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Anthracen (CAS nr. 120-12-7). Fastsættelse af kvalitetskriterier 

 

 

Strukturformel 

                                                     000120-12-7  Anthracene  

 

Vandkvalitetskriterie, ferskvand: 0,1 µg/l 

Vandkvalitetskriterie, saltvand: 0,1 µg/l 

 

Korttidsvandkvalitetskriterie: 0,1 µg/l 

 

Sedimentkvalitetskriterie, ferskvand: 24 µg/kg tørvægt 

Sedimentkvalitetskriterie, saltvand:       4,8 µg/kg tørvægt 

 

Biotakvalitetskriteriet: 2,4 mg/ kg føde, vådvægt 

 

Dette datablad er en opdatering af databladet fra 2009, i forhold til hvilket sedi-

ment- og biotakvalitetskriterier er tilføjet. Endvidere er KVKK ændret fra 0,4 µg/l 

til 0,1 µg/l.  

KVKK = 0,4 µg/l var tidligere det gældende, da det står i det gamle datterdirektiv 

til Vandrammedirektivet og fremgik af EU-databladet til Vandrammedirektivet 

fra juli 2005. I det ny datterdirektiv (opdatering af det tidligere) er KVKK (MAC) 
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sænket til 0,1 µg/l. Dette bygger på det nye EU-datablad fra 2011 (se bilag) og er 

baseret på, at giftighed induceret af sollys (ultraviolet lys) er taget med i betragt-

ning.. 

 

English Summary 

Data and calculations were taken from the EU datasheet (15/2-2011) 

on which the quality standards in the Water Framework Directive 

are based. That datasheet is attached to the present document as an 

annex (“bilag”). 

 

EQSfreshwater =       0.1 µg/l 

EQSsaltwater =       0.1 µg/l 

MAC =       0.1 µg/l 

EQSsediment, freshwater = 24    µg/kg dw 

EQSsediment, saltwater  =   4.8 µg/kg dw 

Biota EQS =           2.4 mg/kg feed, wet weight 

 

 

Brug af stoffet: 

Anthracen bruges ved fremstilling af fyrværkeri og i forskning (laboratorier). 

 

Opløselighed i vand: 0.047 mg/l 

 

Giftighed overfor vandorganismer (EC50, NOEC, ECx, PNEC osv.): 

Se bilag 

For sediment er der NOEC eller EC10 værdier for to arter repræsenterende 2 

overordnede systematiske grupper. Inddrages EC50 værdier er 3 overordnede sy-

stematiske grupper repræsenterede. Laveste EC10 eller NOEC er 1,2 mg/kg tør-

vægt for Lumbriculus variegatus. 

 

Giftighed overfor pattedyr og fugle (NOEC, NOAEL, PNECoral (PNECføde 

), hormonforstyrrende effekter osv.): 

Se bilag 

 

Giftighed overfor mennesker (ADI, TDI, hormonforstyrrende effekter, 

klassificering for kræft, reproduktionsskader og mutagenicitet): 

Se bilag 
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Afsmag i fisk, skaldyr o.l.: 

Ingen oplysninger 

 

Nedbrydelighed:  

Ikke let nedbrydeligt. Se bilag 

 

Bioakkumulering (log Kow, BCF, BMF):  

BCF: Bløddyr: 19000 

         Fisk: 3042 

Se bilag 

 

Naturlig forekomst: 

Findes i olie og dannes ved forbrænding, se bilag. 

  

Vandkvalitetskriterie, inkl. argumentation og kvalitetsvurdering af ud-

slagsgivende undersøgelse: 

Vandkvalitetskriterierne er fastsat i overensstemmelse med Miljøstyrelsens vejledning (Miljø-

styrelsen 2004). 

Data og beregninger er taget fra EU databladet (15/2-2011), der ligger til grund for vandkvali-

tetskriterierne (VKK) og korttidsvandkvalitetskriterierne (KVKK) i Vandrammedirektivet 

(VRD) samt forslag til sedimentkvalitetskriterier (SKK). EU databladet er baseret på EU risi-

kovurderingen. EU databladet er vedlagt dette datablad som bilag.  

 

VKK og KVKK er således givet i VRD. 

 

Da der kun er EC10 eller NOEC værdier for to overordnede systematiske grupper bruges en 

usikkerhedsfaktor på 50 til beregning af SKK for ferskvand. Normalt ville man bruge en eks-

tra faktor på 10 til beregning af SKK i saltvand, men i EU-databladet argumenteres det, at det 

relativt store datasæt for organismer levende i vandsøjlen ikke tyder på, at der er forskel i føl-

somhed mellem fersk- og saltvandsorganismer. Derfor anvender de kun en ekstra faktor på 5, 

som følges her. 

 

Laveste EC10 eller NOEC for sedimentlevende organismer er 1,2 mg/kg tørvægt = 1200 µg/kg 

tørvægt. SKKferskvand = 1200 µg/kg:50 = 24 µg/kg tørvægt og SKKsaltvand = 25 µg/kg:5 = 4,8 

µg/kg tørvægt. 

 

Kvalitetskriteriet i biota til sikring mod sekundær forgiftning i fødekæden er 92 mg/kg føde, 

vådvægt (fisk eller skaldyr), mens kvalitetskriteriet i biota baseret på beskyttelse af mennesker 

er 2,4 mg/kg føde, vådvægt. Da sidstnævnte er lavest, sættes biota kvalitetskriteriet til 2,4 

mg/kg føde, vådvægt.  
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Omregnet til vandkoncentrationer fås koncentrationer større end de øvrige vandkvalitetskrite-

rier. 

 

Kvalitetskriterierne bliver således: 

 

  

  

VKK ferskvand: 0,1 µg/l 

VKK saltvand:  0,1 µg/l 

 

KVKK = 0,1  μg/l 

 

SKKferskv = 24µg/kg tørvægt 

SKKsaltvand = 4,8 µg/kg tørvægt 

 

BKK = 2,4 mg/kg føde, vådvægt 

 

 

 

Referencer: 

 

Miljøstyrelsen (2004). Principper for fastsættelse af vandkvalitetskriterier for stoffer i over-

fladevand, Vejledning fra Miljøstyrelsen Nr. 4 2004. 
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Bilag 

EU datablad for anthracen 
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ANTHRACENE 

The currently available EQS fact sheet addressing anthracene is not totally consistent with the 

draft TGD on EQS derivation (E.C., 2010) and does not include latest ecotoxicological and 

toxicological data contained in the final version of the European Union Risk Assessment Re-

port (E.C., 2008a) made available in the context of assessment of existing chemicals (Regula-

tion 793/93/EEC). The present fact sheet reviews the EQS for anthracene based on this new 

document and on a report in preparation provided by RIVM (Verbruggen, in prep.). 

1 CHEMICAL IDENTITY 

Common name Anthracene 

Chemical name (IUPAC) Anthracene 

Synonym(s) - 

Chemical class (when available/relevant) Polyaromatic hydrocarbons (PAH) 

CAS number 120-12-7 

EC number 204-371-1 

Molecular formula  C14H10 

Molecular structure 

 

Molecular weight (g.mol-1) 178.2 

2 EXISTING EVALUATIONS AND REGULATORY INFORMATION 

Legislation  

Annex III EQS Dir. (2008/105/EC) No (existing priority substance including in Annex I EQS Dir.) 

Existing Substances Reg. (793/93/EC) 
Priority List #3. Substance #316. Rapporteur: Greece 

EU-RAR finalised April 2008 

Pesticides(91/414/EEC) No 

Biocides (98/8/EC) Not notified 

PBT substances 

Substance ID #022. PBT List #032. Rapporteur: Germany 

PBT Working Group Summary Fact Sheet1 date 10 March 2008 

Conclusion : fulfilling PBT & vPvB criteria 

Substances of Very High Concern 

(1907/2006/EC) 

Included2 because classified PBT (article 57d) 

Date of inclusion: 28.10.2008 

Decision number ED/67/2008 

POPs (Stockholm convention) No 

Other relevant chemical regulation (veterinary 

products, medicament, ...) 
No 

Endocrine disrupter 

(E.C., 2004 and E.C., 20073) 
Not investigated 

                                                 

1 http://ecb.jrc.ec.europa.eu/documents/PBT_EVALUATION/PBT_sum032_CAS_120-12-7.pdf 

2 http://echa.europa.eu/doc/candidate_list/svhc_supdoc_anthracene_publication.pdf 

3 Commission staff working document on implementation of the Community Strategy for Endocrine Disrupters. 

http://ecb.jrc.ec.europa.eu/documents/PBT_EVALUATION/PBT_sum032_CAS_120-12-7.pdf
http://echa.europa.eu/doc/candidate_list/svhc_supdoc_anthracene_publication.pdf
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3 PROPOSED QUALITY STANDARDS (QS) 

3.1 ENVIRONMENTAL QUALITY STANDARD (EQS) 

QSwater, eco for protection of pelagic organisms is 0.1 µg.l-1 and is deemed the “critical QS” for derivation of an 

Environmental Quality Standard. 

