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Substance Name: Coal tar pitch, high temperature
EC Number: 266-028-2
CAS number: 65996-93-2

* The substance is identified as a CMR (Carc. cat.a@jording to Article 57 (a) of
Regulation (EC) 1907/2006 (REACH).

» The substance is identified as a PBT according tocla 57 (d) of Regulation (EC)
1907/2006 (REACH).

» The substance is identified as a vPvB accordingAtticle 57 (e) of Regulation (EC)
1907/2006 (REACH).

Summary of how the substance meets the CMR (Cat Ir @), PBT or vPvB criteria, or is
considered to be a substance giving rise to an egalent level of concern

The PBT assessment of CTPHT focused on the assesssinids PAH-constituents having been
identified in concentrations above or equal to%.lindicator PAH-constituents). For 10 of these
12 indicator PAH-constituents assessed in totdf;livas in soil have been reported to be in the
range of 5.7 to 9.1 years under field conditions.tAese half-lives observed in soil exceed the P-
and vP-criteria (half lives of 120, respectively0l8ays), it is concluded that the vP criterion is
fulfilled by all 10 PAH-constituents. Experimentalbbtained BCF values higher than 5,000 are
reported in fish, mollusks, or crustaceans for @dator PAH-constituents of CTPHT. As these
BCF values exceed the B- and vB criteria (measB€d values in aquatic species > 2000,
respectively > 5000), it is concluded that the viecion is fulfilled by the respective 9 substasice
BCF values > 2000 have been reported for anthrawemeh is a further indicator PAH-constituent
of CTPHT and thus fulfils the B-criterion. Long-terdata for marine or freshwater species showing
no effect concentrations (NOEC/E{ < 0.01 mg/l are available for 9 of the indicateAH-
constituents of CTPHT. Furthermore, 6 of the inthcd?AHs found in CTPHT are classified as
carcinogen, mutagen or as toxic to reproductiommex VI of Regulation (EC) No 1272/2008
(CLP Regulation). Based on the available experialeatuatic toxicity data and the data on
classification, it is concluded that 11 of the h2licator PAH-constituents for the assessment of
CTPHT fulfil the T-criteria of Annex XIII of the RECH Regulation.

On the basis of the available data, it is conclutteat 7 of the 12 indicator PAH-constituents
identified in CTPHT in concentrations equal to boge 0.1 % are to be considered as both vPvB
and PBT substances (fluoranthene, pyrene, benz@yaene, chrysene, benzo(a)pyrene,
benzo(k)fluoranthene, and benzo(ghi)perylene), (@henanthrene) as vPvB, and one (anthracene)
as PBT. For coal tar pitch, high temperature (CTRHRe above conclusion on the PBT/vPvB
properties of its indicator PAH-constituents has tonsequence that this substance needs as well
be considered as a substance meeting both theiatfeArticle 57(d) and of Article 57(e) of the
REACH Regulation.

As, in addition, CTPHT is classified as carcinog€arc. Cat.2; R45) (May cause cancer) according
to Annex VI, part 3, Table 3.2 (the list of harmsed classification and labelling of hazardous



substances from Annex | to Directive 67/548/EECRefjulation (EC) No 1272/2008CTPHT is
as well a substance meeting the criteria of Artidlga) of the REACH Regulation.

Registration number(s) of the substance or of subshces containing a given
constituent/impurity or leading to the same transfomation or degradation products:

No registration dossier for the substance was sianio ECHA by the date of agreement on this
support document.

1 This corresponds to a classification Carc. 1B; ®1@8ay cause canceifi Annex VI, part 3, Table 3.1 of Regulation
(EC) No 1272/2008 (list of harmonised classificatand labelling of hazardous substances).
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

EC number: 266-028-2

EC name: Pitch, coal tar, high-temp.

CAS number (in the EC inventory): 65996-93-2

CAS number: 65996-93-2

CAS name: Pitch, coal tar, high-temp.

IUPAC name: not applicable

Synonyms: anode pitch, binder pitch, clay pigeon binder,

electrode pitch, hard pitch, impregnating pitcHt so
pitch, vacuum pitch

Index number in Annex VI of the CLP Regulation |648-055-00-5

Molecular formula: not applicable
Molecular weight range: not applicable
Structural formula: not applicable

Coal tar pitch, high temperature (CTPHT) is thedwes from the distillation of high temperature
coal tar (CAS no. 65996-89%under vacuum in closed systems. The EINECS ddgmrijs as
follows: “The residue from the distillation of high temperatweoal tar. A black solid with an
approximate softening point from 30°C to 180°C. @osed primarily of a complex mixture of
three or more membered condensed ring aromatic dgatbons. The composition of CTPHT
includes a large variety of polynuclear aromatinstiuents, including heterocyclic derivatives.

1.2 Composition of the substance

CTPHT is a complex hydrocarbon mix consisting ake# to seven-membered condensed ring
aromatic hydrocarbons, high molecular weight conmgisy heterocyclic compounds and
benzocarbazoles (The Netherlands, 2008b). Among cdsstituents also (poly)methylated
derivatives of PAHs are found (Steinhauser, 198&dan The Netherlands, 2008).

In general, coal tars and coal tar pitches haveabi@ compositions due to variation in source
materials and in manufacturing processes. CTPH&niSUVCB substance characterised by a

2 Coal tars are produced as a by-product of theoréshtion of coal, by cooling and condensing thsegaevolved
in this process. Coal tars are composed of a compli& of hydrocarbons and may contain as many ae000
constituents, of which approximately 400 have biglemtified (Franck, 1963). The composition of ctais may
vary greatly, depending on the type of coking @yaployed, the coking process and the distillatimtess used.

5



variable and high content of polycyclic aromatic digcarbons (PAHs) and heterocyclic
compounds. Its exact composition varies due tedtgable and complex nature, as well as due to
variations in the distillation temperature. CTPHdfsdifferent composition may be named with
different synonyms hinting to their intended useg. ebinder pitch or impregnating pitch.
Differences in the composition of these two CTPHie shown in Table 1.1.

In the Annex XV Transitional Dossier on CTPHT (Tetherlands, 2008), the EPA 16 homocyclic

PAHSs (structural formulae in Figure 1) are regardedeing representative for the PAH emissions
from CTPHT and the risk assessment is based orsarpand effect data available for these PAHs
(addressed as ‘indicator PAHSs’ in the following).

Information on the content of the 16 indicator PA&fsd other organic constituents in CTPHT is
available for CTPHT either used for impregnatingfar binding (Table 1.1). As the main use of
CTPHT is as binder pitch for the production of aa®@nd electrodes (see Part Il of this support
document and The Netherlands, 2008), the data ompasition available for binder pitch is
therefore chosen as reference for the content éfdHA the substance.

The present support document focuses on indicabt-&onstituents that are considered relevant
for the PBT assessment of CTPHT, i.e. those 12 Pédtdirmed to be contained in the substance
in concentrations equal to or higher than 0.1 %otal, those 12 PAHs represent approx. 10% of
the matter of CTPHT. According to the information binder pitch shown in Table 1.1 this
includes the following 12 PAHs: anthracene, phemame, fluoranthene, pyrene,
benz(a)anthracene, chrysene, benzo(a)pyrene, I®fiao(anthene, benzo(k)fluoranthene,
benzo(ghi)perylene, dibenzo(a,h)anthracene, arehimd,2,3-cd)pyrene. It should be noted that the
selection of indicator PAHs for PBT assessment @oog almost identical on the basis of
composition data of impregnating pitch and the%.fhreshold (it would differ only with respect to
anthracene, with a concentration of 0.074% in irgpaging pitch).




SVHC SUPPORT DOCUMENT

1)

Naphthalene

3

Fluorene

./‘\

Fluoranthene®
‘ =
N | #
SN
Chrysene

[
L)
Benzo(k)fluoranthene”

Indeno{123-cd)pyrene*

Benzo(ghijperylene®

Benz{a)anthracene

e
]

Benzoib)fluoranthens®

Dibenzo(a hjanthracene

PAH marked with * belong to the Bomeff 6.

Figure 1: Structural formulae of the 16 PAHS listedin Table 1.1



Table 1.1: Indicative data on composition of CTPHT{The Netherlands, 2008)

Chemical name EINECS CAS Molecular Molecular Concentration in Impregnating Concentration in
Number Number Formula Weight pitch Binder pitch
(mgkg) [ %+ (mgkg) | %>
Polycyclic Aromatic Hydrocarbons (PAHs)
Naphthalene 202-049-5 91-20-3 foHs 128.17 n.d. n.d. n.d. n.d.
Acenaphthylene 205-917-1 208-96-8 f2Hs 152.20 n.d. n.d. n.d. n.d.
Acenaphthene 201-469-6 83-32-9 GoHio 154.21 390 0.039 432 0.043
Fluorene 201-695-5 86-73-7 £Hio 166.22 144 0.014 472 0.047
Phenanthrene 201-581-5 85-01-8 £Hio 178.23 3874 0.387 6299 0.630
Anthracene 204-371-1 120-12-7 fHio 178.23 737 0.074 1311 0.131
Fluoranthene 205-912-4 206-44-0 feHio 202.25 17389 1.739 10789 1.079
Pyrene 204-927-3 129-00-0 feHio 202.25 14849 1.485 9449 0.945
Benz(a)anthracene ** 200-280-6 56-55-3 feH1io 228.29 15008 1.501 7715 0.772
Chrysene 205-923-4 218-01-9 feH12 228.29 14041 1.404 8053 0.805
Benzo(b)fluoranthene ** 205-911-9 205-99-2 fHio 252.31 17408 1.741 12131 1.213
Benzo(k)fluoranthene ** 205-916-6 207-08-9 fHio 252.31 8704 0.870 6065 0.607
Benzo(a)pyrene ** 200-028-5 50-32-8 £Hio 252.31 12924 1.292 10021 1.002
Dibenzo(a,h)anthracene ** 200-181-8 53-70-3 LHHia 278.35 2209 0.221 1749 0.175
Benzo(ghi)perylene 205-883-8 191-24-2 LHio 276.33 9945 0.995 8664 0.866
Indeno(1,2,3cd)pyrene ** 205-893-2 193-39-5 £Hi 276.33 11106 1.111 9061 0.906
Other Aromatic Hydrocarbons
1-Methylfluorene 217-048-5 1730-37-6 GHi 180.26 n.d n.d. 61 0.006
2-Methylfluorene 215-853-6 1430-97-3 GHio 180.26 50 0.005 112 0.011
Cyclopenta(def)phenanthrene ** 205-905-6 203-64-5 fHio 190.25 918 0.092 821 0.082

3 The 16 PAHSs regarded as being representativénéoemissions of CTPHT in the Annex XV TransitioBaissier (The Netherlands, 2008).
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Table 1.1: Indicative data on composition of CTPHT(The Netherlands, 2008)

