (le)


carp

		23-146

		NR

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure conc).

		(CITI 1992)



		

		102 (he)


carp

		36.5-168

		NR

		56 d

		FT

		2

		OECD; all details not reported (ie. variations in exposure conc).

		(CITI 1992)



		

		814


rainbow trout

		0.4 d (t0.5)

		2.4

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2005)



		

		702


turbot

		421

		3

		21 d

		FT

		4

		BCF calculated using time variable water concentrations that are not reported.

		(Baussant et al. 2001b)



		

		N/A


fathead minnow

		302

		NR

		48 h

		S

		3

		Short duration, decreasing concentrations, limited samples.

		(de Maagd 1996)



		Phenanthrene

		1149 (le)


sheepshead minnow

		2229

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		417 (he)


sheepshead minnow

		810

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		2329


fathead minnow

		2050

		4.4

		28 d

		FT

		2

		Not guideline study, but long-term, flow-through exposure.

		(Carlson et al. 1979)


Experiment 3, Tank 3



		

		3546


fathead minnow

		3050

		4.3

		28d

		FT

		2

		Not guideline study, but long-term, flow-through exposure.

		(Carlson et al. 1979)


Experiment 3, Tank 2



		

		2927


fathead minnow

		2400

		4.1

		28 d

		FT

		2

		Not guideline study, but long-term, flow-through exposure.

		(Carlson et al. 1979)


Experiment 3, Tank 1



		

		3684


fathead minnow

		2800

		3.8

		7/10 d

		FT

		2

		BCF averaged from last 2 timepoints (7+10 d) at steady-state. Higher, non-steady state BCFs observed after this timewere  accompanied by decreasing water PAH concentration. 

		(Carlson et al. 1979)


Experiment 2, Tank 2



		

		2218


rainbow trout

		1.7 d (t0.5)

		2.8

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2001)



		

		407


rainbow trout

		9 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		515


turbot

		309

		3

		21 d

		FT

		4

		Unclear how BCF calculated (what concentration from the series was used).

		(Baussant et al. 2001a)



		

		1560


turbot

		936

		3

		21 d

		FT

		4

		BCF calculated using time variable water concentrations that are not reported.

		(Baussant et al. 2001b)



		

		2604


fathead minnow

		2500

		4.8

		28d

		FT

		3

		Decreasing concentrations.

		(Carlson et al. 1979)


Experiment 2, Tank 1



		

		N/A


fathead minnow

		6760

		NR

		48 h

		S

		3

		Short duration, decreasing concentrations, limited samples, water concentrations approaching LC50

		(de Maagd 1996)



		Pyrene

		75 (le)


sheepshead minnow

		97

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		50 (he)


sheepshead minnow

		145

		9.7

		36 d

		FT

		1

		Very similar to OECD 305: high quality, long-term, flow-through study.

		(Jonsson et al. 2004)



		

		892


fathead minnow

		785

		4.4

		28 d

		FT

		2

		BCF from exposure at lowest concentration.

		(Carlson et al. 1979)



		

		977


rainbow trout

		0.7 d (t0.5)

		2.4

		10 d

		D

		2

		No standard dietary test guideline available.

		(EMBSI 2005)



		

		90


rainbow trout

		2 d (t0.5)

		8

		48 d

		D

		2

		No standard dietary test guideline available.

		(Niimi and Palazzo 1986)



		

		1088

guppy

		1959

		9

		2 d

		S

		4

		n = 2; no feeding information; no water or fish concentration information.

		(de Voogt et al. 1991)





Preferred values are in bold. Dashed line (- - - -) separates high quality data from low quality data. Abbreviations: he-high exposure concentration; le-low exposure concentration; NR-not reported; S-static; SR-static renewal; FT-flow through; D-dietary. Reliability ranking: 1 – reliable without restrictions; 2 – reliable with restrictions; 3 – unreliable; 4 – not assignable. 

Table 2. Lipid-normalized dietary biomagnification factors.1

		PAH

		BMF

		Reference



		Acenaphthylene

		0.005

		(Niimi and Dookhran 1989)



		Benz[a]anthracene

		0.005

		(EMBSI 2005)



		

		0.001

		(Niimi and Palazzo 1986)



		Benzo[a]pyrene

		0.005

		(EMBSI 2005)



		Benzo[g,h,i]perylene

		0.032

		(EMBSI 2007c)



		Benzo[k]fluoranthene

		0.012

		(EMBSI 2007a)



		

		0.009


carp

		(EMBSI 2007b)



		Chrysene

		0.016, 0.04

		(EMBSI 2006, EMBSI 2008a)



		Dibenz[a,h]anthracene

		0.007

		(EMBSI 2005)



		Fluoranthene

		0.032, 0.046

		(EMBSI 2007a, EMBSI 2008b)



		

		0.006


carp

		(EMBSI 2007b)



		Fluorene

		0.03

		(Niimi and Palazzo 1986)



		Indeno[1,2,3-cd]pyrene

		0.029

		(EMBSI 2007c)



		Naphthalene

		0.005

		(EMBSI 2005)



		Phenanthrene

		0.076

		(EMBSI 2001)



		

		0.01

		(Niimi and Palazzo 1986)



		Pyrene

		0.005

		(EMBSI 2005)



		Benzo[b]fluorene

		0.041, 0.024

		(EMBSI 2007a, EMBSI 2008b)



		

		0.01

		(EMBSI 2007b)



		Triphenylene

		0.026

		(EMBSI 2007a)



		

		0.018

		(EMBSI 2007b)





1 All values are for rainbow trout except where noted

Table 3. Trophic magnification factors for the marine food webs in Bohai Bay, Baltic Sea and Tokyo Bay. Antilogs of the slopes of the regression equations for the lipid-based PAH concentrations versus (15N were used to calculate TMFs.

		Compound

		TMF (Wan et al. 2007)

		TMF


(Nfon et al. 2008)

		TMF (Takeuchi et al. 2009)



		Acenaphthylene

		0.45

		

		



		Acenaphthene

		(1.02)

		

		



		Benz[a]anthracene

		0.2

		0.75

		(0.83)



		Benzo[a]pyrene

		0.24

		(0.75)

		(0.80)



		Benzo[e]pyrene

		0.25

		(0.86)

		(0.57)



		Benzo[b]fluoranthene

		

		

		0.60



		Benzo[b+k]fluoranthene

		0.27

		

		



		Benzo[j+k]fluoranthene

		

		

		0.69



		Benzo[k]fluoranthene

		

		(0.84)

		



		Benzo[ghi]perylene

		(0.66)

		(0.75)

		(0.72)



		Chrysene

		0.26

		0.66

		0.65



		Fluoranthene

		0.11

		0.72

		0.60



		Fluorene

		(1.15)

		

		



		Indeno-123-cd]pyrene

		(0.81)

		(0.75)

		(0.80)



		Dibenz[ah]anthracene

		(0.85)

		

		



		Perylene

		0.24

		(0.67)

		(0.77)



		Phenanthrene

		(0.43)

		0.82

		0.75



		Pyrene

		0.17

		0.74

		0.62





Values in parenthesis denote that slopes of lipid normalized concentrations versus 


trophic level using in calculating TMFs were not significantly different from zero
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Figure 1. Box plot of fish field biota-sediment accumulation factors (BSAFs) for several PAHs. Box boundaries represent 25th and 75th percentile, the median is indicated by a line within each box, and whiskers denote the 10th and 90th percentiles of the data. Individual PAH data points ranged from n = 10 to n = 53. BSAFs for all of the compounds listed were extracted from a database compiled by the US EPA (US Environmental Protection Agency 2008).
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