 

 Value Comments 

Proposed AA-EQS for [freshwater] [µg.l-1] 

 ProposedAA-EQS in [marine waters] [µg.l-1] 

0.1 

0.1 

Critical QS is QSwater, 

eco 

See section 7 

Proposed MAC-EQS for [freshwater] [µg.l-1] 

Proposed MAC-EQS for [saltwater] [µg.l-1] 

0.1 

0.1 
See section 7.1 

 

3.2 SPECIFIC QUALITY STANDARD (QS) 

Protection objective4 Unit Value Comments 

Pelagic community (freshwater) [µg.l-1] 0.1 
See section 7.1 

Pelagic community (marine water) [µg.l-1] 0.1 

Benthic community (freshwater) [µg.kg-1 dw] 24 
See section 7.1 

Benthic community (marine) [µg.kg-1 dw] 4.8 

Predators (secondary poisoning) 

[µg.kg-1
biota 

ww] 
92 222 

See section 7.2 

[µg.l-1] 

4.9* – 30.3 

(freshwater and 

marine waters) 

Human health via consumption of 

fishery products 

[µg.kg-1
biota 

ww] 
2 434.8 

See section 7.3 [µg.l-1] 

0.128* – 0.8 

(freshwater and 

marine waters) 

Human health via consumption of 

water 
[µg.l-1] 140 

* Worst-case calculation using a value of 19 000 as BCF for molluscs (see section 5.1). 

                                                 

4 Please note that as recommended in the Technical Guidance for deriving EQS (E.C., 2010), “EQSs […] are not reported for ‘transitional 

and marine waters’, but either for freshwater or marine waters”. If justified by substance properties or data available, QS for the different 
protection objectives are given independently for transitional waters or coastal and territorial waters. 
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4 MAJOR USES AND ENVIRONMENTAL EMISSIONS 

4.1 USES AND QUANTITIES 

All data hereunder are extracted from Anthracene EU-RAR (E.C., 2008a) 

4.1.1 Production 

Anthracene EU-RAR (E.C., 2008a) states that “anthracene is present in coal tar, from where it 

can be recovered efficiently. Hence, recovery from coal tar and, in particular, from anthracene 

oil (one of coal tar’s distillate fractions), constitutes the basis for the industrial production of 

anthracene. 

Anthracene is produced in a single plant in the EU, starting from light anthracene oil, a frac-

tion of coal tar distillation containing about 6% anthracene, by the combined application of 

crystallisation and vacuum distillation, and the product is further refined by recrystallisation. 

At the time of the risk assessment the EU consisted of 15 Member States, therefore this report 

considers only the production and use of anthracene in these 15 Member States. 

Additional releases of and exposure to anthracene can occur during the production and use of 

products (e.g. coal tar or creosote and related products) which contain anthracene as part of 

complex mixtures and not through the addition of isolated, commercial anthracene. Also addi-

tional releases occur through processes of incomplete combustion, in occupational and other 

settings, which result in the release of complex mixtures containing anthracene. While con-

tributing to background environmental concentrations of anthracene, anthracene-related risks 

associated with such products or processes are not within the scope of the present Report.” 

4.1.2 Uses 

Anthracene EU-RAR (E.C., 2008a) states that “use of anthracene in the EU is restricted to the 

manufacture of pyrotechnics and in scientific research laboratories. In accordance with Coun-

cil Directive 79/831, the latter type of use does not come under the terms of the present Re-

port.” 

4.2 ESTIMATED ENVIRONMENTAL EMISSIONS 

EU-RAR (E.C., 2008a) states that anthracene occurs in fossil fuels and is released into the en-

vironment as a product of incomplete combustion of organic matter (IARC, 1983). It has been 

identified in the mainstream smoke of cigarettes, cigar and pipe smoke, mainstream smoke of 

marijuana cigarettes, exhaust emissions from gasoline engines, samples of charcoal-broiled 

steaks, edible oils, surface water, tap water, waste water, and dried sediment of lakes (IARC, 

1983). In addition, anthracene has been identified in emissions from open burning of scrap 

rubber tires, in high octane gasoline, in coke oven emissions, and in emissions from asphalt 

processes (Verschueren, 1996). Anthracene is emitted from the open burning of scrap rubber 
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tires at an average concentration of 53 mg/kg of tire (De Marini et. al., 1995 as cited in E.C., 

2008a). 

The following emissions to the environment were considered in evaluating the risks, under the 

scope of the Council Regulation 793/93/EEC, associated with the life cycle of production and 

use of anthracene and anthracene-containing products: 

1) Anthracene production : Preparation of crude anthracene from anthracene oil, purifica-

tion of crude anthracene and anthracene packaging. 

2) Uses of anthracene or anthracene-containing products: Manufacture of pyrotechnics 

(formulation and processing). 
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5 ENVIRONMENTAL BEHAVIOUR 

5.1 ENVIRONMENTAL DISTRIBUTION 

  Master reference 

Water solubility (mg.l-1) 0.047 
Mackay et al., 1992 

in E.C., 2008a 

Volatilisation Anthracene is not likely to volatilise from surface water. 

Vapour pressure (Pa) 9.4 10-4 
Mackay et al., 1992 

in E.C., 2008a 

Henry's Law constant (Pa.m3.mol-1) 4.3 
Mackay et al., 1992 

in E.C., 2008a 

Adsorption  The value 29 512 is used for derivation of QS 

Organic carbon – water partition coeffi-

cient (KOC) 

log KOC = 4.47 (calculated from KOW) 

KOC = 29 512 
Karickhoff et al., 1979 

Sediment – water partition coeffi-

cient(Ksed -water) 
739 (calculated from KOC) E.C., 2010 

Bioaccumulation 

The BCF values of 3 042 (fish) and 19 000 (molluscs) are used for derivation of 

QSbiota sec. pois. and BMF1 = BMF2 = 1 given the absence of biomagnification 

(Bleeker, 2009). 

Octanol-water partition coefficient 

(Log Kow) 
4.68 

Mackay et al., 1992 

in E.C., 2008a 

BCF 

4.34 Calculated from KOW 

Values per taxa based on data reported in the BCF 

dedicated table hereafter: 

- BCF plants = 28 

- BCF annelids = 2 671 (geo. mean) 

- BCF molluscs = 19 0005 

- BCF crustaceans = 2 536 (geo. mean) 

- BCF fish = 3 042 (geo. mean) 

BCF is set to the highest geometric mean of values 

reported for fish, that is to say 3 042. 

Moreover, these data demonstrate an absence of 

biomagnification given that higher trophic levels 

(fish and amphibians) present lower BCF values 

than lower trophic levels such as molluscs. There-

fore, trophic dilution seems more likely than bio-

magnification and BMF values should be set to 1 

by default. 

Bleeker, 2009 

 

 

                                                 

5 During the review process, CONCAWE stated that they considered the use of this value “questiona-
ble, as the paper from which this value originates is selected describes an experiment that is not de-
signed to measure a BCF. The test animals were exposed mainly to non dissolved anthracene, which 
makes the concluded BCF value uncertain and doubtful.” 
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Table summarising BCF values for anthracene in several aquatic species (Bleeker, 2009) 

Taxa Species Test system 

(a) 

Chem. Analy-

sis (b) 

BCF (l.kg-1) Type 

(c) 

Reliability 

(d) 

References 

Pisces Cyprinus carpio FT GCMS 1 890, 2 2251 

2 545, 1 9602 

Equi. 

Kin. 