Chemical name EINECS CAS Molecular Molecular Concentration in Impregnating Concentration in
Number Number Formula Weight pitch Binder pitch
(mg/kg) % * (mg/kg) % *
Acephenanthrylene ** 205-911-9 205-99-2 LH1- 252.32 828 0.083 386 0.039
Benzo(a)fluorene ** 205-944-9 238-84-6 £Hio 216.29 4509 0.451 1974 0.197
Benzo(b)fluorene ** 205-952-2 243-17-4 GHiz 216.29 4306 0.431 2456 0.246
Benzo(e)pyrene ** 205-892-7 192-97-2 fHio 252.32 11891 1.189 8976 0.898
Perylene 205-900-9 198-55-0 Hio 252.32 5014 0.501 3167 0.317
Anthantrene 205-884-3 191-26-4 £Hi 276.34 4581 0.458 3464 0.346
Tar Bases / Nitrogen-containing Heterocycles
Acridine 205-971-6 260-94-6 SHoN 179.21 242 0.024 264 0.026
Carbazole 201-696-0 86-74-8 HGHoN 167.2 1556 0.156 1664 0.166
Sulfur-containing Heterocycles
Dibenzothiophene | 2050729 | 132650 gHsS | 184.26 269 | 0.027 438 | 0.044
Oxygen-containing Heterocycles / Furans
Dibenzofuran | 2050713 |  132-64-9 G40 |  168.19 nd | n.d. 215 | 0.022

* n.d. = not detected (detection limit 50 mg/kg)

** EC names reported in EINECS: for Benz(a)anthrec® Benz[a]amthracene; for Benzo(b)fluoranthehdBenzo[e]acephenanthrylene; for Benze¥kBenzo[k]fluoranthene; for Benzo(a)pyrene
- Benzo[def]chrysene; for Dibenzo(ah)anthracen®ibenzo[ah]anthracene; for Benzo(ghi)perylehdenzo[ghilperylene; for Indeno(1,2,3cd)pyreteindeno[1,2,3-cd]pyrene; for
Cyclopenta(def)phenanthrere 4H-Cyclopenta[deflphenanthrene; for Acephenandmgt> Benzo[e]acetophenanthrylene; for Benzo(a)fluoréenBenzo[a]fluorene; for Benzo(b)fluorer2
Benzolb]fluorine; for Benzo(e)pyren® Benzo[e]fluorene




1.3

Physico-chemical properties

Table 1.2: Summary of physico-chemical propertiesfdC TPHT (The Netherlands, 2008)

REACH ref | Property Value Comment/reference
Annex, §
VI, 7.1 Physical state at 20°C and Black solid
101.3 kPa
VI, 7.2 Melting/freezing point 65 - 150 °C | Softening range; CCSG 2006
VIl, 7.3 Boiling point >360 °C At 1013 hPa
VI, 7.5 Vapour pressure (Pa) <10 At 20 °C;
< 1000 At 200 °C; OECD 104; CCSG 2606
VII, 7.7 Water solubility (mg/l) ~0.040 16 EPA PAHSs, at a loading of 10 g/L a
22°C; RUTGERS VFT 1999
VIl, 7.8 Partition coefficient Not applicable
n-octanol/water (log value
Density (g/ni) 1.15-1.40 | At20°C; ASTM D 71; CCSG 2606
VII, 7.9 Flash point (°C) >250 ISO 2719; CCSG 2b06
Vi, 7.12 Auto flammability (°C) >450 Ignition point at 101.3 kPa; DIN 51794|;
CCSG 2008
Vil, 7.11 Explosive properties Not explosive CCSm&
VI, 7.13 Oxidizing properties Not oxidizingg CCSG 2006

4 cCSG 20086: Internal communication, Coal ChemiGaistor Group/CEFIC 2006 (The Netherlands, 2008)
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1.3.1 Physico-chemical properties of indicator constituets of CTPHT relevant for PBT/vPvB assessment

Table 1.3: Physico-chemical Properties of the 12AMs present in CTPHT in concentrations above or eqwalent to 0.1% (The Netherlands, 2008)

Molecular Meltin Boilin Water Lo Vapour . Henry’'s

Substance CAS no I\ﬁgﬁﬁgr Weigh} pointg pointg solubillity KO\?\I pregsure [()gllsllt)y const);nt
(g.mol™) (°C) (°C) (ng.l") () (Pa at 25 °C) ' (Pa nt/mol at 25 °C)

Anthracene 120-12-7|  GHio 178.2 216.4 32 A7 4.6¢ 9.4 x 10" 1.283 4.3
Phenanthrene 85-01-8]  1f8lio 178.2 100.5 340 974 457 2.6 x 107 0.980 3.7
Fluoranthene 206-44-00 @0 202.3 108.8 375 200 5.20 1.2 x 10" 1.252 1.2
Pyrene 129-00-0 Hio 202.3 156 360 135 4.9¢ 1.0 x 10” 1.271 1.4
Benz(a)anthracene 56-55-3 1e812 228.3 160.7 435 1G22 590 7.6 x 10° 1.226 0.81
Chrysene 218-01-9]  @Hi, 228.3 253.8 448 1.85 5.87 5.7 x 10" 1.274 0.079
Benzo(a)pyrene 50-32-8 1, 252.3 175 496 1.84 6.13 7.3 x 10 1.35 0.0392°°0
Benzo(b)fluoranthene 205-99-2  Ld8, 252.3 168.3 481 1.28 6.12 3.3 x 10 - 0.052@
Benzo(k)fluoranthene 207-08-9 L@, 252.3 217 480 0.93 6.1 1.3 x 10 - 0.043@°0
Benzo(ghi)perylene 191-24-7 £, 276.3 277 545 0.14 6.22' 1.4 x 10° 1.329 0.02%%°°©)
Dibenzo(a,h)anthracene ~ 53-70-3 i, 278.4 266.6 524 0.82 6.5C 3.7 x 10 1.282 1.3.19¢
Indeno(1,2,3-cd)pyren¢  193-39-5 .8, 276.3 163.6 536 01 6.58 1.7 x 10% - 0.046

The data presented above were taken form Maekal (1992). The selected values for water solubiligre preferably based on generated column metla)dm(l if absent, on shake-
flask methods (b) using geometric means ((c) fdeimo(1,2,3-cd)pyrene, no data were available, aultefalue of 0.1 pg/l was used). The selectedesafor log Kow were preferably
based on slow-stirring/generator column (c) or s&irring methods (d) using average values. Ieabshe log Kow values were based on the shakk-flethod (e), or in absent of data
calculated using ClogP model (f). The selectedesfor vapour pressure were based on manometrségastion (g), gas saturation (h), gas saturatfusion (i), effusion method (j)
using geometric means or estimated using EPIWIN Tk)e selected values for the Henry's constaneveased on batch/gas stripping/wetted-wall coluipidtch/gas stripping (n), gas
stripping (0), batch column (p) using geometric neear when no data were available, constants vacalated using EUSES 2.0 (q).

11




2 CLASSIFICATION AND LABELLING

2.1 Classification in Annex VI of Regulation (EC) No 122/2008

CTPHT has index number 648-055-00-5 in Annex VIt BaTables 3.1 and 3.2 of Regulation (EC)
No 1272/2008.

CTPHT is classified as carcinogen (Carc. Cat.25)Rdcording to Annex VI, part 3, Table 3.2 (the
list of harmonised classification and labellinghazardous substances from Annex | to Directive
67/548/EEC) of Regulation (EC) No 1272/2008. Actagdto the same Regulation, some of the
indicator PAH-constituents relevant for the PBT/BPassessment of CTPHT are classified as
carcinogen, mutagen or as toxic to reproductiore fiifi classification of CTPHT and its indicator
PAH-constituents according to Annex VI, part 3, [EaB.2 of Regulation (EC) No 1272/2008) is
provided in Table 2.1.

Table 2.1: Classification and labelling of CTPHT ad its 12 PAH-constituents according to RegulatiodEC) No
1272/2008 (Annex VI, part 3, Table 3.2)

Substance CAS no Index Number Classmpatpn .
[concentration limits]
CTPHT 65996-93-2 648-055-00-5 Carc. Cat. 2;R45
Anthracene 120-12-7 *, R *, Kx
Phenanthrene 85-01-8 * *
Fluoranthene 206-44-0 * *
Pyrene 129-00-0 * *
Benz(a)anthracene 56-55-3 601-033-00-9 Carc. C&42
N; R50-53
Chrysene 218-01-9 601-048-00-0 Carc. Cat. 2; R45
Muta. Cat. 3; R68
N; R50-53
Benzo(a)pyrene 50-32-8 601-032-00-3 Carc. Cat4h [R> 0.01%]
Muta. Cat. 2; R46
Repr. Cat. 2; R60-61
R43
N; R50-53
Benzo(b)fluoranthene 205-99-2 601-034-00-4 Cart. ZeR45
N; R50-53
Benzo(k)fluoranthene 207-08-9 601-036-00-5 Carc. ZaR45
N; R50-53
Benzo(ghi)perylene 191-24-2 * *
Dibenzo(a,h)anthracene 53-70-3 601-041-00-2 Caat.Z R45 [C 0.01%)]
N; R50-53
Indeno(1,2,3-cd)pyrene 193-39-5 * *

Key:
*. No classification in the context of Regulatida®) No. 1272/2008

**: Xi; R38 N;R50-53 (in the context of Directiver®b48/EEC) proposed in the draft risk assessmeatrren
anthracene (Greece, 2008)

Carc.: carcinogenic; Muta: mutagenic; Repr.: tdricreproduction
R43: May cause sensitisation by skin contact

R45: May cause cancer

R46: May cause heritable genetic damage

R50: Very toxic to aquatic organisms, and

R53: May cause long-term adverse effects in thatgenvironment
R60: May impair fertility

R61: May cause harm to the unborn child

R68: Possible risk of irreversible effects.

N: Dangerous for environment
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Table 2.2: Classification and labelling of CTPHT ad its 12 PAH-constituents according to Regulation
(EC) No 1272/2008 (Annex VI, part 3, Table 3.1)

Classification Labelling
Hazard Class and Hazard Pictogram, Hazard
Substance CAS no Category Code(s) | statement|  Signal statement
[Index No] [specific concentratioy  Code(s) Word Code(s)
limits] Code(S)
CTPHT 65996-93-2 Carc. 1B H350 GHS08 H350
[648-055-00-5] Dgr
Anthracene 120-12-7 * R * R * R * R
Phenanthrene 85-01-8 * * * *
Fluoranthene 206-44-0 * * * *
Pyrene 129-00-0 * * * *
Benz(a)anthracene 56-55-3 Carc. 1B H350 GHSO08 H350
[601-033-00-9] Aquatic Acute 1 H400 GHS09 H410
AquaticChronic 1 H410 Dgr
Chrysene 218-01-9 Carc. 1B H350 GHS08 H350
[601-048-00-0] Muta. 2 H341 GHS09 H341
Aquatic Acute 1 H400 Dgr H410
Aquatic Chronic 1 H410
Benzo(a)pyrene 50-32-8 Carc. 1B [C> 0.01%] H350 GHSO08 H350
[601-032-00-3] Muta. 1B H340 GHSO07 H340
Repr. 1B H360-FD GHS09 H360FD
Skin Sens. 1 H317 Dgr H317
Aquatic Acute 1 H400 H410
Aquatic Chronic 1 H410
Benzo(b)fluoranthene 205-99-2 Carc. 1B H350 GHSO08 H350
[601-034-00-4] Aquatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Benzo(k)fluoranthene 207-08-9 Carc. 1B H350 GHSO08 H350
[601-036-00-5] Aquatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Benzo(ghi)perylene 191-24-2 * * * *
Dibenzo(a,h)anthracene 53-70-3 | Carc. 1B [C> 0.01%] H350 GHSO08 H350
[601-041-00-2] Aquatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Indeno(1,2,3-cd)pyrene 193-39-5 * * * *

Key:

*: No classification in the context of Regulatida®) No. 1272/2008

**: Xi; R38 N;R50-53 (in the context of Directiverf648/EEC) proposed in the draft risk assessmeuatrren
anthracene (Greece, 2008) [translated accordifigiite 1.1 of Annex VIl of Regulation (EC) No. 122008
into: Skin Irrit. 2; Aquatic Acute 1; Aquatic Chrionl]

N: Dangerous for environment; R50-53: Very toxiatpatic organisms, may cause long-term adverseteff
in the aquatic environment.