2 

 

RIITI, 1977 

 Pimephales promelas (eggs) FT HPLC  563 – 9661 Equi. 2 Hall and Oris, 1991 

 Pimephales promelas (male)   1 126, 2 4761    

 Pimephales promelas (female)   3 581, 4 9731    

Mollusca Perna viridis SR  GC 19 0003 Equi. 2 Richardson et al., 2005 

Crustacea Daphnia magna SR HPLC 970 Equi. 2 Newsted and Giesy, 1987 

 Daphnia pulex S Flu.Spec. 917 Equi. 2 Southworth et al., 1978 

 Hyalella azteca FT 14C 1 800 Equi. 2 Landrum and Scavia, 1983 

 Pontoporeia hoyi FT 14C 16 800 Kin. 2 Landrum, 1982 

    39 727 Kin. 1 Landrum, 1988 

Oligochaeta Lumbriculus variegatus SR HPLC 1 370 Equi. 2 Ankley et al., 1997 

                                                 
1
 Values represent (a range of) BCF values from (a range of) different exposure concentrations. 

2
 Kinetic model with estimated uptake rate constant based on fish size applied to the data, high and low concentration, respectively. 

3 In this study BCF values are based on lipid weight, values given in this table are normalized to 5% lipid content. It is to be noted that this value can not be considered as a BCF as such. In fact, the test 

was conducted with a majority of anthracene (ca. 95%) being present as non dissolved. Given the feeding mode of molluscs (filtration), the internal value compared to the concentration in the media can 

therefore be considered as BAF, more than a BCF, i.e. a value taking into account concentration via water but also via trophic pathway. In this regard, CONCAWE stated during the review process that 

“this statement is incorrect as a BAF is considered the amount taken up via food (test material) that is present in the food that is supplied to the test animals during the test. As the mollusca are exposed 

to pure undissolved anthracene no conclusion on BCF or BAF can be drawn from this paper.” 
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 Stylodrilus heringianus FT 14C 5 206 Kin. 2 Frank et al., 1986 

Magnoliophyta Lemna gibba S 14C 4 – 281 Kin. 2 Duxbury et al., 1997 

 

a) FT: flow-through system; S: static; SR: static renewal. b) 14C: radioactive carbon in the parent compound; GC: Gas chromatography; GCMS: Gas chromatography with mass spectrometry; Flu.Spec.: fluorescence spec-

trometry; 3H: radioactive hydrogen in the parent compound; HPLC: high pressure liquid chromatography. c) Kin.: Kinetic BCF, i.e. k1/k2; Equi.: BCF at (assumed) equilibrium, i.e. Corganism/Cwater. d) Reliability; 1: val-

id without restrictions; 2: valid with restrictions. 



 

5.2 ABIOTIC AND BIOTIC DEGRADATIONS 

  Master reference 

Hydrolysis 
Hydrolysis of anthracene is not expected. Studies showed no hydrolysis in 

Mabey et al., 1982 and Howard et al., 1991. 
E.C., 2008a 

Photolysis 

Anthracene is photoreactive. Anthracene concentration may be reduced 

remarkably by UV radiation. (Trapido and Veressinina, 1994). The half-

life for photolysis in water lies in the range 20 minutes and 124.8 hours 

depending on the experimental conditions used. The highest value in this 

range corresponds to photolysis in winter solar conditions. The lower pho-

tolysis rate constant for a 3 x 10-7 M aqueous solution of anthracene was 

measured to be 5.16 x 10-4/sec (Zingg and Sigman, 1993) 

E.C., 2008a 

Biodegradation 

The results from standard test for biodegradation in water show that PAH 

with up to four aromatic rings are biodegradable (EHC, 1998). Although 

some evidence for anaerobic transformation of PAHs has been obtained 

(Coates et al., 1997; Thierrin et al., 1993), PAHs are usually considered to 

be persistent under anaerobic conditions (Neff, 1979; Volkering and 

Breure, 2003). Because marine sediments are often anaerobic, degradation 

of PAHs in this compartment is expected to be very slow. 

E.C., 2008a; E.C., 2008b 
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6 AQUATIC ENVIRONMENTAL CONCENTRATIONS 

6.1 ESTIMATED CONCENTRATIONS 

Compartment 

Predicted environmental 

concentration (PEC) 

regional 

Master reference 

Freshwater (µg.l-1) 

Calculated PEC local – production of anthracene 1.23 10-5 

E.C., 2008a 

Calculated PEClocal – production of pyrotechnics (for-

mulation) 
3.62 10-2 

Site-specific PEClocal 1.1 10-7 

PECregional 1.22 10-5 

PECcontinental 1.05 10-6 

Freshwater sediment (µg.kg-1 

dw) 

Calculated PEC local – production of anthracene 3.62 10-2 

E.C., 2008a 

Calculated PEClocal – production of pyrotechnics (for-

mulation) 
107 

Site-specific PEClocal 3.3 10-4 

PECregional 7.06 10-2 

PECcontinental 6.05 10-3 

Biota (freshwater) (µg.kg-1 

ww) 

Calculated PECoral – production of anthracene 0.112 

E.C., 2008a Calculated PECoral – production of pyrotechnics (formu-

lation) 
135 

Biota (marine) No data available 

Biota (marine predators) No data available 

6.2 MEASURED CONCENTRATIONS 

Compartment 
Measured environmental 

concentration (MEC) 
Master reference 

Freshwater (µg.l-1) 
PEC 1: 0.027 

PEC 2: 0.007 James et al., 2009(1) 

Marine waters (coastal and/or transitional) (µg.l-1) No data available 

WWTP effluent (µg.l-1) No data available 

Sediment(µg.kg-1 dw) 

Sed < 2 mm 
PEC 1: 183 

PEC 2: 59.5 

James et al., 2009(1) Sed 20 µm 
PEC 1: 459.6 

PEC 2: 384.7 

Sed 63µm 
PEC 1: 27 

PEC 2: 13.5 

Biota(µg.kg-1 ww) 

Invertebrates 
PEC 1: 4.11 

PEC 2: 1.46 James et al., 2009(1) 

Fish No data available 

Marine predators No data available 

(1) data originated from EU monitoring data collection 
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7 EFFECTS AND QUALITY STANDARDS 

Final CTPht EU-RAR (E.C., 2008b) states that “PAHs can be toxic via different mode of ac-

tions, such as non-polar narcosis and phototoxicity. The last is caused by the ability of PAHs 

to absorb ultraviolet A (UVA) radiation (320–400 nm), ultraviolet B (UVB) radiation (290–

320 nm), and in some instances, visible light (400–700 nm). This toxicity may occur through 

two mechanisms: photosensitization, and photomodification. Photosensitization generally 

leads to the production of singlet oxygen, a reactive oxygen species that is highly damaging to 

biological material. Photo-modification of PAHs, usually via oxidation, results in the for-

mation of new compounds and can occur under environmentally relevant levels of actinic ra-

diation (Lampi et al., 2005). The photo[induced] toxic effects can be observed after a short 

period of exposure, which explains why for PAHs like anthracene, fluoranthene and pyrene, 

where photo[induced] toxicity is most evident, the acute toxicity values are even lower than 

the chronic toxicity values. According to Weinstein and Oris (1999) there is a growing body 

of evidence which suggests that photo[induced] toxic PAHs may be degrading aquatic habi-

tats, particularly those in highly contaminated areas with shallow or clear water. For exam-

ple, the photoinduced chronic effects of anthracene have been reported at those UV intensities 

occurring at depths of 10 to 12 m in Lake Michigan (Holst & Giesy, 1989). In addition to di-

rect uptake of PAHs from the water column, another potential route of exposure for aquatic 

organisms is their accumulation from sediments (see e.g. Clemens et al., 1994; Kukkonen & 

Landrum, 1994), followed by subsequent solar ultraviolet radiation exposures closer to the 

surface. Ankley et al. (2004) also concluded in their peer review that PAHs are present at 

concentrations in aquatic systems such that animals can achieve tissue concentrations suffi-

cient to cause photoactivated toxicity. Although UV penetration can vary dramatically among 

PAH-contaminated sites, in their view it is likely that at least some portion of the aquatic 

community will be exposed to UV radiation at levels sufficient to initiate photoactivated tox-

icity. They do recognize that at present time, the ability to conduct PAH photoactivated risk 

assessment of acceptable uncertainty is limited by comprehensive information on species ex-

posure to PAH and UV radiation during all life stages. PAH exposure and uptake, as well as 

UV exposure, are likely to vary considerably among species and life stages as they migrate 

into and out of contaminated locations and areas of high and low UV penetration. For all but 

sessile species, these patterns of movements are the greatest determinant of the risk for pho-

toactivated toxicity. 

Despite these uncertainties, it is thought that the photo[induced] toxic effects cannot be ig-

nored in the present effects assessment. Therefore these effects are also considered in deriv-



 

 

16 

ing the QS for aquatic species. It should be noted that the UV exposure levels of the selected 

studies did not exceed the UV levels under natural sun light conditions.”9 

                                                 

9 During the review process, CONCAWE claimed that use of the term “phototoxicity” was inappropriate 
and asked that the term “photo-induced toxicity” be used instead. This is the reason why “induced” is 
added in brackets in the quoted text above. Indeed, CONCAWE was concerned about “the inclusion of 
the photo-induced enhanced aquatic toxicity, as the relevance of these laboratory observed effects are 
questioned in the more recent literature. The penetration of UV-light in real aquatic ecosystems and 
the presence of light filtering and absorbing substrates and substances will grossly take-away these 
effects.” 
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7.1 ACUTE AND CHRONIC AQUATIC ECOTOXICITY 

7.1.1 Organisms living in the water column 

ACUTE EFFECTS 
Klimmisch 

code 
Master reference 

Algae & aquatic 

plants 

(mg.l-1) 

Freshwater 

Algae 

Pseudokirchneriella subcapitata/ 22h / dark 

EC50 – growth = 0.0066 

2 accing to 

RIVM and 

EU-RAR 

Gala and Giesy, 1992 

Pseudokirchneriella subcapitata/ 22h / UV 

EC50 – growth = 0.0039 

2 accing to 

RIVM and 

EU-RAR 

Gala and Giesy, 1992 

Chlorella pyrenoidosa / 96h 

EC50 = 1.47 

2 accing to 

EU-RAR 
Yan et al., 1999 

Chlorella vulgaris / 96h 

EC50 = 1.27 

Chlorella protothecoides / 24h-96h 

EC50 – 24h = 2.53 

EC50 – 96h = 0.85 

Marine 

Algae 

Nitzschia closterium / 72h 

EC50 = 0.06 

2 accing to 

EU-RAR 
Huang et al., 2000 

Isochrysis galbana / 72h 

EC50 = 0.065 

2 accing to 

EU-RAR 
Huang et al., 2000 

Platymonas subcordiformis / 72h 

EC50 = 0.094 

2 accing to 

EU-RAR 
Huang et al., 2000 

Freshwater 

Plants 

Lemna gibba / unknown duration 

EC50 – growth = 1.5 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Huang et al., 1997a; 

Huang et al., 1997b; 

Huang et al., 1997c 

Lemna gibba / unknown duration 

EC50 – growth = 1.5 

Huang et al., 1997a; 

Huang et al., 1997b; 

Huang et al., 1997c 
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ACUTE EFFECTS 
Klimmisch 

code 
Master reference 

Lemna gibba / 20d 

IC50 – growth = 0.2 

Huang et al., 1995; 

Huang et al., 1997a; 

Huang et al., 1997b; 

Huang et al., 1997c 

Invertebrates 

(mg.l-1) 

Freshwater 

Molluscs 

No information available 

Marine 

Molluscs 

Mulinia lateralis / 48h 

- expo UV LC50 = 0.00647 

- expo fluo. light: LC50 = 4.260 

Mulinia lateralis / 96h 

- expo UV LC50 = 0.0689 

- expo fluo. light: LC50 = 13.3 

2 accing to 

RIVM and 

EU-RAR 

Pelletier et al., 1997a 

Utterbackia imbecilis / 28h / lab lighting 

LC50 > 0.0166 

Utterbackia imbecilis / 28h / UV 

LC50 = 1.93 10-3 

2 accing to 

RIVM 

Weinstein and Polk, 

2001 

Freshwater 

Crustaceans 

Daphnia pulex / 24h dark + 30mn sunlight 

EC50 – immobilisation = 0.001 

2 accing to 

RIVM and 

EU-RAR 

Allred and Giesy, 

1985 

Daphnia magna / 48h / dark 

EC50 – immobilisation > 0.025 

2 accing to 

RIVM 
Bisson et al., 2000 

Daphnia magna / 14mn / UV 

EC50 – immobilisation  = 0.0012 

Daphnia magna / 24 – 25h / sunlight & dark 

EC50 – immobilisation = 0.0012 

2 accing to 

EU-RAR 
Oris et al., 1984 

Daphnia magna / 24h 

EC50 = 0.211 

Daphnia magna / 48h 

EC50 = 0.0095 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Munoz and Tarazona, 

1993 
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ACUTE EFFECTS 
Klimmisch 

code 
Master reference 

Daphnia magna / 48h 

EC50 = 0.754 

2 accing to 

EU-RAR 
Smith et al., 1988 

Daphnia magna / 231h 

EC50 = 0.022 mmol.l-1 

2 accing to 

EU-RAR 
Huovinen et al., 2001 

Daphnia magna / 24h 

LTC50 = 0.015 

2 accing to 

EU-RAR 

Newsted and Giesy, 

1987 

Marine 

Crustaceans 

Artemia salina / 1h / UV 

EC50 = 0.02 

2 accing to 

EU-RAR 
Diamond et al., 2000 

Artemia salina / 48h 

LC50 > 0.05 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Abernethy et al., 1986 

Mysidopsis bahia / 48h / UV 

- expo UV LC50 = 0.0036 

- expo fluo. light: LC50 = 0.535 

2 accing to 

RIVM and 

EU-RAR 

Pelletier et al., 1997b 

Freshwater 

Insects 

Aedes aegypti / 48h / dark & UV 

LC50 = 0.0268 

2 accing to 

RIVM 
Oris et al., 1984 

Aedes aegypti / 24h / sunlight & dark 

LC50 < 0.001 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Kagan et al., 1985 

Culicid mosquito larvae / 24h 

LC50 = 0.0268  

2 accing to 

EU-RAR 
Oris et al., 1984 

Chironomus riparius / 96h / mercury light 

LC50 = 0.0025 

Chironomus riparius / 96h / UV 

LC50 = 0.110 

2 accing to 

RIVM 
Bleeker et al., 2003 

Sediment No information available 
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ACUTE EFFECTS 
Klimmisch 

code 
Master reference 

Fish 

(mg.l-1) 

Freshwater 

Lepomis macrochirus / 96h 

LC50 = 0.003 – 0.026 

1 accing to 

EU-RAR 
Oris and Giesy, 1985 

Lepomis macrochirus / 96h 

LC50 = 0.0119 – 0.02647 

1 accing to 

EU-RAR 

2 accing to 

RIVM 

Oris et al., 1984 

Lepomis macrochirus / 120h / UV 

LC50 = 0.00127 

2 accing to 

RIVM 

McCloskey and Oris, 

1991 

Pimephales promelas / 24h 

LC50 = 0.36 

2 accing to 

EU-RAR 
Oris and Giesy, 1987 

Pimephales promelas / 120h 

LC50 < 0.0054 

2 accing to 

RIVM 
Oris and Giesy, 1987 

Pimephales promelas / 24h 

LC50 = 0.36 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Kagan et al., 1987 

Oryzias latipes / 24h 

LC50 = 0.21 

2 accing to 

EU-RAR 

Reutgerswerke AG, 

1991 

Marine No information available 

Sediment No information available 

Amphibien 

(mg.l-1) 

Freshwater 

Rana pipiens / acute test 

LC50 – 30mn = 0.065 

LC50 – 5h =0.025 

LC50 – 24h =0.11 

2 accing to 

EU-RAR 

3 accing to 

RIVM 

Kagan et al., 1984 
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CHRONIC EFFECTS 
Valid accord-

ing to 
Master reference 

Algae & aquatic 

plants 

(mg.l-1) 

Freshwater 

Algae 

Pseudokirchneriella subcapitata / 22h 

- no UV: NOECgrowth < 0.003 

- expo UV: NOECgrowth = 0.0015 

2 accing to 

RIVM and EU-

RAR 

Gala and Giesy, 1992 

Selenastrum capricornutum / unknown duration 

NOECgrowth =0.04 

2 accing to EU-

RAR 
Cody et al., 1984 

Scenedesmus vacuolatus / 24h 

EC10 – cell number = 0.016 

2 accing to 

RIVM 

Altenburger et al., 

2004 

Chlorella pyrenoidosa / 24h 

NOEC = 0.03 

2 accing to EU-

RAR 
Oris et al., 1984 

Marine 

Algae 

No information available 

Freshwater 

Plants 

Lemna gibba / 8d 

LOECgrowth = 0.01 – 0.06 

2 accing to EU-

RAR 

3 accing to 

RIVM 

Huang et al., 1995; 