Carc.1B: Carcinogen; Muta 2, 1B: Germ cell mutadeepr.1B: Toxic to reproduction

Aquatic acute 1, Aquatic chronic 1: Hazardous tdhuatic environment

Skin Sens.1: Skin sensitizing

H317: May cause an allergic skin reaction; H34Isgf&eted of causing genetic defects

H350: May cause cancer; H360-FD: May damage fgrtilay damage the unborn child

H400: Very toxic to aquatic life; H410: Very toxic aquatic life with long lasting effects.

GHSO07: exclamation mark; GHSO08: health hazard; G $86vironment; Dgr: Danger
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The harmonised classification and labelling as s substances according to Regulation (EC)
No 1272/2008 (Annex VI, part 3, Table 3.1 (list lmirmonised classification and labelling of
hazardous substances)) for CTPHT and its 12 inolic®AH-constituents relevant for the
PBT/vPvB assessment is presented in Table 2.2.

3 ENVIRONMENTAL FATE PROPERTIES

3.1 Overview

The data presented here were retrieved from theeAV Transitional Dossier on coal tar pitch,
high temperature (CTPHT) (The Netherlands, 2008).

According to the approach followed herein (seeifec.2), the evaluation of the fate properties is
based on available data for the 12 indicator PAbisitlered relevant for the PBT/vPvB assessment
of CTPHT. No information on the environmental fateCTPHT itself was found.

3.2 Degradation
3.2.1 Abiotic degradation

3.2.1.1 Hydrolysis

In general, PAHs are hydrolytically stable in aque®ystems. Under environmental conditions,
therefore, hydrolysis does not contribute to thegrdéation of PAHs (Howardt al. (1991) cited in
The Netherlands, 2008).

3.2.1.2 Atmospheric degradation

In the atmosphere, the PAHSs are either gas phagarticle-associated. It has been shown that the
2-4 ring PAHs with vapour pressure higher thancpraé to 10* Pa are mostly gas phase-related and
PAHs of 4 rings or more with vapour pressure beld¥ Pa are particle-associated. In the gas
phase PAHSs are oxidized by atmospheric hydroxyl)@#tl nitrate radicals and ozone, whereas the
particle-associated PAHs are expected to be degrbhgedirect photolysis and by reaction with
ozone (The Netherlands, 2008).

Atmospheric half-lives are given in the Annex XVahsitional Dossier on CTPHT. For the 2-4 ring
PAHSs (from the 12 indicator PAHS), representatifetimes with respect to gas-phase reactions
range from 2 hours to 2 days for reactions with ®elw data indicate half-lives from 120 days to
340 days for gas phase nitrate reactions. Undeir@maental conditions, PAHs of higher
molecular mass are almost completely adsorbed tn® particles. Studies indicate that the
degradation rate depends on the particle mateviti, PAHS being more stable when adsorbed to
particles of higher carbon content. Representdiiggmes of the particle-associated PAHs are in
the range of 15 minutes to 6-8 days with respephttolysis (The Netherlands, 2008).

3.2.1.3 Phototransformation in water and soil

PAHSs are photo-degraded by two processes, diraitbpisis by light with a wavelength < 290 nm
and indirect photolysis (photo-oxidation) by atdeane oxidizing agent (Volkering and Breure
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(2003) cited in The Netherlands, 2008). Singletgetyis the main oxidant, but also reactions with
nitrite and to a lesser extent with nitrate mayetgkace (Suzukit al, (1987) cited in The
Netherlands, 2008). The degradation rate depemdBeocontent of dissolved oxygen, and may be
increased in the presence of humic acid, whilendréases exponentially with the temperature
(Moore and Ramamoorthy, 1984 cited in The Netheldar2008). When PAHs are adsorbed to
suspended particles, the accessibility for phototbal reactions will depend on the nature of the
particles.

Photodegradation in natural waters takes norma#iggoonly in the upper few centimetres of the
water-column and is therefore not considered teehagnificant impact on the overall persistency
of PAHs in the aquatic environment. As exposurdigbt is even more limited in soils, photo-
degradation is as well not considered a relevagitadiation process in terrestrial environments.

3.2.2 Biodegradation

3.2.2.1 Biodegradation in water

Standard tests for biodegradation in water haveotstnated that PAHs with up to four aromatic
rings are biodegradable under aerobic conditionsthat biodegradation rates of PAHs with more
aromatic rings are very low (The Netherlands, 2008yeneral, the biodegradation rates decrease
with increasing number of aromatic rings. This etation has been attributed to factors like the
bacterial uptake rate and the bioavailability. Taeterial uptake rate has been shown to be lower
for the higher molecular weight PAHs as compareth®oPAHs of lower molecular weight. This
may be due to the size of high molecular weight mens, which limits their ability to cross cellular
membranes. In addition, bioavailability is lower faigher molecular PAHs due to adsorption to
organic matter in water and sediment. It has &rrtieen shown that half-lives of PAHs in estuarine
sediment are proportionally related to the octamafer partition coefficient (Kow) (Durargt al
(1995) cited in The Netherlands, 2008).

3.2.2.2 Biodegradation in sediments

In general, PAHs are considered to be persistemierumnaerobic conditions (Neff (1979);
Volkering and Breure (2003) cited in The Netherlmn@008). Aquatic sediments are often
anaerobic with the exception of a few millimetrekhsurface layer at the sediment-water interface,
which may be dominated by aerobic conditions. Tagradation of PAHs in aquatic sediments is
therefore expected to be very slow.

3.2.2.3 Biodegradation in soil

Biodegradation rates of PAHs in soil depend on sd\actors related to the soil type, including
pH, moisture content, nutrients, oxygen, and thverdity of the soil microbial population. Various
species (bacteria, fungi, yeasts and algae) arevkrio degrade PAHs in soil (The Netherlands,
2008). It has been shown that the number of PAgtating microorganisms and the degradation
capacity is higher in PAH-contaminated soils thanpristine soils, something explained by the
development of an adapted soil microbial commur8gveral studies have also been demonstrated
enhanced PAH-degradation rates when the soil had kariched with isolated PAH-degrading
microorganisms (Davigt al. (1993); Grosseet al. (1995); Schneideet al. (1996) cited in The
Netherlands, 2008).
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On the basis of a comparison between two studigkl (8¢ al. 1991 and Wild and Jones, 1993) it

was illustrated that the half-lives observed undéoratory conditions can be much shorter than
those obtained from long-term field studies. Thé&s attributed by the authors to the more optimal
conditions (temperature, moisture content, nutreamd oxygen supply) applied in the laboratory
tests.

Wild and Jones (1993) and Wiét al. (1991) studied the biodegradation of PAHs in aoilended
with sewage sludge under laboratory and field awons, respectively. The half-lives for PAHs
determined in the two experiments are presentéfable 3.1. Whereas the half-lives obtained in
the laboratory soil microcosms were in the rangelajs, those representing the field conditions
were in the range of years.

Table 3.1: Half-lives for 10 PAHs determined frormsoil microcosm and long-term field studies|

PAH (number of rings) Half lives obtained from soil | Half lives obtained from long
microcosms (days) term field experiment (years)

Wild & Jones (1993) Wild etal (1991)

Phenanthrene (3) 83-193 5.7

Anthracene (3) 48-120 7.9

Fluoranthene (4) 110-184 7.8

Pyrene (4) 127-320 8.5

Benz(a)anthracene and 106-313 8.1

Chrysene (4)

Benzo(b)fluoranthene (5) 113-282 9.0

Benzo(k)fluoranthene (5) 143-359 8.7

Benzo(a)pyrene (5) 120-258 8.2

Benzo(ghi)perylene (6) 365-535 9.1

No experimental data on half-lives for dibenzo(@rthracene (5 rings) and indeno(1,2,3-cd)pyrene
(6 rings) were found.

3.2.3 Summary and discussion on degradation

According to Annex XlII of the REACH Regulation gtdefinitive P criterion is based on half-lives
in (fresh, estuarine or marine) water, soils oegfr, estuarine or marine water) sediments. The
degradation kinetics of PAHs in the different eomimental compartments are influenced by a
number of factors, and to a great extent determinyetheir very low water solubility and tendency
to adsorb to particles and organic matter in therenment. Their low bioavailability (especially of
PAHs with more than two aromatic rings) is onehaf limiting factors for their biodegradation.

‘Aging’ is a phenomenon associated with increasesidence time of PAHs in soil, which can
further decrease the bioavailability of PAHs in tegestrial environment. Freshly spiked PAHs are
more readily desorbed and thus more bioavailalde #AHs that have been in soil or sediment for
a longer period of time (The Netherlands, 2008)isTineans that studies involving artificially
added PAHs (e.gl.“C—IabeIIed) often result in biodegradation ratesimhbigher than rates observed
for the same substances present in soil as partohtamination by coal tar.

In the assessment for persistence of the PAHs septieg CTPHT, half-lives obtained under
realistic conditions, i.e. field conditions, areven priority, as Annex Xlll of the REACH
Regulation requires the data to be collected utitendequate conditions. The study by Véildl.
(1991) reports half-lives in soil for 10 of the PAHs addressed in the present assessment
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[anthracene, phenanthrene, fluoranthene, pyrenez(d@gnthracene, chrysene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene and dgii)perylene] above the P and vP criteria set
in the Annex XIlII, and it is selected as the kaydstfor the P assessment of CTPHT. Experimental
data on half-lives for dibenzo(a,h)anthracene adémo(1,2,3-cd)pyrene are lacking in this study.

Mackay et al. (1992) estimated half-lives in the different eowimental compartments based on
model calculations and literature search. On thesisbaof the results of this study,
dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyremexpected to be as well persistent in soil and
sediment: the estimated half-lives for the two PA##se in soil in the range of 420 to 1250 days,
and in sediments longer than 1250 days.

33 Environmental distribution

3.3.1 Adsorption/desorption

The octanol-water coefficients of the indicator R&bhstituents of CTPHT are shown in Table 3.2.
A linear relationship between Kow and the orgaracbon-water partitioning coefficient Koc has
been demonstrated for PAHs in sediments and sbé. Jog Kow values from 4.6 to 6.6 can be
translated as a high potential for partitioningstls and sediments. Partitioning processes like
adsorption to airborne particulate matter, as wasllaccumulation in sludge during wastewater
treatment, have been demonstrated especially ébr imolecular weight PAHs (The Netherlands,
2008).