Huang et al., 1997a; 

Huang et al., 1997b; 

Huang et al., 1997c 

Invertebrates 

(mg.l-1) 

Freshwater 

Molluscs 

No information available 

Marine 

Molluscs 

Crassostrea gigas / 48h / light :dark=16h:8h 

EC10 – larval development > 0.0028 

2 accing to 

RIVM 
AquaSense, 2004 

Mulinia lateralis (embryo-larval) / 48h / UV 

- L(E)C50 = 0.00647 

2 accing to 

RIVM 
Pelletier et al., 1997b 

Freshwater 

Crustaceans 

Daphnia magna / 21d 

- no UV: NOECrepro = 0.0022 

- expo UV: NOECrepro = 0.0015 

2 accing to 

RIVM and EU-

RAR 

 Foran et al., 1991 

Daphnia magna / 21d 

- no UV: NOECrepro < 0.0021 

- expo UV: NOECrepro < 0.0019 

2 accing to 

RIVM 
Holst and Giesy, 1989 

Ceriodaphnia dubia / 7d 

EC10 – reproduction > 0.0034 

2 accing to 

RIVM 
Bisson et al., 2000 
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Marine 

Crustaceans 

No information available 

(Marine) 

Echinoderms 

Psammechinus miliaris / 48h / light :dark=16h:8h 

NOEClarval development  0.0028 

2 accing to 

RIVM 
AquaSense, 2004 

Sediment 

Chironomus tentans / 10d / UV 

LC50 = 0.006 

2 accing to 

RIVM and EU-

RAR 

Hatch and Burton Jr., 

1999 

Fish 

(mg.l-1) 

Freshwater 

Lepomis macrochirus / 200h / UV 

NOECsurvival = 0.0012 – 0.0135 

2 accing to EU-

RAR 
Oris and Giesy, 1986 

Pimephales promelas / 63d / sunlight 

NOECdeformities  < 0.0067 

2 accing to 

RIVM and EU-

RAR 

Hall and Oris, 1991 

 

Pimephales promelas / 63d / sunlight 

NOEChatching = 0.012 

2 accing to EU-

RAR 
Hall and Oris, 1991 

Marine No information available 

Sediment No information available 

 

As regards water, anthracene EU-RAR (E.C., 2008a) states that “anthracene is very phototox-

ic and toxic effects (LC50 values) are observed at concentrations lower or equal to the lowest 

chronic effect concentrations. These acute effects are observed when organisms exposed to 

anthracene are irradiated by a source of ultraviolet radiation for a relatively short period of 

time (e.g. half an hour). The strongest effects are observed for natural sunlight (e.g. Allred 

and Giesy, 1985). In the study by Allred & Giesy (1985), adult Daphnia pulex were exposed 

to anthracene in the dark for 24 hours. Then they were exposed to full sunlight for half an 

hour. A dose-response relationship can not be easily determined, because only one exposure 

concentration does not result in 100% effects. As the photo[induced] toxic effects can be ob-

served after a short period of exposure, the long-term NOEC will be nearly identical to the 

short term NOEC or effect concentrations. This acute study with Daphnia pulex (Allred and 

Giesy, 1985) should be considered to be a worst-case situation for light intensity, because of 

the steepness of the dose-response relationship. The LC50 is estimated to be 1.0 μg.l-1. There-

fore, an assessment factor of 10 to this LC50 is considered to be appropriate” to derive AA-

QSwater, eco and the resulting standard is 0.1 μg.l-1.” 

This AA-QSfreshwater, eco is also suitable for marine aquatic species, because “marine crusta-

ceans seem to be subject to photo[induced] toxicity as well as fresh water species” and be-

cause “from the limited data the sensitivity of marine species is comparable with that of fresh 

water species.” Therefore, the resulting AA-QSmarine water, eco is also 0.1 µg.l-1. 
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Finally, given the high acute toxicity of the substance in sunlight conditions, it seems reason-

able to set the MAC values equal to AA-QS values. 

 

Tentative QSwater 

Assessment factor method 
Relevant study for derivation of QS AF Tentative QS 

MACfreshwater, eco 

Daphnia pulex / 24h dark + 30mn sunlight 

LC50 = 0.001 mg.l-1 

10 0.1 µg.l-1 

MACmarine water, eco 10 0.1 µg.l-1 

AA-QSfreshwater, eco 10 0.1 µg.l-1 

AA-QSmarine water, eco 10 0.1 µg.l-1 

 

7.1.2 Sediment-dwelling organisms 

 

CHRONIC EFFECTS 
Valid accord-

ing to 
Master reference 

Invertebrates 

(mg.l-1) 

Sediment 

Annelids 

Lumbriculus variegatus / 28d / normalized 5% or-

ganic carbon 

NOECreproduction = 1.2 mg.kg-1
dw 

2 accing to 

RIVM 
Paumen et al., 2008b 

Crustaceans 
Hyalella azteca / 10d / normalized 5% organic car-

bon 

LC50 = 25 mg.kg-1
dw 

1-2 accing to 

EU-RAR 

2 accing to 

RIVM 

Hatch and Burton Jr., 

1999 

Insects 
Chironomus riparius / 28d / normalized 5% organic 

carbon 

LC10 = 4.3 mg.kg-1
dw 

1-2 accing to 

EU-RAR 

2 accing to 

RIVM 

Bleeker et al., 2003 

 Chironomus riparius / 28d / normalized 5% organic 

carbon 

NOECemergence = 2.2 mg.kg-1
dw 

2 accing to 

RIVM 
Paumen et al., 2008a 

 

As regards sediment, one semichronic LC50 value and 3 chronic NOEC or LC10 values are 

available. Given that these data correspond to different taxa that represent different trophic 

conditions, an assessment factor of 50 applied to the lowest NOEC of 1.2 mg.kg-1
dw is rele-

vant, resulting in a a QSfreshwater, sed of 140 µg.kg-1
dw can be derived. 

For marine sediment species no data are available. Based on such a dataset (two long term 

freshwater data), the EQS TGD would recommend the application of an assessment factor of 

500. However, given the substantial number of freshwater and marine ecotoxicological data 
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for organisms living in the water column, it can be considered that marine species do not seem 

more sensitive than freshwater species. Moreover, a structural analogy with fluoranthene 

should be considered as well, where an additional assessment factor of 5 only is applied be-

tween freshwater and saltwater sediments (cf. EQS fact sheet for fluoranthene). Therefore, the 

QSmarine water, sed is derived by applying an assessment factor of 250 to the NOEC, which results 

in a standard of 4.8 µg.kg-1
dw. 

 
 

Tentative QSwater 

Assessment factor method 
Relevant study for derivation of QS AF Tentative QS 

AA-QSfreshwater, sed. 
Lumbriculus variegatus / 28d / normalized 

5% organic carbon 

NOECreproduction = 1.2 mg.kg-1
dw 

50 
24 µg.kg-1

dw 

9.23 µg.kg-1
dw 

0.016 µg.l-1 

AA-QSmarine water, sed. 250 
4.8 µg.kg-1

dw 

1.85 µg.kg-1
dw 

3.25 10-3 µg.l-1 

 

Given that the values back-calculated in water (0.016 and 3.25 10-3 µg.l-1 in freshwaters and marine waters, re-

spectively) from QSsediment (24 and 4.8 µg.kgdw
-1 in freshwater and marine sediments, respectively) are lower than 

QSwater, eco of 0.1 µg.l-1, the sensitivity of sediment-dwelling organisms compared to organisms living in the water 

column is questionable. 

 

There are acute and chronic data available for water spiked tested on sediment-dwelling insects, Chironomus ri-

parius and Chironomus tentans, respectively. These data are higher (2.5 to 110 µg.l-1) than the lowest aquatic 

organisms’ ecotoxicological value for Daphnia pulex, which is 1 µg.l-1. Therefore, based on Chironomus values, 

water spiked tested sediment-dwelling insects do not show a greater sensitivity for sediment-dwelling organisms 

compared to organisms living in the water column, for acute exposures. This assumption may be extended to 

Lumbriculus for which chronic spiked sediment data are rather similar to data for Chironomus. Moreover, the 

substance being highly hydrophobic (log KOW = 4.68), it is rather likely that spiked sediment tests imply a multi-

ple routes exposure (via pore water and trophic pathway) of organisms leading to a higher sensitivity of the indi-

viduals. Thus, there are reasons to think that the QSsediment values expressed in water are lower because of high 

uncertainties in the back-calculation linked to the equilibrium partitioning approach and because of the assess-

ment factors chosen for sediment, rather than because sediment-dwelling organisms are more sensitive species 

than pelagic organisms are. Finally it should be noted that these back-calculations rely on a KOC value of 29 512 

calculated from a KOW, calculated itself with a QSAR model. It can therefore be concluded that QSwater, eco is 

most likely to be protective enough to cover sediment-dwelling organisms’ sensitivity. 

7.2 SECONDARY POISONING 

Secondary poisoning of top predators Master reference 

Mammalian oral toxicity 

Mice / Oral (gavage) / 13 weeks 

Doses: 0, 250, 500 and 1 000 mg.kgbw
-1.d-1 

Observation of mortality, clinical signs, body weights, food consump-

tion, ophthalmology findings, hematology and clinical chemistry re-

sults, organ weights, organ-to-body weight ratios, gross pathology, 

and histopathology findings. 

No significant treatment-related effects on any of these parameters. 

At 500 mg.kgbw
-1.d-1, statistically significant increase in mean ovary 

weight as well as non-dose-related changes in serum globulin a total 

protein concentrations, and numbers of segmented neutrophils. How-

E.C., 2008a 
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ever, these observations were considered incidental and of no patho-

logical significance. 

NOAEL = 1 000 mg.kgbw
-1.d-1 

NOEC = 8 300 mg.kg-1
feed ww (CFNOAEL->NOEC=8.3) 

Avian oral toxicity No available information 

 

For the back calculation of QSbiota, sec. pois. into water, the BCF values of 3 042 (fish) and 19 000 (molluscs) are used as well as 

BMF1 = BMF2 = 1 (cf. section 5.1). It should be noted that it has not been clarified if the value of 19 000 in molluscs repre-

sents a BCF or a BAF value, (cf. section 5.1). The following calculation uses the value of 19 000 in mollusc as BCF as a 

worst case. This calculation shows that QSbiota secpois does not drive the overall EQS proposal and this study was not further 

investigated. 

 

Tentative QSbiota secpois Relevant study for derivation of QS AF Tentative QS 

Biota NOEC = 8 300 mg.kg-1
feed ww 90 

92 222 µg.kg-1
food 

corresponding to 

- 4.9 µg.l-1 (using molluscs BCF)(1) 

- 30.3 µg.l-1 (using fish BCF) 

(freshwater and marine waters) 

(1) Considered a worst case calculation 

Anthracene EU-RAR (E.C., 2008a) states that in the absence of reprotoxicity data for anthracene, such a high 

standard (92 mg.kg-1
food) “might not be adequately protective”. 

 

7.3 HUMAN HEALTH 

Human health via consumption of fishery products Master reference 

Mammalian oral toxicity 

Mice / Oral (gavage) / 13 weeks 

Doses: 0, 250, 500 and 1 000 mg.kgbw
-1.d-1 

Observation of mortality, clinical signs, body weights, food consump-

tion, ophthalmology findings, hematology and clinical chemistry re-

sults, organ weights, organ-to-body weight ratios, gross pathology, 

and histopathology findings. 

No significant treatment-related effects on any of these parameters. 

At 500 mg.kgbw
-1.d-1, statistically significant increase in mean ovary 

weight as well as non-dose-related changes in serum globulin a total 

protein concentrations, and numbers of segmented neutrophils. How-

ever, these observations were considered incidental and of no patho-

logical significance. 

NOAEL = 1 000 mg.kgbw
-1.d-1 

E.C., 2008a 

A RIVM report (Baars et al., 2001) has used the TPHCWG method 

(TPHCWG, 1997) (1) to calculate a TPH fraction specific RfD for non 

carcinogenic PAHs, which is deemed applicable to anthracene. 

On this basis, the TLhh proposed by RIVM is 0.04 mg.kg-1
bw.d-1 

Baars et al., 2001 

CMR 

Not classified as carcinogenic, mutagenic nor reprotoxic. 

As long as anthracene is considered to be not carcinogenic, then it is 

deemed acceptable to use the TDI. 

E.C., 2008c 

(1) TPH = Total Petroleum Hydrocarbons; TPHCWG = Total Petroleum Hydrocarbons Criteria Working Group, Toxicology Technical Ac-

tion Group 
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For the back calculation of QSbiota, sec. pois. into water, the BCF values of 3 042 (fish) and 19 000 (molluscs) are used as well as 

BMF1 = BMF2 = 1 (cf. section 5.1). It should be noted that it has not been clarified if this value of 19 000 in molluscs repre-

sents a BCF or a BAF value, (cf. section 5.1). The following calculation uses the value of 19 000 in mollusc as BCF as a 

worst case. This calculation shows that QSbiota hh does not drive the overall EQS proposal, and this study was not further in-

vestigated. 
 

Tentative QSbiota hh 
Relevant data for 

derivation of QS 
AF 

Threshold 

Level 

(mg.kg-1
bw.d-1) 

Tentative QSbiota, hh 

Human health  - 0.04 

2 434.8 µg.kg-1
food 

corresponding to 

- 0.128 µg.l-1 (using molluscs BCF)(1) 

- 0.8 µg.l-1 (using fish BCF) 

(freshwater and marine waters) 

(1) Considered a worst case calculation 

 

Human health via consumption of drinking water Master reference 

Existing drinking water 

standard(s) 
No existing regulatory standard 

Directive 98/83/EC or 

WHO guidelines 

Calculated drinking water 

standard(s) 
140 µg.l-1 

Calculated according to 

draft TGD EQS (E.C., 

2010) 

 



 

 

27 

8 BIBLIOGRAPHY, SOURCES AND SUPPORTIVE INFORMATION 

 

Abernethy S., Bobra A.M., Shiu W.Y., Wells P.G. and MacKay D. (1986). "Acute lethal toxicity of hydrocar-

bons and chlorinated hydrocarbons to two planktonic crustaceans: the key role of organism-water partitioning." 

Aquatic Toxicology 8(3): 163-174. 

Allred P.M. and Giesy J.P. (1985). "Solar radiation-induced toxicity of anthracene to Daphnia pulex." Environ-

mental Toxicology and Chemistry 4(2): 219-26. 

Altenburger R., Walter H. and Grote M. (2004). "What contributes to the combined effect of a complex mix-

ture?" Environmental Science & Technology 38: 6353-6362. 

Ankley G.T., Erickson R.J., Sheedy B.R., Kosian P.A., Mattson V.R. and Cox J.S. (1997). "Evaluation of mod-

els for predicting the phototoxic potency of polycyclic aromatic hydrocarbons." Aquatic Toxicology 37: 37-50. 

AquaSense (2004). Toxicity tests with priority substances in the Water Framework Directive. AquaSense, Am-

sterdam, The Netherlands 

Baars A.J., Theelen R.M.C., Janssen P.J.C.M., Hesse J.M., van Apeldoom M.E., Meijerink M.C.M., Verdam L. 

and Zeilmaker M.J. (2001). Re-evaluation of human-toxicological maximum permissible risk levels. RIVM re-

port 711701 025. RIVM, Bilthoven. March 2001. http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf. 

Bisson M., Dujardin R., Flammarion P., Garric J., Babut M., Lamy M.-H., Porcher J.-M., Thybaud É. and 

Vindimian É. (2000). Complément au SEQ-Eau: méthode de détermination des seuils de qualité pour les sub-

stances génotoxiques. Institut National de l'Environnement Industriel et des Risques (INERIS), Agence de l'eau 

Rhin-Meuse, Verneuil-en-Halatte, France 

Bleeker E., Wiegman S., Droge S., Kraak M. and Van Gestel C. (2003). Towards an improvement of the risk as-

sessment of polycyclic (hetero)aromatic hydrocarbons. The Netherlands: Aquatic Ecology and Ecotoxicology, 

Faculty of Science, University of Amsterdam and Animal Ecology, Institute of Ecological Science, Faculty of 

Earth and Life Sciences, Vrije Universiteit Amsterdam, Amsterdam, Report 2003-01 (UvA)/Report 2003-04 

(VU) 

Bleeker E.A.J. (2009). Bioaccumulation of polycyclic aromatic hydrocarbons in aquatic organisms. RIVM report 

601779 002. RIVM, Bilthoven. 2009. http://www.rivm.nl/bibliotheek/rapporten/601779002.pdf. 