Table 3.2: Log Kow values of selected PAH-constiémts of
CTPHT (The Netherlands, 2008)

Substance Log Kow
Anthracene 4.68
Phenanthrene 4.57
Fluoranthene 5.20
Pyrene 4.98
Benz(a)anthracene 5.91
Chrysene 5.81
Benzo(a)pyrene 6.13
Benzo(b)fluoranthene 6.12
Benzo(k)fluoranthene 6.11
Benzo(ghi)perylene 6.22
Dibenzo(a,h)anthracene 6.50
Indeno(1,2,3-cd)pyrene 6.58

3.3.2 Volatilisation

With their low vapour pressures in the range of-10*° Pa, the PAHs contained in CTPHT are
expected to volatilise very slowly. In the Annex XVansitional Dossier on CTPHT it is concluded
that, under field conditions, volatilisation of P&k insignificant (The Netherlands, 2008).
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3.4 Bioaccumulation

3.4.1 Aguatic bioaccumulation

Bioconcentration in aquatic organisms can be deteth at steady state conditions as the
concentration in the organism divided by the cotregion in the water, or as the ratio between the
rates of uptake and depuration at non steady stetgitions. The bioconcentration factor (BCF) is
linearly correlated with the Kow up to log Kow vahiin the range of 5 - 6. At higher log Kow
values, the BCF tends to stay constant or may @aarease with increasing log Kow (The
Netherlands, 2008). This is explained by charasties like lipid solubility variations, slow
desorption, low bioavailability, and reduced mennigrgpassage due to the molecular size, usually
associated with molecules having a very high Kow.fér PAHSs, this trend has been observed in
studies of bioaccumulation potential in fish but mostudies with molluscs or crustaceans.

Potential for biotransformation of substances ipased species is also an important factor in
assessing bioaccumulation. BCF values may be higtearly life stages of an organism than in the
adult stage. Whereas fish, and to some extentnaddloscs, have the ability to metabolise PAHs, no
evidence of metabolism of PAHs has been observatyjae, or oligochaeta.

As part of the Annex XV Transitional Dossier on GIP (The Netherlands, 2008), data from
studies on bioaccumulation of the 16 representafi@éls were collected. The quality of the
studies was evaluated and each study was giverliadbiliey score. Only studies evaluated as
reliable and relevant are included for the 12 PAa&tkiressed in this report (valid without
restrictions or valid with restriction; see Tab88 & 3.4).

For each substance, a key study representatiibdédnioaccumulation potential has been selected.
The studies preferred as key studies are equitibstudies performed with fish and with chemical
analysis of the substance in water and in the asgarshowing high bioconcentration. However, in
addition to data on fish, BCF values for mollusod arustaceans are considered in the assessment
of the bioaccumulation potential of the PAHs aslwii Tables 3.3 and 3.4 the selected key studies
are highlighted by bold font of the reference. ifigstion for choosing the highlighted studies is
provided in the notes to the tables.

Bioaccumulation and the role of biotransformationthe bioaccumulation process of PAHs were
studied in a static experimental set-up with fathedannows Pimephales promelagDe Maagd,
1996). The results indicated that biotransformatidid influence the bioaccumulation of
benz(a)anthracene, but had no effect on the aceuiomlof phenanthrene and anthracene. The
uptake of fluoranthene, however, could be bettedetfied if biotransformation was taken into
account. The calculated BCF values when biotransition was inhibited were 6,800 for
phenanthrene and anthracene, 3,400 for fluorantlzke200 for benz(a)anthracene.

In a second study by De Maagtlal. (1998), with fathead minnows, benz(a)anthracene tested
in a flow-through study resulting in BCF values2&2-265.

In another study with fathead minnows (Weinsteid &ris, 1999), juvenile fish (48 hours post-
hatching) were exposed in a static system to fomcentrations of fluoranthene. The determined
BCF value was 9,054 + 555.

A regular semi-static (renewal) bioaccumulatior veas carried out by De Voogt al. (1991). The
BCF was determined by dividing the final concemdratin fish by the average concentration in
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water during the last renewal period. The BCF ealdetermined were 4,550 for anthracene and
11,300 for pyrene.

De Voogt et al. (1991) also performed a static experiment. The B@kie determined for
anthracene as the concentration in fish dividethleyconcentration in water at the end of the static
experiment was 6000.

Jonssoret al. (2004) exposed the fisByprinodon variegatusor 36d to phenanthrene and pyrene in
a continuous flow system with seawater, followed8olyof depuration. BCFs ranged from 700 to
2,229 for phenanthrene, and from 50 to 145 forpgre
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Table 3.3: Experimentally obtained BCF values of RHs in fish or mollusks

Substance Species BCF Val Test system | Type Chem. References
(L/kg) analysis

Anthracene Mollusca

U. imbecilis (larv.) 345 (highest 420) | 2 R Equi (parent) Weinstein & Polk (2001)

Fish

L. macrochirus 900 2 S ki/k (total) 4c Spacieet al, 1983

P. promelas 6760 2 S ki/ko (parent) HPLC De Maagcet al, 1996

P. reticulata 4550 (pref)* 2 R Equi (parent) HPLC De Voogtet al., 1991

P. reticulata 6000 2 S Equi (parent) HPLC De Voogtet al., 1991
Phenanthrene Mollusca

M. edulis 1240 1 F ki/ko (parent) HPLC McLeese & Burridge, 1981

M. arenaria 1280 1 F ki/k; (parent) HPLC McLeese & Burridge, 198]

Fish

P. promelas 6760 2 S ki/k; (parent) HPLC De Maagdet al., 1996

C. variegatus 810 (le) 1 CF ki/k, (parent) GCMS Jonssoret al, 2004

C. variegatus 2229 (he) 1 CF ki/k, (parent) GCMS Jonssoret al, 2004

C. variegatus 700 (le) 1 CF Equi (parent) GCMS Jonssoret al, 2004

C. variegates 1623 (he) 1 CF Equi (parent) GCMS Jonssoret al, 2004
Fluoranthene Mollusca

M. edulis 5920 1 F ki/k, (parent) HPLC McLeese & Burridge, 198]

M. arenaria 4120 1 F ki/k, (parent) HPLC McLeese & Burridge, 198]

F sh

P. promelas 9054 2 S Equi (parent) HPLC Weinstein & Oris, 1999
P. promelas 3388 2 S ki/ko, (parent) HPLC De Maagcet al, 1996

Pyrene Mollusca

M. arenaria 6430 1 F ki/ko (parent) HPLC McLeese & Burridge, 1981

M. edulis 4430 1 F ki/k, (parent) HPLC McLeese & Burridge, 198]

D. polymorpha 16000 (21h) 2 S ki/k, (total=parent) LSC Bruneret al, 1994

D. polymorpha 13000 (211) 2 S ki/k, (total=parent) LSC Bruneret al, 1994

D. polymorpha 35000 (15) 2 S ki/k, (total=parent) LSC Bruneret al, 1994

D. polymorpha 43000 (Avl) 2 S ki/k, (total=parent) LSC Gossiauwet al, 1996

D. polymorpha 37000 (Av2) 2 S ki/k, (total=parent) LSC Gossiauwet al, 1996

Fish

Poecilia reticulata 11300 (pref) 2 R Equi (parent) HPLC De Voogtet al., 1991

Poecilia reticulata 2700* 2 S Equi (parent) HPLC De Voogtet al., 1991
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Table 3.3: Experimentally obtained BCF values of RHs in fish or mollusks

Substance Species BCF Val Test system | Type Chem. References
(L/kg) analysis
C. variegatus 145 (le) 1 CF ki/ko, (parent) GCMS Jonssoret al, 2004
C. variegatus 97 (he) 1 CF ki/ko, (parent) GCMS Jonssoret al, 2004
C. variegatus 50 (le) 1 CF Equi (parent) GCMS Jonssoret al, 2004
C. variegatus 53 (he) 1 CF Equi (parent) GCMS Jonssoret al, 2004
Benz(a)anthracene |__ Fish
P. promelas 200-265 2 S ki/k; (parent) HPLC De Maagcet al, 1996,
1998
Benzo(a)pyrene Mollusca
D. polymorpha 84000 (21h) 2 S ki/k, (total=parent) LSC Bruneret al, 1994
D. polymorpha 41000 (211) 2 S ki/k, (total=parent) LSC Bruneret al, 1994
D. polymorpha 77000 (15) 2 S ki/k, (total=parent) LSC Bruneret al, 1994
D. polymorpha 133000 (Av3) 2 S ki/k, (total=parent) LSC Gossiauxet al., 1996
D. polymorpha 142000 (Av4) 2 S ki/k, (total=parent) LSC Gossiawet al, 1996

S. static exposure system; C: Continuous; F, flomigh system; R, static renewal systepfkk kinetic: uptake rate/depuration rate. Equi: éftiiim, Val = Validity (1:
Reliable without restrictions, 2: Reliable withtritions, 3: Not reliable, 4: Not assignable); dvbased on dry weights; pref = preferred by théagtiw = based on lipid
weights; le: low exposure concentration; he: highbosure concentration; HPLC: High Performance ldg@hromatography; GCMS: Gas Chromatography Mass
Spectrometry; LSC: Liquid Scintillation Counting

21h =21 mm size class with high lipid content

21l = 21 mm size class with low lipid content

15 = 15 mm size class

Avl = average BCF obtained from 4 experiments diiant field temperatures (individual BCFs were 3302000, 77000, and 39000)

Av2 = average BCF obtained from 6 experiments atetimatisation to lab temperatures (individual/8Qvere 32000, 48000, 41,000, 39000, 24000, andd390

Av3 = average BCF obtained from 11 experimentsrdiiant field temperatures (individual BCFs were 0,049000, 191000, 167000, 132000, 165000, 1500800,
40000, 24000, and 273000)

Av4 = average BCF obtained from 12 experimentg aftelimatisation to lab temperatures (individu@li were 190000, 83000, 61000, 197000, 220000,0D18M000,
147000, 215000, 270000, 107000, and 62000)

* The BCF value of 4550 is considered the preferainl by de Voogt et al. (1991) as it was determinedsemi-static test by dividing the final contration in the fish by
the average concentration in water during therstwal period wheras the other BCF (6000) wagshibed based on a static test (i.e. calculated tt@concentration i
the fish divided by the concentration in the watethe end of the test).