Coates J.D., Woodward J., Allen J., Philp P. and Lovley D.R. (1997). "Anaerobic degradation of polycyclic ar-

omatic hydrocarbons and alkanes in petroleum-contaminated marine harbor sediments." Applied and Environ-

mental Microbiology 63(9): 3589-3593. 

Cody T.E., Radike M.J. and Warshawsky D. (1984). "The phototoxicity of benzo[a]pyrene in the green alga 

Selenastrum capricornutum." Environmental Research 35(1): 122-132. 

De Maagd P.G.J. (1996). Polycyclic aromatic hydrocarbons: fate and effects in the aquatic environment. Aca-

demic 

Thesis. The Netherlands, Rijksuniversiteit Utrecht. 

de Voogt P., Van Hattum B., Leonards P., Klamer J.C. and Govers H. (1991). "Bioconcentration of polycyclic 

heteroaromatic hydrocarbons in the guppy (Poecilia reticulata)." Aquat. Toxicol. 20(3): 169-194. 

http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf
http://www.rivm.nl/bibliotheek/rapporten/601779002.pdf


 

 

28 

Diamond S.A., Mount D.R., Burkhard L.P., Ankley G.T., Makynen E.A. and Leonard E.N. (2000). "Effect of ir-

radiance spectra on the photoinduced toxicity of three polycyclic aromatic hydrocarbons." Environmental Toxi-

cology and Chemistry 19(5): 1389-1396. 

Duxbury C.L., Dixon D.G. and Greenberg B.M. (1997). "Effects of simulated solar radiation on the bioaccumu-

lation of polycyclic aromatic hydrocarbons by the duckweed Lemna gibba." Environmental Toxicology and 

Chemistry 16(8): 1739-1748. 

E.C. (2004). Commission staff working document on implementation of the Community Strategy for Endocrine 

Disrupters - a range of substances suspected of interfering with the hormone systems of humans and wildlife 

(COM(1999) 706)). SEC(2004) 1372. European Commission, Brussels 

E.C. (2007). Commission staff working document on implementation of the "Community Strategy for Endocrine 

Disrupters" - a range of substances suspected of interfering with the hormone systems of humans and wildlife 

(COM(1999) 706), COM(2001) 262) and SEC (2004) 1372) SEC(2007) 1635. European Commission, Brussels. 

30.11.2007. 

E.C. (2008a). European Union Risk Assessment Report for Anthracene (CAS-No.: 120-12-7, EINECS-No.: 204-

371-1) (Final approved version). Institute for Health and Consumer Protection - European Chemicals Bureau. 

April, 2008. 

E.C. (2008b). European Union Risk Assessment Report for Coal-Tar Pitch, High Temperature (CAS-No.: 

65996-93-2, EINECS-No.: 266-028-2)(Final report, Environment). Institute for Health and Consumer Protection 

- European Chemicals Bureau. May, 2008. 

E.C. (2008c). Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 

2008 on classification, labelling and packaging of substances and mixtures, amending and repealing Directives 

67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006 (Text with EEA relevance). Official 

Journal of the European Union. L353: 1355. 

E.C. (2010). Draft Technical Guidance Document for deriving Environmental Quality Standards (January 2010 

version). Not yet published 

EHC (1998). "cited in E.C. (2008). European Union Risk Assessment Report for Coal-Tar Pitch, High Tempera-

ture (CAS-No.: 65996-93-2, EINECS-No.: 266-028-2)(Final report, Environment). Institute for Health and Con-

sumer Protection - European Chemicals Bureau." 

Foran J.A., Holst L.L. and Giesy J.P. (1991). "Effects of photoenhanced toxicity of anthracene on ecological and 

genetic fitness of Daphnia magna: a reappraisal." Environmental Toxicology and Chemistry 10(3): 425-427. 

Frank A.P., Landrum P.F. and Eadie B.J. (1986). "Polycyclic aromatic hydrocarbon : rates of uptake, depuration, 

and biotransformation by lake Michigan Stylodrilus heringianus." Chemosphere 15: 317-330. 

Gala W.R. and Giesy J.P. (1992). "Photo-induced toxicity of anthracene to the green alga, Selenastrum capri-

cornutum." Archives of Environmental Contamination and Toxicology 23: 316-323. 

Hall A.T. and Oris J.T. (1991). "Anthracene reduces reproductive potential and is maternally tranferred during 

long-term exposure in fathead minnow." Aquatic Toxicology 19(3): 249-264. 

Hatch A.C. and Burton Jr. G.A. (1999). "Photo-induced toxicity of PAHs to Hyalella azteca and Chironomus 

tentans : effects of mixtures and behavior." Environmental Pollution 106: 157-167. 

Holst L.L. and Giesy J.P. (1989). "Chronic effects of the photoenhanced toxicity of anthracene on Daphnia 

magna reproduction." Environmental Toxicology and Chemistry 8(10): 933-942. 



 

 

29 

Howard P.H., Boethling R.S., Jarvis W.F., Meylan W.M. and Michelenko E.M. (1991). Handbook of environ-

mental degradation rates. Chealsea, Michigan, Lewis Publishers. 

Huang J., Liu X. and Tang X. (2000). "Study of the anthracene and benzo[a]pyrene toxicity Effect on marine 

microalgae." Qingdao Haiyang Daxue Xuebao 30(3): 499-502. 

Huang X.-D., Dixon D.G. and Greenberg B.M. (1995). "Increased polycyclic aromatic hydrocarbon toxicity fol-

lowing their photomodification in natural sunlight: impacts on the duckweed Lemna gibba L. G-3." Ecotoxicolo-

gy and Environmental Safety 32(2): 194-200. 

Huang X.-D., McConkey B.J., Babu T.S. and Greenberg B.M. (1997a). "Mechanisms of photoinduced toxicity 

of photomodified anthracene to plants : inhibition of photosynthesis in the aquatic higher plant Lemna gibba 

(Duckweed)." Environmental Toxicology and Chemistry 16(8): 1707-1715. 

Huang X.-D., Krylov S.N., Ren L., McConkey B.J., Dixon D.G. and Greenberg B.M. (1997b). "Mechanistic 

quantitative structure-activity relationship model for the photoinduced toxicity of polycyclic aromatic hydrocar-

bons : II an empirical model for the toxicity of 16 polycyclic aromatic hydrocarbons to the duckweed Lemna 

gibba L. G-3." Environmental Toxicology and Chemistry 16(11): 2296-2303. 

Huang X.-D., Babu T.S., Marwood C.A., Gensemer R.W., Solomon K.R. and Greenberg B.M. (1997c). "Inhibi-

tion of photosynthesis as an endpoint for the photoinduced toxicity of intact and photomodified PAHs. ASTM 

Special Technical Publication (1997), STP 1317." Environmental Toxicology and Risk Assessment: Modeling 

and Risk Assessment 6: 443-455. 

Huovinen P.S., Soimasuo M.R. and Oikari A.O.J. (2001). "Photoinduced toxicity of retene to Daphnia magna 

under enhanced UV-B radiation." Chemosphere 45(4-5): 683-691. 

IARC (1983). Volume 32. Bitumens, coal-tars and derived products, shale-oils and soots, Part 1. World Health 

Organization, International Agency for Research on Cancer, Lyon, France 

James A., Bonnomet V., Morin A. and Fribourg-Blanc B. (2009). Implementation of requirements on Priority 

substances within the Context of the Water Framework Directive. Contract N° 

07010401/2008/508122/ADA/D2. Final dradt prioritisation process report on monitoring-based ranking., IN-

ERIS / IOW: 58. 

Kagan J., P.A. K. and H.E. B. (1984). "Light-dependent toxicity of alpha-terthienyl and anthracene toward late 

embryonic stages of Rana pipiens." Journal of Chemical Ecology 10(7): 1115-1122. 

Kagan J., Kagan E.D., Kagan I.A. and Kagan P.A. (1987). Do polycyclic aromatic hydrocarbons, acting as pho-

tosensitizers, participate in the toxic effects of acid rain? In: R.G. Zika and W.J. Cooper (Eds.). Photochemistry 

of environmental aquatic systems. ACS Symposium Series 327., Washington, DC, American Chemical Society. 