Marked in bold: Key study. The study by de Voogital, 1991 was selected as key study for anthracenpyede as this was the most reliable one on fislving BCF >
2000. For phenanthrene the study by de Maagd 1996 was the most reliable one with BCF > 200@& Study by Weinstein & Oris, 1999 was chosen gsskady as it
reports a reliable equilibrium BCF for fluorantheRer benzo(a)pyrene the study by Gossietual, 1996 was chosen among studies on the same amgaaisd of same
validity as key study because it was performedmdiiant field temperatures compared to laboratampieratures.
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Table 3.4: Experimentally obtained BCF values of RHs in Crustaceans

Substance Species BCF Test Type Chem. |References
(L/kg) System analysis
Anthracene | D. magna 511 S ki/ky 14c McCarthyet al, 1985
D. pulex 917 S Equi FS Southworthet al, 1978
D. magna 970 S Equi HPLC | Newsted & Giesy, 1987
Phenanthrene | D. pulex 325 S Equi FS Southworthet al, 1978
D. magna 324 S Equi HPLC | Newsted & Giesy, 1987
Fluoranthene |D. magna 1742 S Equi HPLC | Newsted & Giesy, 1987
Pyrene D. pulex 2702 S Equi FS Southworthet al, 1978
D. magna 2702 S Equi HPLC | Newsted & Giesy, 1987
Benz(a)- D. magna 2920 S ka/ko 4c McCarthyet al, 1985
anthracene D. pulex 10109 S Equi FS Southworthet al, 1978
D. magna 10226 S Equi HPLC | Newsted & Giesy, 1987
Chrysene D. magna 6088 S Equi HPLC | Newsted & Giesy, 1987
Benzo(a)pyrengD. magna 12761 S Equi HPLC | Newsted & Giesy, 1987
Benzo(k)- D. magna 13225 S Equi HPLC | Newsted & Giesy, 1987
fluoranthene
Benzo(ghi)- D. magna 28288 S Equi HPLC | Newsted & Giesy, 1987
perylene
Dibenzo(a,h)- | D. magna 50119 S Equi HPLC | Newsted & Giesy, 1987
anthracene

S. static exposure system/Ks, kinetic: uptake rate/depuration rate. Equi: afriiim

FS: Fluorescence Spectrophotometry; HPLC: HighdPerdnce Liquid Chromatography

Marked in bold: Key study. The study by Newsted & Giesy, 1987 wlassen as the key study for
benz(a)anthracene, chrysene, benzo(k)fluoranthesmezo(ghi)perylene and dibenzo(a,h)anthrancene as
the most reliable equilibrium study with BCF >2000.

In a well documented study McLeese and Burridge8713etermined PAH accumulation in the
clamMya arenariaand the musséllytilus edulisin flow through systems. Concentrations in water
and animals were used to calculatekd k, which were subsequently used to calculate BCRe. T
resulting BCFs for phenanthrene were 1,280 and0l,# fluoranthene 4,120 and 5,920, and for
pyrene 6,430 and 4,430, with the first number regnéing the value for the mussel and the second
for the clam.

Bruneret al. (1994) exposed the zebra musdateissena polymorphan a static system teH—
labelled benzo(a)pyrene and pyrene. BCFs were legdcliusing kinetic rate constants and ranged
from 13,000 to 35,000 for pyrene, and 41,000 t®@4 for benzo(a)pyrene.

Gossiawet al. (1996) exposed the zebra musgsiefssena polymorphan a static system to radio-
labelled benzo(a)pyrene in combination with pyrelmetotal a number of 23 experiments with
benzo(a)pyrene and 10 experiments with pyrene weereducted under either ambient field
temperatures or laboratory temperatures. BCFs wal®ulated using kinetic rate constants and
ranged from 37,000 to 43,000 for pyrene, and 13B{6042,000 for benzo(a)pyrene.
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Experimental BCF values for crustaceans are preddntTable 3.4. Bioaccumulation Baphnia
magnahas been studied by McCarthy et al (1985) and =iv& Giesy (1987). In the study by
McCarthy the BCF value for benz(a)anthracene waerted as 2,920, determined as the ratio
between uptake rate and depuration rate. In thdydty Newsted & Giesy (1987) the BCF was
determined at steady state in a static system.cdBientration was determined for a range of
PAHSs, with the resulting BCFs being below 2,000 dothracene, phenanthrene and fluoranthene,
and above 2,000 for pyrene, benz(a)anthracenesehey benzo(a)pyrene, benzo(k)fluoranthene,
benzo(ghi)perylene, and dibenzo(a,h)anthracene.

In a study by Southworth (1978) the potential fm@ecumulation irDaphnia pulexvas studied for
PAHSs in a static system. The bioconcentration fastas determined at steady state conditions and
as the ratio between the rates of uptake and eliinim at non steady state conditions. The study
indicated that the PAH content of Daphnia lipid wasequilibrium with the aqueous PAH
concentration. The reported BCF was above 2,00(pyoene and benz(a)anthracene, and below
2,000 for anthracene and phenanthrene.

3.4.2 Summary and discussion of bioaccumulation

An overview of the BCF values of the selected PAifstituents of CTPHT determined in the key
studies is provided in Table 3.5.

A range of valid experimental fish data were adddafor phenanthrene, fluoranthene and pyrene,
showing BCF values >5,000, and for anthracene aBd@G®, whereas experimental fish data for
benz(a)anthracene and benzo(a)pyrene indicated Beksv 2,000. Measured BCF values in
molluscs were >5,000 for fluoranthene, pyrene amtzb(a)pyrene.

Experimental data from studies on other aquatiamiggms, i.e. crustaceans, were considered for the
PAHSs for which no studies were available with festmolluscs. For Daphnia experimental data for
benz(a)anthracene, chrysene, benzo(a)pyrene, W@fzofanthene, benzo(ghi)perylene, and
dibenzo(a,h)anthracene indicated BCF values > 5a0@Dabove 2,000 for pyrene. In studies with
Daphnia the obtained BCFs for anthracene, pheremghaind fluoranthene were below 2,000.

5 The question wether anthracene fulfils both thanl vB criteria or should only be considered afilling the B-
criterion was discussed at the Member State Comenitheeting in October 2008 in the context of reaghn
agreement on the identification of anthracene @¥dC. Due to uncertainties on the validity of thghest reported
BCFvalues (see as well section 3.4.1 of this r¢pbrvas concluded to consider anthracene onlyillinlj the B-
criterion but not the vB-criterion (MSC, 2008).
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Table 3.5: Overview of BCF values determined in th key studies

Substance Value Key study endpoint

Anthracene 4550 Fish: Equi (paremR),reticulata
Phenanthrene 6760 Fishik (parent),P. promelas
Fluoranthene 9054 Fish: Equi (paref),promelas
Pyrene 2700-11300| Fish: Equi (pare®)reticulata
Benz(a)anthracene 10226 Crustaceans: Expphnia magna
Chrysene 6088 Crustaceans: E@aphnia magna
Benzo(a)pyrene 133000 Molluscalks (total=parent)D. polymorpha
Benzo(b)fluoranthene - No experimental data available
Benzo(k)fluoranthene 13225 Crustaceans: Hgaphnia magna
Benzo(ghi)perylene 28288 Crustaceans: EQaphnia magna
Dibenzo(a,h)anthracene 50119 Crustaceans: Bggihnia magna
Indeno(1,2,3-cd)pyrene - No experimental data available

No experimental data on the bioaccumulation paatiwti benzo(b)fluoranthene and indeno(1,2,3-
cd)pyrene were found. On the basis of similaritégheir Kow values and molecular sizes with
other PAHs for which BCFs above the Annex XIlI hioamulation criteria have been
experimentally confirmed, it is nevertheless apaded that BCF values for these two substances
will be >2000 as well.
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4 HUMAN HEALTH HAZARD ASSESSMENT

Information on hazard to human health relevanttiier PBT/vPvB assessment of CTPHT and its
PAH-constituents is provided in section 2 of tlépart (classification information).

Supplementary information on the toxicological prdjes of CTPHT and its PAH-constituents
which could be relevant for risk assessment, coaipa assessment of alternative substances, or
for priority setting in the context of recommendisighstances for the ‘Authorisation List’ (Annex
XIV of the REACH Regulation) can be found in Annéxto this report and the Annex XV
Transitional Dossier on CTPHT (The Netherlands,800
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5 ENVIRONMENTAL HAZARD ASSESSMENT

As regards environmental toxicity in the contextiud PBT assessment in accordance with Annex
Xl of the REACH Regulation, the toxicity critemo (T-criterion) refers to effects on aquatic
organisms. Therefore, in this section, the toxioftfCTPHT and its PAH-constituents is considered
for the aquatic environment only.

5.1 Aquatic compartment (including sediment)

5.1.1 Overview

No adequate information on the environmental hapAr@TPHT is available. Limited data based
on the water-accommodated fraction (WAF) approauhlme found in the Annex XV Transitional
Dossier on CTPHT (chapter B3.2 in Netherlands, 20R8vertheless these tests determined acute
and not long-term toxicity (as required for compan with the environmental T-criterion of Annex
Xl of the REACH Regulation).

According to the approach followed in the preseapp®rt document (see section 1.2), the
assessment is based on aquatic toxicity data alailar the 12 indicator PAHs considered relevant
for the PBT assessment of CTPHT.

PAHs can be toxic via different modes of actiongls@as non-polar narcosis and phototoxicity.
Phototoxicity is caused by the ability of PAHs tasarb UVA radiation, UVB radiation, and in
some instances, visible light. It may occur asrd®ilt of the production of singlet oxygen, whish i
highly damaging to biological material, or as reéstfilthe formation of new, more toxic compounds
from the photomodification (usually oxidation) oARs (Lampi et al., 2006). Phototoxic effects
can be observed after a short period of exposunghwexplains why for PAHs like anthracene,
fluoranthene and pyrene, where phototoxicity is tmeddent, the acute toxicity values under
simulated solar radiation may be lower than the@iertoxicity values determined under less harsh
radiation.

The phototoxicity of PAHSs is relevant where the PA&te exposed to light and UV radiation, and
considered to be most important for upper layeracpfatic and terrestrial environments. Although
UV penetration depths may vary among PAH-contamhaites, it is not unlikely that significant
portions of the aquatic community may be exposed\{devels sufficient to induce phototoxicity,
as UV levels occurring under normal sun light ctinds have been shown to elicit these effects.
There is growing evidence which suggests that gbgito PAHs may be degrading aquatic habitats,
particularly those in highly contaminated areashwihallow or clear water. Photo-induced chronic
effects have been reported for anthracene at UAhsities occurring at depths of 10-12 m in Lake
Michigan (Holst & Giesy, 1989). Phototoxicity of P& may also be initiated in aquatic organisms
which have accumulated PAHs from the sediment abdexjuently are exposed to sun light closer
to the surface (The Netherlands, 2008). Photot@tfects of PAHs are therefore considered
relevant in this hazard, respectively T- assessment

For data on toxicity to aquatic organisms, refeeeiscmade to the Annex XV Transitional Dossier
on CTPHT (The Netherlands, 2008).

Studies selected as key studies in the Annex XViditmnal Dossier are those providing the lowest
reliable value for the most critical effect and paiht. Therein, due to the high phototoxic potainti
of some of the PAHSs, key studies for derivatiorPOfEC values have for some of the substances
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been short term studies rather than long term esudNevertheless, for comparison with the
environmental T-criterion of Annex Xl of the REAC Regulation (long-term no effect
concentration for marine or freshwater organisms than 0.01 mg/l), only long term studies have
been selected as key studies for PBT assessmentelécted key studies are marked in bold in the
Tables 5.1 — 5.11 below.