Kagan J., Kagan E.D., Kagan I.A., Kagan P.A. and Quigley S. (1985). "The phototoxicity of non-carcinogenic 

polycyclic aromatic hydrocarbons in aquatic organisms." Chemosphere 14(11/12): 1829-1834. 

Karickhoff S.W., Brown D.S. and Scott T.A. (1979). "Sorption of hydrophobic pollutants on natural sediments." 

Water Research 13: 241-248. 

Landrum P.F. (1982). "Uptake, depuration and biotransformation of anthracene by the scud Pontoporeia hoyi." 

Chemosphere 11: 1049-1057. 

Landrum P.F. (1988). "Toxicokinetics of organic xenobiotics in the amphipod Pontoporeia hoyi : Role of physi-

ological and environmental variables." Aquatic Toxicology 12: 245-271. 



 

 

30 

Landrum P.F. and Scavia D. (1983). "Influence of sediment on anthracene uptake, depuration, and biotransfor-

mation by the amphipod Hyalella azteca." Canadian Journal of Fisheries and Aquatic Sciences 40: 298-305. 

Mabey W.R., Smith J.H., Podoll R.T., Johnson H.L., Mill T., Chou T.W., Gates J., Waight Partridge I., Jaber H. 

and Vandenberg D. (1982). Aquatic fate data for organic priority pollutants. US EPA, 440/4-81-014 ln2. 

Mackay D., Shiu W.Y. and Ma K.C. (1992). Illustrated handbook of physical-chemical properties and environ-

mental fate for organic chemicals. Volume II. Michigan, Lewis Publishers. 

McCloskey J.T. and Oris J.T. (1991). "Effect of water temperature and dissolved oxygen concentration on the 

photo-induced toxicity of anthracene to juvenile bluegill sunfish (Lepomis macrochirus)." Aquatic Toxicology 

21: 145-156. 

Munoz M.J. and Tarazona J.V. (1993). "Synergistic effect to two- and four-component combinations of the pol-

ycyclic aromatic hydocarbons: phenanthrene, anthracene, naphtalene, and acenaphtene on Daphnia magna." 

Bulletin of Environmental Contamination and Toxicology 50: 363-368. 

Neff J.M. (1979). Polycyclic aromatic hydrocarbons in the aquatic environment : sources, fates and biological ef-

fects. London, Applied Sciences Publishers. 

Newsted J.L. and Giesy J.P. (1987). "Predictive models for photoinduced acute toxicity of polycyclic aromatic 

hydrocarbons to Daphnia magna, Strauss (Cladocera, crustacea)." Environmental Toxicology and Chemistry 

6(6): 445-461. 

Oris J. and Giesy J.J. (1987). "The photo-induced toxicity of polycyclic aromatic hydrocarbons to larvae of the 

fathead minnow (Pimephales promelas)." Chemosphere 16(7): 1395-1404. 

Oris J.T. and Giesy J.P.J. (1985). "The photoenhanced toxicity of anthracene to juvenile sunfish (Lepomis spp.)." 

Aquatic Toxicology 6(2): 133-146. 

Oris J.T. and Giesy J.P.J. (1986). "Photoinduced toxicity of anthracene to juvenile bluegill sunfish (Lepomis 

macrochirus Rafinesque): photoperiod effects and predictive hazard evaluation." Environmental Toxicology and 

Chemistry 5(8): 761-8. 

Oris J.T., Giesy J.P., Allred P.M., Grant D.F. and Landrum P.F. (1984). Photoinduced toxicity of anthracene in 

aquatic organisms: An environmental perspective. In: T.N. Veziroglu (Eds.). The Biosphere: Problems and Solu-

tions, Amsterdam, Elsevier Science Publishers. pp. 639-658. 

Paumen M.L., Borgman E., Kraak M.H.S., van Gestel C.A.M. and Admiraal W. (2008a). "Life cycle responses 

of the midge Chironomus riparius to polycyclic aromatic compound exposure." Environmental Pollution 152(1): 

225-232. 

Paumen M.L.n., Stol P., Ter Laak T.L., Kraak M.H.S., van Gestel C.A.M. and Admiraal W. (2008b). "Chronic 

Exposure of the Oligochaete Lumbriculus variegatus to Polycyclic Aromatic Compounds (PACs): Bioavailabil-

ity and Effects on Reproduction." Environmental Science & Technology 42(9): 3434-3440. 

Pelletier M., Burgess R., Ho K., Kuhn A., McKinney R. and Ryba S. (1997a). "Phototoxicity of individual poly-

cyclic aromatic hydrocarbons and petroleum to marine invertebrate larvae and juveniles." Environ Toxicol 

Chem 16: 2190-2199. 

Pelletier M.C., Burgess R.M., Ho K.T., Kuhn A., McKinney R.A. and Ryba S.A. (1997b). "Phototoxicity of in-

dividual polycyclic aromatic hydrocarbons and petroleum to marine invertebrate larvae and juveniles." Envi-

ronmental Toxicology and Chemistry 16(10): 2190-2199. 

Reutgerswerke AG (1991). Unpublished data. 



 

 

31 

Richardson B.J., Tse E.S.-C., De Luca-Abbott S.B., Martin M. and Lam P.K.S. (2005). "Uptake and depuration 

of PAHs and chlorinated pesticides by semi-permeable membrane devices (SPMDs) and green-lipped mussels 

(Perna viridis)." Marine Pollution Bulletin 51: 975-993. 

RIITI (1977). Anthracene. The Official Bulletin of the Ministry of International Trade and Industry. Research 

Institute of International Trade and Industry (RIITI), Tokyo, Japan 

Smith S.B., Savino J.F. and Blouin M.A. (1988). "Acute toxicity to Daphnia pulex of six classes of chemical 

compounds potentially hazardous to Great Lakes aquatic biota." Journal of Great Lakes Research 14: 394-404. 

Southworth G.R., Beauchamp J.J. and Schmieder P.K. (1978). "Bioaccumulation potential of polycyclic aro-

matic hydrocarbons in Daphnia pulex." Water Research 12: 973-977. 

Thierrin J., Davis G.B., Barber C., Patterson B.M., Pribac F., Power T.R. and Lambert M. (1993). "Natural deg-

radation rates of BTEX compounds and naphthalene in a sulphate reducing groundwater environment." Hydrol. 

Sc. J. 38: 309-322. 

TPHCWG (1997). Development of fraction-specific reference doses (RfDs) and reference concentrations (RfCs) 

for total petroleum hydrocarbons., Amherst (MA), USA 

Trapido M. and Veressinina Y. (1994). "Advanced oxidation processes and ozone treatment of anthracene in 

aqueous solutions." Eesti Tead. Akad. Toim., Keem. 43(2): 61-67. 

US-EPA (2008). EPI Suite, v.4, EPA's office of pollution prevention toxics and Syracuse Research Corporation 

(SRC). 

van der Oost R., van Gastel L., Worst D., Hanraads M., Satumalay K., van Schooten F.-J., Heida H. and Ver-

meulen N.P.E. (1994). "Biochemical markers in feral roach (Rutilus rutilus) in relation to the bioaccumulation of 

organic trace pollutants." Chemosphere 29(4): 801-817. 

Verbruggen E.M.J. (in prep.). Environmental risk limits for polycyclic aromatic hydrocarbons (PAHs). RIVM, 

Bilthoven, The Netherlands., RIVM Report 711701xxx. 118. 

Verschueren K. (1996). Handbook of environmental data on organin chemicals. 3rd ed. New York, NY, Van 

Nostrand Reinhold Co. 

Volkering F. and Breure A.M. (2003). Biodegradation and general aspects of bioavailability. In: Douben (Eds.). 

PAHs: An Ecotoxicological Perspective, Wiley. pp. 81- 98. 

Weinstein J.E. and Polk K.D. (2001). "Phototoxicity of anthracene and pyrene to glochidia of the freshwater 

mussel Utterbackia imbecillis." Environmental Toxicology and Chemistry 20(9): 2021-2028. 

Yan X., Yan G.-a., Sheng G.-x. and Peng J.-l. (1999). "Toxicological response of Chlorella to anthracene under 

different nutrient conditions." Wuhan Daxue Xuebao, Ziran Kexueban 45(6): 845-848. 

Zingg S.P. and Sigman M.E. (1993). "Influence of an silicon dioxide/cyclohexane interface on the photochemis-

try of anthracene." Photochem. Photobiol. 57(3): 453-459. 

 

 

 