5.1.2 Toxicity data

5.1.2.1 Anthracene

Anthracene is very phototoxic and acute phototediects are observed after relatively short
periods of time (approximately half an hour) upompasure of test systems to sunlight or artificial
light containing UV radiation. Results of studiesestigating the aquatic toxicity of anthracene are
shown in Table 5.1. The strongest phototoxic e$fé@ve been observed in the presence of natural
sunlight (The Netherlands, 2008). The results fril@ acute toxicity studies show a high acute
toxicity of anthracene, with Eg values as low as 1 pg/l. Chronic toxicity is conaide with
lowest NOECs or EC10s for reproduction of daphmdgrowth of the algd&seudokirchneriella
subcapitatan the range of 1.4- 2 ug/l. As the EC10s and NOEKE growth of algae have not been
obtained in tests of standard duration (72h), thd&y study with Daphnia magna by Holst & Giesy
(1989) is the study providing the lowest relialdad term NOEC and therefore has been chosen as
the key study for T-assessment.

Table 5.1: Aquatic Toxicity of Anthracene
Species Duration| Endpoint | Value Comment References
Freshwater organisms, acute
Daphnia pulex 24.5h EG, for 1 gl Dark for 24 h, then | Allred &
immobility exposed to sunlight | Giesy, 1985
for 0.5 h
Freshwater organisms, chronic
Pimephales 6-w cont. | NOEC for 6.7 pgll 16:8 h light:dark, Hall &
promelas flow hatching fluorescent light and Oris. 1991
UV-A+B radiation ’
Daphnia magna 21-d Lowest 1.5-1.9 16:8 h light:dark and | Holst &
static NOECs or pall UV-A+B radiation Giesy, 1989
renewal | ECy,for Foranet al,
reproduction 1991
Pseudokirchneriellg 34-36 NOEC or 1.4-15 UV-A radiation Gala &
subcapitata hours EC,, for pall Giesy, 1992
static growth rate
renewal | orprimary
production
Marine organisms, acute
Artemia salina 10 hours | EG 1.7 pall In the dark for 2 h, | Peachy &
then exposed to Crosby,
sunlight for 8 h 1996
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5.1.2.2 Phenanthrene

The lowest chronic toxicity of phenanthrene hasnbaeserved by Halling-Sgrensenal (1996) in

a growth test with the algaseudokirchneriella subcapitatéresulting EGy 10 pg/l). However, this
test was by far the lowest in a test series in Withe authors tested several different experimental
set-ups (see Table 5.2) and the result was obtamadest of only 2-d duration (standard is 72 h).
In another recent study the @or growth rate oPseudokirchneriella subcapitataas also higher
(23 pg/l: Bissoret al, 2000). Therefore, th€eriodaphnia dubisstudy by Bissoret al, 2000 is
chosen as the key study as it resulted in the lowediable long term E{. The value of this EQ is

13 pg/l and is based on measured concentrations.

Table 5.2: Aquatic Toxicity of Phenanthrene
Species Duration| Endpoint | Value Comment References
Freshwater organisms, chronic
Pseudokirchnerielld 2-d EG,for 10-720 Fluorescent light of | Halling-
subcapitata growth pa/l 4000 — 8000 lux; to | Sgrensemet
some of the air tight | al., 1996
flasks HCO3- was
added to control pH
Pseudokirchneriellg 72 h EG, for 23 pg/l Light intensity 6000 | Bissonet
subcapitata growth — 8000 lux al., 2000
Ceriodaphnia dubia 7-d EG, for 13 pg/l Photoperiod 16:8 h | Bissonet
reproduction light:dark at less than al., 2000
500 lux
Marine organisms, acute
Neanthes 96-h LG 51 pg/l Emery &
arenaceodentata Dillon,
1996
Marine organisms, chronic
Neanthes 8 weeks | reproduction 20 pg/l Some effects, only Emery &
arenaceodentata one sublethal Dillon,
concentration tested 1996
limited validity of
test

5.1.2.3 Fluoranthene

Fluoranthene appears to be extremely phototoxicnwhiganisms are exposed in parallel to
ultraviolet radiation, such as in sunlight. The tacu(E)Gss of fluoranthene are comparable to the
obtained chronic NOEC or L(E)gvalues (see Table 5.3).

Numerous long term studies with a range of spe@pgeesenting various taxonomic groups report
NOEC or EGo values for fluoranthene below 10 pg/l. Spebtral 1999 studied both acute and

chronic effects of fluoranthene in the presence amgkence of UV radiation with different species.
The 31dMysidopsis bahiastudy by Spehaat al. (1999) was chosen as key study, as it provided th
lowest reliable NOEC (0.6 pg/l).
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Table 5.3: Aquatic Toxicity of Fluoranthene

Species | Duration | Endpoint Value Comment References
Freshwater organisms, acute
Utterbackia 24-h LG 2.45 ugll UV-A radiation Weinstein
imbecilis and Polk,
2001
Lumbriculus 96-h LG 1.2 pg/l 12:12 h light:dark Speharet
variegatus UV-A+B radiation al., 1999
Hydra americana | 96-h LGq 2.2 pgll 12:12 h light:dark Speharet
UV-A+B radiation al., 1999
Daphnia magna 48-h LGo 1.6 pgl/l 12:12 h light dark Speharet

UV-A+B radiation al., 1999

Freshwater organisms, chronic

Ceriodaphnia dubig 7-d EGo 1.2 pg/l Photoperiod 16:8 h | Bissonet
reproduction light:dark at less tharn al., 2000
500 lux
Hyalella azteca 10-d LGo 1.1 pg/l 16:8 h light:dark UV{ Wilcoxenet
A+B radiation al., 2003
Daphnia magna 21-d NOEC 1.4 pgll 12:12 h light:dark Speharet
growth UV-A+B radiation al., 1999
Pimephales 32-d ELStest | NOEC 1.4 pgll 12:12 h light:dark Speharet
promelas growth UV-A+B radiation al., 1999
Rana pipiens NOEC >25 pg/l Full sunlight
larvae hatching
Rana pipiens 100 % Full sunlight Hatch &
larvae mortality Burton Jr.,
at 5, 25, 1998
and 125
Hg/l
Marine organisms, acute
Mulinia lateralis 96-h LGq 2.8 pg/l 16:8 hours light:dark|,
laboratory UV A and
B light Spehaet
Mysidopsis bahia | 96-h LGo 1.4 pgl/l al., 1999
Arbacia punctulata | 96-h LGo 3.9 pg/l
Pleuronectes 96-h LGo 0.1 pg/l
americanus
Marine organisms, chronic
Mysidopsis bahia | 31-d NOEC 11.1 pgll 16:8 hours light:dark,
reproduction :%ki]ct)ratory fluorescent Speharet
- - - - al., 1999
Mysidopsis bahia | 31-d NOEC 0.6 pg/l 16:8 hours light:dark],
reproduction laboratory UV A and
B light

5.1.2.4 Pyrene

With regard to acute effects, the most sensitiesHwater organism appears tolmgphnia magna
with EGs, values of 1.38 - 20 ug/l (Table 5.4). The lowestita effect concentrations for
embryos/larvae of marine molluscs and neonateslinaipcrustaceans are reported in the range
0.23-36 ug/l and hence are similar to those obsefiwefresh water species in the presence of UV-
radiation.
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Chronic toxicity data are reported for fresh watpecies with E¢ values of 1.2-2.1 pg/l and for
one marine oystergrassostrea with a NOEC for shell development of 0.5 ug/l gng et al,
2002). As this latter NOEC value was the lowest fvom a reliable study, it was chosen as the key
study.

Table 5.4: Aquatic Toxicity of Pyrene

Species Duration| Endpoint | Value Comment Referenceg

Freshwater organisms, acute

Daphnia magna 27 h EGo 1.38 ugl/l neonates Wernersson
immobility 16:8 hour light:dark | 2003

for 24 hours
UV radiation for 2
hoursand 1 h

recovery
Daphnia magna 48 hours | EGgfor 2.7t0 20 neonates Nikkila et
immobility | pg/l UV-B radiation al., 1999
four times two hours
Utterbackia 24-h LG, 2.63 poll UV-A radiation Weinstein
imbecilis & Polk,
2001
Freshwater organisms, chronic
Pseudokirchneriella 72-h EGo growth | 1.2 pgl/l Light intensity 6000| Bissonet
subcapitata — 8000 lux al., 2000
Ceriodaphnia dubia 7-d EGo 2.1 ugll Photoperiod 16:8 h | Bissonet
reproduction light:dark at less thar al., 2000
500 lux
Marine organisms, acute
Artemia salina 3-h LGo 8 pg/l 2 hours in the dark | Kaganet
UV-radiation for one | al., 1985,
hour 1987
Artemia salina 10-h LGo 36 pgll 2 hours in the dark | Peachy &
followed by eight Crosby,
hours with UV- 1996
radiation
Artemia salina 10-h EGo 3.4 ug/l 2 hours in the dark | Peachy &

followed by eight Crosby,
hours with sunlight | 1996

Mysidopsis bahia | 48-h LGo 0.89 pol/l 16:8 hour light:dark | Pelletieret
UV-A B radiation al., 1997

Mulinea lateralis 48-h LCso 0.23 pgll Embryos/larvae Pelletieret
96-h 1.68 pgl/l Juveniles al., 1997

16:8 hour light:dark
UV-A B radiation

Marine organisms, chronic

Crassostrea gigas | 48 h NOEC 0.5 pall Embryos/larvae Lyons et
shell 12:12 hour light:dark| al., 2002
development] UV-A B radiation
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5.1.2.5 Chrysene

The water solubility of chrysene is about 1.6 pgith a range between 1.0 and 3.3 pg/l (Mackiay
al., 2000). Around or below this value, no signifitaffects were observed for any species in a
regular toxicity experiment, although chronic tatic studies were performed with algae,
crustaceans (includinBaphnig and fish. The only study, that showed a conslderaffect of
chrysene, was a determination of the median l¢itim&l of neonates ddaphnia magngNewsted &
Giesy, 1987). In this experiment, the daphnids wexposed to one concentration of chrysene
(measured concentration of 0.7 pg/l). After 24 koof exposure with a 16:8 h light:dark
photoperiod, the animals were exposed to a mix ¥fAJ, UV B and visible light. The median
lethal time after UV-radiation started was 24 hodiisus, after 48 hours, of which the last 24 hours
were with UV irradiation, 50% mortality of the daptls occurred at 0.7 pg/l. This type of study is
however not designed to determine dose-respons#ioredhips and hence quantitative data on
toxicity or toxicity threshold values cannot beided from the result.

Table 5.5: Aquatic Toxicity of Chrysene

Species | Duration | Endpoint| Value | Comment | References

Freshwater organisms, acute

Daphnia | Until 50 % of | LTs 24 h Static renewal test: Newsted &

magna the test (after commencement ofexposure to 0.7 ug/l | Giesy, 1987
animals died irradiation and exposure chrysene

to 0.7 pug/l chrysene) | After 16:8 hours
light:dark photoperiod
irradiation with UV A
and B + visible light

5.1.2.6 Benz(a)anthracene

Data on acute toxicity of benz(a)anthracene ardlabla for algae, crustaceans and amphibians.
Effects within the water solubility of the substaritave been observed for the crustad@aphnia
pulex upon exposure to mixed fluorescent and naturdit lignd for larvae of the amphibian
Pleurodeles waltlrradiated throughout the experiment with UV-Ahigsee Table 5.6). The lowest
chronic toxicity has been observed for the @&gaudokirchneriella subcapitataith an EGo of 1.2

pg/l for growth inhibition. This study was theredochosen as key study. For the crustacean
Ceriodaphnia dubiano effects were observed at the highest test cdrat®n of 8.7 g/l (Bissoat

al., 2000). Studies showed that UV irradiation inese=athe toxicity of benz(a)anthracene (The
Netherlands, 2008).

Table 5.6: Aquatic Toxicity of Benz(a)anthracene

Species | Duration| Endpoint | Value Comment Referenceg
Freshwater organisms, acute
Daphnia pulex 96 h EGo 10 pol/l 12:12 h photoperiod| Truccoet

to mixed fluorescent | al., 1983
and natural light
Daphnia magna 48 h EGo >9.1 pg/l Dark Bissoet
al., 2000
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Table 5.6: Aquatic Toxicity of Benz(a)anthracene

Species Duration| Endpoint Value Comment Referenceg
Pleurodeles waltl | 6 d LG at 3.1 pg/l | Irradiation with UV- | Fernandez
(larvae) 100% A light throughout &
survival; experiment L’'Haridon,
at 6.3 pg/l 1992)
100%
mortality
Freshwater organisms, chronic
Pseudokirchneriella 72-h EGo growth | 1.2 pg/l Light intensity 6000 | Bissonet
subcapitata — 8000 lux al., 2000

5.1.2.7 Benzo(b)fluoranthene

No effects have been observed at concentrationshirwitthe water solubility of
benzo(b)fluoranthene, i.e. up to 1.1 - 1.5 g/l ¢k&y et al. 2000 in The Netherlands 2008). An
acute study wittDaphnia magnan the dark showed no effects at the tested cdrateon of 1.1
pg/l (Bissoret al, 2000). In a 24-h study with the same organisthaphotoperiod of 16:8 h light:
dark, extended by 2 hours of irradiation with Ughii followed by 2 hours of recovery, the &@r
immobilisation was determined as 4.2 pg/l, which above the water solubility of
benzo(b)fluoranthene (Wernersson & Dave, 1997).

5.1.2.8 Benzo(ghi)perylene

Only in a small number of studies effects have h##served at test concentrations within the water
solubility limit of benzo(ghi)perylene (Table 5.7)he EGo obtained in the Daphnia test is above
the water solubility of 0.14 pg/l. As regards chootoxicity of benzo(ghi)perylene, no effects were
observed in an early life stage study wBhachydanio rerioup to concentrations of 0.16 pgl/l
(Hooftman & Evers-de-Ruiter, 1992). However, effecin the reproduction of the crustacean
Ceriodaphnia dubiavere reported by (Bissoet al, 2000) with a resulting Ef value of 0.082
pg/l. This study was chosen as the key study fasgessment.

Table 5.7: Aquatic Toxicity of Benzo(ghi)perylene

Species Duration| Endpoint | Value Comment Referenceg
Freshwater organisms, acute
Daphnia magna 48 h EGq >0.2 pg/l Dark Bissost

al., 2000
Pimephales 120 h LGo 0.15 pg/l First 24h of exposure Oris &
promelas(7-d old to substance without| Giesy, 1987
larvae) UV radiation in

parallel, followed by
96 h exposure with
concomittant UV

radiation
Freshwater organisms, chronic
Ceriodaphnia dubig 7-d EGo 0.082 pg/l | Photoperiod 16:8 h | Bissonet
reproduction light:dark at less than al., 2000
500 lux
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5.1.2.9 Benzo(k)fluoranthene

In the available studies on acute toxicity to Dapimagna no effects were observed, which might
be attributable to the low water solubility of thebstance (The Netherlands 2008).

As regards chronic toxicity, a 7-d reproductiort tegh Ceriodaphnia dubialid not reveal effects
either (Bissoret al, 2000) and in a test with the alBaeudokirchneriella subcapitatae EG, for
growth was larger than 1 pg/l (Bissem al, 2000), which is above the water solubility of the
substance (about 1 pg/l; Mackay et al. 2000, ditethe Netherlands 2008). However, an early life
stage study performed witBrachydanio reriorevealed length as the most sensitive endpoinh wit
an EGp value of 0.17 pg/l (Hooftman & Evers-de Ruiter929Table 5.8). Due to the good fit of
the log-logistic equation, this Egestimate has a low uncertainty. The study wasearhas the key
study for T-assessment.

Table 5.8: Aquatic Toxicity of Benzo(k)fluoranthere

Species Duration| Endpoint | Value Comment Referenceg

Freshwater organisms, chronic

Brachydanio rerio | 28 d LG, 0.58 pgl/l ELS Hooftman

Brachydanio rerio | 42 d LGo 0.65 pg/l ELS & Evers-de
EC,, weight | 0.31 pg/l Ruiter,
ECyolength | 0.17 pg/l 1992

5.1.2.10Benzo(a)pyrene

Table 5.9: Aquatic Toxicity of Benzo(a)pyrene

Species | Duration| Endpoint | Value Comment References
Freshwater organisms, acute
Daphnia magna 27 h EGo 1.2 pgll 16:8 hour light:dark| Wernersson,

followed by 2 hour | 2003
UV-A B radiation
and 1 hour recovery

Freshwater organisms, chronic

Pseudokirchneriella ECyo growth | 0.78 pgl/l Light intensity 6000 Bissonet al,
subcapitata — 8000 lux, cool 2000

white fluorescent

lamps
Oncorhynchus 36d NOEC 1.5 pgl/l ELS Hannahet
mykiss ECipo* (2.9 pg/l, | * determined from pre{ al.,1982

abnormalities| calculated, | sented data with log-

above WS) | logistic dose-response
relationship (The

Netherlands 2008)

Ceriodaphnia dubig 7-d EGq 0.5 pgl/l Laboratory light Bissonet al,
reproduction Photoperiod 16:8 h | 2000
light:dark at less
than 500 lux
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Table 5.9: Aquatic Toxicity of Benzo(a)pyrene

Species | Duration| Endpoint | Value Comment References

Marine organisms, chronic

Crassostrea gigas | 48 h NOEC 1ug/l Embryos Lyonset al,
shell 12:12 hour 2002
development light:dark
ECio 1.1 pg/l fluorescent light

without UV rad.

Crassostrea gigas | 48 h NOEC 0.5 pg/l Embryos Lyonsetal.,
shell 12:12 hour 2002
development light:dark
ECio 0.22 pg/l | UV-A B radiation

Only acute toxicity studies with exposure to UVHligesult in effects at concentrations near the
water solubility of 1.2 -1.8 pg/l (Mackay et al.af) cited in The Netherlands 2008). Results from
studies on the aquatic toxicity of benzo(a)pyrereeshown in Table 5.9. The lowest acute toxicity
of benzo(a)pyrene was observed in a test @aphnia magnainder exposure to UV radiation.

Chronic toxicity of benzo(a)pyrene was reportedtfa algaPseudokirchneriella subcapitataith

an EGp of 0.78 ug/l, and for reproduction Geriodaphnia dubiavith an EGo of 0.5 pg/l in a 7-d
study when exposed to laboratory light without WBiss§onet al, 2000). In a 28-d early life stage
(ELS) study withBrachydanio reriono effects were observed up to the highest concentration
of 4.0 ug/l, which is already above the water siilybof benzo(a)pyrene (Hooftman & Evers-de
Ruiter, 1992). In another ELS study wiimcorhynchus mykiss NOEC of 1.5 ug/l was obtained
for developmental abnormalities as endpoint (Haretadl., 1982). Evaluation of the data presented
by Hannahet al. with a log-logistic relationship resulted in theriyation of an EG of 2.9 ug/l
(The Netherlands 2008), which again is above themsolubility of benzo(a)pyrene.

Furthermore, it has been shown that UV radiatiocreases the long term toxicity of
benzo(a)pyrene. For shell developmeniCofissostrea gigasyhen exposed to UV radiation, the
calculated Eg was 0.22 pg/l whereas under UV-lacking fluoresdainbratory lighting conditions
the resulting Eg was 1.1 pg/l (Lyonst al. 2002).

As the study on shell development of the marinelusolCrassostrea gigasesulted in the lowest
reliable chronic Eg value (0.22 pg/l) it was chosen as key study fas$essment.

5.1.2.11Dibenzo(a.h)anthracene

Results of studies of the aquatic toxicity of dibefa,h)anthracene are provided in Table 5.10.
Chronic toxicity studies with fresh water species available for crustaceans, aquatic plants, and
algae. Fot.emna gibbano effects at concentrations near the water slitpbiere observed (Huang

et al, 1997). No effect was observed at concentratigmsto 0.032 pg/l in a 7-d study with
Ceriodaphnia dubia (Bisson et al, 2000). The 72-h Ef for the growth rate of
Pseudokirchneriella subcapitateas 0.14 ug/l (Bissoat al, 2000). In both the test witB. dubia
and P. subcapitataconcentrations were measured. As the study vAgeudokirchneriella
subcapitataresulted in the lowest reliabddronic EGovalue it was chosen as the key study.

Table 5.10: Aquatic Toxicity of Dibenzo(a,h)anthraene

Species Duration| Endpoint |Va|ue Comment Referenceg
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Table 5.10: Aquatic Toxicity of Dibenzo(a,h)anthraene
Species | Duration| Endpoint | Value Comment References
Freshwater organisms, acute
Daphnia magna 27h EGo 1.8 pal/l 16:8 hour light:dark | Wernersson
followed by 2 hour | 2003
UV-A B radiation
and 1 hour recovery
Daphnia magna 28 h EGo 4.6 pg/l 16:8 hour light:dark | Wernersson
followed by 2 hour | & Dave,
UV-A B radiation 1997
and 2 hour recovery
Freshwater organisms, chronic
Pseudokirchneriellg 72 h EGo growth | 0.14 pg/l Light intensity 6000| Bissonet
subcapitata — 8000 lux al., 2000
5.1.2.12Indeno(1,2,3-cd)pyrene
Table 5.11: Aquatic Toxicity of Indeno(1,2,3-cd)pyene
Species | Duration| Endpoint | Value Comment References
Freshwater organisms, chronic
Pseudokirchnerielld 72 h EGo growth | 1.5 pg/l Light intensity 6000-
subcapitata 8000 lux .
- - - - Bissonet
Ceriodaphnia dubia 7-d EGo 0.27 pgll Photoperiod 16:8 h al. 2000
reproduction light:dark at less thanl "
500 lux

For indeno(1,2,3-cd)pyrene, a chronicg@alue of 1.5 pg/l is reported for growth of thead
Pseudokirchneriella subcapitaia a study of 72h duration. The 7-d BQor reproduction of the
crustacearCeriodaphnia dubiavas 0.27 ug/l (Bissoat al, 2000; see Table 5.11). In both studies
concentrations were measured. The study with thedb EGy, i.e. reproduction o€eriodaphnia
dubia was chosen as key study for T-assessment.

5.1.3 Summary and discussion on aquatic toxicity

An overview on the aquatic toxicity obtained in #ey studies selected for the PAH-constituents of
CTPHT is provided in Table 5.12.
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Table 5.12: Aquatic toxicity of the PAH-constituets of CTPHT observed in the selected key

studies

Substance Value Key study endpoint

Anthracene 1.5 pgl/l EgreproductionPaphnia magna21-d

Phenanthrerfe 13 pgll EG, reproductionCeriodaphnia dubia7-d

Fluoranthene 0.6 pg/l NOEC reproductibtysidopsis bahia31-d

Pyrene 0.5 pg/l NOEC shell developmetttassostrea gigas larvae
48-h ELS

Benz(a)anthracene 1.2 pgll E@rowth,Pseudokirchneriella subcapitat@2-h

Chrysené - No significant effects up to the water solubilitfthe
substance detected in any regular toxicity testyOn
study in which considerable effects were detectasl &
median lethal time (L) study with Daphnia magna

Benzo(a)pyrene 0.22 pgl/l Egshell developmenCrassostrea gigas larvadg-h
ELS

Benzo(b)fluoranthene - No toxicity has been observed up to the water dalub
limit of the substance

Benzo(k)fluoranthene 0.17 pg/l EQ@rowth (length)Brachydanio rerio42-d

Benzo(ghi)perylene 0.082 ugl/l ELeproductionCeriodaphnia dubia7-d

Dibenzo(a,h)anthracene 0.14 pg/l & @rowth,Pseudokirchneriella subcapitat@2-h

Indeno(1,2,3-cd)pyrene 0.27 pg/l ECeproductionCeriodaphnia dubia7-d

The experimental data indicate a high chronic aodteatoxicity of the PAH consitituents of
CTPHT for aquatic organisms. NOEC/E@alues<10 ug/l have been observed for the following
PAHSs: anthracene, fluoranthene, pyrene, benz(agoghe, benzo(a)pyrene, benzo(k)fluoranthene,
benzo(ghi)perylene, dibenzo(a,h)anthracene, andnimd,2,3-cd)pyrene. For phenanthrene, the
ECyo value of the selected key study wi@eriodaphnia dubiais > 10 ug/l, but for the algae
Pseudokirchnerella subcapitatatwo days growth inhibition study (i.e. expostiree shorter than
required according to the guideline) showed&@lues down to 10 pg/l.

No toxicity to aquatic organisms has been obserwgthin the water solubility limit of
benzo(b)fluoranthene. The same is the case fosehs; with the exception that in one study aimed
at determining the mean lethal time gg)fof Daphnia magna upon exposure to 0.7 ug/l cimese
considerable toxic effects have been observed. fype of study is however not designed to
determine dose-response relationships and henadtitgtize data on toxicity like Efg or EGyp
values or toxicity threshold values like long-temmeffect levels cannot be derived from the results
Therefore, the result of this study is not a suéddasis for comparison with the T-criteria of Arne
XIII of the REACH Regulation.

6  The lowest chronic values reported are &6r Pseudokirchneriella subcapitatd 10 g/l (Halling-Serensest al,
1996)

7 No results from toxicity studies available thaultl be used for comparison with the T-criteriaREACH Annex
Xl
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6 PBT AND VPVB ASSESSMENT

6.1 PBT / vPvB assessment

6.1.1 Assessment of PBT/vVPvB properties — comparison witthe criteria of Annex XIlI

No information on persistence, potential for biaamalation and aquatic toxicity was found for
CTPHT itself. Therefore, the PBT assessment foPET focuses on the assessment of its PAH-
constituents present in concentratien3.1% (see Section 1.2).

6.1.1.1 Persistence

Half-lives in soil for the following 10 PAH-constiénts of CTPHT have been reported to be in the
range of 5.7 to 9.1 years under field conditions:

Anthracene Chrysene
Phenanthrene Benzo(a)pyrene
Fluoranthene Benzo(b)fluoranthene
Pyrene Benzo(k)fluoranthene
Benz(a)anthracene Benzo(ghi)perylene

As these half-lives observed in soil exceed tharfé vP-criteria (half lives of 120, respectively018
days in soil), it is concluded that the vP critaris fulfilled by all 10 above listed PAH substaace

No experimental data on persistence were founddibenzo(a,h)anthracene and indeno(1,2,3-
cd)pyrene. A final conclusion on the P- or vP-gdies of these substances can therefore not be
drawn. Estimated half-lives > 400 days in soil ftibenzo(a,h)anthracene and indeno(1,2,3-
cd)pyrene (Mackagt al, 1992) indicate however that the two PAHSs are yrexbly persistent in
sediments and soils as well.

6.1.1.2 Bioaccumulation

Experimentally obtained BCF values above 5,000gperted for the following 9 PAH-constituents
of CTPHT:

Matrix: fish
Fluoranthene Pyrene
Phenanthrene

Matrix: molluscs:
Fluoranthene Benzo(a)pyrene
Pyrene

Matrix: crustaceans:

Benz(a)anthracene Benzo(k)fluoranthene
Chrysene Benzo(ghi)perylene
Benzo(a)pyrene Dibenzo(a,h)anthracene
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As the BCF values of the above PAH substances dxttee B- and vB criteria (measured BCF
values in aquatic species > 2000, respectively 60R0it is concluded that the vB-criterion is
fulfilled by all 9 substances.

Furthermore, experimentally obtained BCF value ab2000 have been reported for anthracene
and it has already been agreed by the Member Gtatenittee (MSC, 2008) that anthracene fulfils
the PBT-criteria and, hence, the B-criterion.

No experimental data on the bioaccumulation paaéiti benzo(b)fluoranthene and indeno(1,2,3-
cd)pyrene were found. A final conclusion on the d-vB-properties of these substances can
therefore not be drawn. However, on the basis milaiities of their Kow values and molecular
sizes with other PAHs for which BCFs above the AnXdél bioaccumulation criteria have been
experimentally confirmed, it is anticipated thaedk two substances will at least fulfill the B-
criterion (i.e. BCF >2000) as well.

6.1.1.3 Toxicity

Experimental data of aquatic species referringhimmic toxicity endpoints (NOEC/Eg < 0.01
mg/l) are available for 9 of the PAH-constituent<d PHT, namely:

Anthracene Benzo(a)pyrene
Fluoranthene Benzo(k)fluoranthene
Pyrene Benzo(ghi)perylene
Benz(a)anthracene Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrene

For phenanthrene the reported values for chronicitg are > 10 ug/l. For benzo(b)fluoranthene
no toxicity was observed within the limits of itsater solubility. The same applies for chrysene
with the exemption of one study, which howeveras suitable to determine a (no)effect level (see
sections 5.1.2.5 and 5.1.3).

Some of the PAH-constituents of CTPHT are clagsifis a carcinogen, mutagen or as toxic to
reproduction in Annex VI of Regulation (EC) No 1272@08.

Table 6.1: Classification of PAH-constituents of CPHT as Carcinogen, Mutagen or as Toxic to
Reproduction
Substance Carcinogen Mutagen Toxic To
(Category 2, (Category 2, Reproduction
Respectively 1B) Respectively 1B) (Category 2,
Respectively 1B)
Benz(a)anthracene X
Chrysene X X
Benzo(a)pyrene X X X
Benzo(b)fluoranthene X
Benzo(K)fluoranthene X
Dibenzo(a,h)anthracene X

Based on the available experimental aquatic toxidiéta and the data on classification, it is
concluded that 11 of the 12 indicator PAH-constitgerelevant for the assessment of CTPHT
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(apart phenanthrene) fulfil the T-criteria of Annell of the REACH Regulation [long term
NOEC for aquatic organisms < 0.01 mg/l or substariassified as carcinogenic (cat. 1 or 2),
mutagenic (cat. 1 or 2) or toxic to reproductioat(cl, 2 or 3) or there is evidence of chronic
toxicity as identified by the classifications T, &dr Xn, R48 according to Directive 67/548/EHC

6.1.2 Summary and overall conclusions on the PBT, vPvB agquivalent level of concern
properties

An overview on the conclusions drawn on persistepogential for bioaccumulation and toxicity to
human health and the environment based on compaoisthe data presented for the 12 indicator
PAH-constituents of CTPHT with the PBT/vPvB critedf Annex Xlll of the REACH Regulation
is provided in Table 6.2.

Table 6.2: Overview on Conclusions on Fulfilmentfothe (v)P-, (v)B- or T-criteria for the 12
Indicator PAH-constituents of CTPHT
. BioaccU- Toxicity Toxici'gy .
Substance Persistence ; Human Aquatic Conclusion
mulation )
health Environment
Anthracene vP B - T PBT
Phenanthrene vP vB - - vPvB
Fluoranthene vP vB - T PBT/vPVB
Pyrene vP vB - T PBT/vPVB
Benz(a)anthracene vP vB T T PBT/vPVIB
Chrysene vP vB T - PBT/vPVB
Benzo(a)pyrene vP vB T T PBT/vPVB
Benzo(b)fluoranthene vP No T - -
experimental (No signs of
data toxicity up to
limit of water
solubility)
Benzo(Kk)fluoranthene vP vB T T PBT/vPVH
Benzo(ghi)perylene vP vB - T PBT/vPVB
Dibenzo(a,h)anthraceng No vB T T -
experimental
| data
Indeno(1,2,3-cd)pyreng No No - T -
experimental experimental
| data data

Based on the data available, it is concluded thattiie 12 PAH-constituents present in CTPHT in
concentrations equal to or above 0.1% are to baidered as both vPvB and PBT substances.
These are: fluoranthene, pyrene, benz(a)anthracenghrysene, benzo(a)pyrene,
benzo(k)fluoranthene and benzo(ghi)perylene.

8 In the CLP Regulation (1272/2008), classificasidf, R48] and [Xn, 48] have been replaced by [STRH 1,
H372] and [STOT RE 2, H373] ([Hazard Class, Hazstedement]) respectively. No one of the PAHs addraésn
this PBT assessment is classified as such.
STOT RE 1,2: Specific target organ toxicity — repeaexposure; H372: Causes damage to organs through
prolonged or repeated exposure; H373: May causagdano organs through prolonged or repeated exposur
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Phenanthrene fulfils the vPvB criteria, but not Bf&T criteria. Anthracene fulfils the PBT criteria,
but not the vPVvB criteria.

For benzo(b)fluoranthene, dibenzo(a,h)anthracermed &ndeno(1,2,3-cd)pyrene no definitive
conclusion on their PBT/vVPVB properties is possiblee to lack of data relevant for P/vP and/or
B/vB assessment in accordance with Annex Xl e REACH Regulation.

For coal tar pitch, high temperature, the abovecktmion on the vPvB and PBT properties of its
PAH-constituents has the consequence that thesswgsheeds to be considered as a substance with
both vPvB and PBT properties. It is concluded B&PHT is a substance containing at least 5 to
10 % of PAH-constituents with both vPvB and PBTgauies.

This assessment relies only on the indicator PARsttuents of CTPHT. It should however be
considered that residual constituents of CTPHT heaye similar structure with the indicator PAHs
selected and, therefore, fractions of these rekidaastituents may have PBT and/or vPvB
properties as well.
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